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ABSTRACT

This work aimed to evaluate the toxicity of somsedticides compounds dkedes aegyptand Artemia salina
larvae. Bioassays were carried out to evaluate tilndc effect after of 24 and 72 h using the compsuar
associations. The Lg LCso and LGq values were obtained and utilized for toxicity pamations. ForAe. aegypti
LCso Were 32.65 mgLin 24 h for Ng[EDTA-Cu(ll)] and total mortality in 72 h for SAP&{EDTA-Cu(ll)].
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INTRODUCTION spread of the disease and in eliminating the
vectors, the outbreaks are still frequent in urban
Dengue fever, vyellow fever and dengueareas. Besides the uncontrolled urbanization and
hemorrhagic fever are virus infectious diseasesoncurrent population growth, the outbreaks are
transmitted to humans by the mosquibedes mostly caused by factors related to the mosquito’s
aegyptj and is a public health problem of greatbiology, behavior and climate change (WHO
concern in tropical and subtropical areas (WHG004; WHO 2007b). Primary prevention of dengue
2008; WHO 2007a; WHO 2007b). According to amainly resides in eliminating or reducing the
report from the World Health Organization aboutmosquito using synthetic pesticides such as
1.3 billion people are under the risk of beingTemephdsMalathion or Fenitrothionand others.
affected by these diseases (WHO 1997; 208@). However, this ongoing strategy of control has
aegyptiis the most important vector of the fourshown an increase in resistant mosquitoes (WHO
virus serotypes DENV — 1 to 4 involved in dengue2001). Due to the gravity of the epidemic
fever outbreaks in tropical region (WHO 2004).outbreaks year after year, studies have been
Despite the progress achieved in reducing theeveloped to identify natural and/or chemical
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actives compounds and/or microorganism teshown an influence of metal ions on protein
formulate more effective products for the humaroligomerization. In addition, Cu(ll) induces the
being and environmental security (Autran et alinhibition of both ureolytic and insecticidal
2008; Sa et al. 2008; de Omena et al. 2007). activities of JBU (Follmer and Carlini 2005).

