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i Avidesaceed (00 collected Trom & momicipalities repreicnting the porth part of Qaintann Boo: Benito
Do, Cerevme], Isld Mageres, Lasaro Carderms, and Solbidandad, The adtivites of 2 and [} esterases, mixed:
Funetion oxidnses (MO glutnthione-S-aransfense (OGSTL avethiyleholinesternse (ACHE)L wnd inseusinve
apethvlcholinesterase ACKE ] were assved in microplates. Three repliciitos were perlformied bor euch cneyme
e G e and G0 femiles were analveed moeach popalation. The Mew O leans (300 suaceptibile strrin ol
e megrped was ased as nsasceptible veference amed the threshold crnena for eoch enayme swiene the highoil

SO plaser e vinlues

I ndwae of the 6 tests were absorbance values coelitod i males and femules

o eslerases were elevoned o Benoo Joares. Corumeld females and i Liearo Cairdema mdes amd Temales
[V estrrsey were elevited i Bemito Juaree, Cosvmel Remales amd in Corumel and Do Cirdenas mides,
Elevated vaterases sugpest potentin mseeoticide: resistange mochnnsms agiinst organophosphiode, carbomnte,
Al nesene ey rethrsid wsecticides. SHphnly elevated levels of MEOs appeared i Ladirs Curdenps leoles and
i Coeumel, sl Muperes, and Sobdodnd males. Mechimmms ivolving AChE or GST were not apparent
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INTRODL CTION

Denpue Fever (130 and [Deppue hemorrhagic
lever ([3HIFY), vector-bome diseases transmutted
Py the mosg it dedes gegypre, are INereasing in
prevalence i Guintang Roo state, in southern
Mexico (Baletin de Epidemuiolopia S5A. 2002) In
2L, 65 pesitive locations (including 12 mune-
ipalities) were reporied m Quintans Roo, There
were 172 ¢nses of DF and 10 of DHF, in 3
municipihities m northern areas of the staze and
479 DF cpses and B0 I3HE cases wotal

Inseeticides have plaved an important rode an
the control of Ao gegpn in Medico, However,
the resistance of veclors o mseencndes is one of
the: most importan factors coninhutng o the
ineffectiveness o contrel programs. Therefore.
a critique of the potential for increases in
resistance 15 cessenutal (Georghicu and Mellom
[983). Since 1960 the vector program of the
Ministry of Health in Mexico has used o seres of
insceticidies for the control of dengue and malaria
(Ml Regulations: of  Mexico, NOM-032-
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5540 Dnchlorio-diphenyl-tnichloroethane (DT
15 currently restricted. bat had seen prolonged use
for mndeor house spraying:. Malathion wis used
tor ultrw-low valume (LILY) space speayving of
wide aress for bhoth  Anophefey and ey
mosquitoes  fram 1921 w1999, Minstey ol
Health vector-vontrol  programs  huave switehed
to pyriethroids (permethring in the lust & vears lor
adult control, Temephes or 1% Abate™ graniles
have been applicd w bodies of wuater and
domestic containers for conteod of laevae, The
msectictdes utilized in public health and rhose
directed at agricultural pests huve provided
prolenped and intense selection  pressure for
reststance evolution in Ae. aeerpt! and olther
vectors., Herein we report the (irst investigulions
of the principal biochemical mechanisms respon-
sible for resistance in e aegrpid in Quintiny
Foo. This information will assist in the manage-
ment and control of Ae. acevpif in Mexico,

MATERIALS AND METHODS

Suwdy sites: Quintana Roo adjoing the states
of Yucatan and Campeche, and shares interna-
tivnal borders with Gaaternala and Belize, Tho
peographic lecaton of Quintana Roa is between
fatiudes 20 37N and 17°99'N, and  between
longitudes 36 44°W and 39°24"52"%W The wnal
arca of the siate 15 50544 Km? The history ol e,
aceypr larvae and eges were sampled from 5
mammeipalities and trinsported 1o the Medical
Entomology Laboratory of UANL, Mexico. The
egps were placed in plastic containers with siiter
and, alter hatehing, kirvae were provided with
dog food, yeast, and brain -heart Infusion agar i
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a fimely pround msiure, Emerged postlencral
adults were provided  with water and  cotton
soihed in 0% honey. Females were provided
witly rat Blood Tor epp production, Onee the
colonies were estabhished, 60 1, unfed I-day-old
lemiles and 6 males were placed individually in
numbered vials, nnd stored w70 €

Blochenival wsseny Each miosquito was ho.
mogenized i 0 pl 0,00 M potassium phosphate
Bufter, pH 7.2, and then dilited vo 2 mil with the
s Bulter, Aligues of 1l were transferred
tocmddividual microtiter plate wells, Siaty femule
ined o male adulis per location were analvasd in
triphieitte per plate. Six different resistance en-
2vmes were eviduated Tor coch mosquito (Brog-
don and MeAllister 19880, 19880, 1997) 4 and
[ioesterases, mixed-function oxiduses (MO,
glutathione-S-translerise (LGS, accthylchohnes-
terase (ACHhEL and msensitive peethylcholinester-
s UACHKEY A minimuam  ofF 2 positive and
negtive controls, depending upon the test, were
wsed per pline, Absorbance wiss measured with
a Benchmark spectrophotometer (Biorad  Lakbo-
ritonies, Philadelphie, USA). Results were ex-
pressed  as o (requency  distribution of the
dbsorbance  values, The New Orleans straimn
CNCH was used ws the susceplible reference
stanclurd. The maximum absorbance value for
NO: for females and males was used as the
susceptibiliny threshold.

