Introduction
Aquatic pollutants produce multiple consequences at organism level, population,
community and ecosystem level, affecting organ function, reproductive status, population
size, species survival and thus biodiversity. Among these, carcinogenic and mutagenic
compounds are the most dangerous as their effects may exert a damage beyond that of
individual and may be active through several generations. The aquatic environment is the
ultimate recipient of an increasing amount of contaminants as a result of the discharge of
industrial, agricultural and urban wastes.
Among pollutants heavy metals are regarded as a serious pollutant because of their
environmental persistence, toxicity, ability to get incorporated into the food web and the
organism’s capacity for accumulation. Heavy metals such as Mercury, Cadmium, Lead,
Cobalt, Arsenic, Manganese, Iron and Chromium have been identified as deleterious to
aquatic ecosystem and human health (Gupta et al., 2007). These elements are considered
most dangerous in the ecotoxicological aspect.
Marine invertebrates accumulate trace metals to varying degrees and their body
concentrations may reach high levels (Bryan, 1979). Molluscs, therefore especially have
been used widely for monitoring trace metal pollution (Phillips, 1977, 1980; Bryan et al.,
1980; 1985) and concentrations of metals in whole or parts of these organisms being taken
as a measure of ambient concentration. Knowledge of accumulation and distribution of
metals in the soft tissues may help us to understand the process involved in the uptake and
excretion of metals by different parts of molluscs. Moreover, the studies reveal that a
simple linear relation exists between metal concentration in water and in marine organisms.
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Mussels are widely used in both, field and laboratory experiments as sensitive
markers of trace metal or organic substance contamination (Krishanakumar et al., 1994;
Regoli, 1998; Viarengo et al., 1997). Mussels of the genus Perna have tremendous potential
to accumulate potentially toxic trace metals in their tissues far in excess of the
environmental levels particularly in warm waters (Rainbow, 1995). They are filter feeders
and have the ability to accumulate a wide range of contaminants. The green mussel, Perna
viridis has a wide distribution along the west coast of India and this species has been
proposed as sentinel organism for marine pollution monitoring (Krishnakumar and Pillai
1990; Krishnakumar et al., 1998). Based on the international Mussel Watch approach
developed a few decades ago, many studies proposed the use of P. Viridis as a potential
biomonitoring agent for heavy metals in the aquatic environment (Ismail et al., 2000; de
Astudillo et al; 2005; Yap et al 2007; Jalius et al., 2008; Soumady and Asokan, 2010). It fulfills
the important criteria to be a good biomonitor because of its wide geographical distribution,
sedentary lifestyle, reasonable abundance, availability throughout the year, easy
identification and sampling and importance both ecologically and economically. Knowledge
of accumulation and distribution of metals in the soft tissues may help us to understand the
process involved in the uptake and excretion of metals by mussel.
Heavy metals such as cadmium (Cd), lead (Pb), and Mercury (Hg) enter the aquatic
environment as a result of human activities such as wastewater production,
agriculture and mining. These contaminants can be toxic to aquatic organisms even
at very small amounts and accumulate within the bodies of aquatic organisms. Specially, Cd
has

adverse

physiological

effects

on

the

growth,

reproduction,

and osmoregulation of aquatic organisms. Cd accumulates within tissues and can alter
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and degrade enzymatic processes and cause cell damage, which may result in cell death. In
addition, Cd induces oxidization and generates reactive oxygen species (ROS) that promote
oxidative damage.
Cadmium is widely distributed in earth’s crust and it is principally used as the
stabilizers and pigments in plastics and in electroplating. It is being used routinely in
different industrial processes and its potential hazard to life form is predominant. Molluscs
accumulate large concentration of cadmium ranging from 1900-2000 ppm dry weight (Clark,
1992). It was also reported that cadmium concentration is almost ten times higher in shell
fishes than in fin fishes (Ololade et al, 2008).
Cadmium is one of the most toxic metals to biological systems including marine
organisms and its toxicity includes the interference in various metabolic processes,
especially energy metabolism, membrane transport and protein synthesis and may act on
DNA directly or indirectly by interference with genetic control and repair mechanisms
(Prusky and Dixon 2002; Beyersmann and Hechtenberg 1997; Hassoun and Stohs 1996;
Hartwig 1994; Yamada et al. 1993). Also, the production of reactive oxygen species (ROS) is
involved in the mechanism of Cd toxicity (Watanabe et al. 2003; Stohs et al. 2001; Kumar et
al. 1996; Manca et al. 1994; Zhong et al. 1990).
The use of biomarkers is a promising approach in the assessment of ecosystem
health. It might allow the detection of early biological changes, which may result in long
terms physiological disturbances. It has been reported that biomarkers are influenced rather
by