Plants produce dynamic and complex defens®ther studies using mixtures and combination of
mechanisms including enzymes to avoid the insegtesticides and metal ions showed synergistic lethal
damages. One compound used in the plant defensects in the marine microcrustaceaigriopus
systems is a trypsin inhibitor, which reduces thérevicornis (Miller). Using sublethals levels, the
activity of trypsin and other proteases. Thereforepresence of metal ions enhances the inhibitory
it reduces the amino acid bioavailability in manyeffects of the insecticides (Forget et al. 2005).
organisms, including humans (Becker-Ritt et alRayms-Keller et al. (1998) evaluated the effect of
2004). This kind of inhibitors are mainly found in heavy metals orAe. aegypti(Culicidae) larvae.
the seeds and grains of leguminous plants arstudies were conducted to determine the
besides their importance to human nutrition, thepiological effects of heavy metals on the
modulate process into and out of the cell, interferdevelopment ofe. aegyptiEmbryos immersed in
with the storage of nitrogen and act as defensg2 ppm Cu(ll) or 5 ppm Cd(ll) did not hatch. The
compounds against herbivorous, pests, parasitasrest of hatching was in part reversible by the
and pathogens (Vasconcelos et al. 1994; Carlimemoval of the heavy metals. The mortality rate of
and Grossi-de-As 2002; Follmer and Carlinithird-instar larvae exposed to heavy metals for 24
2005). These inhibitors have also been related with was metal- and dose- dependent; the 50% lethal
other biological activities such as the control ofconcentration (L&) endpoints were 3.1, 16.5, and
proteolysisin vitro cell cultures (Clawson 1996) 33 ppm for Hg(ll), Cd(l), and Cu(ll),
and reduction of carcinogenic processes (Kennedgspectively. Interestingly, a proportion dfe.
1995 and 1998; Kobayashi et al. 2004). aegyptithird-instar larvae exposed to either Cu(ll)
There are four commercial sources of trypsiror Cd(ll) for 24 h failed to produce a dissectable
inhibitors with different molecular weight and peritrophic matrix. This failure to produce a
inhibitory power (times weight): Lima beans (8-10dissectable peritrophic matrix also was metal- and
kDa; 2.2); Bovine pancreas (6.5 kDa; 2.5),dose-dependent. These results have been discussed
ovomucoid (8-10 kDa; 1.2) and soybeans (20.7 in the context ofAe. aegyptas a model system for
22.3 kDa; 1.2). Soybeans contain severahvestigating the molecular biological effects of
inhibitors, but the Kunitz inhibitor (STI) is heavy metals in aquatic insects. Servia et al.
considered to be the primary one. All of them(2006) demonstrated that when spiked in
inhibit the chymotrypsin to a lesser extentsediments, Cu(ll) was known to reduce the growth
compared to trypsin and the Kunitz inhibitor hasof Chironomus ripariudarvae and the production
been shown to be the best pancreatic inhibitasf eggs by the adult female€. riparius larvae
(Carlini and Grosso-de-As 2002; Becker-Ritt et alwere exposed to hominal concentrations of copper
2004). Soybear@lycine maxL) Merril) seeds are of 0, 6.5, 12.5, 25 and 50 mg:kgf dry sediment
known to contain different proteins displaying(silica). The increase in the concentration of
nutritional, antinutritional and/or toxic effects, copper resulted in an increasing delay in larval
such as soybean agglutinin  (as  N-growth in both the sexes. Desynchronized
acetylgalactosamine-specific lectin), proteinasélevelopment was observed, as shown by the
inhibitors (Kunitz and Bowman-Birk type's increase in the number of individuals that
trypsin and chymotrypsin inhibitors) and ureaseemained in the third instar or early phases of the
(seed and tissue isoforms). Two other toxidourth instar, as well as by a reduction in age of
proteins were previously isolated from soybeanmales. Concerning the energy reserves, the levels
soyatoxin (21 kDa) (Vasconcelos et al. 1994) andf sugars (glycogen, trehalose and glucose) in the
soybean toxin (18.4 kDa) which weredissected larvae remained almost constant among
immunologically related to canatoxin, a toxiclevels of exposure. In contrast, at the highest
protein from Canavalia ensiformis(jackbean) copper concentration (50 mgRg triglyceride
seeds (Becker-Ritt et al. 2004). Aggregation ofevels suffered a slight reduction whereas thelleve
jackbean urease (JBU) is associated with thef free glycerol significantly increased. It was
alterations of its biological properties, notaldfyet concluded that the selection Gf riparius larvae
ureolytic and entomotoxic activities. Studies havdor both sex and age improved the relevance of
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some energy-yielding substrates such as theactionation, heat treatment, and various
indicators of adverse physiological effects ofchromatographic techniques, plus non-denaturing
copper in free form and as complexes. electrophoresis. Northermnalysis showed the
Many studies have reported toxic and carcinogeniactive transcription of the enzyme in larvaed
effects induced when humans and animals ameveloping eggs. Substrate specificity analysis of
exposed to certain metals. It is also known thahis mosquitadransaminase demonstrated that the
several essential transition metals, such as zinenzyme was active with 3-HKkynurenine, or
iron, copper, cobalt and manganese participate @anine substrates. The biochemical characteristics
the control of various metabolic and signalingof the enzyme in conjunction withe profiles of
pathways. However, their rich coordination3-HK transaminase activity and XA accumulation
chemistry and redox properties allow them taduring mosquito development clearly pointed out
escape the control mechanism such ais physiologicalfunction in the 3-HK to XA
homeostasis, transport, compartmentalization anghthway. The results of the study suggested that
