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Abstract
Variations in the profile of biomarkers present in the inhabitant species have been widely used to assess environmental
contamination and it is also known that environmental contaminants could challenge the lysosomal integrity and their functions
in case of mussels exposed to them. Such xenobiotics induced lysosomal membrane destabilization and the associated
alterations in the lysosomal enzymes are useful diagnostic tools for determining the health of ecosystems facing contamination
threats. The present study pays attention to the variations in the profile of one such lysosomal enzyme viz., acid phosphatase
(ACP) in the edible freshwater mussel Lamellidens marginalis (Lamarck) exposed to sub lethal concentrations of the heavy
metal salts mercuric chloride (0.03 ppb) and cadmium chloride (0.13 ppb). The mussels were exposed to the heavy metals up to
15 days (d) and the variations in the activity of the biomarker ACP were analysed after the expiry of 1, 5, 10 and 15d of
exposure in the gills and hepatopancreas of the exposed as well as control groups. Both the heavy metals were found to
influence the activity of the lysosomal biomarker ACP to a great extent. However, the patterns of influences were different for
both the metals. Further, the enzyme activity was found to be dependent not only on the nature of the toxicant but on the
duration of exposure and the morpho-physiological role of the target organ also. Mercury was found to cause a higher degree of
toxicity than cadmium.

INTRODUCTION
Aquatic ecosystems are progressively coming under
permanent pressure of anthropogenic pollutants and heavy
metal contamination of aquatic ecosystems is a worldwide
problem posing health hazards not only to the inhabitant
organisms but also to the non-target populations including
human beings through food chains and food webs. Since the
appearance of itai-itai disease and minamata disease, heavy
metals have gained a prominent place in environmental
research. Pollution by mercury is widespread in the aquatic
environment with a clear tendency towards an increase in its
intensity ( 1,2,3 ). Similarly, cadmium contamination also
poses an important threat to human health because of its
established harmful effects ( 4 ). These heavy metals are
biologically non-essential, persistent and are having great
bioaccumulation potential ( 2,5 ). In India, cadmium
concentration in the range of 16 to 176 µg/g has been
reported from marketed fishes ( 6 ). Further, bivalve
molluscan forms are also reported to have great ability to
bioconcentrate heavy metals in their body tissues ( 7,8,9 ).

In this regard, it is worth mentioning that human beings
consume a number of molluscan species around the world
including Indian subcontinent. While around 20 ethnic
groups in Bangladesh consume snail meat ( 10 ), a number of
bivalves and snails are utilized in Nepal ( 11 ). Different
species of molluscs including the freshwater bivalve
Lamellidens marginalis (Lamarck) are consumed by local
people in many parts of India ( 12,13,14 ). At the same time,
molluscs are considered as useful indicator species for
biological assessment of water quality also ( 15 ). In general,
even the food organisms growing in aquatic environments
sub lethally contaminated with heavy metals could
bioaccumulate them in their tissues leading to human health
hazards. Therefore it is desirable to have potential
biomarkers to understand the impact of heavy metal
toxicities on food organisms such as fishes and shellfishes.
Lysosomal enzyme release assay is generally considered as a
biodindicator of the presence of pollutants in the ambient
environment and organisms. Even though many such studies
have been conducted in marine bivalves ( 16,17,18,19 ), reports
on freshwater mussels are scanty ( 20 ). Acid phosphatase
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(ACP) is a lysosomal biomarker, which is widely utilized as
a potential indicator for assessing the impact of heavy metal
pollutants on biological organisms because of the fact that
lysosomal integrity and functions are generally altered to a
great extend due to the actions of pollutants ( 20,21 ).
Many xenobiotics could act upon the tissues leading to
lysosomal membrane damages. Such alterations usually
make the membrane more permeable to enzymes and such
membrane damage leads the expression of lysosomal
enzymes. The property of lysosomes requiring membrane
damage for enzyme expression is usually referred to as
lability ( 22 ). ACP is a hydrolytic lysosomal enzyme and is
released by the lysosomes during stress induced tissue/cell
damage. It is also concerned with the process of
transphosphorylation with an important role in the general
energetics of the organism ( 23 ). In this context, the present
study is an attempt to explore the possibility of exploiting
the activity of ACP as a reliable biomarker for assessing the
biological impact of the heavy metals mercury (Hg) and
cadmium (Cd) in the edible freshwater mussel L. marginalis.

