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Abstract

Sub-lethal effects of mercury exposure (1/10 th of LCsy i.e 0.045 mg l']) for 5, 10 and 15 d was
investigated on oxidative stress parameters and antioxidant defences in digestive gland of Perna
viridis. In addition to this an in vitro effect of mercury single and supplementation of reduced
glutathione on lipid peroxidation was studied. Increased lipid peroxidation (during fist 10 days and
also during in vitro exposures), protein carbonyl and hydrogen peroxides (from 5™ till last day of
exposure) indicates the resultant oxidative stress in the mercury exposed specimen. DNA damage
response although less distinct on 5™ and 15™ d, its low values on 10" d and significant correlation
with hydrogen peroxide suggests the toxic role of free radicals towards DNA integrity. Superoxide
dismutase, which remains low initially (5" d) and increases later suggests its immediate response
against oxyradicals. Higher activities of catalase, glutathione peroxidase and glutathione reductase
on 15™ d and glutathione-S-tranferase from 10™ d onwards suggests the adaptive behaviour of the
tissue against oxyradicals. Increasing levels of non-enzymatic antioxidant molecules, such as
reduced glutathione and ascorbic acid indicated its involvement in counteracting oxidative damage.
Further role of reduced glutathione in reducing Hg toxicity is evident in in vitro experiments where
lipid peroxidation remains low in mercury concentrations supplemented with reduced glutathione.
The elevated levels of metallothionein from 5™ to 10™ d suggest involvement of this protein in
detoxification of reactive oxygen species and toxic metal. The above results suggest that both
enzymatic and non-enzymatic antioxidants play an important role in protecting cell against Hg

toxicity, which can be used as a biomarker of metal contamination in aquatic environment.
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1. Introduction

Estuarine and coastal waters are often at the risk of pollution of toxic metals such as mercury from
natural as well as anthropogenic sources (Nanda, 1993; EPA, 1997; Das et al., 2001). In India
Chloroalkali plants are the main source for mercury release to the atmosphere and surface waters.
Besides, this coal-fired plants such as thermal power, steel, and cement plants also contribute
significantly to mercury pollution (Nanda, 1993). Contaminated sediments in Kodaikkanal, in India,
Minamata Bay and Fukuro Bay in Japan and Dagu River in China have concentrated Hg up to
0.350, 4.3, 4.8 and 8.8 mg kg'l, respectively (Jian-bo et al., 2005; Karunasagar et al., 2006;
Tomiyasu et al., 2006). Accumulation of Hg in water has been reported to be up to 103.5ug "' in
the Rushikulya River Estuary in India (Shaw et al., 1986). In Ennore Estuary, Chennai, Tamil
Nadu the distribution pattern of mercury was 0.0763 pg/l in water, 0.0428 pg g in sediment and
0.013 to 0.40 pg g wet wt in fish due to the discharge of industrial effluents. (Rajathy, 1997).
Along the west coast of India the mercury in seawater was up to 0.116 off Cape Comorin and
Laccadive Sea in the south and 0.352 pg I'' off Veraval coast in the North (Kaladharan et. al.,
1999).

It has been reported that P.viridis exposed to 0.2 mg "' could accumulate around 21.63 pg g Hg in
tissue within 4 d of exposure (Lakshmanan and Nambisan 1989). Mercury which is a non-essential
metal, can exist in various oxidation states that are highly soluble, reactive (Heaton et al., 2005),
and toxic to bivalves at low concentrations. Cell damage induced by heavy metals is commonly
associated with the ROS formation (Leonard et al., 2004), which needs to counteract by defense
systems. Antioxidant enzymes like superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPX), glutathione reductase (GR) and glutathione S-transferase (GST), non enzymatic
antioxidant molecules such as reduced glutathione (GSH) and metallothionein (MT) can be
influenced by external stimuli (Halliwell and Gutteridge, 2001; Manduzio et al., 2005). Hence these

parameters could serve as indices to study impact of toxic chemical exposures on organisms.