binding to designated tissue and cell constituentthe mosquito transaminase was evolved in a
The breakdown of these mechanisms can lead toanner precisely reflectinghe physiological
the binding of the metal ions to the proteins otherequirement of detoxifying 3-HK produced time
than those tailored for that purpose ortryptophan oxidation pathway in thesquito.
displacement of others metal ions from theirAminopolycarboxylic acids, which include
natural binding sites. An increasing set of dat@thylenediaminetetraacetic acid (EDTA), nitrilo-
provides evidence that toxic and carcinogenitriacetic acid (NTA), diethylene-triamine-
metals are capable to interact with nuclear preteirpentaacetic acid (DTPA), 1.3-propylene-diamine-
and DNA causing oxidative deterioration oftetraacetic acid (1.3-PDTA}-alaninediacetic acid
biological macromolecules (Valko et al. 2005).(F-ADA), and methylglycinediacetic  acid
The oxidative nature of metal-induced genotoxXigMGDA), constitute a class of complexing agents
damage has been provided by the detailed studigisat occur in a wide range of domestic products
showing that metals (iron, copper, cadmiumand that are used intensively as metal sequestrants
chromium, mercury, nickel, vanadium, cobalt andn several industrial applications. Because they ar
others) possess the ability to produce the reactivighly polar and partially nondegradable,
radicals resulting in DNA damage, lipid aminopolycarboxylates are released into the
peroxidation, depletetion of protein sulfhdryls andaquatic environment in significant quantities,
others effects. Reactive radical species include @ainly via wastewater. This review summarizes
wide range of oxygen-, carbon-, sulfur-radicalsthe available data and information on the
originating from superoxide, hydrogen peroxideeutrophication potential and toxicity  of
and lipid peroxides. The toxic effects of metaldon aminopolycarboxylates to a multitude of aquatic
include  hepatotoxicity,  neurotoxicity = and organisms including vertebrates, invertebrates,
nephrotoxicity (Stohs and Bagchi 1995). Yasuke edlgae, bacteria, and protozoa. The ecotoxic effects
al. (1995) showed that metal-mediated oxidativeyf aminopolycarboxylates are dependent on their
damage to cellular and isolated DNA by certainspeciation that is on their presence in a free or a
tryptophan metabolites. These results suggestefletal-complexed form. Aminopolycarboxylate
that in the presence of Mn(ll) or Cu(ll), thesetoxicity is influenced by water hardness, chemical
tryptophan metabolitgsroduced HO, and/or free gpeciation, and pH (Carsten and Schmidt 2004).
radicals which were activated by the transitionThe objective of this work was to evaluate the
metal ion to causdamage to DNA, both in the toxicity of salts Co(ll), Ni(ll) and Cu(ll), STI
case of isolated DNA and cultureells. (soybean trypsin inhibitor, Kunitz type; 20.7 kDa),
A probable detoxification protein ike. aegypti Na[EDTA-Cu(ll)] and sodium acrylic polymer
was identified by Qian et al (2002), which(SAP) onAe. aegyptiand A. salinalarvae. New
described the functional characterization of a&ctives were evaluated in a different way from
specific mosquito transaminase (42.5 kDagynthetic pesticides (organochlorides,
SDS/PAGE) responsible for catalyzing theorganophosphorates, carbamates, and pyrethroids)
transaminatiorof 3-hydroxykynurenine (3-HK) to which owns toxicity based on the inhibition and/or
xanthurenic acid (XA). The enzynveas purified neurotoxicity. The new actives produce the death
from Ae. aegyptilarvae by ammonium sulfate of the insect by physical damages disorganizing
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the perithrophic matrix in the digestive system ohegative control and 0.25 mg fIRotenone was
the insect through the production of free radicalised as a positive control. The cytotoxic assay was
and/or the oxidizing species. This wau(ll) and carried out with larvae of the micro crustacéan
Na[EDTA-Cu(ll)] were proposed as actives salina (brine shrimp) from the "2instar obtained
larvicides, supported in acrylic polymer to slowby successive emerging, with partial light and
the release and persistent of active in théemperature between 22 and °@5 The
reproduction microenvironment for the preliminary assays were undertaken in triplicates
reproductive control of thAe. aegypti realized in different days with the following
concentrations of salts, M&DTA and STI (the
concentrations are missing) in four replicates. The
MATERIALS AND METHODS mortality was determined after 24 and 72 h of
exposition of the larvae to the solution to beddst
Co(ll), Ni(ll) and Cu(ll) salts were purchased| arvae which showed no movement after stimulus
from Synth/ACS, Brazil and DMSO from Carlos with a Pasteur pipette were considered dead. The
Erba, Italy. EDTA dissodium salt was from experimental design was completely randomized.
Merck, Germany and the Trypsin inhibitor type I-|.C,,, LCs, and LG, were determined according
S (Kunitz type) from soybean and the acrylicto Probist (McLaughlin 1991) with 95%
polymers were from Sigma-Aldrich Co, St. Louis,confidence intervalsThe bioassays for LC were
Mo, USA). All chemicals were of reagent grade. realized toA. salinawith metals ions, EDTA, ST,
SAP-Cu(ll), Na[EDTA-Cu(ll)], and SAP-
Bioassays withAe. aegypti and A. salina Na[EDTA-Cu(ll)l. However, the lethal
The toxicity assays were carried out wike. concentrations could not be calculated for SAP-
aegypti third-instar (8) larvae from the eggs cu(ll) and SAP-NgEDTA-Cu(ll)] due to the
collected after 2 to 3 months and kept with b|00dncrease of the Viscosity from the water
feeding at 25-3 with pH being near to acidic to enviroment, salinity change and the indisposition
neutrality. Hydrated salts of Co(NJR6HO, of the water by the acrylic polymer which possibly

