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Bioazcumialation of heavy metals such as copper has
showun various effects on behavicur (Kleere Yoper et 2l
1873), enzyme activity (Iordachesw et al 1978). The
toxic action of hesvy metals is generally attiributed
to their inhibitory effect on enzyme system, except at
high concentrationz which act on the surface tissues
as protein precipitates,

Copper sulphate is a chear and comwonly used moldusci-
ecide. Yet actual toxic mechanism involved 1s unknown.
Therefore the effect of copper sulphate on respiration
of the common freshwater gastropod snail Lymnaes
lutecla, has been assessed as has been done with other
molluses (Seott & Major, 1972; Brown % Vewell, 1972
MacInnes & Thurberg, 1973). Ibts effect on terminal
oxidage of electron transport chain and on the general
¥AD linked dehydrogenase activity as reflected hy the
redox statzs and the contribution of peroxidase under
this treatment has been evaluated.

MATTRIAT, AND METHODS

Jollection, maintenance and separation of uninfected
snails (frees from larval trematode infections) were
done as revorted elsewhere (Manchar et al. 1972).
M1ly fed, actively moving snails of 300-450 mg weight
range were selected for experimentation, & hr expo-
sure to 20 ml of 2 ppm copper sulphate solvtion prepa-
red in dechlorinated tap water was recorded lethal
(ILDzn). 25 snailc were exposed every time in 500 ml of
2 pph copper sulphate, solution keeping the ratio of
1 animal Lo 20 ml of solution constant, Digestive
cland was isolated in ice cold snail ringer (Zarriker,
1946). This particular tissue is preferred in view of
its metsbolic importance and alsc of its remote posi-
tion which does not have direct contact with the ambi-
ent medivm,
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Oxygen consumption was measured of whole snail and the
digestive gland with the help of the conventional
varburg apparatvs (Umbreit et al. 1959)., Method of
Hall et al. (1971) was adopted for determination of
cytochrome oxidase activity whereas peroxidase was
studied as given by Bergmeyer (19865), Protein the
sample was estimated by folin-phenol method of Iowry
et al. (1951). Oxidized or reduced forms of nicotinz-
mide adenine dinucleotide were estimated by dichloro-
phenol indophenol (DCPIP) reduction method as deseri-
bed by Mclormieck & *right (1971). Student's 't' test
was used for statistical analysis,

RISULTS AND DISCUSSION

No change was observed in whole animal respiration.
Significant drop was seen in endogenous respiration
of digestive gland of the treated snail in 1st 1C min,
whereas in 2nd 10 min no difference was maintained
(Table 1).

Significant decrease in cytochromes oxidase activity as
well as in NADH to NAD ratio with concomitant rise in
peroxidase activity were observed (Table 2).

The rate of 0, consumption is influenced by many
factors such gs activity, temperature, body size,
nutritional status, stage in the life cycle, season,
time of the day, previous respiratory experience and
genetiec background. Therefore it 1s surprising that
the whole animal regpiration 1s not altered on treat-
ment, although the animal appears very much disturbed.
This struggle itself could have raised the O, consump-
tion., Bt in the present study, O consumpt%on has
been recorded in the absence of cogper ions in the
reaction vessels unlike in the study of Sullivan &
Theng (1975) with Biomphalaris glabrats., Therefore
the question of recovery can not be ruled out altoge-
ther., The immediaste response of mussels to inorganic
ions was to secrete copious amounts of mucus (Scott &
Hajor, 1972). The same is true of the snail in the
present study. Just as is the case with many other
invertebrates here in Lymnaez luteols also, the main
problem on treatment, could have been not one of
absorption, but one of removal through body surface,
gut or urine.

The tremendous lowering of endogenous respiration of
dizestive gland of the treated snail definitely shows
that the copper has reached this organ although it is
rzmotely placed at the closed end of the spiral shell.
copper might be accumulated in digestive gland as in
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gills of Mytilus edulils as reported by Trown & Vewell
(1972). These accuminlated copper lons might have
reached toxic levels in the course of 6 hr exposure
causing a severe drop in its respiration. Reduction
in endogenous respiration due to heavy metal ions is
not uncommon (MacInnes & Thurberg, 1973). Disruption
of membrane permeability (Vager 2% Harry, 1926%) or 02
uptake and osmorezulatory function of epitheliuvm
(sullivan & Cheng, 19275) was renorted on heavy metal
ion toxicity. Lethal effects of copper have been ten-
tatively ascribed to inhibition of respiratory enzymes
and/or enzymes related to excretion of metals (Hubsch-
mann, 1967). This may be the case even with Lymnaea
luteola for the observed low O, consumntlon in the
digestive gland during treatmegt

.

The effects of copper sulnhate treatment on cytochrome
oxidase and percxidases are quite opnosite, eytochrome
oxidass being inhibited and peroxidase being activated.
This is quite meaningful in the light of the role of
peroxidase in catalysing the ovidation of various
wenobiotic compounds. Since peroxidase can catalyse
by means of hydrogen peroxide, the oxidation of cyto-
chrome ¢, it is highly 1likely that, such a reaction is
being catalysed by the increased peroxidase activity.
To that extent mitochondrizl oxidation of cytochrome c
is inhitited. Probably this is the reascn why the
whole animal O, censumption does not change on treat-
ment., This sugmise is further substantiated by the
reported presence of respilratory enzyme activity in
cytosomes and their inhibition by the well known inhi-
hitors (Zs Nagy, 1977). Thus witn the demonstration
of respiratory enzyme activity in cytosones, extra-
mitochondrial oxidations seem to be feasible in the
treatad enail particularly by means of peroxidation.

In the present study NWiD levels increased and WADH
content dropned significantly, thereby lowering subsS-
tantially WADT to WAD ratio. This lowered ratio in
digestive gland of the treated snail apvarently means
that the oxidative capacity of the snail 1s very high
on traatment in spite of the significant decrease in
cytochrome oxidase aetivity., This increased oxidative
potantial must be attributed to the significant
inersase in the paroxidass activity recorded in the
present study. The pressnce of haemonroteins with
pseudoneroxidase activity { schindelmeiser ot al. 1972)
and carotenoproteins with an important Trole as termi-
nsl elschtron acceptors of redox chain (7s Yagy, 1977)
could possibly coms into »lay on treatment with copner
sulphate. Thus it 1s inferred that copper jons accumu-
1ate in digestive gland and upset ultimately the redox
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potential by reducing the activity of cytochrome oxi-

dase and NADH to NAD ratio.
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