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ABSTRACT

This study aimed to determine the effect of sudletdoses of deltamethrin, using biochemical biorasskas
activities of cholinesterase (ChE), ethoxyresor@uleethylase (EROD) and the Md- ATPase and levels of
total cytochrome P450 (CYP450). Fishes receivedesivdl doses of deltamethrin and were sacrificadra®6 h of
exposure. Samples of gills, heart, brain, liver andscle were collected for enzymatic analyses.abwlthrin
inhibited the activity of the gills and heart N&K*-ATPase, induced the liver total CYP450, as welttees liver
EROD activity. The activity of the ChE was not liteid by deltamethrin. Deltamethrin altered the digp
metabolism and the normal ionic fluxAmcistrus multispinis
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INTRODUCTION spectrum of insect pests (Villarini et al, 1998) is
deltamethrin ((8)-cyano-3-phenoxybenzyl-(1R)-
Pyrethroids are synthetic derivatives of pyrethrinscis-3-(2.2-dibromovinyl)-2,2- dimethyl

which are toxic components contained in theyclopropane carboxylate). However, its effects on
flowers of Chrysanthemum cinerariaefolium nervous, respiratory, and hematological systems in
Although synthetic pyrethroids are less persisterfishes have been reported (Ural angl/&a, 2005,

and less toxic to mammals and birds (Sayeed et &jmpéo et al, 2007).

2003), they are highly toxic to a number of nonBalint et al (1995) observed 20% decrease in
target organisms such as bees, freshwater fish andetylcholinesterase activity of brain, heart, dloo
other aquatic organisms even at very lowiver and skeletal muscle of carp after the 3 days
concentrations (Oudou et al, 2004). For thisxposure to deltamethrin. In rats, the main reactio
reason, these organisms are extremely sensitive itovolved in the metabolism of deltamethrin is ester
neurotoxic effects of pyrethroids when they reacltleavage, by CYP450 and carboxyesterase action.
surface water-courses (Bradbury and Coats 1988jetabolism in fish is largely oxidative and
Haya, 1989; Mittal et al, 1994). One of thedeficient in esterases metabolization (Demoute,
pyrethroids that has found wide acceptability and989). ATPase has been demonstrated to be one of
is extremely used in agriculture and forestrythe targets of pyrethroids. Some authors showed
because of its high activity against a broadhat ATPase including cell membrane-associated
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Na'—K* and C&Mg**-ATPase, mitochondrial doses of DM (0.3 OR 0.4 mg.Kg DLs, 96h for
Mg?*and C&"-ATPase could be inhibited by DDT deltamethrin (0.5mg.kY) was determined in the
(dichlorodiphenyltrichloroethane) and pyrethroidslaboratory in previous studies (data not published)
(Clark and Matsumura, 1987, Al-Rajhi, 1990). All the groups were kept under the same
Biomarkers are measurable response at the firekperimental conditions for 96 h. The experiment
levels of biological organization and have beenwas carried out in duplicate. Fishes were sacdfice
used to evaluate exposure to environmentand liver was removed, washed with saline
pollutants (Walker et al 1996, Pikkarainen, 2006)solution and immediately frozen in liquid nitrogen.
Standardization of biomarkers for detection ofThe heart, gills, brain, muscle were also taken and
sublethal effects in native species, such affozen (-70 C) for enzymatic analysis
Ancistrus multispinisunder laboratory conditions
enable the biomonitoring in natural conditions inBiochemical Assays
order to detect the pollution interferences inyearl Axial muscle samples (200-300 mg) were
stages of interaction with the environmenthomogenized in Potter-Elvejhem in 2ml phosphate
Ancistrus multispinigRegan, 1912) (Siluriformes, buffer (0.1M, pH7.5). Homogenates were
Loricariidae) (cascudo) is a fresh-water fish, veti centrifuged for 10 minutes at 10,000gxat 4C.
to the southern region of Brazil. It was chosem foMuscle cholinesterase activity was analyzed by
this study due to its detritivorous habit, meaningellman et al (1961) method, adapted for
that the fish has been in contact with xenobioticanicroplate by Silva de Assis (1998). For the
such as deltamethrin that interact with algae frorNa’K*-ATPase activity, left gills filaments, heart
stone or sediment and also for its tolerance tand brain were homogenized in buffer pH 7.4 (0.3
hypoxia and facility to be kept in laboratory M sacarose, 0.1 mM NEBDTA, 30mM imidazol,
(Klemz and Silva de Assis, 2005). 10 mM B-mercaptoetanol) and centrifuged for 5
This work aimed to evaluate the effects ofminutes at 10,000 g at £C. Saponin solution
sublethal doses of deltamethrin on the state@as added to the supernatant.
biomarkers iPAncistrus multispinis. The NdK*-ATPase activity was determined by
measuring the initial rate of release of Pi from
ATP. It was measured ouabain sensitive ATP.

