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Evaluation of Insecticide Resistance and Biochemical
Mechanisms in a Population of Culex quinquefasciatus
(Diptera: Culicidae) from Sao Paulo, Brazil
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Publica **Instituto de Ciéncias Biomédicas, Universidade de S&o Paulo, Sdo Paulo, SP, Brasil

To establish an insecticidal resistance surveillance progi@oiex quinquefasciatusiosquitoes
from S&o Paulo, Brazil, were colonized (PIN95 strain) and analyzed for levels of resistance. The PIN95
strain showed low levels of resistance to organophosphates [malathion (3.3-fold), fenitrothion (11.2-
fold)] and a carbamate [propoxur (3.0-fold)]. We also observed an increase of 7.4 ande@ahihb
esterase activities, respectively, when compared with the reference IAL strain. An alteration in the sen-
sitivity of acetylcholinesterase to insecticide inhibition was also found in the PIN95 mosquitoes. The
resistant allele (AceR), however, was found at low frequencies (0.12) and does not play an important
role in the described insecticide resistance.

One year laterCx. quinquefasciatusiosquitoes were collected (PIN96 strain) at the same site and
compared to the PIN95 strain. The esterase activity patterns observed for the PIN96 strain were similar
to those of the PIN95 mosquitoes. However the occurrence of th& Attelé was statistically higher
in the PIN96 strain.

The results show that esterase-based insecticide resistance was established in th€®IN95
guinquefasciatupopulation and that an acethylcholinesterase based resistant mechanism has been
selected for. A continuous monitoring of this phenomenon is fundamental for rational mosquito control
and insecticide application programs.
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Culex mosquitoes are important vectors ofused since 1980, while diazinon, chlorpyrifos and
bancroftian filariasis and a number of othetemephos have been used to a lesser extent (M
arboviral human diseases. As an important migrd3albon, pers. comm.).
tory pole, the city of Sdo Paulo constantly attracts Resistance dfx. quinquefasciatusosquitoes
people from other regions of Brazil where filari-from S&o Paulo to malathion, fenitrothion and
asis is endemicCx. quinquefasciatuis abundant propoxur was recently reported (Bracco et al.
along the Pinheiros River which flows through thel997). This report presents the log-dosage probit
southern part of Sdo Paulo, and is a continuowalyses for insecticide resistance and the poten-
biting nuisance, mostly for those living close tdial biochemical mechanisms responsible for the
larval habitats, as well as increase the potential fénsecticide resistance in local mosquito popula-
the transmission of parasites and arboviruses. tions.
~ These data led the local authorities to establish MATERIALS AND METHODS
insecticide based mosquito control programs.

Malathion and propoxur have been extensively Mosquitoes -Three strains ofCx. quin-
quefasciatusvere used in this study. The suscep-

tible strain (IAL), used as a baseline, has been kept
in captivity since 1983 in the Instituto Adolfo

This work was supported by funds from Supe_Lutz’s insectary. It originated from Iguape, a rural

rintendéncia de Controle de Endemias (Sucen), Fundac@te@ of the State of S&o Paulo where there is no
de Amparo & Pesquisa do Estado de Sao Paulo (Fapegpidence of organophosphate or carbamate insec-
and Conselho Nacional de Desenvolvimento Cientificticide aplication.