the

fluctuations

in

the

levels

of

organic

or

inorganic

contaminants than by fluctuations in natural or physiochemical parameters (Moore, 1991).
Cellular biomarkers are used as measure of the sublethal effects of pollutants that can
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indicate progressive cell damage with physiological consequences (Hebel et al., 1997). Thus
measuring at the cellular level may provide a fast and sensitive indication of environmental
pollution (Moore 1985; Viarengo and Canesi, 1991).
It is known that xenobiotics may alter functional parameters in molluscan
haemocytes, such as variability (Alvarez and Friedl, 1992), phagocytosis (Fries and Trip,
1980; Anderson, 1988; Cima et al., 1998 a), aggregation (Auffret and Oubella, 1997),
adherence (Chen and Bayne, 1995), lysosomal membrane stability (Lowe et al., 1995;
Grundy et al., 1996) and genomic damage. In the field of ecotoxicology these functional
responses used as biomarkers or stress indexes to assess the effects of pollutants on
environmental quality (Anderson, 1988; Cajarville et al., 1996).
Molluscan haemocytes play a key role in several functions, such as wound and shell
repair, digestion, excretion and internal defense (Cheng, 1981). In cell mediated immune
responses, phagocytosis by circulating haemocytes is the main defense against pathogens
and foreign materials (Cheng, 1981). Consequensely, toxic effects to haemocytes potentially
affect the survival of these animals.
Lysosomes play an important role in immune responses of bivalve molluscs: on
phagocyte stimulation, lysosomal hydrolases are released out of cells to degrade foreign
materials (Mohandas et al., 1985) or into phagosomes, thus participating in the degradation
of internalized foreign particles (Cheng, 1981). It is known that the haemocytes of bivalve
molluscs may accumulate high levels of metals, mainly in lysosomes there by representing
an important cellular compartment for metal detoxification (Pauley and Nakatini, 1968;
Viarengo et al., 1981; Moore, 1990; Bordin et al., 1996). Alternation of the integrity of
lysosomal membranes may cause undesired release of hydrolases into the cytosol, with
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consequent damage for cells themselves (Lowe et al., 1995). It has been demonstrated that
the exposure of marine oraganisms to nano-micromolar concentrations of essential
heavymetals (Cu, Fe) or of metals without a biological function (Hg, Cd, Cr, Pb etc) causes
lysosomal membrane destabilization(Moore, 1990; Viarengo et al., 1981). In this respect, a
reduction in lysosome membrane stability has been reported in mussels and oysters
exposed to heavy metals and proposed as an indicator of cell damage (Regoli, 1992;
Ringwood et al., 1998). On the other hand if the intracellular accumulation of metal is
excessive, these organelles become a preferential target for metal toxic effects (Sternlieb
and Goldfischer, 1976; Dallinger and Prosi, 1988; Haavelar et al., 1998).
Another important cellular level biomarker is micronuclei. Micronuclei, initially found
in red blood cells by Howell (1891), and described by Jolly in 1905. They are small DNA
containing bodies which can be present near the cell nucleus during interphase as a
consequence of both chromosome breakage and spindle disfunction. The micronucleus
assay (MN) has been considered as a cytogenetic test to assess the effects of clastogenic
and aneugenic agents in various cell types and organisms (Das and Nanda, 1986; Majone et
al., 1987).
Toxicity induces the whole chromosomes that were not bound to the mitotic spindle at
anaphase, probably by disrupting the spindle checkpoint. Such chromatin is separated from
the newly forming nucleus and forms an independent nucleus like structure, the
micronucleus.

Therefore

methods

to

measure

the

frequency

of micronuclei are widely used in genotoxic tests that are used to measure efficacy of newly
developed pharmaceuticals or used to diagnose malignant diseases. The persistence of an
increased frequency of micronuclei

suggests the possibility of using micronuclei
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frequencies detected in natural populations as indicators of the genotoxicity of marine
water pollutants which have acted a long time before sampling.
Trace metals at the cellular level are often involved in oxidative stress, which results
in the production of Reactive Oxygen Species (ROS). ROS includes the superoxide radical (O2
-

), hydrogen peroxide (H2O2) and the hydroxyl radical (OH-), all of which affect mainly lipids,

