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Induction of Glutathione S-transferase Activity in
Triatoma infestans
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Several synthetic pesticides and allelochemicals used toTiredbma infestansdults by topic
application showed some degree of cytosolic glutathione S-transferase (GST) induction. General in-
ducers of detoxication systems such as phenobarbital and 3-methylcholantrene topically applied on
infestangresulted in no GST induction. Meanwhile, general insecticide synergist such as piperonyl bu-
toxide (160ug/insect) increased the GST-activity in the range of 120-140%.

Insects injected with reduced glutathione (300 mg/insect) presented at the forth day elevated GST
activity.
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Insects can metabolize and thereby degrade Probably the first reports of induction in insects
toxic or otherwise detrimental chemicals for surwere those of Agosin and Dinamarca (1963) who
viving in a chemically unfriendly environment. observed the phenomenonTiriatoma infestans
While all insects probably possess detoxicative ca blood-sucking insect, when this species was
pacity, the amount can be expected to vary amongeated with DDT [1,1,1-trichloro-2,2-bis(4-
species, with developmental stage, and with thehlorophenyl)ethane]. They found that DDT in-
nature of insect’s recent environment. Variation ireased the level of nicotinamide adenine dinucle-
this activity is responsible, at least in part, for thetide phosphate (NADP), which is an important
selective toxicity of insecticides, the developmentofactor in microsomal oxidation. Later, they
of resistance to insecticides, and the selection showed that the increased level of NADP follow-
host plants. Detoxication in insects studies haviag DDT treatment resulted from increased activ-
revealed that further versatility in the adaptatiority of NAD-kinase. In 1969, Agosin et al. demon-
of insects to environment is provided by the phestrated that DDT metabolism was indeed more
nomenon of induction. rapid in treated insects.

This is the process in which a chemical stimu- These workers suggested that, since DDT is
lus enhances the activity of the detoxication sysnetabolized in some species by microsomal oxi-
tem by the production of additional enzymes. Theases its induction might be related to DDT resis-
induction of detoxication systems is not limited tatance.
insects, actually, the insects’s detoxication systems It is clear from years of study of resistance to
are similar to those of more evolved animals. Fulinsecticides in various species of insects that the
thermore, many chemicals that induce these emost important factor in the insect’s defensive sys-
zymes in mammals are also active in insects. tem is an increased capacity to detoxify the insec-

Evidence shows that the enzymes involved iticide, most likely as a result of the production of
detoxication activity are adaptive in nature, i.e.additional enzymes of detoxicati@Byvanen et al.
they are regulated. 1996).

Glutathione S-transferases (GST) are one of the
most general and efficient xenobiotic detoxication
systems in all animals (O’Brien & Tew 1996, Sivori

. I : . . et al. 1997)In insects GST have been induced and
This investigation received financial support from.

UNDP/World Bank WHO Special Programme for Re-’S becombm? r%cogn!zeq for t]tu_alr mporéance n
search and Trainning in Tropical Diseases, and from tHf€ Metabolic detoxication of insecticides (Yu
Consejo Nacional de Investigaciones Cientificas y996), of allelochemicals from host plants (Yu

Técnicas de la Argentina. 1993, Wadleigh 1988), in protecting insects from
*Corresponding author. Fax: +54-1-7095334 the toxic effects of active oxygen species (Ahmad
Received 10 April 1997 & Pardini 1990, Parkes et al. 1993, Zaman et al.