MATERIAL AND METHODS Ouabain sensitive ATP hydrolysis was measure
according to Li et al (1998). Free inorganic
Fish phosphate was detected by the ammonium

Fishes were acquired from the pet store anrtholybdate reagent. All the assays were carried out
transferred to the lab, maintained in 120L aquarién triplicate and run with enzyme and reaction
with aeration and biological filtration. These wereblank. ATPase activity was normalized by protein
maintained under constant temperature (23°C + 2¢pncentration in crude homogenate and expressed
controlled pH (7.3 = 0.2) and photoperiod (12 hasumol R.mg proteift.h™.

dark/12 h light) and fed *“ad Libitum” with The S9 and microssomal liver fractions were
commercial ration. Male and female fishesobtained from liver, following Stegemann et al,
weighed 10.7+ 0.75 g (meant standard (1979) method. Livers samples were thawed and

deviation). homogenized in four volumes of homogenization
buffer (0.08M NaHPQ,; 0.02M KH,PQ,; 0.15M
Experimental design KCI, pH 7.4). Homogenate was centrifuged at

Technical grade deltamethrin (DM, 98.8% pure)10,000 xg for 20 min at 4C. The supernatant was
was supplied by Aventis CropScience Brazil (Saaltracentrifuged at 100,000 for 60 min at 4C.
Paulo, Brazil). Fishes were randomly takenThe pellet was resuspended in 1ml of resuspension
measured, weighed and grouped in number of 1uffer (homogenization buffer with 20% glycerol,

in 30 liters test aquaria. Induced group (positive/v) to obtain the hepatic microssomal fraction
control) received an intracoelomic (IC) injectionwhich was used for all spectroscopic CYP
of 3-methylcholantrene (3-MC) (30 mg:Kg analysis.

which induced CYP1A isoforms. Control groupAnalysis of total cytochrome P450 (CYP) was
received an IC injection of sunflower oil. Testbased on the methods described before (Omura
groups received an IC injection with two sub lethabnd Sato, 1964, Johannesen and Depierre, 1978)
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using differential visible spectroscopy. The ERODRESULTS

was measured according to Burke and Mayer

(1974), modified by Silva de Assis (1998).Total cytochrome P450 (CYP) was induced in the
Protein concentration was determined by Bradforfishes exposed to the higher doses (0.4 mlg,kg
(1976) method, using bovine serum albumircompared to control group. As expected, positive

(BSA) as a standard. control (3MC) showed higher CYP concentration
(Fig. 1).
Statistical analysis EROD activity was induced by the two tested

Data were expressed as meastandard error of doses of deltamethrin in the microssomal fraction.
the means (s.e.m.) and were analysed by analysis the S9 fraction only the higher dose caused
of variance (ANOVA), followed by Bonferroni’s induction (Fig. 2).

test for thepost-hoccomparisons. The significance

of results was ascertained at p< 0.05.
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Figure 1 - Total cytochrome in liver of multispinis * p< 0.05 compared to control groups;
** p< 0.001 compared to 3MC (ANOVA).
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Figure 2 - EROD activity in liver ofA multispinis.* p< 0.01 compared togSand microssomal
fractions control; ** p< 0.001 compared to micros&d fraction control; *** p< 0.01
compared to deltamethrin (0.3 mgg the microssomal fraction (ANOVA ).
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The heart N(K*-ATPase was inhibited by glcf:[esrﬁg\(lzvi)from control group was observed (data

deltamethrin in the doses of 0.3 and 0.4 mg.kg - N .

(Fig. 3). The percentage of inhibition is shown inThsegngd;?gmg[hvrﬁs not inhibited in the both
parenthesis. In gills, only the higher dose cause '

inhibition (Fig. 4) and in brain, no significant
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Figure 3 -Na'K*-ATPase in heart of Aultispinis.* p<0.05 (ANOVA).
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Figure 4 - Na'K*-ATPase in gills of Amultispinis.* p<0.05 (ANOVA).