Toxic effects of Hg to bivalve mollusks studied so far include imbalance of Ca*" signaling pathway
(Burlando et al., 2004), immunotoxicity (Gagnaire et al., 2004), genetic abnormalities (Yap et al.,
2004), reduction in filtration rate, alteration in gill structure (Gregory et al., 2002) and inhibition of

Ca®"-ATPase activity (Pattnaik et al., 2007). However these studies pertain to specific responses to



understand the physiological behaviour of the animals and not restricted to a single species. In
bivalves the antioxidant responses are influenced by both abiotic and biotic factors and may vary in
different species (Filho et al., 2001; Lau et al., 2004; Verlecar et al., 2007). This complicates the
proper use of antioxidant response as environmental monitoring parameter. Interpretation of field-
based effects could well be achieved by laboratory exposures of animals to contaminants. The
present studies were therefore initiated to determine an array of responses of Hg toxicity to a single
bivalve species Perna viridis, which could provide information on the biomolecular damage (lipid,
protein and nucleic acid) and antioxidant defence responses to oxidative stress in organisms, which

could used as biomarkers of environmental contamination.

Oxidative stress indices measured at sublethal Hg exposures include lipid peroxidation (LPX),
protein carbonyl (PC), hydrogen peroxide (H,O,), GSH, ascorbic acid (ASA) and antioxidant
enzymes such as SOD, CAT, GPX, GR and GST. In addition DNA strand breaks, as an index of

genotoxic stress and MT as adaptive and detoxifying measure were determined in the organisms.
2. Material and Methods
Chemicals

Thiobarbituric acid (TBA), bovine serum albumin (BSA), GR, cumene-hydroperoxide, 5,5-
dithiobis (2-nitrobenzoic acid) (DTNB), horseradish peroxidase (HRP) and streptomycin sulfate
were purchased from Sigma Chemical Co. USA. NADPH, GSSG, GSH, I-chloro-2,4-
dinitrobenzene (CDNB), Phenylmethylsulphonylfluoride (PMSF) and 2,4-dinitrophenyl hydrazine
(DNPH) were obtained from SISCO Research laboratory, India. All other chemicals were analar
grade.

Experimental animals and their maintenance

Green-lipped mussels (Perna viridis), length 8-10 cm were collected from unpolluted area of
Bambolim beach Goa, India. This area is relatively far less polluted because of the absence of any
industrial or major fishing activity around it. Mussels were transported to the laboratory in the
polythene bags filled with natural habitat seawater. Fouling organisms were removed from the
external part of the shells. In the laboratory mussels were acclimatized for two-three weeks in

seawater of salinity 30%o, pH 8.0 and temperature range from 23-25 °C. The light and dark regime



was kept constant at 12 h: 12 h. Mussels were fed with unicellular algal species (Chlorella sp.)
twice daily at a constant initial density (2 x 10° cells / 1) during acclimation and exposure periods.
To avoid faecal contamination, the water was exchanged every 24 h and oxygen provided by

continuous air-bubbling system.
Test solutions and treatment

Mercury chloride stock solution was prepared in distilled water and desired test solution used in the

present study was prepared by diluting the stock solution with filtered seawater.

Under laboratory condition, mussels were kept in fiberglass tank capacity of 120 L. The
animals were divided in two groups. Group I animals were exposed to sea water only and served as
control for the Group II animals which were exposed to sub-lethal HgCl, (]/10 of LCsp)
concentration. Sub-lethal Hg levels were determined by obtaining 96 h LCsy values for HgCl,,
which was around 0.45 mg 1" for the present species (data not shown). Accordingly sub-lethal
concentrations were calculated as 0.045 mg ' ('/1o of LCso). These sub-lethal Hg concentrations
were taken in triplicate with 60 mussels in each of the test tanks and the exposure period continued
up to 15 d. Seawater in control as well as in the test tanks was exchanged every 24 h, and supplied
with the corresponding concentration of mercury. All other environmental conditions were
maintained same to those used during acclimation. Animals were sacrificed for biochemical tests

after a period of 5, 10 and 15 d of treatment.
Sample preparations

The digestive gland was carefully excised, surface dried with tissues paper, thoroughly washed with
phosphate buffer (50 mM; pH 7.4) and homogenized with 50 mM phosphate buffer pH 7.4
containing, ImM EDTA, 1 mM Dithiothreitol (DTT), 0.15 M KCIl and 0.01% (w / v) PMSF.
Homogenization was carried out at 4 °C using 12-15 strokes of a motor driven Teflon Potter
homogenizer and centrifuged at 10000g for 20 min at 4 °C. The supernatant was used for
biochemical analysis (LPX, H,O,, SOD, CAT, GPX, GR and GST). For in vitro studies tissue was
homogenized in 1.15% ice-cold KCl solution. Homogenization and centrifugation process were

similar to those mentioned above.