Ni(NO3)..6H,0 and CuSQ5H0, acrylic polymer  contributed to the total mortality . salina
(SAP), NaeDTA, STI, and their combinations

were dissolved in aqueous dimethyl sulfoxide

(DMSO) (0.1 mg [*) in a final concentration of RESULTS AND DISCUSSION

1.0, 0.5, 0.25, 0.125, 0.062, 0.030 and 0.015 mg

mL™. The larvae were picked up with a disposabl@he bioassays of the isolated and combinations of
Pasteur pipette and put on a nylon frame to remov@mpounds were performed. The isolated
the excess of water. Then 25 larvae wereompounds and their combinations resulted in
distributed in 25 mL of each solution to be testedsignificant differences in mortality oke. aegypti

A solution of 0.1 mg [! DMSO was used as a andA. salinalarvae (Table 1).

Table 1 - Lethal Concentration (LC; mg) for mortality of 10%, 50% and 90% éfedes aegyp8" instar larvae
and Artemia salina2" instar larvae treated with salts of metals ion®TE, STI, EDTA — Me(ll), and acrylic
polymer (SAP)

Ae. aegyptimg.L?) A. salina(mg.LY)
Treatments LCyo LCs LCq LCqo LCs LCq
Co(ll) 0.00 0.00 0.00 0.00 0.00 0.00
Ni(ll) 0.00 0.00 0.00 0.00 0.00 0.00
cu(ll) 5.45 182.05 541.24 *) *) *)
Coll plus Ni(ll) plus Cu(ll) *) *) *) 7.69 52.22 354.51
Na,EDTA 0.00 0.00 0.00 8.22 623.61 1,759.67
STI 0.00 0.00 0.00 1.69 283.15 1.132.57
Nay[EDTA-Cu(ll)] 5.26 32.65 127.50 37.17  73.20 144.16
Na,EDTA plus STI 0.00 0.00 0.00 0.00 0.00 0.00
STI plus Na[EDTA-Cu(ll)] *) *) *) 2084  64.21 138.18
SAP plus Cu(ll) (**) (**) (**) (**) (**) (**)
SAP plus NJEDTA-Cu(ll)] (**) (**) (**) (**) (**) (**)