proteins, carbohydrates, and nucleic acids. The importance of antioxidant enzymes is
generally emphasized in the prevention of oxidative stress by scavenging the ROS. The
antioxidant system comprises several enzymes such as Superoxide Dismutase (SOD),
Catalase (CAT), and Glutathione Peroxidase (GPx). Superoxide radicals that are generated
are converted to H2O2 by the action of SOD, and the accumulation of H2O2 is prevented in
the cell by CAT and GPx. It has been demonstrated that the activities of SOD, CAT, and GPx
are induced upon metal exposure to animal species by some external factors. Excessive ROS
production in response to heavy metal pollution detoxification can overwhelm natural
defense mechanisms leading to cumulative damage to biomolecules. When the antioxidant
enzymes fail or are insufficient, an increase of ROS production may originate oxidative
damage.
Exposure to cadmium has been shown to increase the formation of ROS and
promote oxidative stress in mussels (Company et al., 2004). The antioxidant defense
system, which acts as a free radical scavenger, is another detoxification mechanism
to protect an organism from oxidative stress. The primary defense against oxidative damage
consists of some low-molecular weight antioxidant enzymes, such as SOD, CAT and GPx
(Orbea et al., 2000). These enzymes can respond to oxidative stress to counteract the
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detrimental effects of ROS. Hence, these enzymes could serve as indices to study the impact
of toxic chemical exposure on organisms (Verlecar et al., 2008).
The antioxidant defense system is being studied because of its potential utility to
provide biochemical biomarkers that could be used in environmental monitoring system.
Biomarkers in environmental monitoring confer significant advantages over traditional
chemical measurements because measured biological effects can be meaningfully linked to
environmental consequences so that environmental concerns can be directly addressed.
Although the activity of antioxidant enzymes may be increased or inhibited under chemical
stress, there is, however, no general rule for the different enzymes. The antioxidant
enzymes are often measured together to indicate the total oxy-radical scavenging capacity
and this has been observed to provide greater indicating value.
Some heavy metals are required at structural and catalytic sites in protein and are
regarded as essential metals; others do not have a known biological function and are thus
considered as nonessential metals. Cadmium the typical nonessential can be toxic when
present above the critical level. Determinations of sulfhydryl group levels which metals have
high affinity towards, and total protein levels could be beneficial in estimating the toxicity of
metals.
Metallothionein (MT) is a low molar mass metal-binding protein, known to occur in
all animal phyla as well as in fungi, in some plants, and in cyanobacteria.
The protein was designated as “metallothionein” on account of its exceptionally high metal
and sulfur content. MTs show particular biochemical features: they are of low molecular
weight (about 6000–8000 Da, 61 amino acid residues in mammal MTs), soluble, sulphydrylrich proteins. Its apoprotein form is assigned as thionein. MT induced in hepatic and other
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tissues is a specific molecular biomarker of the exposure of vertebrate and invertebrate
organisms to metals. MTs have a high heavy metal affinity and binding capacity (7–9 g atom
mol–1 thionein) and are able to chelate both essential (Zn, Cu, etc.) and non-essential
metals (Cd, Hg, Ag, etc.) by cysteine tetrathiolate clusters. However, MTs show different
affnities for heavy metal cations (Hg2+ > Cu+ > Cd2+ > Zn2+) (Viarengo 1989).
Heavy metal cations accumulated within the cells stimulate metalloprotein
neosynthesis by enhancing MT gene transcription (Squibb and Cousin 1977, Andersen and
Weser 1979). The MT mRNA is translated by cytosolic free ribosomes, leading to an increase
of apometallothionein that will rapidly react with free metal cations present in the cytosol.
Due to their biochemical and functional characteristics, MTs are able to protect cell
structures from non-specific interactions with heavy metal cations and to detoxify metal
excess penetrating into the cell (Hamer 1986, Viarengo and Canesi 1991, Roesijadi 1992,
Viarengo and Nott 1993). Due to their inducibility to heavy metals, MTs are usually
considered an important specific biomarker to detect organism’s response to inorganic
pollutants such as Cd, Hg, Cu, Zn, etc., present in the aquatic environment.
Bioindicator organisms that have been commonly employed in the application of
MTs as biomarkers are fish (Addison and Clarke 1990, Hylland et al.1992,
1996), molluscs (Engel and Roesijadi 1987, Viarengo 1989) and crustaceans (Pedersen et al.
1997). The importance of MTs as a tool for biomonitoring activities is increased by the fact
that they are ubiquitary proteins and therefore can be studied in most living organisms
(Hamer 1986).
The use of multiple biomarkers is more advantageous than the use of a single
biomarker and offers an effective early warning system in biomonitoring of aquatic
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environments. Therefore in the present study we evaluated the toxicity of Cd in the mussel
Perna viridis using cellular biomarkers such as lysosomal membrane stability and the
occurrence of micronuclei. Alternations in the level of antioxidant enzymes and acetyl
choline esterase were also employed as additional cellular biomarker. The whole study was
augmented by the analysis of histopalthological changes in different issues like
hepatopancreas, gills etc.

Materials and methods
1.

Mussel collection and handling
The green mussel, Perna viridis (3 to 4 cm) were collected from rocky shores of

Chellanam, Eranakulam district. Sampling comprised of both male and female mussels. The
collected mussels were transported in plastic containers with sea water of ambient salinity.
Inside the lab they were cleaned to remove the algae, mud or other fowlers and then
washed in a jet of water. Then they were acclimatized in the laboratory conditions for 48
hours in sea water. The sea water was filtered prior to use. Salinity of sea water ranged
between 30-35‰ and PH between 8.15 and 8.30.
2.

Determination of LC50
For LC50 studies, ten mussels were randomly selected and exposed to Cadmium

Chloride (CdCl2) at a dose range of 0.05, 0.1, 0.5, 1 and 4 ppm for a period of 96 hours. Sea
water was changed every day and algal suspension as feed was given throughout the
experiment. The number of mussels dead and alive was scored on each day for each
concentration. The experiment was done in triplicate and the average mortality for each
concentration was taken and the LC50 value was estimated.
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3.

Heavy metal exposure to sub lethal concentrations
Sub lethal concentrations were selected on the basis of lethal toxicity studies of CdCl 2

on mussels. Ten mussels of shell length 3 to 4 cm were used for each sub lethal
concentration in the range of 0.01, 0.025, 0.05, 0.1, 0.2 and 0.4 ppm and were inspected
every 12 h for 21 days. During the course of experiment, sea water was changed daily and
the animals were given algal diet in the required quantities
4.

Collection of haemolymph
Haemolymph was withdrawn from the posterior adductor muscle of mussels with a

syringe. The mussel valves should be carefully raised apart along the ventral surface, using a
solid scalpel, which should remain in position in order to keep the valves apart. Allow any
water retained within the shell cavity to drain out before attempting to withdraw
haemolymph. Haemolymph was collected with a syringe (2ml) containing physiological
saline so as to obtain a 50/50 of cell/ physiological saline suspension. The needle was then
withdrawn and syringe content was poured into a vial placed in ice cubes.
5.

