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ABSTRACT

Organophosphates and carbamates are extensively used to increase the quality and quantity of field crops. These
pesticides may indirectly enter water bodies where they affect aquatic organisms. Once absorbed by aquatic
organisms the pesticides are metabolised and normal metabolic processes may produce reactive oxygen species that
have adverse effects on the aquatic organisms. The effects of exposure to carbaryl and dimethoate pesticides on
antioxidant enzymes of two freshwater snail species Helisoma duryi and Lymanea natalensis were evaluated.
Groups of snails were exposed to 25 ppb of carbaryl and/or dimethoate for 72 hours. After the exposure duration
they were then analysed for their effects on the oxidative defense systems of the snails. Increased thiobarbituric acid
reactive substances levels and activities of catalase, superoxide dismutase, glutathione peroxidase and glutathione
Stransferase in both snail species were observed, probably as a means of combating oxidative stress due to
pesticide poisoning. Increased lipid peroxidation, coupled with altered levels of oxygen free radical scavenging
enzymes in snail homogenates are discussed in relation to oxidative stress.
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INTRODUCTION

Most organisms require oxygen in the catabolisrglo€ose which ultimately produces ATP and reducech$ of
nicotinamide adenine dinucleotide and flavin aderdimucleotide. During normal metabolism partialuetion of
oxygen may occur, which results in the formatiorresctive oxygen species [1]. Reactive oxygenisgaunay be
formed from the biotransformation of xenobioticelswas pesticides and industrial chemicals in bicklgsystems
[2]. Oxidative stress occurs when the productiérR@®S exceed the body’s ability to eliminate thesestable
oxygen species [1]. During detoxification processepesticides in living organisms free radicalsyrbe generated
which alter the organismal defense system leadingxidative stress [3; 4]. Organophosphates antacaates
(CMs) exert their toxicity in both vertebrates amdertebrates by inhibiting acetylcholinesterase, emzyme
responsible for hydrolysing the neurotransmitteet@choline to products, acetate and choline whiesult in
ending the transmission of a nervous impulse [$§ja@ophosphorus and CM compounds prevent the bogakdf
the neurotransmitter acetylcholine in the synamgions of cholinergic neurones leading to contihaetivation of
the post synaptic membrane leading to convulsibasultimately leads to respiratory failure andttigé]. Reactive
oxygen species such as superoxide anions and hydfieee radicals are very reactive and they taigsts
structures in cell membrane leading to lipid pedation and tissue damage. [7] reported oxidativesstin snails
caused by oxidants during aestivation.

Most of the reports in literature discuss changdsvels and activities of enzymes that remove RO8ussels that
are used as indicators of exposure to environmeaHilitants. [8] reported increased glutathioneghdferase
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(GST) activity in Monodonta lineate, Mytilus galloprovincialis and Nucella lapillus exposed to petroleum
hydrocarbons after an oil spill. Other studies hslvewn the adaptive responses of antioxidant enzymbivalve
molluscs after exposure to metal pollutants. [§joréed increased activity of GST, catalase (CATpesoxide
dismutase (SOD) and glutathione peroxidase (GR&j akposure to sublethal levels of mercury.

The present study examined the oxidative effectgavbaryl and dimethoate, individually or as a mnigf in
freshwater snail homogenates aftexivo exposures.

The pesticides wunder investigation, an organopghmsp (OP) dimethoate (O,O-dimethyl-S-N-
methylcarbamoylmethyl-phoshorodithioate) and the €baryl (1-naphthyl-N-methyl carbamate carbamate)
widely used in Zimbabwe to protect a broad rangerops against insects, mites and other pests. iteeg®
extensive use of carbaryl and dimethoate in cropegption and in households, information relatethtr effects on
biochemical indicators in snails, which are useddsess the health status of these aquatic maaebrates is not
available in Zimbabwe. In order to understand lefetarbaryl and dimethoate induced oxidative stiesaquatic
shails, we investigated the effectsinfvivo exposure of the snails to the pesticides on tit®xddant enzyme
activities of the snails.

MATERIALS AND METHODS

2.1 Chemicals

All enzymes, substrates and chemicals were bought Sigma Chemical Company or Aldrich Chemical Camp
Germany. The pesticides carbaryl and dimethoate Wird donations from Agricura (Pvt), Ltd, Zimbabwall
other laboratory reagents, used in this study, wéenalytical (ANALAR) grade.