MATERIALS AND METHODS
EXPERIMENTAL ORGANISMS AND THEIR
MAINTENANCE
The freshwater pearl mussel L. marginalis having 23 to 25 g
body weight and 5 to 6 cm shell length were collected from a
pristine lake and were acclimated to the laboratory
conditions for 20 days in plastic aquaria bearing well water.
Feeding was done following Sreedevi et al. ( 24 ) and
Sonawane ( 25 ) on everyday (d). The medium was renewed
after every 24 hours (h).

TOXICANTS AND TEST CONCENTRATIONS
The heavy metal toxicants selected for exposure were
mercuric chloride and cadmium chloride (sd fine Chemical
Ltd., India). Prior to the commencement of the experiment,
the 96 h LC50s of mercuric chloride and cadmium chloride
were estimated by following Finney's ( 26 ) method and were
found to be 3 and 13 ppm respectively. For the present
study, the sub lethal exposure concentrations of 0.03 ppb
mercuric chloride and 0.13 ppb cadmium chloride were
selected.

BIOASSAY
Toxicants exposures were done by following a 24 h renewal
bioassay system. Four groups of 10 mussels each were
exposed separately to 50 l of mercuric chloride solution
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(0.03 ppb) and cadmium chloride solution (0.13 ppb)
respectively. The test solutions were prepared separately by
mixing the required quantities of the respective heavy metals
in well water having dissolved oxygen 5.8 ± 0.2 ppm, pH 7.3
± 0.1, water hardness 82 ± 3.0 mg l -1 and a water
temperature of 27 ± 2°C. Parallel control groups were also
kept in separate aquaria bearing 50 l of well water without
the addition of any heavy metals. The experimental and
control aquaria were maintained up to 15d and the respective
media were renewed after every 24 h. Feeding was allowed
in the experimental as well as control groups everyday
throughout the tenure of the experiment.

TISSUE PREPARATION
At the expiry of each of the stipulated exposure periods (1,
5, 10 and 15d of exposure), 5 mussels each from each group
(control, Hg exposed, Cd exposed) were taken separately;
shells were cleaned with distilled water and sacrificed
separately to collect the gills and hepatopancreas. The
respective tissues were rinsed immediately in ice-cold triple
distilled water separately and were weighed accurately. The
tissues were then homogenized separately in glass
homogenizers over ice. Ten per cent homogenates were
centrifuged in a refrigerated centrifuge and the supernatants
were collected. The enzyme activity and protein
concentration of each of the supernatants were determined
within 2 h.

ENZYME PROFILING
ACP activity was determined by following King and
Jagatheesan ( 27 ) and Varley ( 28 ) as described in the Span
Diagnostics (India) test kit No. 25901 with slight
modification. The enzyme activity was measured as the
amount of p-nitrophenol formed in µmol per mg protein per
hour. Protein concentrations in the homogenates were
determined following the method of Lowry et al. ( 29 ).

STATISTICAL ANALYSIS
The data generated were analysed for level of significance
using student's ‘t' test.

RESULTS
Alterations in the ACP profile of the mussels exposed to
mercury and cadmium were not similar. ACP of gills and
hepatopancreas responded differently to the two heavy
metals at various exposure periods (Tables 1, 2 and Figs. 1,
2). Gill born ACP responded immediately to the heavy
metals with significant increases in the enzymatic activity
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(Table 1 and Fig. 1) whereas in the case of hepatopancreas,
the response was delayed and only the mercury treated
mussels exhibited increase in the enzymatic activity, that
also after 5d only. In general, while cadmium was found to
induce a slow but steady increase in the enzymatic profile,
mercury caused drastic variations in hepatopancreas. In both
the tissues of the mussels exposed to mercury, the ACP
profile declined drastically during the later half of the
experiment (Figs. 1, 2). On the other hand, in the case of
cadmium exposed mussels; while the ACP titre decreased
significantly in the gills during the later half of the
experiment, it showed significant increases in the
hepatopancreas during the later stages.