Lysosomal membrane stability (Neutral Red Retention (NRR) assay))
Neutral red retention procedure was performed according to Low and Pipe (1994)

with slight modifications. For NRR assay, 40µl haemolymph suspension were spread on
microscope slides, transferred to a light proof humidity chamber for 10 minutes and allowed
to attach. Then 40µl of the neutral red solution was added to the cell monolayer and
incubated for 15 minutes to allow the neutral red to penetrate into cells. After incubation,
slides were examined systematically under a light microscope every 15 minutes interval for
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120 minutes. The lysosomal destabilization was expressed as the percentage of haemocytes
showing dye loss from lysosomes into cytosol, which consequently appeared reddish pink.
The cells were scored using 40X lens, as dye present in cytosol, and the percentage
lysosomal destabilization was calculated as follows,
Percentage lysosomal destabilization = Number of dead cells x 100
Total number of cells
6. MN test on the haemocytes
The MN test was conducted according to the procedure proposed by UNEP (1999). A
50/50 of cell/physiological saline suspensions were spread on slides, transferred to a light
proof humidity chamber and allowed to attach. Cells were then fixed with methanol: acetic
acid (3:1) stained with 5% Giemsa stain for 10 minutes. The cells were scored for each
sample using a light microscope under oil immersion at 100X magnification and the results
were recorded as micronucleus frequency (MN frequency).
7.

Bioaccumulation of cadmium in mussel tissue
Tissue sample preparation for heavy metal analysis
Whole tissue (edible portion) from the shells of mussels exposed to cadmium chloride

was excised out using a stainless steel scalpel. Tissues were taken in separate labeled petri
dishes and kept in the oven at 65oC for 72 h. The dried tissues were then finely ground using
a mortar and pestle and a portion (1 g) of it was subjected to acid digestion with nitric acid
and 60% perchloric acid on a hotplate. It was heated until nitric acid gets almost evaporated
followed by cooling. Five ml of nitric acid was added and continued heating. The mixture
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was heated to white fumes of perchloric acid, and added 5ml of mixture of HCl and Milli Q
water in 1:1 ratio was added. The digested samples were filtered and made upto
appropriate dilutions. The obtained solutions were filtered and analyzed using Air/
Acetylene Flame Atomic Absorption Spectrophotometer (UNICAM 696 AA Spectrometer) for
the determination of cadmium content.
8.

Oxidative stress in mussel exposed to cadmium

The mussel P. viridis were sacrificed after termination of the exposure period of
cadmium in different concentrations and their gills, hepatopancreas and mantle tissue were
dissected out. Enzymatic antioxidants were measure in samples homogenized (1:5 w/v) in
100 mM Tris-HCl buffer pH 8, 0.1 mM PMSF, 0.008 trypsin inhibitor units, 0.6 % NaCl and
differential centrifugation was carried out at 4o C to obtain cytosolic fractions.

a)

Super oxide dismutase was determined by the method of Mc Cord and
Fridovich (1969). One unit of SOD is defined as the enzyme inhibiting 50% of
NBT (Nitro blue tetrazolium) per minute per mg protein.

b)

Catalase activity was measured by the loss of absorbance due to consumption
of H2o2 at 340 nm according to the method of Aebi (1984).

c)

Glutathione peroxidase was analysed by the method of Rotruck et al (1973).

d)

Glutathione reductase was estimated by the method of Beutler et al (1986).

e)

Determination of Acetyl choline Esterase by
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9.

Determination of metallothionein
MT content was evaluated according to the method of United Nations Environment

Programme (UNEP)/RAMOGE (1999) modified from Viarengo et al. (1997). Pools of six
mussels were used in order to obtain enough sample for the measurement. Pooled digestive
gland tissues (1 g) were homogenized in 3 vols 0.5 M sucrose, 20 mM Tris-HCl buffer, pH 8.6,
containing 0.006 mM leupeptine, 0.5 mM phenylmethylsulphonylfluoride (PMSF) and 0.01%
b-mercaptoethanol. The homogenate was centrifuged at 30 000g for 20 min. To the 1 ml 30
000g supernatant, 1.05 ml cold/20o C ethanol and 80 ml chloroform were added; the
samples were then centrifuged at 6000g for 10 min at 48C. The collected supernatant was
combined with 1 mg RNA and 40 ml 37% HCl and subsequently with 3 vols cold ethanol (to a
final concentration of 87%). The sample was maintained at -20o C for 1 h, and then
centrifuged at 6000 g for 10 min
The MT containing pellet was washed with 87% ethanol/1% chloroform, centrifuged at
6000g for 10 min, then dried under nitrogen gas stream. The pellet was resuspended in 150
ml 0.25 M NaCl and 150 ml 1 N HCl containing 4 mM ethylene diamine tetra acetic acid. A
volume of 4.2 ml 2 M NaCl containing 0.43 mM DTNB (5.5-dithiobis-2-nitrobenzoic acid)
buffered with 0.2M sodium phosphate, pH 8 (Ellmann 1958), was added to the sample at
room temperature. The sample was centrifuged at 3000g for 5 min, and the supernatant
absorbance evaluated at 412 nm.
10.

Histopathological study of gills and hepatopancreas

Gills and hepatopancreas from mussels exposed to different concentrations of cadmium
chloride were dissected out and immediately fixed in 10 % formalin. The tissues were
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treated with progressive series of absolute alcohol and then stained with haematoxyllineosin and photographed using light microscope.

