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�9 "~ i ~ " ~_oa~,.um]~atlon of hea~ metals such as copper has 
sho~.,m various effects on beb.avio~r (Y,!eere [C.oper et al 
]o~o~ en-syme activity (lordachesw et al 1978) The 
toxic action of heavy metals is generally attributed 
to their inhibitory effect on enzyme system t except at 
b.igh concentrations which act on the surface tissL~es 
as protein precipitates. 

Copper sulphate is a aheao and com~rronly used mo!~,usci- 
aide. Yet actual toxic mechanism involved is unlmo~m. 

' ~ of su]ohate on respiration Therefore tr~e e~,ect copper . 
of fi~]e common freshwater gastropod snail ~aea 
lus~.o!~ t has be=n ~soe ...... .~ as has ~.,een @_one w• other 
molluscs (Scott & 14ajor, 1972~ Bro~m c% T,Tewe!!, 1972" 
Maclmnes <? Thurberg, 1973). Its effect on terminal 
oxidase of electron transport chain and on the get.feral 
!!AO linked dehydrozenase activity as reflected by the 
redox state and the contribution of peroxidase under 
this treatment has been evaluated. 

MATERIAL ~D H~HODS 

Co!]ection~ maintenance and separation of ~Luinfeeted 
snai!s (free from !arval trematode infections) were 
done as reoorted elsewhere (i~anohar et al. 1972). 
9~l.ly fed~ actively moving snails of 300-450 mg weight 
r~nge were selected for experimentation, 6 hr expo- 
sure to 20 m! of 2 ppm copper sulphate so!t~tion prepa- 
red in deehlorinated tap water was recorded lethal 
(LD50). 25 snails were exposed every time in 500 m! of 
2 ppm copper sulphate, so!ution keeping the ratio of 
I animal to SO ml of solution constant. Digestive 
glend was isolated in ice cold snail ringer (Carriker, 
1946). This particular tissue is preferred in view of 
its metabolic import~ae and also of its remote posi- 
tion which does not have direct contact with the ambi- 
ent medium 

* For correspon~,,nce ~ud Reprints 
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Oxygen consumption was measured of whole snail and t~ 
digestive gland with the help of the conventional 
Warburg apparatus (Umbreit et a].. 1959) .  Method of 
Hall et al. (1971) was adopted for determination of 
cytocFmome oxidase activity whereas peroxidase was 
studied as given by Bergmeyer (1965). Protein the 
sample was estimated by fo!in-phenol method of lowry 
et al. (195!). Oxidized or reduced forms of nicotina- 
mide adenine dinuc]eotide were estimated by dich]oro- 
phenol indopheno! (DCPIP) reduction method as descri- 
bed by McCormick & ~right (1971). Student's 't' test 
was used for statistical analysis. 

R ZSULTS ~/'[D DISCUSSION 

No change was observed in whole 8nimal respiration. 
Significant drop was seen in endogenous resniration 
of digestive gland of the treated snail in Ist I0 min~ 
whereas in ~d I0 rain no difference was maintained 
(Table I). 

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

The rate of 0 o consumotion is influenced by many 
factors such ~s activity, temperature, body size, 
nutritional status~ stage in the life cycle~, season, 
time of the day, previous respiratory exper!ence and 
genetic background. Therefore it is surprising that 
the whole animal respiration is not altered on treat- 
ment, although the animal appears very much disturbed. 