Figure 3

Figure 1: Variations in the percentages of acid phosphatase
(ACP) activities in the gills of exposed to sub lethal
concentrations of mercuric chloride and cadmium chloride

Figure 1

Table 1: Alterations in the activity of acid phosphatase
(ACP) in the gills of exposed to sub lethal concentrations of
mercuric chloride and cadmium chloride in comparison to
the control groups

Figure 4

Figure 2: Variations in the percentages of acid phosphatase
(ACP) activities in the hepatopancreas of exposed to sub
lethal concentrations of mercuric chloride and cadmium
chloride

Figure 2

Table 2: Alterations in the activity of acid phosphatase
(ACP) in the hepatopancreas of exposed to sub lethal
concentrations of mercuric chloride and cadmium chloride in
comparison to the control groups

DISCUSSION
Numerous studies have utilized biochemical measures to
quantify the deleterious effects of environmental pollutants
on aquatic organisms including mussels ( 30,31,32 ). Profiling
of phosphatases activities is one such commonly used
diagnostic tool to assess toxicity stress of chemicals in living
organisms ( 33 ). Lysosomes are sub cellular membrane
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bound organelles active in the catabolism of cellular and
extra cellular material. Lysosomal enzymes including ACP,
in bivalve molluscs are reportedly involved in a host of
defense and cell degradative mechanisms ( 34,35 ). It is an
inducible enzyme because its activity goes up when there is
a toxic impact and the enzyme begins to counteract the toxic
effect ( 36,37 ). Subsequently the enzyme activity may begin to
drop either as a result of having partly or fully encountered
the toxin or as a result of cell damage. Further, a number of
stress sources including toxic substances such as heavy
metals could induce alterations in cellular physiology
leading to changes in the function of lysosome. In this
context the role of intact lysosomal membrane in the
regulation of lysosomal function is worth mentioning. The
intact lysosomal membrane prevents the expression of
lysosomal enzymes including ACP and thereby do not allow
indiscriminate autophagy. This mechanism in fact lends the
property of latency to lysosomal enzymes ( 38 ). However,
alterations in cellular energy or metabolic requirements and
exposure to toxicants could reportedly bring in changes in
the size, quantity and membrane lability of lysosomes ( 36,39
). According to Lowe et al. ( 40 ), alterations in the membrane
permeability can have severe consequences such as leakage
of hydrolytic enzymes including ACP, which could have
detrimental effect on the cell.
The two heavy metals (mercury and cadmium) used in this
study have gained their own notoriority as biologically nonessential and persistent type of pollutants causing
widespread metal toxicosis in various organisms. While
cadmium has significant effect on the lability of lysosomal
membrane ( 38,41 ), mercury causes even greater lability ( 42,43
). The results of the present study clearly shows that the
effects of heavy metal toxicants on the lysosomal enzyme
ACP depends at least on three factors viz., toxic nature of
individual heavy metal, duration of exposure and the
morpho-physiological state of the concerned organ/tissue.
As far as the nature of the toxicant is concerned; it is evident
from the LC50s that mercury is having greater toxicity than
cadmium. The early setting in of high intensity alterations in
the profile of ACP of mercury-exposed mussels also reflects
this (Fig. 1-1d exposure and Fig. 2-5d exposure) in
comparison to the cadmium exposed ones. Even at a lower
exposure concentration (0.03 ppb), the intensity of
interference with ACP by mercury is much higher when
compared to that of cadmium (0.13 ppb). This is true for
both the tissues investigated.
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With regard to the duration of exposure, even though the
exposure concentration of cadmium is higher, the intensity
of alterations in the activity of ACP is low in the earlier
stages of exposure when compared to that of mercury (Figs.
1, 2). This is more evident in the case of hepatopancreas
(Fig. 2). In other words cadmium requires more duration of
exposure to elicit toxicity than mercury. Therefore, the
duration of exposure is also an important factor that
modulates the toxic impact of heavy metals on the activity of
ACP.
The third factor, which influences the ACP activity, is the
target organ/tissue. There occurs rapid onset of toxicity in
the case of gills than hepatopancreas (Figs. 1, 2) for both the
heavy metals tested. The earlier commencement of
variations in the enzymatic profile of gills (Table 1 and Fig.
1) may be attributed to its proximity to the ambient toxicant
as well as to its morpho-physiological significance.
According to Jayakumar and Paul ( 5 ), in the case of fish,
crustaceans and molluscs, gills are one of the target organs
to suffer instantaneously from ambient toxicants and being
primarily a filter feeder; gills play pivotal roles in the
physiology of mussels ( 44 ). The highly branched thin gills
with the increased surface area when meet with the large
volume of water and suspended particles passing through
their surface, a highly conducive environment is created for
active metal binding and subsequent interactions. This
makes gills more susceptible to water borne toxicants
leading to highly altered expression of ACP.
On the contrary, the hepatopancreas born ACP largely
remains at the control level (Table 2 and Fig. 2) especially in
the earlier stages of exposure. Further, the alterations in the
expression of ACP in the hepatopancreas are also at a low
pace when compared to that of the gill. Two reasons could
be attributed to this observation. Firstly, hepatopancreas is
not a prime site for the contact effects of toxicants. The
metal intake in the hepatopancreas is mainly from the oral
route or from the metal transported from other parts of the
body by the haemolymph. In case of the former route, metals
first come in contact with the gills and associated structures
while filtering the suspended particles and only those
portions of the heavy metals, which still remained in the
food particles, are ingested. Similarly, transport of metals by
haemolymph to hepatopancreas is also a time consuming
process. Therefore in the case of hepatopancreas one can
naturally expect a delayed/reduced outcome of toxicosis as
observed in the present investigation. Secondly,
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hepatopancreas is a preferred site of detoxification and it is
even referred to as the sink for toxicants ( 20 ). As the
detoxification mechanisms are more active here, the ACP
produced in the earlier stages of exposure might have been
utilized immediately for this purpose thereby keeping the
ACP titre more or less at the control level. The role of the
metal binding protein metallothionein mediated
detoxification ( 45 ) also cannot be ruled out, as
hepatopancreas is a known site for the induction of
metallothionein. The production of metallothionein could
lead to sequestering of the metal present in the
hepatopancreas and thereby reducing metal toxicity. This
could be one of the reasons for the maintenance of ACP
profile at the control level in the cadmium exposed mussels
up to 5d (Table 2 and Fig. 2) because cadmium is well
known to cause the induction of metallothionein ( 46,47,48,49 ).
Various workers have observed significant increases in
phagocytic ability of haemocytes along with lysosomal ACP
activity in the haemocytes of mussels exposed to cadmium
and other metals ( 35,50,51,52 ). This observation is significant
in view of the fact that phagocytosis by haemocytes is an
integral part of immune defense in mussels. While studying
the effect of cadmium exposure on Channa punctatus,
Dubale and Shah ( 41 ) have also observed an increase in liver
ACP activities. In the light of all these reports, the increase
in the ACP activity in the gill tissue especially in the earlier
stages of exposure and in the later stages of cadmium
exposed hepatopancreas may be considered as a part of the
physiological process to cope with the stress induced by the
heavy metals mercury and cadmium. Further, the significant
decreases in the ACP profiles of the gills (Hg and Cd
exposed) and hepatopancreas (Hg exposed) during the later
stages of the experiment could be due to the seepage of the
enzyme into the haemolymph as a result of the lysosomal
membrane damage caused by the sustained exposure to the
heavy metals. The early commencement of the decreasing
trend of ACP activity in the mercury treated mussels
indicates the higher toxic potential of mercury in comparison
to cadmium.
2+