Results and Discussion
Lysosomal membrane stability and NRR assay as indicators of cadmium toxicity
The NRR assay is based on the principle that only lysosomes in healthy cells take up
and retain the vital dye neutral red. In clams and mussles NRR times were decreased
following exposure to heavy metals (Matozzo etal, 2001; Viarengo et al., 2000). Exposure of
mussel Perna viridis to CdCl2 resulted in the lysosomal membrane destabilization. It showed
reduced retention capability of lysosomes to neutral red when compared to controls. The
observed effects varied with concentration of the heavy metal. After staining with neutral
red, the control cells showed a reddish orange granular appearance due to intense staining
of lysosomes and prolonged retention of dye within the lysosomes, while mussels exposed
to CdCl2 showed gradual destaining of lysosomes (Figure 1). The lysosomal membrane
stability was found to reduce with increasing concentration and time. Figure 1 (A) and (B)
represents the neutral red activity in control and sublethal concentration of CdCl 2 exposed
hemocytes. The lysosomes of the control cell take up and retain the dye, while in CdCl2
exposed cells showed lysosomal membrane destabilization and efflux of lysosomal contents
into the cytososl (Fig 1(C & D).
The percentage lysosomal destabilization on 5th day, 15th day and 21st day were
shown in figure 2, 3 and 4 respectively. As compared with control, haemocytes in mussels
exposed to Cd showed high lysososmal destabilization. After 21 days of exposure all
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haemocytes in 0.4ppm were destabilized within 60 minutes. The results showed a dose
dependent increase in neutral red infiltration into the cytosol.
Lysosomal membrane alterations are probably due to the high levels of metals that
may accumulate in lysosomes (Moore, 1990; Regoli, 1992), leading to the inhibition of Mg
2+

- ATPase, a proton pump of lysosomal membrane that maintains the internal environment

of lysosomes acids (Low et al., 1992). Dysfunction of this ATP-ase allows free passage of
lysosomal contents, including NR into the cytosol (Lowe et al., 1995).

A

B

C

D

Figure 1: Microscopic images of neutral red retension assay on P. viridis haemocytes. A
and B stable condition of lysosomal membrane. C and D destabilized condition.
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Figure 2: Percentage Lysosomal Destabilization after 5 days of CdCl2 exposure

Figure 3: Percentage Lysosomal Destabilization after 15 days of CdCl2 exposure
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Figure 4: Percentage Lysosomal Destabilization after 21 days of CdCl2 exposure

Micronuclei (MN) test on haemocytes
Micronuclei are formed from the entire chromosome or from a fragment of it. Such
micronuclei were induced by genomic stress of heavy metal. It involves the induction of
either chromosome fragments that lag behind the separating chromosomes or a chromatin
bridge between chromosomes at the anaphase of mitosis. MN test constitute the fast and
sensitive test to detect genomic damage due to both clastogenic effects and alterations of
mitotic spindle (Bolognesi et al., 1999). Due its simplicity micronuclei test is one of the most
applicable techniques to identify genomic alternations in the animals.
The results for MN assay on haemolymph were shown in Table 1, 2
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and 3. On exposure of CdCl2 the micronuclei frequency found to increase with increase in
concentrations of heavy metal. After the 21 days of exposure, there were more than 50% of
the cells which possessed micronuclei at higher concentrations. The increase in micronuclei
denotes increased genomic damage. As compared to the lower concentration of CdCl 2, a
three time increase in micronuclei frequency was observed in higher concentrations. Time
dependant increase in MN frequency was also observed with 5 to 6 fold increase over
control values after continuous exposure.
In conclusion, the neutral red retention assay and MN test applied in the
haemolymph of mussels exposed to sublethal concentrations of CdCl 2 proved sensitive
enough to be used as a biomonitoring tool to detect early warning for heavy metal toxicity

Conc. of CdCl2 (ppm)

Number of micronucleated cells

0.01

19.33±4.93

0.025

23.66±6.42

0.05

30.66±3.78

0.1

35.66±3.05

0.4

36.66±4.50

Table 1: Effect of Cadmium Chloride on the frequency of micronuclei on 5th day
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Concentration of CdCl2 (ppm) Number of micronucleated cells
0.01

19.33±4.93

0.025

23.66±6.42

0.05

30.66±3.78

0.1

35.66±3.05

0.4

36.66±4.50

Table 2: Effect of Cadmium Chloride on the frequency of micronuclei on 15 th day

Conc. of CdCl2 (ppm)