DISCUSSION P450 isoenzymes (CYP1A), and an increase in the
respective catalytic activities (e.g. EROD)
Total CYP450 and EROD activity ofA. (Bucheli and Fent 1995.). Knowledge of structure-
multispinis were induced by deltamethrin. Theinduction relationships in fish is limited and deose
induction of specific isoenzymes of cytochromeresponse effects have been established for few
P450 is a sensitive response of an organism ®pmpounds (Melacon and Lech, 1983, Stegeman
exposure to certain anthropogenic chemicals (e.gt al 1990, Hestermann et al, 2000). Due to thee fac
PAHSs, coplanar PCBs, polychlorinated biphenyghat deltamethrin structure is not similar to the
(PCB), polychlorinated dibenzofurans (PCDF) and®CBs and PAHSs, for example, the mechanism of
the dibenzodioxins (Stegeman and Hahn, 1994knduction can not be explained based on
This exposure leads to a selective, receptorelationship between induction and chemical
mediated stimulation of the CYP1A genestructure of deltamethrin. Therefore, other studies
transcription rate, resulting in increased levels oalso observed the increase of CYP1A1/1A2 and

specific mRNA, new synthesis of cytochromethe EROD activity by deltamethrin in liver and

Braz. Arch. Biol. Technol. v.52 n.6: pp. 1401-1408l6v/Dec2009



Biochemical Biomarkers of Exposure to Deltametlmifrreshwater 1405

brain of Wistar rats (Dayal et al, 1999), but theypaper mill effluent was observed, with maximum
did not explain the induction mechanism. Furtheimpairment in N&K*-ATPase activity (Parvez et
studies must be done to elucidate this mechanisral, 2006). Deltamethrin altered the normal ion flux
In this study, the total CYP450 was induced in thén A. multispinis

higher dose, while the EROD activity was induced

in the both doses, probably due to EROD's higher

detection sensitivity. The total CYP450 becomeACKNOWLEDGEMENTS

less sensitive when simple compounds are

inducers for same enzymes and inhibitors folThe authors gratefully acknowledge the technical
others isoenzymes. This can alter the totadupport from the Department of Phisyology,
concentration or isoenzyme activity withoutFederal University of Sdo Carlos.

altering the total CYP450 (Miranda et al, 1990). In

this study, the CYP oA. multispinnisshowed to

be inducible to Ah-ligand as 3-MC. This was iInRESUMO

agreement with studies that have been carried out

on the induction of hepatic CYP1A in the fishes bybeltametrina é um inseticida piretroide, usado in
AhR-binding ligands, such as 3MC and BNF, agricultura, na medicina veterinaria a em satde
naphtoflavone (Goksgyr and Forlin, 1992pgblica devido a sua baixa toxicidade para
Stegeman and Hahn, 1994). mamiferos. Contudo, para espécies ndo alvo como
The ChE activity in muscle was not inhibitedAn s peixes a deltametrina é extremamente téxica.
multispinis after deltamethrin exposure. AlthoughEsse estudo tem por objetivo determinar o efeito
not data about deltamethrin effects in this specie§e doses subletais de deltametrina, usando
of fish have been shown in the Iiterature, inhduiti biomarcadores bioquimicos como atividade da
results were found by pyrethroids in other fishcolinesterase (ChE), niveis totais de citocromo
species (Reddy and Philip, 1994, Szegletes et ab450 (CYP450), atividade da ethoxyresorufin-O-
1995; Balint et al, 1995), including deltamethrin.deethylase (EROD) e da WN&-ATPase. Os
According to Sturm et al, (1999), the no enzymepeixes receberam doses subletais de deltametrina e
specific pollutants need to be in high concentratiogpgs 96 horas de exposicdo foram sacrificados e o
to cause inhibition (Sturm et al 1999). figado, branquias, coracdo e musculo foram
In this study, deltamethrin inhibited the gl“S andco|etados para as medidas enzimaticas. A
heart NaK*-ATPase activity ofA. muItispinnis. atividade da N&K*-ATPase em bré_nquias e
Cipermethrin, also a pyrethroid, caused ATPasgoracao foi inibida. A deltametrina aumentou os
inhibition in brain, liver and kidney of carps njveis de CYP450 total, bem como a atividade da
exposed during 45 days (Das and MukherjeqsROD. A atividade da ChE n&o foi inibida.
2003) It could inhibited the sodium ions tranSporDe|tametrina alterou a atividade da'N&ATPase
through the membrane, disrupting the cell ionigc desta forma o fluxo normal de ions em A.
balance, which could be due to different enzymﬁqumspinniS, bem como seu metabolismo
isoforms in different tissues and specifically hepatico. Os efeitos detectados através de
isoforms, responsible for catalytic activity. Thebiomarcadores tornam esse inseticida um
isoforms of the N&K*-ATPase subunityr could importante  contaminante para  organismos
be distributed differently according to the tissueaquaticos.

and different substrate affinity (ion) and to ouaba

(Blanco and Mercer 1998), besides the different
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