During in vitro condition supernatant fractions of digestive gland of untreated mussels were
incubated with various concentrations of freshly prepared solutions of mercury chloride and GSH

for 20 min at 37 °C.
Lipid peroxidation measurement

LPX level was assayed by measurement of malondialdehyde (MDA), a decomposition product of

polyunsaturated fatty acids hydro peroxides were determined by the TBA reaction as described by
Ohkawa et al. (1979). The absorbance was read at 532 nm after removal of any fluctuated material
by centrifugation. The amount of thiobarbituric acid reactive substances (TBARS) formed was
calculated by using an extinction coefficient of 1.56 X 10° M ecm™ (Wills, 1969) and expressed as
nmol TBARS formed (mg protein)™.

Estimation of Protein carbonyl

Samples were homogenized in 50 mM phosphate buffer (pH 7.4) containing 2 mM EDTA, 0.1% (w
/ v) digitonin, and 0.46 mM PMSF. Homogenates were centrifuged at 6000g for 15 min at 4 °C and
the supernatants were used for the determinations. For carbonyl quantification the reaction with
DNPH as described by Mecocci et al. (1999). The carbonyl content was calculated from the
absorbance measurement at 366 nm with the use of molar absorption coefficient of 22,000 mol.cm™

and expressed as nmol (mg protein).
Alkaline unwinding assay

Alkaline DNA unwinding assay was determined according to Shugart (1988 a b) with slight
modification. Approximately 100-150 mg of the tissue was homogenized using 1 ml of 1IN NH,OH
in 0.2% Triton X-100. Each sample was homogenized with 5-10 standardized strokes of the pestle
to minimize any potential effect on DNA integrity introduced by the homogenization procedure.
The homogenate is transferred to a centrifuge tube containing 2 ml water, 6 ml of Phenol/
Chloroform/ Isoamyl alcohol (PCI) (25/24/1: v/ v/ v) and is allowed to stand for 10-15 min. The
homogenate was then centrifuged at 10000g for 20 min at 4 °C. The aqueous layer was transferred
to a new microcentrifuge tube. The solution was then digested by 5ul of Ribonuclease A (10 mg ml”
") for 30 min at 37 °C and extracted successively by equal volume of PCI. The aqueous layer was

transferred to a new microcentrifuge tube. The DNA was recovered by Sephadex-G-50 column



(1cmi.d: 4 ml settled bed volume), equilibrated in G-50 buffer (0.15 M NaCl, 0.01 M Tris pH 7.4, 1
mM MgCl,, 5 mM EDTA).

The DNA sample was diluted and separated into three equal proportions. Each tube contains
100 pl of DNA sample and 50 pl of 0.05 N NaOH. The contents were mixed and maintained at 4
°C, 80 °C and 38 °C for 25 min, for fluorescence determination of double-stranded DNA (ds DNA),
single- stranded DNA (ss DNA) and partially unwound DNA (au DNA). After incubation sample
was neutralized by addition of 50 pl of 0.05 N HCI. This is followed immediately by the addition of
5 pl of 0.2% SDS in 2 mM EDTA, 3 ml of 0.2 M potassium phosphate buffer (pH 6.9) and 1pl of
(mg ml™") Hoechst dye 33258. The contents were mixed and react in darkness for 15 min to allow
fluorescence to stabilize. The fluorescence of ds DNA, ssDNA, and auDNA were measured, using a
spectrofluorometer (Shimadzu RF-501) [Ex: 360nm, Em: 450nm]. Fluorescent values were used for

the determination of the F value = (au DNA — ss DNA) / (ds DNA- ss DNA).
Antioxidant enzymes