Number of micronucleated cells

0.01

30.33±1.52

0.025

33.66±2.51

0.05

37±1

0.1

42±2

0.4

43.66±2.08

Table 3: Effect of Cadmium Chloride on frequency of micronuclei on 21 st day
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Bioaccumulation of cadmium in mussel
The LC50 value for cadmium in mussel was found to be 0.5 ppm. Cadmium
concentration in the edible tissues of Perna viridis ranged from 0.077 to 1.466 μg g-1dry
weight (Fig. 1) after 15 days of exposure. Post treatment analysis of mussel exposed to sub
lethal concentrations of cadmium, showed an overall gain of 1.466 μg g -1and 1.981 μg g-1for
higher concentrations, than the level detected in control animals over the 15 and 21 days
period of observation respectively. The mussels exposed to sub lethal concentrations of
cadmium accumulated 19 and 14.2 times higher level than which was detected in the lower
concentration over the 15 and 21 days period respectively. It was also found that there was
an abrupt increase in accumulation of cadmium from 0.2 to 0.4 ppm on 15 and 21 days of
exposure. Significant (p<0.001) difference in cadmium accumulation was found in 15 and 21
days of exposure.
Many authors have reported that cadmium accumulation in the soft tissue of
P.viridis (Yap et al., 2003; Soumady & Asokan, 2010; Kamaruzzaman et al., 2011). In the
present study the rate of accumulation of cadmium showed an increasing trend from 15 th to
21st day of exposure. Similar observations were also made by Chan (1988) where a
corresponding increase in the accumulation of cadmium with that present in seawater was
observed. According to Li et al (2006), bivalves do not regulate cadmium and usually
accumulate this element. Hence the mussel cannot able to regulate them in their body and
tend to accumulate in tissues.
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Figure 5: Mean body metal concentrations in P. viridis exposed to sub lethal
concentrations of cadmium after 15th and 21st days. Values are expressed as Mean±S.D.
Oxidative stress in mussel exposed to cadmium

Trace metals seem to influence directly the antioxidant defence enzyme due to
biological factors, which regulate fluctuations of defences (Bebianno et al., 2005).
Therefore, metal ions are well known inducers of oxidative stress ( Rajkumar and John
Milton, 2011; Rajkumar, 2013 . They can stimulate ROS production via two different
mechanisms. The first one is related with the interference of metal-related processes and
the second one with the generation of free radicals by ions with changeable valence
(transition metal ions) via Haber-Weiss reaction.
An important source of oxidative stress in biological systems is the presence of
metals, involving different ROS-generating mechanisms (Stohs and Bagchi 1995).
Additionally, cadmium and lead, the typical nonessential and essential metals, are often
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found together in the environment because of similar properties, but biologically they have
diverse properties. Both of them can be toxic when present above the critical level (Hansen
et al., 2007). The Cadmium interferes with the antioxidant enzymatic defence system in
marine bivalves, such as in the mussel Mytilus galloprovincialis (Viarengo et al. 1990) and
the clam Ruditapes decussatus (Geret et al. 2002a). Cd also decreases glutathione content,
inhibits the activity of SOD, GPx and CAT (Leo´ n et al. 2002; Muller 1991; Hussein et al.
1987). This metal causes oxidative cellular damage and induces the production of
superoxide anion and nitric oxide, which are known as potential inducers of apoptosis (Yang
et al. 1997; Hassoun and Stohs 1996).
Catalase activity
P.viridis exposed to cadmium showed changes in antioxidant levels. Catalase activity
was found to increase with increase in concentration and time (Figure 6, 7 & 8). The activity
was higher in hepatopancreas followed by gills and mantle. In bivalves increased catalase
activity is associated with tissue burden accompanied by heavy metals and that heavy
metals could induce increased CAT activity in bivalves.
CAT is the primary scavengers of H2O2 in the cell. Increased catalase activity in
cadmium exposed P.viridis, further indicate that pollution stress has elevated the formation
rate of H2O2. These results are in agreement with those reported by Rajkumar and John
Milton (2011) who observed a significant induction of catalase in Perna viridis by Cd, Cu, Pb,
and Zn under short toxicity test.Moreover, these results are comparable to those found in
other studies, where CAT activity increases at sites contaminated with metals (Pan et al., 2006).
Also, elevated activity of CAT was reported in Mytilus galloprovincialis in the Adriatic Sea
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(Borkovic´ et al., 2005). Seasonal alterations in the CAT activities were measured in the
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digestive gland of the brown mussel P. perna (Jourmi et al., 2012).
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Figure 6: Catalase activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2
on 5th day
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Figure 7: Catalase activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2
on 15th day
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Figure 8: Catalase activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2
on 21st day

Superoxide Dismutase (SOD) activity
Figure 9, 10 & 11 shows the SOD activity of P. viridis exposed to sublethal conc. of
Cd. Among the antioxidant enzymes, SOD is the first defensive enzyme to neutralize
superoxide and helps to protect against cell destruction (Fridovich, 1975). SOD activity was
significantly induced at higher concentration of metals both in the hepatic and branchial
tissues after 21 days of exposure to cadmium. Gills showed higher level of SOD activity than
hepatopancreas which was followed by the mantle. The elevated SOD levels in gills indicate
the greater potential of O2 production in gills during respiration. This is expected because
gills are the prominent organ bioaccumulating metals. Similar observations were also made
in studies done on Mediterranean mussel Mytilus galloprovincialis (Regoli, 1997).
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Figure 9: SOD activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2 on
5th day
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Figure10: SOD activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2 on
15th day
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Figure 11: SOD activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2 on
21st day

Reduced glutathione (GSH activity)
The reduced glutathione seemed to reduce in all the three tissues after 21 days of
exposure. The levels were lower in hepatopancreatic cells compared to gill tissue (Figure 12,
13 & 14). A gradual decline in GSH level was observed on 5th day of exposure, whereas the
change was more drastic on 21st day. GSH level showed a lower for Hepatopancreas
compared to other tissues. Although Cd is a non-redox metal, it can enhance the prooxidant status by reducing the antioxidant glutathione (GSH) pool, activating calciumdependent systems, and affecting iron-mediated processes (Pinto et al. 2003). The metal
detoxification process is directed through thiolate sulfur atom present in GSH, thus
representing the first line of defense against heavy metal cytotoxicity, which may be
responsible for reduced GSH content, observed in the study. Similar responses of decreased
GSH level have been shown in the mussel Perna perna, as an indicator of oxidative stress
(Dafre et al., 2004). Low GSH levels were observed in mussels indicated utilization of
antioxidants for detoxification processes.
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Figure 12: GSH activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2 on
5th day
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Figure 13: GSH activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2 on
15th day
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Figure 14: GSH activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2 on
21st day

