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ABSTRACT 

The effect of pesticides on the xenobiotic metabolising enzymes of the aquatic snail Physa 
acuta was studied. Adult snails reared in the labdratory were exposed daily for three days 
to the following pesticides: 2,4-dichlorophenoxyacetic acid, deltamethrin, endosulphan, 
malathion and pirimiphos-methyl, Cytosolic fractions prepared from the snails showed 
that pesticide exposure had no effect on the glutathione or glutathione dependent enzyme 
activities. General esterase activity using two different substrates was reduced significantly 
by exposure to the organophosphate pesticides malathion and pirimiphos. Exposure to the 
other pesticides did not cause any substantial changes in the esterases activities. The 
nature of this inhibition is not yet apparent. It is likely, however, that the changes are due 
to a competitive type inhibition by the pesticides for the active site of the enzyme. 

INTRODUCTION 

In an effort to increase agricultural output the use 
of agricul tural  pesticides has intensified. 
Unfortunately the use of these pesticides has also 
resulted in the pollution of the land and water 
resources. Many pesticides affect metabolic 
enzymes and other processes within the target 
organism. Highly sensitive analytical chemistry 
methods are unable to assess the biological effects 
of these pollutants. It is important, however, to 
also determine the biological effects, such as altered 
enzyme activities effect of pollutants on aquatic 
organisms.  A number of different aquat ic  
organisnis have been studied as possible markers 
of environmental water pollution (1-3). 

A number of studies on the effects of pollutants 
on the cytochrome P,,, of marine molluscs have 
been described 
(4-6). Livingstone et a1.(7) have also reported on 
the alterations in antioxidant cnzyme activities of 
marine molluscs exposed to benzo(a)pyrene and 
menadione. There are, however, no studies on the 
effects of pollutants on the xenobiotic metabolising 
enzymes (XMEs) of freshwater pulmonate snails. 
Previously, we have reported on the presence of 
glutathione S-transferase (GST) in two snail 

species namely Planorbella duty1 and Lyrnnaea 
natalensis (8) as well as on the efffect of several 
pesticides on the GST of these species (9). Here 
we report on the effect of five pesticides on the 
xenobiotic metabolising enzymes of  another 
aquatic snail species, namely Physa aczita. 

MATERIALS AND METHODS 

Chemicals 
All biochemicals as well  as 2,4-dichloro-  

phenoxyacetic acid (24D) was obtained from either 
the Sigma Chemical Co. or the Aldrich Chemical 
Co. U.S.A. Malathion, pirimiphos-methyl, and 
deltamethrin were a kind gift of Prof D.P.Giga, 
(Dept of Crop Science, University of Zimbabwe) 
and were obtained from local industry. Endosulfan 
was a kind gift of Dr M.Benhu~a. All pesticides 
were of technical grade. All other laboratory 
reagents were of Analar grade. 

Snail culture and e,yposrrre 
The initial stock of Physa acuta were obtained 

from the field and maintained outdoors in cement 
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;lql~aria as describedpreviously (9). Juvenile snails 
!?,:re randomly divided into plastic bo\v!s 
cmtaining one litre of water and a few pieces of 
dricd Icttuce. The chemicals administered to ;he 
snails wet-c made up as follows with the values in 
pwcnt1ii:sis indicating levels. Ethanol 99% 140 
ppm) was used as supplied.  Dcltamethr!n, 
endo.;llllnii, and 2,4-diclilorophenoxyacetic acld 
(each at 1 ppm) were in ethanol. Malathion and 

pirimiphos-methyl were each added, as supplied, 
directly to the water to give a final concentration 
of 2.5 ppb and 23 ppb respectively. 

Preparation ofcytosolic fracliom 
Snails (20-25) were liomogenised in 5 volumes of 
ice-cold buffer (0.1 M Potassium phosphate buffer 
pH 7.4 containing 1.15% potassium chloride) and 
then centrifuged at 12,000 xg for 15 minutes. The 

Table 1: Effect of pesticide exposure on glutathione, glutathione S-transferase, glutathione peroxidase 
and esterase activity i r ~  P. acuta. 

ESTERASES 

PNP 

Control 

Ethanol 3 0 4 +  1 6  0 6 6 2  0 2 9  452 +58 94**1.17 
(96%) (1 11%) 1 (58) 

2,4 dichloro 30.2+ 1.2 0.56+.0.09 6201 209 5071 86 141523 
phcnoxyacctic acid (96%) (94%) (97%) (84%) (87%) 

a) GSH = glutathiorie (umollnig protein). 
GPX = glutathiorie peroxidase (katals). 
GST = glutathione S-transferase (umol of CDNB conjugatedlrninlmg protein). 
ANA = a-naphthyl acetate (Nrninlrnglprotein). 
PNP = p nitrophenyl acetate (ANminlrnglprotein). 

b) Fiaures in ~aren thes i s  indicate % of control values. , - 
c) ~ ign i f i can t i~  different from controls in the Dunnet test 

at " p<0.05 and at **'p<0.01. 
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supernatant was centrifuged at 36,000 ug for 60 
mmutes and the resultant supernatant (cytosol) was 
kept at -70 'C untd requ~red Protein concentration 
was determmed usmg the method of Lowry et a1 

(10) 

Assessmet~r ofxenobiotic tnetabolising enzyme 
activity in vitro 
The following enzyme activities were measured in 
the cytosolic fractions according to methods  
reported in the literature: glutathione S-transferase 
(GST) (1 I),  glutathione peroxidase (GPX) (12), 
general esterase activity using either a-naphthyl 
acetate orp-nitrophenyl acetate as substrates (13). 
Levels o f  reduced glutathione (GSH) were also 
measured (14). Statistical differences between the 
various groups were assessed using the Dunnett 
test. 