2.2 Snail breeding and exposure

Snails used in the study were bred outdoors foliguthe method of [10]. Before the exposure stuttiey were
brought to the laboratory where they were accliseatito laboratory conditions for 14 days. Juvesrlails exposed
to 25 ppb of carbaryl or dimethoate, (1:1) mixtofecarabryl and dimethoate for 72 hours. The expswere
performed in quadruplicate concentrations.

2.3 Preparation of homogenates

Fifteen whole snails from each experimental grogpewpooled and homogenized in ice-cold homogenizdiuffer
(0.1 M potassium phosphate pH 7.4). The homogsnedee centrifuged at 10,000g for 10 minutes and the resultant
supernatant (S-10) fraction stored at  °@@intil analyzed. The remaining five snails fronclegroup were kept at -
80° C for the determination of TBARS levels in tisswples. Protein concentration was determined instize!
samples and bovine serum albumin used as stantiijd [

2.4 Biochemical assays

2.4.1 Lipid peroxidation

Lipid peroxidation (LPO) was measured in snailussind was expressed as thiobarbituric acid reastibstances
[12].

2.4.2 Superoxide dismutase
Superoxide dismutase activity was measured in 19 $actions following the formation of formazaretheaction
of superoxide free radicals with 2-(4-indophenyl-Bitro-phenyl)-5-phenyl tetrazolium chloride [13]

2.4.3 Catalase
Catalase activity was measured in S-10 fractionfolbgwing the disappearance of the substrate hyeingperoxide
[14].

2.4.4 Glutathione S-transferase
GlutathioneS-transferase activity was measured in S-10 frastiasing 1-chloro-2-4-dintrobenzene as a substrate
[15].

2.4.5 Glutathione peroxidase.

Glutathione peroxidase activity was determined ih0Sfractions using an indirect couple method timablve
oxidation of glutathione (GSH) by.B, in the presence of glutathione reductase and eslfarm of nicotinamide
adenine dinucleotide phosphate. NADPH [16].
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2.5.6 NAD(P)H quinone oxidoreductase
NAD(P)H quinone oxidoreductase activity was meaduin S-10 fractions by following the disappearante

dichlorophenoindophenol [17].

2.6. Statistical analysis
The Dunnet and one-way analysis of variance inTilieey’s multiple comparison tests were used to shtatistical
differences between control and treated groups<®.05 or **p<0.001.

RESULTS

3.1. Thiobarbituric acid reactive substances (TBARFlevel

Snails exposed to pesticides showed significantihdr levels of TBARS when compared to control knéfig
3.1). In both snail species the amount of TBARSdpmtion was highest in snails exposed to the pdstimixture
(p<0.01).

Lo
H

Con Car Dim Car-Dim
Pesticide

Fig 3.1 Effect of carharyl, dimethoate ormixtureof carbaryl and dimethoate on formation of thiobatbituric acid reactive substances in
two aquatic snailsl#”# H.duryi and L. natalensis. Con = control, Car = carbaryl, Dim = dimethoate ad Car-Dim = carbaryl
and dimethoate mixture. Values are expressed as mea S.D. Significantly different from control (** P<0.01)

3.2. Superoxide dismutase activity

Increases in SOD activity of exposed snails ofaw@4% inH. duryi and up to and 34% in. natalensis depending
on the pesticide exposed were observed (Fig 3i®).rlixtures increased SOD by as much as 110% dutyi and
47% inL natalensis when compared to the controls.
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Superoxide dismutase activity in homogenates of twanail specief#e# H. duryi and L. natalensis exposed to carbaryl, dimethoate
or mixture of carbaryl and dimethoate. Con = contrd, Car = carbaryl, Dim = dimethoate and Car-Dim = arbaryl and dimethoate
mixture. Values are expressed as mean + S.D. Sigo#ntly different from control (** P<0.01)

3.3. Catalase activity

Carbaryl and/or dimethoate caused an increase if &#ivity with carbaryl causing the lowest increasand the
mixture causing the highest increases in enzynieitgcin exposed snails (Fig 3.3). Catalase adfivias higher in
H. duryi than inL. natalensis after exposure to the same pesticide concentsatiéig 3.3).
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Fig 3.3 Catalase activity in%H. duryi and- L. natalensis. exposed to carbaryl, dimethoate or carbaryl and inethoate. Con =
control, Car = carbaryl, Dim = dimethoate and Car-Om = carbaryl and dimethoate mixture. Values are egressed as mean + S.D.
Significantly different from control (* P<0.05 and **P<0.01)
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3.4. Glutathione S-transferase activity