Free metals ions such as Cd are known to cross the plasma
membrane through ion channels ( 53 ) and Arillo et al. ( 54 )
have proposed that exogenous cations such as cadmium
compete for anionic sites in the intralysosomal matrix and
thereby displace the lysosomal enzymes from the matrix.
This would make it easy for the enzymes to pass through the
lysosomal membranes. This is in addition to the
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development of osmotic gradients in the lysosome due to the
accumulation of toxicants. Such osmotic variations would
result in the swelling of lysosome leading to increased
lysosomal lability. It is also proposed that endogenous
hormones elicited by the general stress response could
increase lysosomal membrane lability ( 38 ). Whatever be the
mode of action, lysosomal membrane lability could result in
the leakage of ACP into the haemolymph leading to a
decreased enzyme titre in the tissues of the pollutantexposed mussels in comparison to the control ones.
It may be concluded that the heavy metals mercury and
cadmium cause the differential expression of lysosomal ACP
in the freshwater mussel L. marginalis at sub lethal exposure
concentrations. The lysosomal destabilization in gills and
hepatopancreas do not follow the same pattern. While ACP
in the gills expressed early symptoms of commencement of
toxicosis, hepatopancreas born ACP showed more latent
periods before the onset of fluctuations. Similarly, the effects
of mercury and cadmium on the ACP of gill and
hepatopancreas vary considerably at different periods of
exposure. It may be inferred that the ACP profile in the
freshwater mussel L. marginalis when used in comparison
with pristine control, could be used as a biomarker of sub
lethal toxicity induced by the heavy metals mercury and
cadmium. ACP profiling may be utilized as a reliable
technique along with other criteria for evaluating the
contamination status of mussel meat before human
consumption.