" d This struggle itself could have raise~ the O~ consump- 
tion. Fnt in the present study, 0 o consumption has 
been recorded in t~_ absence of co~oer ions in the 
reaction vessels unlike in the study of 5k~i]ivan & 
Cheng (]975) with ~iomphalaria Klabrata. Therefore 
the question of recovery can not be ruled out altoge- 
ther. The immediate response of mussels to inorganic 
ions was to secrete copious amounts of mucus (Scott & 
?!ajor, 1972). The same is true of the snail in the 
oresent study. Just as is the case with many other 
invertebrates here in L_~_ma.e,a_ l_~ut.eo~a_ 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 resniration of 
digestive g]an,.~ of the treated snail definitely shows 
that the copper has reached this orgs~n although it is 
remotely placed at the closed end of the spiral shell. 
Copper might be acc~Imu]ated in digestive gland as in 
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gills of ~4~tilus e du~i~ as reported by qrown ~ ~'~ewell 
(1972). These accumulated copper ions might have 
reached toxic levels in the course of ~ hr exposure 
causing a severe drop in its respiration. Reduction 
in endogenous respiration due to heavy metaq ions is 
not uncommon (/ac]~nes & Thurberg~ 1972). Disruption 
of membrane permeability (Yager ?~ Harry,.. 1966) or 02 
uptake and osmoregulatory function of epithelium 
(Su!livan ~ ~- Zheng: 197.5) was reoorted on heavy metal 
ion tomicity. Lethal effects of cop~'er have been ten- 
tatively ascribed to inhibition of respiratory enzymes 
and/or enzymes related to e:~cretion of metals (::ubsch- 
mant~ 1967). This may be the case even ,,,:ith T,_z~mn_ae_a - 
luteola for the observed !o~;~ 0 o consu~otion in the 
digestive g]am, d during treatr~e~t. 

The effects of copper sulohate treatment on cytochrome 
oxidase ,,and peroxidases are qt~ite opoosite~ cytoc}-~ome 
oxidase being inhibited and peroxidase being activated. 
This is quite meaningfu~ in the light of the role of 
pero:<idase in cata]ysing the o~-idation of various 
xenobiotic combounds. Since peroxidase can catalyse 
by means of hydrogen peroxide, the o:,~idation of cyto- 
chrome c, it is highly ]i~ze!y that, such a reaction is 
being cata]ysed by the increased oeroxidase activity. 
To that extent mitochondria] oxids, tion of cytochrome c 
is Luhibited. Probably this is the reason why the 
whole animal 0 o consumption does not change on treat- 
ment. This surmise is further substantiated by the 
reported presence of respiratory enzyme activity in 
cytosomes and their inhibition by the wel~ k~qo,~ Luhi- 
bitors (Zs Nagy, 1977). Thus with the demonstration 
of reso~ratory en,,~m~ activity in cytosomes~ extra- 
mitochondria! oxidations seem to be feasible in the 
treated snail particularly by menus of peroxidation. 

7au the present study NAP !eve~s increased and ,T,,-~- 
content dropped significantly, thereby lowerin~" subs- 
tantia.].]y NA59}{ to NAD ratio. This lo~ered ratio in 
digestive gland of the treated snail apparently menus 
that the o;~idative capacity of the snail is very high 
on treatment in spite of the significant decrease in 
cytochrome oxidase activity. This increased oxidative 
potential must be attrib,~ted to the signific,m~t 
increase in the oeroxidase activity recorded in the 
p r e s e n t  s ,~ady.  The o r e  "m ~ o f  h a e ~ o ~ r o t e i n s  r . . . .  
o s e u d o p e r o x i d a s e  a c t i v i t 5  r ( ~ c h ~ d e ! m e i s e r  e t  a~.  ~979)  
~nd c a r o t e n o p r o t e i n s  ,.,,,~_~n an i m p o r t a n t  r o ~ e  as  t e r m i -  
n a l  e!~.~c, , ron ~ _ a~ , ' ep to . . s ,  - o f  r e d o : <  cbaLn.. ( ~s  ~agy, .  1 9 7 7 )  
could possibly come ~to ol~ay on treatment ~,.,,ith copoer 
sulphate. Thus it is inferred ~nat copper ions accu~u- 
]_ate in digestive g~and rand ~apset u!timate~y the redox 
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potential by reduch%g the activity of cytochrome oxi- 
dase ~nd NADH to NAD ratio. 
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