Glutathione Peroxidase (GPx) activity
Pre-exposure to cadmium induced a significant dose dependent increase in gill GPx
activity compared with the mantle and hepatopancreas, suggesting that gill GPx activity was
highly susceptible to cadmium exposure (Figure 15, 16 & 17). Our observations are
consistent with a previous study which concluded that inhibition of GPx was more
pronounced in the gill than in the hepatopancreas (Cossu et al., 1997). Induction of the
enzymatic catalyst (GPX) indicates that the existing Pool of glutathione is being utilized in
defence against oxidative stress at a greater rate than usual.
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Figure 15: GPx activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2 on
5th day
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Figure 16: GPx activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2 on
15th day
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Figure 17: GPx activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2 on
21st day

Acetyl choline esterase level
There was also a dose dependent increase in activity of Acetyl choline in mussels
expose to Cd (Figure 18, 19 & 20). Many field studies have demonstrated the measurement
of acetyl choline activity in invertebrates as exposure biomarker in coastal waters and rivers.
The mussels showed an increasing activity of acetyl choline for 5th and 15th days of
exposure, whereas a decline was noticed after the 21 st day. Sanz and Repetto (1995)
reported that metals can affect AChE activity by decreasing its affinity for the substrate,
making difficult the interpretation of these results. Despite some reports of an in vitro
inhibition of AChE by metals, in in vivo experiments, other factors might contribute to
changes in synthesis and/or degradation rates of the enzyme due to the metal accumulation
in the tissues (Najimi et al., 1997).
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Figure 18: AchE activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2
on 5th day
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Figure 19: AchE activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2
on 15th day

Cadmium toxicity in Indian green mussel P. viridis

Page 31

21st Day

8

Hepatopancre
as
Gills

AchE(µmoles of acetyl choline
hydrolysed/min/mg protein)

7
6
5
4
3
2
1
0
0.01

0.025

0.05

0.1

0.2

0.4

Conc. of Cd (ppm)

Figure 20: AchE activity in various tissues of P. viridis exposed to sublethal conc. of CdCl2
on 21st day

These results suggest that Cd exposure increases the formation of ROS. Jo et al.2008
reported that in the Pacific oyster, Crassostrea gigas, exposure to Cd leads to increases in
H2O2 concentrations and of SOD, CAT and GPX mRNA expression as compared with controls.
This increase may due to an increase in the defensive mechanisms of the antioxidant system
as a result of ROS production exerted by Cd. Funes et al. (2006) demonstrated that
antioxidant enzyme activity is higher in metal polluted areas as compared with clean areas
by comparing levels of SOD, CAT, and GPX activity in Portuguese oysters, Crassostrea
angulata, and Mediterranean mussels, Mytilus galloprovincialis, from different sampling
sites. These increases may represent a protective mechanism against metal pollutioninduced the production of ROS. These results suggest that, to protect itself from ROS, the
mussel increases its antioxidant defence capacity by increasing antioxidant enzymes activity
concurrent with increases in Cd dose and exposure time.
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The mechanisms responsible for the toxicity of Cd are not completely understood
(Stohs and Bagchi 1995), and the antioxidant enzymatic responses observed in the
organisms as a result of Cd exposure may depend on the species, metal concentration and
the duration of the exposure. Cd readily interacts with sulphydryl groups of amino acids,
proteins and enzymes. The displacement of essential metals such as Cu and Zn by nonessential metals like Cd would tend to change the conformation of antioxidant enzymes and
affect their activity (Gigue`re et al. 2003).
Alterations in antioxidant enzyme activities and other biomarkers of oxidative stress
in Perna viridis may cause biochemical dysfunction. In addition, the results provide evidence
that enzyme and non enzyme biomarkers of oxidative stress can be sensitive indicators of
aquatic pollution caused by heavy metals. Our results indicate a significant elevation in
catalase, reduced glutathione (GSH), glutathione peroxidise and acetylcholinesterase in
P.viridis.
Metallothioneines