ACKNOWLEDGEMENT
Authors are thankful to Annamalai University authorities for
providing lab facilities.

CORRESPONDENCE TO
Dr. V.I. Paul Reader Department of Zoology Annamalai
University Annamalainagar 608 002 Tamil Nadu, India emails: issac_paul@rediffmail.com drissacpaul@gmail.com

References
1. Botton ML. Toxicity of cadmium and mercury to
horseshoe crab (Limulus polyphemus) embryos and larvae.
Bull Environ Contam Toxicol 2000; 64: 137-143.
2. Gonzalez F, Schalscha E, Becerra J, Silva M. Mercury in
a marine trophic chain. Bull Environ Contam Toxicol 2002;
68: 448-454.
3. Sánchez MV, Cahansky AV, López Greco LS, Rodriguez
EM. Toxicity of mercury during the embryonic development
of Chasmagnathus granulatus (Brachyura, Varunidae).
Environ Res 2005; 99: 72-78.
4. Das S, Jana BB. Distribution pattern of ambient cadmium
in wetland ponds distributed along an industrial complex.

Heavy metals induced alterations in the acid phosphatase activity in the edible freshwater mussel
Lamellidens marginalis (Lamarck)
Chemosphere 2004; 55: 175-185.
5. Jayakumar P, Paul VI. Patterns of cadmium accumulation
in selected tissues of the catfish Clarias batrachus (Bloch.)
exposed to sublethal concentration of cadmium chloride.
Veterinarski Arhiv 2006; 76: 167-177.
6. Pillai KC. Heavy metals in aquatic environment. In:
Varshney CK (Ed.), Water Pollution and Management,
Wiley Eastern Limited, New Delhi, 1983; 74-93.
7. Gundacker C. Comparison of heavy metal
bioaccumulation in freshwater mollusks of urban river
habitats in Vienna. Environ Poll 2000; 110: 61-71.
8. Türkmen A, Türkmen M. Seasonal and spatial variations
of heavy metals in the spiny rock oyster, Spondylus
spinosus, from coastal waters of Iskenderum Bay, Northern
East Mediterranean Sea, Turkey. Bull Environ Contam
Toxicol 2005; 75: 716-722.
9. Wagner A, Boman J. Biomonitoring of trace elements in
Vietnamese freshwater mussels. Spectrochim Acta B 2004;
59: 1125-1132.
10. Jahan MS, Rehaman MR. Prospects of snail culture in
Bangladesh. In: Jha PK, Karmacharya SR, Baral SR, Lacoul
P (Eds.), Environment and Agriculture: At the Crossroad of
the New Millennium, Ecological Society, Katmandu, Nepal,
2000; 522-526.
11. Budha PB. Nepalese malacology trials behind.
Himalayan J Sci 2005; 3: 9-10.
12. Subba Rao NV, Dey A. Freshwater molluscs of
Mizoram. J Hydrobiol 1986; 2: 25-32.
13. Subba Rao NV. Handbook: Freshwater Molluscs of
India. Zoological Survey of India, Calcutta, 1989; 1-289.
14. Thimmappa A, Jothivel N, Paul VI. Sublethal mercury
chloride toxicity induced stress related alterations in the
epithelial lining of foot of the freshwater mussel Lamellidens
marginalis (Lamarck). Cont J Fish Aquat Sci 2007; 1: 21-29.
15. Nesemann H, Sharma S. Illustrated checklist of pea
clams (Mollusca: Bivalvia: Sphaeriidae) from Nepal.
Himalayan J Sci 2005; 3: 57-65.
16. Widdows J, Bakke T, Bayne BL, Donkin P, Livingstone
DR, Lowe DM, Moore MN, Evans SV, Moore SL.
Responses of Mytilus edulis on exposure to water
accommodated fraction of North Sea oil. Mar Biol 1982; 67:
15-31.
17. Moore MN, Clarke KR. Use of microstereology and
quantitative cytochemistry to determine the effects of crude
oil derived aromatic hydrocarbons on lysosomal structure
and function in a marine bivalve mollusc, Mytilus edulis. J
Histochem 1982; 14: 713-718.
18. Moore MN. Lysosomal cytochemistry in marine
environmental monitoring. J Histochem 1990; 22: 187-191.
19. Moore MN. Lysosomal changes in the response of
molluscan hepatopancreatic cells to extracellular signals. J
Histochem 1991; 23: 495-500.
20. Rajalakshmi S, Mohandas A. Copper-induced changes in
tissue enzyme activity in a freshwater mussel. Ecotox
Environ Safe 2005; 62: 140-143.
21. Lowe DM, Pipe RK. Contaminant induced lysosomal
membrane damage in marine mussel digestive cells: An in
vitro study. Aquat Toxicol 1994; 30: 357-365.
22. Baccino FM, Zuretti MF. Structural equivalents of
latency for lysosome hydrolases. J Biochem 1975; 146:
97-108.
23. Shoba Rani A, Sudharsan R, Reddy TN, Reddy PUM,
Raju TN. Activity levels of phosphatases of the fish Tilapia
mossambica subjected to arsenite toxicity. Poll Res 2001;
20: 9-12.
24. Sreedevi P, Suresh A, Sivaramakrishna B, Prabhavathi
B, Radhakrishnaiah K. Bioaccumulation of nickel in the

