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The usefulness of sentinal organisms in environmental 
pollution monitoring or surveillance programs has been 
well established (Goldberg et a! 1978; Topping !983). 
A particularly significant attribute of sublethal 
physiological response is that it is amenable to both 
laboratory and field measurements unlike traditional 
toxicant testing. Such methods could be employed to 
develop environmental quality models to predict the 
biological effects of potential pollutants as well as 
to directly monitor the effects in the environment 
(Widdows 1985). This paper describes the effect of 
sublethal amounts of two well known aquatic pollutants 
namely Cu and Hg on an estuarine clam Villorita 
cy_prinoides vat. cochinensis. 

The changes in carotenoid content (total and 
unsaponifiable), metabolic rate, lactic acid as well 
as ~lycogen contents of the tissues of the clam 
exposed to sublethal amounts of Cu(II) and Hg(II) were 
investigated over a range of time. 

MATERIALS AND METHODS 

The clams (size 25--30 mm) collected from Cochin 
backwaters (9 ~ 55'N 76~ E), were acclimatized in the 
laboratory for 3 to 4 days (salinity=f3 x IO~ 3 
temperature 28 i i~ C, pH = 7.6 4 0.2, dissolved 
oxygen = 3.6 mL/L. The animals (25 per 5-L t.est 
medium) were exposed to 300 and 600 ug/L each of Cu 
and H~ for 96 I%. The metals were added as aqueous 
solutions of CuSO4_bH20 and N CI- ..g ~ (British Drug House 
AnalaR; India). Controls were maintained throughout. 
The test medium was renewed once every 24 h. Animals 
were not fed during the experimental period. 
Duplicates were run in all cases. Mortality observed 
was less than iO % during the whole period. The 96 - h 
LC 50 was 1214 ug/L for Cu and 1570 ug/L for Hg 
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(Nambisan and Lakshmanan 1982 unpublished data). 

Total and unsaponifiable carotenoids were extracted 
and estimated by the procedure of Karnaukhov et al 
(1977). The total carotenoids were extracted with 
acetone. Saponification was carried out by means of 
60% potassium hydroxide at a temperature of about 28 ~ 
C for 14 h, and unsaponifiable carotenoids were 
extracted using light petroleum ether. Optical density 
was measured in 1 - cm cuvette using a Hitachi 
Spectrophotometer(model 200-20) at wavelength of 
carotenoid absorbtion maxima 450-460 nm. Oxygen uptake 
of the animals was measured in Erlenmeyer flasks using 
Winkler techniquez(Strickland and Parsons 1972). 
Liquid paraffin was used to seal the water-air 
interface. Lactic acid and glycogen were determined by 
standard procedures (Colowick 1957). The results were 
analyzed statistically according to Snedecor and 
Cochran (1967); the sig~ificant difference between 
experimental groups and control g~oups were determined 
using student's t-test. The precision of all 
determinations was within the .range Z 5%. 

RESULTS AND DISCUSSION 

The results are presented in Tables 1 and 2 and Figure 
I. In animals exposed to 300 ug/L and 600 ug/L Cu, 
the carotenoid concentration increased sharply with 
time and reached a maximum value in about 48 h. The 
total carotenoid content increased 2 times in the 
former and 4 times in the latter, the increase being 
proportional to the concentration of metal ions in 
solutions. In 300 and 600 ug/L Hg exposed animals 
the total carotenoid content increased to O.318 and 
0.6?3 mg/IOO gm (wet wt.) respectively within 48 h 
(control = O.18). After 48 h the carotenoid content 
(total and unsaponifiable) decreased. The control 
values remained remarkably steady(variations 
• throughout the entire experimental period. 

A corresponding change in metabolic rate (oxygen 
uptake/h/g dry body wt) of animals was noticed at all 
stages, with progress of time. Cu-exposed animals 
generally suffered a greater reduction in the oxygen 
uptake than Hg-exposed animals. In 600 ug/L Cu and Hg 
the metabolic rate was depressed by 32% and 28%, 
respectively, during 48 h. After 48 h, the metabolic 
rate in both Cu and Hg exposed animals was found to 
increase, being more pronounced in 300 ug/L exposed 
animals. 