e Tecnol6gico (CNPQ). The PIN95 strain was established in 1995.
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University of So Paulo. The PIN96 strain was For acetylcholinesterase assays, a single
establish one year later, in 1996, with adults cagfemale’s head was homogenized in an eppendorf
tured at the same locality as the PIN95 strain. tube containing 2561 of extraction solution (100
These strains have been maintained & 28 mM sodium phosphate buffer pH 7.0, 1% Triton
75% relative humidity and natural photoperiodX-100). Tubes were centrifuged at 10,000 g for 1
Sugar and water were available at all times and tmin and the supernatants used for the assays.
females were routinely bloodfed on immobilized To determine Ace.l genotypes, 180of su-
mice. pernatant was placed in two microtiter plate wells.
Bioassays Unfed adult females of the IAL and Then, 10m of 5 mM propoxur dissolved in ac-
PIN95 strains were used for the bioassays as detone were added to one well and16f acetone
scribed by World Health Organization (WHOadded to the other well. The microtiter plates were
1981). Twenty-five adult females were exposed toncubated for 15 min at room temperature before
insecticide impregnated papers (purchased frothe addition of 100 of the staining solution (25
WHO) in standard testing tubes (WHO 1992). TheynM sodium phosphate buffer pH 7.0 containing
were then transferred to clean tubes where suga2 mM dithiobis 2-nitrobenzoic acid and 0.35 mM
water was provided. The mortality was determinedf sodium bicarbonate plus 2.5 mM acetyl-
24 hr after exposure. Control mosquitoes werthiocholine - ASCHI). Absorbance at 405 nm was
exposed to papers impregnated only with the irdetermined at 3 and 13 min after addition of sub-
secticide solvent (olive or silicone oil). strate solution (Bourguet et al. 1997).
Biochemical assayd-or the esterase assays, one RESULTS
day old adult females were individually homog- ) ) ]
enized in 200M of 20 mM Na-phosphate buffer, ~ Bioassays Log-dosage probit-mortality analy-
pH 7.2 containing PTC 1 mM. The homogenatesis for IAL susceptible and PIN95 resistant strains
were Centrifuged at 14,000 g for 10 min@4Two are .ShOWH in Table_ l. Dat.a obtained for_th(_a IAL
aliquots of 10 of supernatant were transferred tostrain were compatible with the susceptibility of
different wells of a microtiter plate. Two hundrdd these mosquitoes to the tested insecticides. The
of a_napht” acetate dy-napht”-acetate (30 mMin PIN95 strain mortalities were Compared with those
20 mM Na-phosphate buffer, pH 7.2 for both) weré@btained for the susceptible mosquitoes to obtain
added to the wells and the plates incubatedt.30 the resistance ratio. The highest resistance ratio
After 30 min, 50m of Fast blue solution (45 mg Observed was for fenitrothion (11.2 fold) at the 4 T
Fast blue B in 9.75 ml of distilled water plus 5.29€Vel. The resistance ratios calculated for malathion
ml of 10% sodium lauryl sulfate) was added and thand propoxur showed lower levels (3.3 and 3.0
absorbances determined at 595 nm (Hemingway &spectively).
Georgiou 1984). Esterase activity The distribution patterns
Protein concentration in the supernatants waf esterase activities obtained for the IAL,
measured by the BIO-RABCoomassie blue pro- PIN95 and PIN96 strains are shown in the Table
tein assay kit in accordance to the manufacturerts and Figs 1 and 2. The IAL mosquitoes show
instructions, was adapted to microtiter plate vola distribution pattern in which 100% of the in-
umes and used bovine serum albumin as the stafividuals present esterase activities lower than
dard. The activity unit (U/mg protein) was defined300 U/mg protein. The mosquitoes from PIN95

as mMoles ofa or b naphtol acetate/min/mg of strain show a higher esterase activity than that
total protein. of IAL strain. Moreover, the PIN95 population

TABLE |

Culex quinquefasciatu$emales) LE, values with 95% confidence limits, slope and resistance ratios from
bioassays of PIN95 and IAL strains. Resistance ratio were calculated atfeudl with reference to the
laboratory IAL strain

Insecticide IAL PIN95

LTx, Clys Slope N LTzo Clys Slope N RR,
Malathion 9.9 8.9-10.7  5.02 373 329 26.6-395 181 474 3.33
Fenitrothion 12.2 10.8-13.3  4.03 395 136.3 120.6-153.7 2.63 472 11.20
Propoxur 66.5 62.8-70.7 5.24 365 200.0 159.9-282.8 1.14 297 3.01

CLgs: confidence limits for=0.05; RR: resistance ratio (Zho;ngd TLsgiaL): N: number of exposed.
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Fig. 1:a esterase activity distribution patterns in femaleSwéx quinquefasciatusf a) IAL (N=215), b) PIN95 (N=219) and c)
PIN96 (N=96) strains.