6 of 8

organs of the freshwater fish, Cyprinus carpio and the
freshwater mussel, Lamellidens marginalis, under lethal and
sublethal nickel stress. Chemosphere 1992; 24: 29-36.
25. Sonawane SM. Effect of HgCl2 on digestive enzyme
invertase of freshwater bivalve Lamellidens marginalis. Ecol
Environ Cons 2004; 10: 81-83.
26. Finney DJ. Probit Analysis, 3rd Ed., Cambridge
University Press, London, 1971.
27. King EJ, Jagatheesan KA. A method for the
determination of tartrate-labile prostatic acid phosphatase in
serum. J Clin Pathol 1959; 12: 85-89.
28. Varley H. Practical Clinical Biochemistry, Vol. 1, 5th
Ed., William Heinemann Medical Books Ltd., London.
1980; 1-913.
29. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ.
Protein measurement with Folin-phenol reagent. J Biol
Chem 1951; 193: 265-275.
30. Allen J, Moore M. Environmental prognostics: Is the
current use of biomarkers appropriate for environmental risk
evaluation. Mar Environ Res 2004; 58: 227-232.
31. Campanella L, Gatta T, Ravera, O. Relationship between
antioxidant capacity and manganese accumulation in the soft
tissues two freshwater molluscs: Uniopictorum mancus
(Lamellibranchi, Unionidae) and Viviparus ater
(Gastropoda, Prosobranchia). J Limnol 2005; 64: 153-158.
32. Abebe AT, Devoid SJ, Sugumaran M, Etter R, Robinson
WE. Identification and quantification of histidine rich
glycoprotein (HRG) in the blood plasma of six marine
bivalves. Comp Biochem Phys B 2007; 147: 74-81.
33. Santhakumar M, Balaji M, Ramudu K. Effects of
monocrotophos on plasmaphosphatase activity of a
freshwater fish, Anabas testudineus (Bloch.). Poll Res 2000;
19: 257-259.
34. Cajaraville MP, Pal SG, Robledo Y. Light and electron
microscopical localization of lysosomal acid hydrolases in
bivalve hemocytes by enzyme cytochemistry. Acta
Histochem Cytoc 1995; 28: 409-416.
35. Olabarrieta I, Azou BL, Yuric S, Cambar J, Cajaraville
MP. In vitro effects of cadmium on two different animal cell
models. Toxicol in vitro 2001; 15: 511-517.
36. Leland HV. Ultrastructural changes in hepatocytes of
juvenile rainbow trout and mature brown trout exposed to
copper and zinc. Environ Toxicol Chem 1983; 2: 353-368.
37. Ramalingam V, Vimaladevi R, Narmadaraji R,
Prabakaran P. Effect of lead on haematological and
biochemical changes in freshwater fish Cirrhina mrigala.
Poll Res 2000; 19: 81-84.
38. Verteeg DJ, Giesy JP. Lysosomal enzyme release in the
blue gill sunfish (Lepomis macrochirus Rafinesque) exposed
to cadmium. Arch Environ Contam Toxicol 1985; 14:
613-640.
39. Lowe DM, Moore MN, Clarke KR. Effects of oil on
digestive cells in mussels: quantitative alterations in cellular
and lysosomal structure. Aquat Toxicol 1981; 1: 213-226.
40. Lowe DM, Moore MN, Evans BM. Contaminant impact
on interactions of molecular probes with lysosomes in living
hepatocytes from crab Limonda limonda. Mar Ecol Prog Ser
1992; 91: 135-140.
41. Dubale MS, Shah P. Biochemical alterations induced by
cadmium in the liver of Channa punctatus. Environ Res
1981; 26: 110-118.
42. Verity MA, Reith A. Effect of mercurial compounds on
structure-linked latency of lysosomal hydrolases. J Biochem
1967; 105: 685-690.
43. Chvapil M, Ryan JN, Zukoski CF. The effect of zinc and
other metals on the stability of lysosomes. Proc Soc Exp
Biol Med 1972; 140: 642-646.