Accepted 7 July 1997 1994, Hodnick et al. 199@)nd for the practical



798 Induction of GST Activity in T. infestans * JL Sivori et al.

role of GST induction in turning on the detoxify-  Determination of enzyme activitg>ST activ-
ing enzymes enhancing the defense machinernyy was assayed using the procedure described by
speeding the development of resistance and cau$abig et al. (1974) using CDNB as substrate,
ing cross-tolerance to other pesticides (Anspauafitraviolet (UV) semi microcuvettes (4 ml) (Fisher
et al. 1994, Hinkle et al. 1995, Carlini et al. 1995)Scientific) by sequential addition of 0.1M phos-
Searching selective insecticide synergists fophate buffer pH 6.5 (1.78 ml), enzyme prepara-
chemical control of Triatominae, we have studiedion as above (0.1 ml), 50 mM of reduced GSH
the distribution and properties of GST from solution in buffer (0.1 ml) and 50 mM CDNB so-
infestangWood et al. 1986a) and have found natulution in acetonitrile (0.02 ml) (2 ml final volume
ral products of flavonoid type such as gossypol anaf the routine incubation mixture). Enzyme activ-
guercetin and some triphenylmethane dyes (Thyty was determined by continuously monitoring the
mol blue) capable of inhibitiniy vitro T. infestans change in absorbance at 340 nm for 3 min at 25°C
GST (Wood et al. 1990). Currently we have studwith a Shimadzu UV-160 spectrophotometer .
ied the mechanism of synergism of fenitrothion due Treatment with GST-inducer candidates - T.
to GST inhibitors inT. infestangSivori 1993). infestansmales (160-180 mg) were topically
In the present paper, we attempted an initiateated with acetonic solutions of different chemi-
study onT. infestansSST induction because of its cals and kept individually in separate vials for 24
importance in the chemical control national camhr at 30°C and 50-60% RH. Homogenates (as de-
paigns of the main vector of the major endemiscribed) were performed in pools of 5 insects and
disease in Argentina (Chagas disease). every enzyme activity determination was the av-
To the best of our knowledge this is the firserage of 3 independent pools of 5 insects.
study to demonstrate that GST induction is fea- RESULTS

sible in Hemiptera (Reduviidae) specially in vec- . o
tors of Chagas disease. Table | shows that some synthetic pesticides

had induction effect on GST activity from
MATERIALS AND METHODS infestansadults. The organochlorinated insecticide
Chemicals -1-chloro-2,4-dinitrobenzene DDT and the phenoxyacetic herbicide 2,4-D pre-
(CDNB) was obtained from Janssen Chemicakented only a moderate enhancing effect of GST
Beerse, Belgium. All other reagents were puractivity. The organophosphorus (OP) insecticide
chased from Sigma Chemical Co., USA. dioxabenzofos (Salithion) and the pyrethroid
Insecticides BDDT was from a Pesticide Stan-tetramethrin instead showed a significant increase
dard Kit (Analabs, USA). 2,4-D (2,4-dichlorophe-in GST activity in terms of specific enzyme activ-
noxyacetic acid) was a gift from Companiaty. Fenitrothion and malathion (OP-insecticides)
Quimica (Argentina). Malathion [S-1,2-bisyielded an intermediate inductive effect.
(ethoxycarbony)ethyl O,0O-dimethyl phosphoro- The effect of allelochemicals oh infestans
thioate] was from Cyanamid (Argentina). Dioxa-
benzofos(2-methoxy-4H-1,3,2-benzodiox-
aphosphinine-2-sulfide), fenitrothion (O,0-dim- TABLE |
ethyl O-4-nitro-m-tolyl phosphorothioate) and
tetramethrin (3,4,5,6-tetrahydrophthalimidome-
thyl-cis,trans-chrysantemate) were gifts from

Effect of pesticides offiriatoma infestansytosolic
glutathione S-transferase activity