Bioassays in triplicatsamples on random analys{¥) Total mortality in 24 hours; (0.00) Absent nlity in 24 hours;(**) for
SAP-Cu(ll) and SAP-NEEDTA-Cu(Il)] minor concentration tested of 62.5ppwith total mortality until 72 hours.
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Metals ions Co(ll), Ni(ll), NgEDTA and STI, as consequently, the lethality for thAe. aegypti
well as the combination of N@DTA and STl had larvae.

no toxic effect on the larvae &e. aegypti(see Another interesting aspect of the study was that
Table 1). In additionA. salinalarvae were not Cu(ll) presented the most toxicity for thée.
affected by the treatment with isolated Co(ll),aegypti(575.75 mg.L%; LCqo), compared to Co(ll)
Ni(ll), and a combination of NEDTA and STI. and Ni(ll) in the bioassays. The combination of the
The concentrations observed to reachyldGr A.  Cu(ll) with NaqEDTA producing the metal chelate
salina were low, with the exception of isolated Na[EDTA-Cu(ll)] reduced the lethal
Na,EDTA and STI. This result was expected dueconcentration (increase of the toxicity) to the
the mitotic phase of this brine shrimp and/or inarvae of theAe. aegypti of Cu(ll) from 541.24
cases, in which the alkali salt NDTA was mg.L* (LCq) to 127.50 mg.l! (LCs)) for
present, toxic effects were most often related tdla[EDTA-Cu(ll)], which meant that the average
metal deficiencies caused by the complexation ofkas almost five(5x) times, considering the toxic
essential trace elements and/or protease-inhibitoc®ncentrations of the salts Cu(ll) and,MDTA-
(STI) completely inhibited the proteases activity.Cu(ll)] to reach LG, and LG.

These results together with previous data showinghe metal chelate NEDTA-Cu(ll)], apparently
Cu(ll) and Hg(ll) to be potent inhibitors of the become more toxic because of the inversion of the
enzyme suggested that tAecytosol protease was positive charge(+) from the free metal ion to the
a thiol protease. The cytosol protease in artemiaegative charge(-) of the chelate and the presence
plays a central role in yolk platelet utilizationda of the hydrophilic cover by the EDTA molecule,
protein  synthesis regulation during theprobably due to its own higher capability to
development (Warner and Shridhar 1980; Warnearansport the complex metal ion and the cellular
and Shridhar 1985). permeation, inducing a greater metabolic activity
The combination of N&EDTA and STI with in the production of free radicals and the damages
metals ions seemed to reduce the toxic effedi.on through the metabolic stress in the organism of the
salina (61.24 mg.[', LCs). These results larvae. The cellular damages and the
suggested a possible use of these compoundfisaggregation of the perithrofic matrix when
complexes and combinations to control Aé. observed by histpathologicalimages were more
aegyptiand to minimize the toxic effects for nointense for theAe. aegyptiat the lower dosages
target organisms by the slow release of the activiespite the mortality was observed in a longer
metal ion or NgGEDTA-Cu(ll)] by the polymer time. This showed that the toxicity of the actives
matrix. On the other hand, the combination ofvas quite linked to the metabolism of the larvae
acrylic polymers, Na[EDTA-Cu(ll)] seemed to (results not showed).

enhance the toxic effect dxe. aegyptlarvae. The The acrylic polymer when liberating the free metal
polymeric matrix may contain the actives in theion Cu(ll) or metal chelate NEDTA-Cu(ll)]
encapsulated form, protecting the contact with nincreased gradually the capability of retention of
target organisms and liberating the actives in enolecules of water and the viscosity of the
controlled way for the water and aquaticenvironment making it inadequate for the
environment that constitutes the reproduction wayeproduction and resulting the mobility of tAe.