The lactic acid content in the tissue of the clam 
increased with progress of time and was proportional 
to the metal concentration. The tissue lactic acid 
content increased to 94.4 and 136.1 ug/g in 300 and 
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600 ug/L Cu-exposed animals and to 82.1 and 124.1 
respectively in the Hg--exposed animals during 24 h 
(control : 20.2) (Table 1). 

Glycogen levels, however, were generally found to 
decrease. The glycogen content of the 300 and 6OO ug/L 
Cu-exposed animals decreased to 1285 and 910 ug/g 
respectively in 72 h ( control = 1952 ug/g ). The 
corresponding values for the Hg-exposed animals were 
1570 and 1188 ug/g respectively(Table 2). 

These results indicate, that Cu and Hg pollution 
lowers the normal metabolic rate and glycogen levels 
of the organism and increases the carotenoid as well 
as the lactic acid content in the tissues. A distinct 
inverse relationship is observed between carotenoid 
content of the clam and its metabolic rate. 

The steady increase observed in the carotenoid content 
may be due to the physiological adaptive responses of 
the animal to compensate the external stress of metal 
concentrations and the consequent inhibiton of the 
respiratory processes. An increase in the carotenoid 
concentration with increase in environmental pollution 
has been reprcted earlier ( Karnaukhov et al. 1977; 
Karnaukhov 1979). Krishnakumar(personal communication) 
also has reported that the carotenoid concentration in 
the mussel Perna viridis increases directly with 
increase in metal concentrarion. Karnaukhov (1971) has 
reported that carotenoids participate in the oxidative 
metabolism of the mollusc Lymnaea sta~jlalis by 
providing a large number of unsaturated double bonds 
as an intracellular oxygen reserve. Therefore, the 
increase in the carotenoid content can be taken as an 
indication of the animal's adaptation to the hypoxic 
conditions. 

Heavy metal - induced decrease in metabolic rate in 
Uca ~ugilator has been reported (Vernberg et a! 1974). 
Cupric ions were shown to cause respiratory and 
cardiovascular depression in M. edu!is and the effect 
was attributed to the passive binding of cupric ions 
with organic ligands (Scott and Major 1972). 

The increase in tissue lactic acid content and 
decrease in glycogen levels may be due to the heavy 
metal intoxication, which induces appreciable mucus 
secretion-- even in animals exposed to 300 ug/L Cu 
and Hg considerable mucus secretion was observed. 
Lakshmanan and Nambisan (1985) have shown that Cu and 
Hg intoxication had caused lactic acid accumulation 
and glycogen depletion in tissues of V~ Gzprinoides 
and P. viridis. A similar reduction in glycogen 
content and increase in lactate concentration in 
tissues due to copper intoxication in the fresh water 
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teleosts(fish) was reported(Shaffi 1978). 

The animals are able to adjust the initial stress or 
may have released partly that stress and shown 
symptoms of normal behaviour. The increase in oxygen 
consumption accompanied by a decrease in carotenoid 
content after 48 h may be due to this. Moreover, 
accumulation studies of heavy metals on many organisms 
have shown that the initial rate of uptake was very 
high at lower concentrations and the rate decreases 
with time. (Vernberg et al. 1974). Donaldson and Dye 
(1975) have observed that Sockeye salmon has adjusted 
the stress imposed by the low concentration of Cu 
within 4 h. 

It is not yet clearly understood whether physiological 
changes during a sublethal exposure represen• 
deleterious effects of the toxicant or merely the 
normal adaptive mechanism of %he organisms (Dixon and 
8prague 1981). As they have pointed curt there is a 
physiological mechanism functioning wifihin the animal 
to mitigate the toxic effects of heavy metals. 
Considerable energy was required to establish the 
adaptive mechanism, less energy was required to 
maintain it. A long period of increased oxygen 
consumption was necessary to restore normal metabolic 
process damaged by metals. 