The activity of total SOD determined by the method of Paoletti et al. (1990) by monitoring rate of
oxidation of NADH. One unit of SOD activity was defined as 50% inhibition of oxidation of
NADH in the reaction. The absorbance was recorded at 340 nm and expressed as U (mg protein)™.
CAT activity was determined according to Aebi (1974) by monitoring decrease in absorbance of
H,0, at 240 nm and enzyme activity was expressed as nkat (mg protein)” (1kat=1 mol sec). The
activity of GPX was determined by the method of Paglia and Valentine (1967) using cumene-
hydroperoxide as the substrate and enzyme activity was monitored by recording oxidation of
NADPH at 340 nm. Enzyme activity was expressed as nmol NADPH oxidized min™ (mg protein)”
using a molar extinction coefficient of 6.22 mM™ c¢m™. The activity of GR was assayed following
the rate of NADPH oxidation at 340 nm in the presence of GSSG (Massey and Williams, 1965).
Enzyme activity was expressed as nmol NADPH oxidized min™' (mg protein)” using a molar
extinction coefficient of 6.22 mM™ cm™. GST activity was measured according to Habig et al.
(1974) using CDNB as a substrate. The change in the absorbance was recorded at 340 nm and
enzyme activity was expressed as nmol CDNB conjugate formed min (mg protein) ™ using a molar

extinction coefficient of 9.6 mM™ cm™.



Measurement of small antioxidant molecules

The digestive gland was homogenized in 5% (w/ v) TCA in an ice bath. The homogenates were
centrifuged at 1000g for 30 min, and the deproteinised supernatant was used for the estimation of

GSH (Ellman, 1959) and ASA (Mitusi and Ohata, 1961).
Hydrogen peroxide

H,0, content in post-mitochondrial fractions was determined spectrophotometrically according to

the methods of Pick and Keisari (1981) using HRP and phenol red.
Metallothionein and protein determination

MT content was determined according to the method of Viarengo et al. (1997) that was modified by
Petrovic et al. (2001). Tissue homogenate was prepared by 20 mM Tris-HCI buffer pH 8.6,
containing 0.5 mM PMSF and 0.01% B-mercaptoethanol. The homogenate was then centrifuged at
10000g for 30 min at 4 °C to obtain a supernatant containing MT. Aliquots of 1 ml supernatant were
added with 1.05 ml of cold (-20 °C) absolute ethanol and 80 pl of chloroform. The samples are then
centrifuged at 6000g for 10 min at 4 °C. The supernatant was combined with three volumes of cold
ethanol (-20 °C), maintained at -20 °C for 1 hr and centrifuged at 6000g for 10 min. The pallet was
washed with 87% ethanol and 1% chloroform solution. Finally pallet was dissolved in 5 mM Tris-
HCI pH 8.6 and 1 mM EDTA. The MT content in the pallet was evaluated using 0.6 mM DTNB
buffered with phosphate buffer pH 8.0. MT concentration was estimated utilizing GSH as standard

and expressed as nmol of GSH (mg protein) ™.

Protein content was estimated by the Folin-Phenol reaction as described by Lowry et al.

(1951) using bovine serum albumin as standard.
Statistical analysis

Results are expressed as mean + standard deviation (SD). Difference among the means of control
and treatment was analyzed by Student’s t-test. Differences were considered statistically significant

when P < 0.05.



3. Results
LPX.

The results on the in vitro effects of incubation of various mercury chloride concentrations on LPX
content in digestive gland are shown in Fig-1. An increase in TBARS content to 19%, 16% and
42.36% in digestive gland were observed in response to 1, 10 and 100 uM of HgCl, exposures.
Addition of GSH to the reaction mixture showed a reduction in TBARS to 8%, 16% and 35.3% in
digestive gland. The digestive gland also showed an increased TBARS (Fig-2A, P < 0.05) level on
5™ and 10" d, which decreased substantially on 15™ d of Hg exposure (P < 0.001).

PC, DNA strand break and H,0,.