The activity of GST was significantly increasedaith snails exposed to the pesticides when comptrembntrol

shails except for carbaryl exposednatalensis where the increase was not statistically diffeiarDunnet test (Fig
3.4). The snails exposed to the pesticide mixtigeificantly increased (p<0.01) GST activity whesngpared with
shails exposed to individual pesticides.
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Fig 3.4. Effect of carbaryl, dimethoate or mixtureof carbaryl and dimethoate on glutathione S-transfease activity in AN, duryi and L

L. natalensis. Con = control, Car = carbaryl, Dim = dimethoate ad Car-Dim = carbaryl and dimethoate mixture. Values are expressed
as mean + S.D. Significantly different from control(* P<0.05 and **P<0.01)

3.5. Glutathione peroxidase activity
The GPx activity of snails exposed to the pestiislkowed significant increases when compared ttoraosnails
except inL natalensis exposed carbaryl where the increase was nottstatig significant (Fig 3.5).
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i . Fig 3.5 Effect of carbaryl, dimethoate or carbayl and dimethoate mixture on glutathione peroxidae activity in two snail species
7770 duryi and M L. natalensis Con = control, Car = carbaryl, Dim = dimethoate ad Car-Dim = carbaryl and dimethoate mixture.
Values are expressed as mean + S.D. Significantliffdrent from control (* P<0.05 and **P<0.01)
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3.6. NAD(P)H quinone oxidoreductase activity
The NAD(P)H quinone oxidoreductase activity was sighnificantly different between the controls anthits
exposed to carbaryl and/or dimethoate in both spaicies as shown in Fig 3.6.
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Fig 3.6 Effect of carbaryl , dimethoate or mixtureof carbaryl and dimethoate on NAD(P)H quinone oxidreductase activity in two snail
specied?## H.duryi afll L. natalensis. Con = control, Car = carbaryl, Dim = dimethoate ad Car-Dim = carbaryl and
dimethoate mixture. Values are expressed as mearStD

DISCUSSION

Pesticides are sometimes used improperly in langeuats which ultimately results in environmentallytion [18]
Their toxicological effects may involve inducingeds of an oxidative nature in non-target spelgading to
generation of free radicals and alterations antiaxi enzymes.

Our results have shown that exposure to the pdetatarbaryl or dimethoate as well as their mixinceeased the
activities of SOD, CAT, GPx and GST and levels &ARS of the two snaispecies H. duryi andL. natalensis.
Catalase and SOD are considered as the first fidefense against the effects of ROS in all orgasiand as such
have evolved in different tissues in aerobic organsi [19].

4.1 Superoxide dismutase activity

Significant increase in SOD activity observed ie thresent study suggests that the toxicity of astlbend/or
dimethoate possibly involve generation of ROS sagtsuperoxide anion radicals. The snails counténaceffects
of the superoxide free radicals by increasing lewdlSOD, an enzyme that decomposes the free tadalacules.
Our findings are comparable with studies of [2] wkported increased SOD activity in mussels exposadban
pollutants. Comparing enzyme activity in the twaisspecies, SOD activities observedHnduryi were almost 2
fold those observed ih. natalensis for all pesticide groups and this can be attributespecies difference. Possibly
the SOD gene expressionkh duryi is greater compared to natalensis implying possible difference in sensitivity
to pollutants and detoxification mechanisms takitege in the two snail species.

4.2 Catalase activity

Catalase decomposes the hydrogen peroxide, theigirofl SOD activity, to water and molecular oxygem the
observed increased levels of CAT activity are gagsan adaptive mechanism in the snail system tamize the
oxidative effects of the pesticides. [20] also alzed enhanced CAT activity in terrestrial snailpesed to carbaryl.
In the present study in both snail species, a ammsponse trend was observed whereby, carbamgledathe
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minimum increases in CAT activity, followed by ditheate with the highest activities observed inlsrexposed to
the pesticide mixture. When comparing the enzyniwities of the two snail species, higher CAT aities were

observed inH. duryi than inL. natalensis again reinforcing the species difference respdnsexposure to the
studied pesticides.