of the Ae. aegyptilt's interesting to note that the aegypti larvae and theA. salina more difficult.
slow release depends on the concentration and tfilis change in viscosity also caused stress to the
temperature. The concentration in the liquidorganism in the reproduction environment and
environment is kept according to the temperatureould contribute to its mortality and a higher
and this higher concentration of actives will beingestion of the actives. This physical difficulty
coincident with the peeks of reproduction and thémposed to the larvae, after the exhausting of the
cycles of reproduction of thé\e. aegyptithat actives, might still be used with advantage for the
usually occurs in the environments of highcontrol of insects that needed the liquid
humidity and temperatures. This way, the higheenvironment for their reproduction, such As.

the environmental temperature, the higher will beegypti

the liberation of the encapsulated actives and
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CONCLUSION southern region of Brazild. Sci. Food Agric.84,
263-270.

The results suggested the use of free metal idr@/lini: C. R. and Grossi-de-As, M. F. (2002), Rlan
Cu(ll), metal chelate NEEDTA-Cu(ll)] and slow toxic proteins with insecticidal properties. A rewi

release matrix SAP-NEDTA-Cu(ll)]  with igltg_eigggtentlalmes as bioinsecticidd®xicon 40,

actives larvicides. The complex form couldciawson, G. A. (1996), Protease inhibitors and

enhance the toxicity of metal ion and the polymer carcinogenesis: a reviewCancer Invest. 14, 597-
matrix could condition the reproductive g08.

environment by dynamic balance temperaturebe Omena, M. C.; Navarro, D. M. A. F.; de Paul&.J.
dependent and retention of water molecules for theLuna, J. S.; Ferreira de Lima, M. R. and Sant’Aha,
control of Ae. aegypti The addition of STI (or E. G. (2007), Larvicidal activities againgtedes
other protein) to the mixture of MEDTA and aegypti of some Brazilian medicinal plant®ior.
cu(ll) apparently reduced the toxic effect an _ 16¢N-.98 2549-2556.

salina and the mixture of acrylic polymer and ~°lmer. C. and Carlini, C. R. (2005), Effect of

. chemical modification of histidines on the copper-
Na[EDTA-Cu(IT)] improved the lethal effects on induced oligomerization of jack bean urease (EC

Ae. aegyptia_md ggaranteed a per;istent effect for 3.5.1.5).Arch. Biochem. Biophys435, 15-20.

the slow liberation in the actives for somegorget, J.; Pavillon, J-F.; Beliaeff, B. and BocoéeG.
reproductive cycles of insect. The importance of (2005), Joint action of pollutant combinations
these findings for chemical control 8k. aegypti (pesticides and metals) on survival (LC50 values) a
and toxicity for non-target organism could be the Acetylcholinesterase  activity =~ of Tigriopus
choice of low costs larvicides formulation based in Brevicornis (Copepoda, Harpacticoida)Environ.
metals ions, chelates, STl and acrylic polymer Toxic. Chem.18 912-918. _

(SAP). More studies are necessary to establish tfgnnedy. A. R. (1995), The evidence for soybean
conditions of larvicidal activities, slow release o Products as cancer preventive agedtsNutri., 125

. . . (Suppl.3): 733s-743s.
actives, damages to the digestive system of tngennedy, A. R. (1998), Chemopreventive agents:

insects (histepathological analysis) and studies protease inhibitors?harmacol. Ther.78, 167-209.
about the environmental security, mainly throughkopayashi, H.; Yagyu, T.; Inagaki, K.; Kondo, T.;
the phytoremediation and solar degradation to Suzuki, M.; Kanayama, N. and Terao, T. (2004),
complex of aminopolycarboxylates. Therapeutic efficacy of once-daily oral adminidtrat
of a Kunitz-type protease inhibitor, bikunin, in a
mouse model and in human canc@ancer, 100,
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