Cadmium exposure elicited a significant increase in metallothionein concentration in
digestive gland of P. viridis as shown in Fig.20. The concentration was found to increase with
dose and period of exposure, with MT level of 786.2 µg protein /g wet weight on the 21st
day of exposure at 0.4 ppm. The exposure of marine organisms to cadmium can result in
some biochemical or physiological changes that can protect organisms from cadmium
toxicity. Metallothionein is thought to play an important role in metal metabolism and
detoxification of trace metals (Bigot et al., 2009). MTs are cysteine-rich, low-molecular
weight, inducible proteins that function in metal homeostasis and detoxification (Engel and
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Brouwer, 1989). The presence of cysteine in MTs confers substantial metal binding
capabilities (Langston et al., 1998). The important role of MTs in ameliorating metal toxicity
in bivalves has been demonstrated (Roesijadi, 1992; Baudrimont et al., 2003; Lecoeur et al.,
2004; Hardivillier et al., 2006).
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Figure 20: Metallothionein activity in various tissues of P. viridis exposed to sublethal
conc. of CdCl2
Histopathology of gills and hepatopancreas
Studies on histology and histopathology have been proved to be a very useful tool in
assessing pollutant induced injury to whole animal. Injury of gill epithelium is common in
response to extreme level of heavy metal exposure. Gill tissue of mussel exposed to sub
lethal concentrations of cadmium showed major alterations like loss of cilia, hyperplasia,
enlarged lumen and infiltration of haemocytes etc compared to normal control where the
gill tissue was intact (Fig. 21.A - 1.F). Cells had a vacuolated appearance was observed which
might be due to desquamation of epithelial cells, (Fig. 21.D & E). Gill filament was highly
elongated with a swollen lumen. Complete desquamation of epithelial cells with loss of cilia,
and clubbing of cells were the other striking alterations brought about by cadmium
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exposure (Fig. 21.G). Massive necrosis in the 0.4 ppm exposed gills resulted in the loss of
original shape and showed severe loss of epithelium (Fig. 21.H). Sloughing of gill epithelium,
swollen lamellae with haemocytes, loss of inter lamellar junction and hypertrophy were
observed in mussels exposed to sub lethal concentrations of cadmium. Similar observations
were also reported by Sunila, (1988).
The gills are shown to be most susceptible to histological alterations resulting from
the toxic effects of metals (Moore 1985). Toxicants come in contact with gills first and
animal responds by secreting excess quantities of mucus. Increased mucous secretion and
its deposition on gills are known to be the effect of heavy metal toxicity (Cusimano et al.,
1986). This may serve as a protective barrier to pollutants, especially heavy metals as a
binding site to capture them before they can cause damage to the tissues, or as a means of
expelling pollutants absorbed by secretory and other cells (Jose et al., 2005). Appearance of
mucous cell at lower concentration of cadmium exposed mussles can hence be considered
as animal’s effort to prevent toxicant entry. Loss of cilia was a general observation. The
denudation of cilia cause impairments in the functions such as intake of water, collection of
food material and its transportation to palp and can adversely affect the growth of mussel.
Presence of large number of haemocytes in the gill indicates internal haemorrhage.
Choi et al, (2003) suggested that enlargement of gill cells is often accompanied by the
presence of haemocytes, indicating tissue damage as well, mainly in the form of
inflammation. Detachment and desquamation of epithelial cells were common in all the
samples. Some earlier studies have reported that, epithelial tissues are the major sites for
metal accumulation in molluscan tissue (George et al., 1978; Marigomez et al.1990; Nigro et
al. 1992; Abd Allah and Moustafa, 2002).
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Histopathological examination of the hepatopancreas of cadmium exposed mussels
showed loss of digestive tubules, and it became bulged and enlarged. However the normal
ones showed intact circular or oval tubules having a sheath of collagen fibres covered with
smooth muscle fibres forming a meshwork (Fig. 22.A & B). The flattened epithelial layer and
presence of wandering haemocytes in the lumen of diverticula were significant changes
observed in mussels exposed to lower concentrations of cadmium (Fig. 22.B). A sporadic
sloughing off of the digestive tubule and extensive disruption of collagenous layer was
noticed in higher concentrations of cadmium exposed mussels (Fig. 22.C-E). Prolific
vacuolisation and obliteration of lumen and wandering haemocytes were observed in
mussles exposed to higher sub lethal concentrations (Fig. 22.F).
In gastropods and bivalves, the digestive gland is the major site of heavy metal
storage ((Simkiss & Mason, 1983). Molluscs possess an efficient detoxification mechanism
chelating the heavymetals especially cadmium with specific proteins called metalothionins.
The lipid rich digestive gland plays a central role in the accumulation and detoxification of
various substances and considered to be a target organ in environmental pollution
assessment (Klobucar et al. 1997). The present study noticed pathological changes like,
disruption of integrity of digestive tubules, separation of digestive cells from the basement
membrane, reduced epithelium height, and tubular atrophy. Similar observations were
reported by Salinas, (2012). Moreover, Sarasquete et al. (1992) reported degenerative
processes in the digestive gland ranging from inflammatory responses to extreme
vacuolation, particularly in cadmium exposed Mytilus galloprovincialis and clams, Ruditapes
phillipinarum.

Cadmium toxicity in Indian green mussel P. viridis

Page 36

Fig. 21: Effect of sublethal concentrations of Cd on the gills of mussel
P. viridis (400 X). A & B) Gills of normal control mussels (not exposed to Cd) showing intact
gill lamellae. C) Gills of mussels exposed to Cd showing loss of cilia. D) Enlarged lumen. E)
Gills showing hyperplasia and hypertrophy of cells. F) Haemocyte infiltration. G)
Desquamation of epithelial cells H) Massive necrosis of gill tissue.
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Fig. 22: Effect of sublethal concentrations of Cd on the hepatopancreas of mussel P. viridis
(400 X). A) Hepatopancreas of normal control mussels (not exposed to Cd) with intact
digestive tubules. B) Enlarged lumen, wandering haemocytes and flattened epithelial cells.
C) Presence of sloughed off cells. D) Obliterated lumen and epithelial cells E) Dislodged cells
and disintegrated collagenous layer. F) Heavily vacuolated cells and wandering haemocytes
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