From the point of view of the organism and polluters 
the ability to adapt to metals seems to be a favorable 
aspect to the animal. However, it should be remembered 
that many of these tolerant organisms contain two to 
three orders of magnitude higher concentrations of 
metals than normal and, so far as we know at present, 
these may be transmitted to non-adapted predators, 
including man (Bryan 1976). 

In conclusion, the animals went through two classical 
stages of stress response, ie; the alarm reaction and 
the stage of resistance (Donaldson and Dye 1975). 
Because metals such as copper are more toxic at low 
salinities, the pressure to adapt is probably greatest 
under these conditions. Only a detailed shudy with a 
longer time of exposure can reveal whether the animals 
can successfully aceomodate and adapt to the stressor. 

Acknowledgments. The authors are grateful to Cochin 
University of Science and Technology for facilities 
and to Mr P.K.Krishnakumar for helpful discussions. 
S.M.N. is thankful to the C.S.I.R., New Delhi, for 
financial assistance. 

515 



REFERENCES 

Bryan GW (1976) Some aspects of heavy metal tolerance 
in aquatic organisms. In: Lockwood APM (ed) Effects 
of pollutants on aquatic organisms. Seminar series 
(2) Cambridge Univ Press pp 7-34 

Colowick SP (ed) (1957) Methods in enzymology, 3. 
Academic Press Inc. New York pp 34-40, pp 241--248 

Dixon DG, Sprague JB (1981) Acclimation to Cu by 
rainbow trout - a modifying factor in toxicity. J 
Fish Res Bd Can 28:880-888 

Donaldson EM, Dye HM (1975) Corticosteriod 
concentrations in sockeye salmon exposed to low 
concentrations of Cu. J Fish Res Bd Can 32:533--539 

Goldberg ED, Bowen, VT, Farrington JW, Harvey G, 
Martin JH, Parker PL, Risebrough RW, Robertson W, 
Schneider E, Gamble E (1978) Mussel watch. Environ 
Conserv 5:1Oi-125 

Karnaukhov VN(1971)Carotenoids in oxidative metabolism 
of molluscoid neurons. Exptl Cell Res C4:301--306 

Karnaukhov VN (1979) The role of filtrator molluscs 
rich in carotenoid in the self cleanin~ of fresh 
waters. Symp Biol Hung 19: 151-167 

Karnaukhov VN, Milovidova NY, Kargopolova IN (1977) On 
a role of carotenoids in tolerance of sea mc!luscs 
to environmcnta! pollution. Comp Biochem Physiol 
56 A : 1 8 9 - 1 9 3  

Lakshmanan  PT, Nambizan  PNK ( 1 9 8 5 )  T i s s u e  l a c t i c  a c i d  
and  g l y c o g e n  l e v e l  o f  m o l l u s c s  e x p o s e d  t o  Cu and Hg. 
Curr Sci 54:478-479 

Scott DM, Major CM (197 ~ The effect of Cu(II) on 
survival, respiration and heart rate in the common 
mussel Mytilus edulis. Bioi Bull 243:679-688 

Shaffi SA (1978) Variation in tissue glycogen content., 
serum lactate and glucose levels due to Cu 
intoxication in three fresh water to!costs. Curt 
Sci 47:954-956 

Snedecor GW, Cochran WG(1967) Statistical methods 6th 
edn. Oxford and [BH Publishing Co, New Delhi 

Strickland JDH, Parsons TR(1972) A practical handbook 
of sea water Analysis. Bull Fish Res Bd Can, 
Ottawa p 21 

Topping G (1983) Guidelines for the use of biological 
materials in first order pollution assessment and 
trend monitoring. Scottish Fish Res Rep 28 

Vernberg WB, De coursey PJ, O'Hara J (1974) Multiple 
environmental factor effects of physiology and 
behaviour of the fiddler crab, Uca a~ila~ex. In: 
Vernberg FJ, Vernberg WB (eds) Pollution and 
physiology of marine organisms. Academic Pres~, New 
York pp 381-425 

Widdows J (1985) Physiological responses to pollution. 
Mar Poll Bull 16:129-134 

Received April 21, 1987; accepted October 2, 1987. 

516 