Similarly PC showed elevated values throughout the experimental period in mercury treated groups
(Fig-2B, P < 0.05). Genotoxic effects in the form of F-values did not show any changes on the 5t
and 15" d but a significant decrease was seen on 10" day in the treated specimen (Fig-2C, P <
0.05). The H,0, level showed a significant increase throughout the experiment in relation to control

(Fig-2D, P < 0.05).
Antioxidant enzymes

Determination of antioxidant status of mussels exposed to metals is important to understand the
toxic mechanism and predict the damage potential in the organism. An increased oxidative stress
has been suggested to enhance the antioxidant enzyme activity in animals, as a protective action
towards the oxidative stress (Halliwell and Gutteridge, 2001). SOD activity decreased on 5" d and
increased substantially on 15" d of Hg exposure indicating protective behaviour of the cell against
superoxide radicals (Fig-2E). Reduced SOD activity seen initially in the Hg mussels may suggest
enzyme inhibition by ROS (Hodgson and Fridovich, 1975). Activities of CAT and GPX were
almost similar to control during first 10 days, but increased on 15" d (Fig-2F, 3 A, P < 0.05). GR is
vital for maintaining the thiol status of the cell through regeneration of GSH from oxidized
glutathione (GSSG). Hence GR induction becomes important during stress conditions, which is
evidently seen in the present experiments. GR activity significantly increased on the 5™ and 15™ d
of Hg exposed mussels (Fig-3B, P < 0.05) indicating its role in detoxification mechanism. GSTs are

involved in the detoxification of both reactive intermediates and oxygen radicals (Van der Oost et



al., 2003). Induction of GST activity in mussels is stimulated by large variety of pollutants
including metals (Prakash and Jagannatha Rao, 1995) and petroleum aromatic hydrocarbons
(Pennec and Pennec, 2003). In the present study GST, which was similar to control on 5™ g,
progressively increased in Hg stressed mussels from 10" d onwards (Fig-3C) indicating activation

of detoxification mechanism.
Non-enzymatic antioxidants

GSH showed increased values in relation to control from 10™ day onwards indicating their
protective action against the oxidative stress generated by Hg (Fig-2 D, P < 0.05). MT level was
significantly high on 5™ and 10" day of the metal exposure but remained at par with control on the
last day of the experiment (Fig-2E, P < 0.05). The higher MT value suggests its active role in
protecting the cell from metal toxicity. ASA which was comparable to control initially showed

increased values on the 15 d Hg exposure (Fig-2F, P < 0.05).
4.Discussion

Laboratory studies on analysis of stress responses in tissues of organism exposed to metal can
help to understand mechanism through which metals exert their toxicity in organisms and hence the
results can be used to explain the impact of heavy metal toxicity on organisms in fields. It is
obvious from the present study that exposure of mussels to sub-lethal concentration of mercury not
only influence the oxidative stress parameters but also the antioxidant enzymes and other products

in digestive gland of P.viridis.

An enhanced level of TBARS in digestive gland of the mussel in response to mercury suggests
that the animals are under oxidative stress. These results are in agreement with those reported by
other authors (Geret et al., 2002; Almeida et al., 2004). Organisms are equipped with a cascade of
enzymes to counteract ROS produced either during normal metabolism or due to exposure of
xenobiotics or metal ions (Halliwell and Gutteridge, 2001). In this, SOD is the first one which
dismutates O, into H,0,, which is further scavenged by CAT and GPX. Hence the initial
decreased SOD activity seen in the digestive gland of the Hg exposed mussels in the present
experiment may be indicative of increased O,  radicals. These oxyradicals in combination with

H,0; may give rise to the production of hydroxyl radicals by classic Haber-Weiss reaction resulting
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in elevated TBARS and PC contents. Increase in antioxidant enzymes such as CAT, GPX, GR and
GST in tissue specific manner may indicate the adaptive approach by the animal to counteract
oxidative stress, generated as a consequence of mercury exposure. PC induction, which was seen
throughout the experimental period in the Hg exposed specimen, agrees well with the observations
of Labieniec and Gabrylak (2004) and Parvez and Raisuddin (2005). These authors have shown that
mussels and fishes exposed to tannins and metals increased PC content in the animals. Hg ions are
known to induce oxidative stress by triggering ROS through mitochondrial electron transport chain
in the animals (Lund et al., 1991; Pourahmad et al., 2003). This process could give rise to the
oxidation of proteins. It is well known that carbonyl compounds are toxic due to their carcinogenic
properties. Their presence in the environment is therefore a great concern as regard to their adverse
effects to health (Bakeas et al., 2003). It is for the first time that PC induction due to mercury
toxicity has been recorded in the digestive gland of P.viridis, which could act as a marker for

mercury contamination.