RESULTS AND DISCUSSION 

The quality of drinking water intended for human 
consumption in many Southern African countries 
needs to be monitored carefully, since freshwater 
bodies are increasingly coming under the threat of 
agricultural and industrial pollution. W e  are  
interested in the  possibili ty o f  us ing altered 
xenobiotic metabolising enzyme (XME) activity 
o f p u h o n a t e  snails to monitor water pollution. We 
have, therefore, measured the GSH, GST and GPX 
as well as  the esterase levels in snails exposed to 
the different pollutants. 

Our results show that GPX, GST and GSH levels 
were not altered significantly due to pesticide 
exposure (Table 1). In contrast to P.duryi and 
L.natalensis (9) the GST of Physa acuta are not 
adversely affected by exposure to commonly used 
pesticides. As reported by us previously (9) the 
altered enzyme activity observed in any one snail 
species are not necessarily observed in other snail 
species. 

The esterase activity using both a-naphthyl 
acetate and p nitrophenyl acetate was reduced to 
between 75% and 90% of control values as a result 
of exposu re  to  t he  t w o  o rganophospha te s ,  
malathion and pirimiphos, but not to the other 
organochlorine compounds. The reduced general 
esterase activity after exposure to organophosphate 
pesticides has  a lso  been observed b y  us for  

L.ilutr;lenis (unpublished). The altered esterase 
activity offers the possibility of using the esterases 
as biomarkers of pollution. Whether the lowered 
aktivities are due to inhibition of the esterases by 
the organophosphates present in the snail cytosolic 
fractions orwhether it is due to a reduced synthesis 
of enzyme is not yet clear. 

Studies in our laboratory are presei~tly in progress 
to investigate the effect o f  pesticides on other 
xenob io t i c  me tabo l i s ing  e n z y i i ~ e s  s u c h  a s  
cytochrome P,,, and antioxidantiri P.crciiicr and 
other pulmonate snail species. 

ACKNOWLEDGEMENTS 

Technical assitance provided by M r  Lazarus 
Chirombe and the  assistance provided by M r  
Alfredy Muzaka and M r  Godfrey Sithole during 
the snail culture is much appreciated. Financial 
support for this work was provided by g rmts  from 
the  In t e rna t iona l  Founda t ion  f o r  Sc i ence ,  
S tockho lm,  S w e d e n  ( N o  A l 2 0 3 6 )  f rom t h e  
Research Board, University ofZimbabwe (No 145) 
and the I~iternational Program in the Chemical 
Sciences, Uppsala University, Sweden. 

REFERENCES 

1. IsomaaB, Lilius H andRabergh C. Aquatic toxicology in 
vilro: A hriefreview.ATLA 1994;22:243-253, 

2. Kleinow KM, Melanwn MJ andLechJJ. Diotranslbrnmtion 
and induction:lmplications for toxicily, bioacci~inulatioii and 
nionitoring o f  environmental  xcn i~b io t i c s  in 
fish.Environmenla1 ffealrh Perspectives 1987;71: 105- 
119. 

3 ,  Payme IF, Fancey LI,, Rahimutala ADandPol~i.1 EL. Review 
and perspective on the usc OF mixed funcLiili~ osygenase 
enzymes in biological nlonitoring. Conrpararive 
Biochenristry a n d  Physiolo,y~~ 1987;86C:?33-245. 

4. GilewiczM, G ~ i I l a u m e R C ~ ~ i l c s  D, Leveauhl :uid Bertnnd 
J. Effects ofpetroleum hydroc;ubons on the cyixhrome P,, 
content of the mollusc bivalve Myfilirs g~~lli~~irovitrcialis. 
Marine Biology 1984;80: 155-1 59. 

5. Stcgeman JJ and Lecl~ JJ. Cytocl~romc 1'-450 mtmooxygcnue 
systems in aquatic species :Cnrci~~ogc~~ i~ri.i ,~holis~n and 
biomarkers for carcinogen a n d  pi~lluiatil  e rpos~ i r e .  
Environmenral Heallh Persperl~ves 190 1 ;90: 10 1 - 103. 

6. Yawetz A, Manelis Rand Fishelsoi~ 1.. 711e etlkcts <IF:  rocl lor 
1254 and petrochemical pollutants on cytoci~.,liii~ 
from the digestive gland microsonies of Suur bpecies o[. 
mediterranean niolluscs Compurilrive B~oche t ,~ i s r~y  U , I ~  

Physiology 1992;103C:607-614. 