Sumitomo (Japan). Treatment Dose GST fachivity1 % of control
Biological material - T. infestansvere ob- (Hg/insect) umol mim“mg™)

tained from a colony maintained in our laboratorControl 0 32+3 100

at 30°C and 50-60% RH over a period of 25 yeatspT 150 30+ 3 122

(Wood et al. 1975). The experimental work Wagenitrothion 0.5 47 +3 146

done onT. infestansnales, 12-14 days old (160- \;41athion 05 44 + 4 1498

180 mg body weight), fasted for two weeks. Salithion 0125 56 + 4 179
Enzyme preparationAdult T. infestangasted hri ' 0+ 4 187

for 15 days, without digestive system and head etramethrin 0.35 60+

were homogenized in distilled water, centrifuged?”4 b 160 362 114

at 10,000 x g for 30 min. The obtained supernataitata represent average of 3 independent pools of 5

was the source for GST activity. insects each. Values are expressed as mean + standard
Protein concentration Protein concentrations deviation. GST: glutathione S-transferase; DDT: 1,1,1-

in the homogenates were determined by the meth#dchloro-2,2-di(chlorophenyl)ethane; 2,4 D: 2,4-

of Lowry et al. (1951). Bovine serum albumin waglichlorophenoxy acetic acidy: 2 consecutive topic
used as a standard. applications (24 hr apart); p < 0.05 {test).
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cytosolic GST activity is shown in Table II. Fla- ergist piperonyl butoxide topically applied (166
vone, the parent substance of all flavonoids, caus@tsect) onT. infestansnales produced 24 hr later
almost no increase im. infestansGST activity. an increase in GST activity in the range of 120%-
Quercetin and gossypol are related compound$40% on the control of untreated insects (Table
both are natural products from the flavonoid groug)l).

that showed to be active in diminishing the GST Exposure to solvents such as ethanol or phorone
activity of T. infestansThe plant substances in-showed no induction, furthermore a mild but a
dole-3-carbinol (I-3-C) and indole-3-acetonitrile (I-significative GST inhibition (40%) was obtained
3-A) increased the GST activity being the formexwhen 0.89ug phorone/insect was topically applied
one the most active as an inducer. onT. infestanadults (Table V).

When general inducers of detoxication systems Injected adults with il of a 10% glutathione
were assayed, such as phenobarbitone or @5SH) solution in water showed after 4 days an
methylcholantrene, resulted in no GST inductioincrease in GST activity of 300% comparing to
in T. infestangTable III). control (Table V).

On the other hand, the general insecticide syn-

TABLE IV
Effect of solvents and reduced glutathione on
TABLE Il Triatoma infestansytosolic glutathione S-transferase
Effects of allelochemicals ofriatoma infestans activity
cytosolic glutathione S-transferase activity Treatment Dose GST activity % of control
Treatment  Dose GST activity % of control (Hgfinsect) (imol min'mg™)
(ug/insect) fimol mirrimg?) Control 0 32+3 100
Control 0 32+3 100 Ethanol 0.89 33+2 100
Phorone 0.89 19+3 60
carbinol glutathione
(1-3-C) (GSH)
Indole-3- 20 372 116 Data represent average of 3 independent pools of 5
aceto-nitrilo insects each. Values are expressed as mean + standard
(1-3-A) deviation. GST: glutathione S-transferase;i.c.
Flavone 20 35+ 2 109 (|ntracellomat|c) injection of @l of a 10 % GSH solution
. b: determined 4 days later; c: p< 0.0%€st).
Quercetin 20 15+ 3 &y ! ys p< 0.0%6s1)
Gossypol 20 25+3 ]
Data represent average of 3 independent pools of 5
insects each. Values are expressed as mean * standard DISCUSSION
deviation. GST: glutathione S-transferaaep< 0.05 ¢ GST (E.C.2.5.1.18) are a group of multifunc-
test). tional proteins serving several roles in detoxica-
TABLE Il tion. Distribution of GSTs is known to be wide-

spread in nature and there is no question about the
importance of these enzyme systems for they are
essential in explaining selective toxicity and resis-