DNA which is another target biomolecule in cellular oxidative injury shows base pairs
damages, strand cross-links and strand breaks as a result of free radical exposure (Dizdaroglu et al.,
2002). DNA strand break also depends on toxicant uptake, distribution, storage, biotransformation,
elimination (Black et al., 1996) as well as repair mechanism (Ching et al., 2001). The F values
which were almost equal to control on 5™ and 15" day showed a decrease on 10" day, giving the
signs of toxicity and repair mechanism in the Hg exposed animals . Similar responses have been
reported in relation to benzo[a]pyrene and Aroclor 1254 exposures in Perna viridis by Siu et al.,
(2003). In the present case may be the result of activation DNA repair mechanism in the animals
(Siu et al., 2003) or activation of antioxidant defence systems, which scavenges free radicals

produced during Hg exposure or due to the activation of DNA repair mechanism in the animals.

Changes in SOD content with initial low and increase on 15™ day in exposed animals could be
either due to its inhibition or over utilization to overcome Hg toxicity. The intense metabolic
transformation that takes place in digestive gland, at initial stage of mercury exposure, increases the
ROS production such as H,0,, which could be responsible to keep the SOD enzyme low on 5™ day.
Alternatively initial decreased SOD activity could be a part of mercury toxicity response, in which
other antioxidants play an active role to overcome ROS toxicity, thereby keeping SOD low. But the

increased SOD seen on 15™ d could suggest its active involvement in dismutation of O, to H,0s.

11



Increase in SOD activity has been reported by Prakash and Jagannatha Rao (1995) in mussels
exposed to Al, Pb and Cd. However the unchanged behavior of this enzyme was observed by
Doyotte et al. (1997) in his experiment on exposure of mussel U.temidis to copper. Similar results
were also reported by Torres et al. (2002) i.e. with the exception of SOD activity, the other
antioxidant enzymes showed significantly higher levels at the polluted sites compared to the
control. Since the detailed mechanism of action of Hg on SOD activity is not fully understood,

further studies would be needed to explain this process in details.

The principal H,O, scavenging enzymes are CAT and GPX. Although these enzymes did not
show much changes initially in relation to control, a significant increase recorded on the 15™ day
may be due to continuous production of O,” to H,0, in digestive gland as a result of Hg toxicity.
Consequently this reactive oxygen could stimulate its scavenging mechanism activated by CAT and
GPX production, which is evident in higher enzyme values on 15" day. These results are consistent
with other studies in which increased CAT (Prakash and Jagannath Rao, 1995) and GPX activities
are reported in digestive gland of P. viridis in response to metals, seasonal changes in

environmental parameters and pollutants (Torres et al., 2002; Verlecar et al., 2007, 2008).

Significant increase in GST activity from 10" day onwards seen in Hg exposed specimen
suggests the protective action against reactive oxygen radicals. Induction of this enzyme has also
been reported in crabs exposed to Hg (Elumalai et al., 2007) and in Mytella guyanensis collected
from heavy metals contaminated sites (Torres et al., 2002), indicating that GST activity in the

digestive gland could be a good indicator of Hg exposure.