4.3 Glutathione S-transferase activity

The marked increase in GST activity in the snaijsosed to carbaryl and/or dimethoate in compartsotontrols
observed in the present study, indicate an atté@wypite snail system to render the pesticides hasrde soluble for
excretion. The snails achieve this by conjugathmg electrophiles that may be generated during roésab of the
pesticides. The increased GST levels support thengstion that the toxicity of carbaryl and/or ditm@dte may
involve generation of reactive oxygen species. ifidst induced activation of glutathione S-transéerdnas been
also reported in land snails. [21] reported ackratof GST in the terrestrial snail Helix aspersaased to the
pesticide, imidacloprid. The enhanced levels of GBFerved in snails exposed to pesticides in thegmt study is
suggestive of the defense system in the snailsstwdguto the increased levels of free radicals geed during
metabolism of the pesticides, carbaryl and/or dimoate. The increases in GST activity were lowestnails
exposed to carbaryl and highest in snails exposetie mixture of carbaryl and dimethoate in bothilsgpecies.
However on comparing the activities of GST in thw tspecies, significantly higher activities weresefved inL.
natalensis thanin H. duryi for all pesticide exposures suggesting the diffeeeim how the two species respond to
identical exposure conditions probably due to fifieidnce in their genetic makeup.

4.4 Glutathione peroxidase activity

The results of the present study showed similardti@ GPx activities in both snail species with thevest GPx
activity in snails exposed to carbaryl and the bijhactivities in snails exposed to the mixturecafbaryl and
dimethoate. Although carbaryl and dimethoate hawitecdifferent chemical structures, they bring fosimilar
oxidative stress responses in the two snail spdmesght about by free radicals generated indiyedtiring the
biotransformation of the two pesticides. Our resalte supported by [20] who observed elevated Giyitst in

shails exposed to carbaryl. The increased preseh@GPx observed compliments catalase in breakingndthe
toxic hydrogen peroxide, a product of the dismotatdf superoxide anion radicle, to water. Effedtpesticides
like dimethoate differ in different organisms. [28} instance reported diminished GPx activityOneochromis

niloticus exposed to dimethoate contaminated river watdcatithg organismal response difference to polligant

4.5 NAD(P)H quinone oxidoreductase activity

The results of the present study showed no statlstifferences in the NAD(P)H quinone oxidoredsetactivities
between pesticide-treated groups and the contiidieugh a possibility exists for formation of quimsiike
structures during metabolism of carbaryl becaus¢éhefhydroxylated benzene rings in its structuhe, tesults
obtained with both snail species showed no evidesficaltered NAD(P)H quinone oxidoreductase activity
suggesting that the metabolic pathway of carbalygs not involve production of quinone-like intedizdes. The
results obtained suggest that NAD(P)H quinone a@doctase in the two snail species is not a ubédnharker for
oxidative stress caused by the two environmentiflifamts, carbaryl and dimethoate.

4.6 TBARS level
Lipid peroxidation is one of the most frequentlyedsindicators of the level of ROS induced damagédving
organisms. Malondialdehyde, one of the end produiclipid peroxidation is used as a biomarker afical damage
and oxidative stress, and was expressed in themretudy as thiobarbituric acid reactive substanb®rease in
levels of thiobarbituric acid reactive substancesenved was lowest in snails exposed to carbamgh tsnails
exposed to dimethoate and the highest levels abémnbituric acid reactive substances were obseiwvezhails
exposed to the mixture of carbaryl and dimethoatbath snail species. While, the enhanced activitie SOD,
CAT, GPx and GST, the antioxidant enzymatic defesgstem that scavenge toxic ROS reflect an adaptiv
mechanism within the snails, there was failurehgytbtal antioxidant defense mechanism to protectissues from
mechanical damage caused by the two pesticidesyidenced by enhanced levels thiobarbituric acattiee
substances. This failure to protect the snails mvase pronounced iHl. duryi snails which generally caused higher
levels of all antioxidants enzymes except for theels of DT diaphorase and GST activities whichea@gher inL.
natalensis when compared. duryi.

CONCLUSION

Carbaryl and/or dimethoate pesticides induced dxieastress in the two snail species as evidengethdreased
lipid peroxidation products coupled with alteredivty of antioxidant enzyme activities was obsatv& he two
pesticides though structurally different appearhi@ve similar biotransformation mechanisms whicholne

monooxyegenase system and production of free ladisaby-products that cause alterations of arttaoti enzyme
levels. Antioxidant enzymes except for NAD(P)H duie oxidoreductase in th& duryi or L. natalensis were very
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sensitive to exposure to carbaryl and/or dimethaatkéthese enzyme systems in both snail speciesfdhe have a
potential of being exploited as biomarkers of expesto carbaryl/dimethoate or pesticides with smghemical
properties.
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