Effects of laboratory inducers and synergists on
Triatoma infestansytosolic glutathione S-transferase

actvity tance mechanism among various organisms. The
Treatment ~ Dose GST acivity - % of controldetoxication function of these enzymes may
(hgfinsect)  {imol min“mg™) achieve a particular significance in the insect world
Control 0 32+3 100 by contributing to the development of resistance
Phenobarbitone 350 36+3 112  toinsecticides by catalyzing their degradation (Yu
3 -methyl- 350 35+ 2 109 1996). In an earlier publication (Wood et al. 1986b)
cholantrene the hemolymph fron. infestansvas shown to be
Piperonyl 160 40 + 2 195 capable of rendering aqueous metabolites of par-

athion when incubated in the presence of reduced
: GSH. Then, the citosolic GST from infestans
Data represent average of 3 independent pools ofdhowed to play an important role in metabolizing
insects each. Values are expressed as mean + stan -organophosphorus insecticides (Wood et al.

deviation. GST: glutathione S-transferaaep< 0.05 { 1986a). In the way of studying the regulation of
test). )

butoxide
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this key metabolic system we have started studpf GST activity (114%).
ing the inhibition of thdl. infestansGST activity Studies on phytophagous insects showed that
(Wood et al. 1990, Sivori et al. 1997) and finallydiet may have a major effect on the synthesis of
in the present work we are focussed in describingST. GSTs have been induced by numerous
the action of several inducers of the GST activitxenobiotics, among them the naturally ocurring
in T. infestans chemicals from host plants (Umbellifers and Cru-
The relevance of potential induction of bio-cifers) and allelochemicals (furanocoumarins, in-
chemical defenses, specially GST,Tininfestans doles and flavonoids) are the most potent inducers
is a matter of economy and public health. of the enzymesGSTs have also been implicated
DDT exposure have been demonstrated to eim the resistance to insecticides and allelochemicals
hance mixed function oxidases (MFO) Tn ininsects. The high GST activity found in insecti-
infestansin the 60’s by Agosin and Dinamarcacide resistance in insects was associated with in-
(1963) and Agosin et al. (1969). DDT was alsareased level of specific mMRNA (Yu 1996). The
found to be most active in causing GST activitymicrosomal epoxidase and GST in Lepidoptera
induction (150%) inrMusca domesticfHayaoka (Diamondblack moth larvae) were induced by cru-
& Dauterman 1982)n T. infestansve found that ciferous host plants such as cabbage and their
DDT topical application produced a mild increasallelochemicals (Yu 1993). Furthermore, three
in GST activity (122%) that may be responsibld_epidoptera species were able to metabolize
for certain insecticide tolerance. benzylthiocyanate (allelochemical) using larvae
OP insecticides have been used in Argentimnidgut soluble fraction as the enzyme source of
ian National Campaigns for vector control ofGST and this enzyme activity was inducible by
Chagas disease during the 70’s and mid 80’s. Thedietary indole 3-carbinol (I-3-C) (found in crucif-
insecticides are known to be metabolized by GSErous vegetables), indole-3-acetonitrile (I-3-A),
furthermore cases of insecticide resistance due flavone and xanthotoxin (Wadleigh 1988jow-
enhanced GST activity have been reportedver, topical single application of I-3-A or flavone
(Oppenoorth et al. 1979, Carlini et al. 1995did not produce any significant increase in GST
Syvanen et al. 1996)Ve were able to demonstrateactivity of T. infestansOn the other hand, 1-3-C
in T. infestanghat a single dose of topically ap-was the major inducer among the naturally ocurring
plied malathion produced 138% increase in GStandidates assayedininfestang142%). Natural
activity. Additionally, salithion in two consecutive compounds from the flavonoid group such as quer-
topication (24 hr apart) yielded an increase of 173%etin or gossypol in non-lethal topical applications
of GST activity. Yadwad (1988) studied theshowed GST activity inhibition rather than induc-
fenitrothion effect in the castor semilooperhae tion (Wood et al 1990).
janata(Lepidoptera, Noctuidae). GST activity was Quercetin, myricetin, quercetagetin and