Heavy metals induced alterations in the acid phosphatase activity in the edible freshwater mussel
Lamellidens marginalis (Lamarck)
44. Dillon RT. The ecology of freshwater mollusks.
Cambridge University Press, 2000; 1-532.
45. Baudrimont M, Andres S, Durrieu G, Boudou A. The
key role of metallothioneins in the bivalve Corbicula
fluminea during the depuration phase, after in situ exposure
to Cd and Zn. Aquat Toxicol 2003; 63: 89-102.
46. Roesijadi G. Metallothioneins in metal regulation and
toxicity in aquatic animals. Aquat Toxicol 1992; 22: 81-114.
47. Klaassen CD, Liu J, Choudhuri S. Metallothionein: An
intracellular protein to protect against cadmium toxicity.
Annu Rev Pharmacol Toxicol 1999; 39: 267-294.
48. Rainbow PS, Wolowicz M, Fialkowski W.
Biomonitoring of trace metals in the Gulf of Gdansk using
mussels (Mytilus trossulus) and barnacles (Balanus
improvisus). Water Res 2000; 34: 1823-1829.
49. Soazig L, Marc L. Potential use of the levels of the
mRNA of a specific metallothionein isoform (MT-20) in
mussel (Mytilus edulis) as a biomarker of cadmium

7 of 8

contamination. Mar Pollut Bull 2003; 46: 1450-1455.
50. Cheng TC. In vivo effects of heavy metals on cellular
defense mechanisms of Crassostrea virginica: Phagocytic
and endocytotic indices. J Invert Pathol 1988; 51: 215-220.
51. Coles JA, Farley SR, Pipe RK. Alterations of the
immune response of the common marine mussel Mytilus
edulis resulting from exposure to cadmium. Dis Aquat
Organ 1995; 22: 59-65.
52. Pipe RK, Coles JA, Carissan FMM, Ramanathan K.
Copper induced immuno modulation in the marine mussel,
Mytilus edulis. Aquat Toxicol 1999; 46: 43-54.
53. Nair PS, Robinson WE. Cadmium speciation and
transport in the blood of the bivalve Mytilus edulis. Mar
Environ Res 2000; 50: 99-102.
54. Arillo A, Margiocco C, Melodia F, Mensi P. Effects of
ammonia on liver lysosomal functionality in Salmo gairdneri
Rich. J Exp Zool 1981; 218: 321-326.

Heavy metals induced alterations in the acid phosphatase activity in the edible freshwater mussel
Lamellidens marginalis (Lamarck)

Author Information
P. Jayakumar, M. Phil
Department of Zoology, Annamalai University
N. Jothivel, M.Phil.
Department of Zoology, Annamalai University
V.I. Paul, Ph.D.
Department of Zoology, Annamalai University

8 of 8