displays a larger variability (150 to more thancompared to PIN95 straia (= 0.05) (Figs 1, 2).
2,000 U/mg protein). Thé-naphthyl acetate Altered AChE gene and genotypes frequencies
was hydrolyzed faster thaarnaphthyl acetate - The acethylcholinesterase 1 (AChE1) is inhib-
by the mosquito homogenates indicating thé&ed by propoxur for all IAL individuals. Altered
predominance of esterabdn PIN95Cx. quin- AChE1 allele (Ace.R) was detected in the PIN95
guefasciatusmosquitoes. Esterase activitiesstrain with a frequency of 0.12 and in the PIN96
were also determined for the PIN96 mosquitoestrain in 0.17. Moreover, when the PIN95 and
The results indicate a statistically significantPIN96 Ace.1 frequencies were comparetitest)
higher activity ofa-esterase and a lower activ-it was significantly higher in the PIN96 strain popu-
ity of b-esterase for the PIN96 population, whetation (Table III).
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Fig. 2:b esterase activity distribution patterns in femaleSwéx quinquefasciatusf a) IAL (N=215), b) PIN95 (N=219) and
c) PIN96 (N=96) strains.

DISCUSSION sistance. The intensive and indiscriminate appli-

cation of several organophosphate insecticides may
have resulted in cross resistance to other organo-
;Phosphates. This hypothesis should be further in-
avestigated.

The major insecticide resistance mechanism

veloped by the studied population seems to be
e elevation of esterase activity that was deter-

ined to be about 7.4 and 9.9 times higher than

These data confirm malathion resistancéxn
guinquefasciatumosquitoes population from S&o
Paulo city as previously described by Bracco et
(1997). TheCx. quinquefasciatuBIN95 strain is
also resistant to fenitrothion, an insecticide that h
never been applied by the local mosquito contr?gie
programs, indicating the occurrence of Cross-res,
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TABLE Il

Culex quinquefasciatu$emales) means and standard deviations (g)afdb esterase activity (U/mg protein)
in IAL (N=215), PIN95 (N=220) and PIN96 (N=87) strains

Strain a-naphthol production b-naphthol production

Mean S Increase Mean S Increase
IAL 55.7 39.4 - 57.5 39.8 -
PIN95 406.9 312.2 7.4 567.2 353.6 9.9
PIN96 478.2 223.3 8.7 375.2 171.0 6.5

P < 0.01 fora andb esterase with 219 degrees of freedom.

TABLE Il

Absolute and relatives frequencies of acetylcholinesterase alleles (AcEdlpinquinquefasciatiemales of
field collected PIN95 (N=188x2) and PIN96 (N=96x2) strains and the reference strain IAL (N=96x2)

Allele IAL frequencies PIN95 frequencies PIN96 frequencies
Ace.1S 192 (1.00) 329 (0.875) 159 (0.828)
Ace.R 0 (0.00) 47 (0.125) 33(0.172)

¢2 = 3.86.P < 0.05 with 1 degree of freedom.

the values determined for the susceptible IAL strainal program of insecticide application supported
(for a andb esterases respectively). These low valby continuous surveillance of the population is
ues of esterase activity increments and the RR aécessary to avoid the establishment of insecticide
maximum 11.2-fold agree with previously reportedesistance. Bracco et al. (1997) have determined
data (Villani et al. 1983, Breeden et al. 1984, Browthe susceptibility of these mosquitoes to pyre-
1986, Bisset et al. 1990) that indicated a low ekhroids. The data obtained suggest that an inter-
evation of esterase activity may be responsible fagention strategy involving this class of insecticides
the establishment of low levels of resistance to would be a good choice for the control ©X.
variety of organophosphates. The significant inquinquefasciatupopulations in S&o Paulo.

crease ira esterase activity with the concomitant

decrease of the esterase, suggest a selection for ACKNOWLEDGMENTS
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