The higher GR activity observed presently could be the part of the protective response in the
digestive gland to maintain the intracellular thiol status. In agreement with our results Lash and
Zalups (1996) have also reported increased GR activity in rat renal tissue under in vivo Hg stress.
A significant positive correlation between GR and GSH seen presently also supports that enzyme is
involved reducing the oxidative stress (r =0.571, P < 0.05). GSH functions by reacting with O,",
peroxy radicals (ROO") and singlet oxygen ('O,) followed by the formation of GSSH and other
disulfides (Meister, 1988). Significant increase in GSH content from 10" day onwards, suggests that
GSH accumulation may help counteract oxidative damage caused by Hg in P.viridis. Interestingly,

addition of GSH to the reaction mixture was able to reduce TBARS level (Fig-1). This indicates that
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GSH has protective action, which is known to bind heavy metal ions through its SH group, giving
rise to metal-SG complex (Rabestein et al., 1985). Present studies are in agreement with that of
Naganuma et al. (1990) which suggest that GSH can act as a physiological defense against mercury-
induced cytotoxicity. Induction of GSH in bivalves exposed to Hg has also been reported by Yan et
al. (1997). Higher level of GSH along with GST, GPX and GR suggests that the regulation of the
ROS, generated due to Hg toxicity in P.viridis, is efficiently achieved using the glutathione
pathway.

Higher MT content observed in Hg exposed mussels indicates that this protein also has active
role in detoxification process by eliminating ROS and metal. Our results are consistent with those of
Viarengo et al. (2000), Hamza-Chaffai et al. (2000), Geret, et al. (2002) and Marie et al. 2006, who
have also observed higher MT content in bivalves exposed to metals. It has been reported that MT
acts as component of antioxidant system and protects cell against cytotoxic effects of ROS
(Viarengo et al., 2000). Hence MT induction in P. viridis exposed to Hg may be an adaptive

mechanism, against Hg generated toxicity.

Ascorbic acid is known to provide an antimutagenic property against a wide variety of
chemicals (Sweetman et al., 1997). Due to its nucleophilic properties it binds with mercury ions and
reduces Hg induced DNA damage (Rao et al., 2001). In addition, it performs various important
physiological functions such as collagen synthesis and formation of connective tissues (Wilson and
Poe, 1973). Increased ASA content on the last day of the experiment without any significant
change initially, in relation to control, suggests additional availability of GSH on 15™ day, which
may help in reducing dehydroascorbate to ascorbate (Winkler et al., 1994). Further studies are

required to understand exact mechanism of ASA involved during Hg exposure.

In conclusion it may be inferred that the significant induction of LPX, PC, DNA damage and
H,O; level in response to Hg exposure suggests the toxic nature of this metal to native P.viridis.
Positive responses accompanied by elevated activity of GSH, ASA, MT, SOD, CAT, GST, GR and
GPX in the Hg exposed specimen indicates the strong potential of animal to protect against the
oxidative stress generated by the metal. These responses could be effectively serve as oxidative

stress indices to be used as biomarkers in aquatic contamination.
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Legends to Figures:

Fig 1 : In vitro effect of Hg concentrations (M) alone and after supplementing with
reduced glutathione on LPX ( nmol TBARS / mg protein). Data are expressed as mean + sd
(n=3). (1) Denote indicates significant difference between control and Hg exposed samples
* P < 0.05. (2) Denote indicates significant difference between glutathione supplementation
and respective Hg exposed samples ®p<0.05.

Fig-2 :-Effect of mercury chloride on (A) Lipid peroxidation level (nmol TBARS / mg
protein), (B) Protein carbonyl content (nmol / mg protein), (C) DNA damage (F-values),
(D) H20; content (nmol / mg protein), (E) SOD activity (Unit / mg protein), (F) Catalase
activity (nkat / mg protein) in digestive gland of P.viridis, exposed to mercury. Data are
expressed as mean + sd (n=3). Denote indicates significant difference between control and
Hg exposed mussels ®p<0.05 .bp<0.01,°p<0.001

Fig-3 :-Effect of mercury on (A) Glutathion peroxidase activity (nmol NADPH oxidized/
min/ mg protein), (B) Glutathione reductase activity (nmol NADPH oxidized/ min/ mg
protein), (C) Glutathione- S-Transferase activity (nmol CDNB conjugate formed/ min/ mg
protein), (D) Reduced glutathione level (umol GSH/ g wt. tissue), (E) Metallothionein
content (nmol GSH/ mg protein) and (F) Ascorbic acid content (ug ASA / g wt. tissue) in
digestive gland of P. viridis, exposed to mercury. Data are expressed as mean + sd (n=3).
Denote indicates significant difference between control and Hg exposed mussels ®p<0.05
p<0.01,°p<0.001