determined iPA. janataduring larval, pupal and delphinidin are flavonoids that act in insects mito-
adult stages following treatment with sublethal andhondrial respiration and can generate reactive
lethal doses of fenitrothion. Both doses of insectiexygen species (ROS) during autooxidation or
cide produced significant induction of enzyme aceyanide-induced oxygen consumption vitro.
tivity. The rate of induction was not significantly Resistant species towards the acute toxicity of quer-
different between insects that received sublethaktin paralleled the endogenous activities of anti-
and lethal doses of insecticides. Larvae treated witixidants enzymes (Hodnick et al. 1996). The anti-
sodium barbitone along with fenitrothion, delayeddxidant enzymatic defence of insects consist of
the knockdown effect of the insecticide attributsuperoxide dismutase (SOD), catalase (CAT), glu-
able to the increased induction of GST activity. Ifathione reductase (GR), GST and its peroxidase
T. infestans fenitrothion non-lethal dose producedactivity (GSTpx). Unlike mammalian species, in-
146% augmentation of GST activity. sects possess very low levels of a glutathione per-
Tetramethrin is one of the least active pyretroidexidase (GPOX)-like activity toward J@, (sele-
in T. infestans(LD50 > 500ug/g), meanwhile nium-dependent GPOX found in mammals). How-
deltamethrin toxicity is LD50= 0.8g/g (Casabé ever, the activity of selenium-independent GSTpox
et al. 1988) when adults were topicated with sub-s unusually high in insects, suggesting that it plays
lethal dose showed a significant increase of GS3 prominent role in scavenging deleterious lipid
activity (187%). peroxides (LOOHs) (Ahmad & Pardini 1990).
The 2,4-D herbicide showed an inhibitory acMercury also induces oxidative stress in insects as
tion (lso < 5 M) in GST from human and rat it does in vertebrates and provoques induction of
erythrocytes (Vessey & Boyer 1984, Singh &antioxidant enzyme levels: GSTpox, SOD, GR,
Awasthi 1985). However, ifl. infestanstopical CAT in M. domesticaand in Trichoplusia ni.
application of 2,4-D produced a mild enhancemer{Zaman et al. 1994)
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Laboratory studies have been carried out witphorone (industrial solvent known to deplete GSH
a number of inducers unlikely to be encounteredontent) produced a significant inhibition of GST-
in the field. T. infestansGST-activity was unre- activity of T. infestansnstead.
sponsive to phenobarbital administration either In contrast, when adult males were injected
topically applied or orally administered using arintracelomatically with massive but still non-lethal
artificial feeder for hematophagous insebiso-  dose of GSH in the fourth day after injection the
phila melanogasteGST activity has been reportedinsects showed a maximum increase of GST-ac-
also to be unresponsive to phenobarbital adminisivity. This fact suggests that reduced glutathione
tration (Cochrane & Leblanc 1986Recently, inamassive dose could trigger the synthesis of the
Borgeraas et al. (1996) reported in the earthwor@nzyme (GST).
genusEiseniathat exposure of speci&s andrei These experiments constitute the grounds of
and E. venetato trans-stilbene oxide, 3- future studies on GST-activity regulation in Chagas
methylcholantrene and phenobarbital for thredisease vectors for the potential relevance that this
weeks did not elevate the activity of GST measeetoxication pathway may have in the results of
sured with CDNB and ethacrynic acid (ETHA) aschemical control actions.
substrates. Although relatively little attention has been paid

On the other hand, iM. domesticgphenobar- to the effects of non-lethal doses of insecticides on
bital has been found to be an effective inducer d&ST regulation ifil. infestansave have proposed
GST activity (Ottea & Plapp 1981) andicilia  to evaluate the GST activity of survivors in field
cuprinaresponds to phenobarbital with a 3-4 timesrials. The insecticide treatments aftermath should
induction of activity with respect to CDNB and be necessary to survey in future efficient chemical
3,4-dichloronitrobenzene (DCNB) (Kotze & Rosecontrol campaigns.
1987).
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