Protein conventration wis determimed to cor-
recl for size vanation among the specimens
(HBrogdon 1984). Statisticnl analvsis was per-
formed with ANOVA (o 0 03 w west for
differences in enzymes among populations and
between sexes.

RESULTS AND DISCLSSION

Maximum abserbance values for the NO strain
appear an Table | Table 2 lisis, by location and
sex, the percentage o mosquitoes that exceeded
the WO thresholds, Benito Juarer Emales ex-
ceeded the thresholds for 2 and [ esterases:
however. in mules. none of the enzvme activities
was greater than the susceptibility threshold, Al
Cozomel femiales had increased levels of + and
[ esteruses, but only a few individuals had

Table 2 Percentage of female and mude 4 T

Table 1, Swscepublity theoshold bused on miosiniin
uhsorbamee of different detoaification mechansms n
Mew Oleans st

Femules

B hemilal tost Mliles
ACRITEAeS 65 (AR
P=estorises 11,45 [ s
MO 1 [ e
ST ih23 {16
ALhI (k] 0,27
AR [N s (AR

pcrensed IACHE and MEGY Most Corumel

males hadl an increase in B oesterase and just
V5% had elevated MFO aetivity, whereas in-
creases i ACHE and o esterase were nepligible,
Neither sla Mujeres Femiles nor males excoeded
the threshold, Licaro Cardenas femiles did ro
extibit increased esternse activity, bt MO
activity was elevated In contrust, Lizaro Cuarde-
ns mikles had increased = and [ esterase activities
and 4 few had incrensed MFO activity, Solidur-
whad females did not extubit higher activity i any
enzvme syvstem. but one quarter of muales Bl
inereused MEO activity

Correlution coeflicients were culeuliied  be-
tween population means for males and femiles
for cach engyme system. In none of the & SNATLINS
wits absorbance value correlated in males and
fermales (Fig. 1), Benito Juarez and Cozumel
females had significantly greater o esterase uctiv-
ities than SO (Fiz 2), Only Lazaro Cardenas
makes had significantly greater o esteruse activi-
ties (Fig. 3). Benito Juurer nnd Corumel females
dlso had the highest B esterase ucuvitiés., und
Laziro Cardenas and Cozumel males had signif-
twantly higher 8 esterase activities {Figs. 2 and 7).
The rest of the populations ulsa had significantly
gredater mean activity levels, but differences were
enly slight (Figs. 2 and 3. Table 3).

Broad-spectrum organophosphate resistance is
conferred by the clevated esterasas of Culex s
Work is in progress on esierase-resistance mech-
anisms in a range of Anopheles and Aedes species,
All of these esterases act by rapidly binding und
then slowly metabolizing the insceticide (Kadous
et &l 1983), Esterases have diverse functions in
msects. including  protcolysis, nervous syslem

that caceeded the susceptibihty threshold cstablished in

Mew Oyleans.

B Junres Corumel I Mujeres L. Cirdenas Solidavidad
Biochvmicul test Femule  Male  Female  Male Female  Male Female Ml E— Wl
4 cRlerpes JCH A ] LLE PR Y] &.00 1] i} 1.67 LELERNR] 1 o7
IV esterases GE3E 0 oLy 6500 .67 0 i 63 AN 3.3 i
MY 143,060 333 18,33 T I 1.6t 16.67 UH.33 20H Ky ] LA
GST 1 [H ] H.67 n 1] 1] i ] 0l
AW { i 1] (1] 0 L] 1] I 1] i
IACTHE RELI] i 167 167 ] L] F.00 1.67 1] .67
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Figi 1. Correlations between mules and femules according 1o absorbance valiues,

funcnion, hormene melabolism, and xenobiotic
metabolism/fsequesiration (Aldridge 19931 Siud-
ies ol insecticide Tesistunce have indicated the
specilic relevance of esterases with regard 1o
xenobipue metabolism 1n several insect species,
including A gegrpii. The resistance of vectors o
insecticides has imdicated that 1t is one of the most
impariant factors contributing to the ineffective-
ness of mosguito control programs. Nonspecific
eslerises hive been reported to be mvolved in
prrethroid metabolism m several insects {Soder-
lund el gl 1983, Ruigt 1985) und could play a role
i the metabolism of permethnn i Ae gegypii
Even in some cases, there 1s evidence that
esterases are involved in confermme cross re-
sistance o fenitrothion and deltamethrin in the
larvae and adults of Anepheles albimanus in
Guatemald (Brogdon and Barber 19903 Other
reports indicate that populations of Oy p
guinguefpaciains thut were highly  resistant to

lambda-evhalothrn and deltamethrin were also
highly cross resistant o malathion (Bisset ot al.
1997, Bisset et al. 1998). All the populations
studied showed the consistenl presence of =-
esterases, with elevated levels in permethrin-
selected populations.

Only Lagare Cardenas femules had & mean
MEOQ absorbance value greiter than that of the
MO serain (Fige 2), Cozumel, Sohidarnidad, and
Isla Mueres males displaved greater MFO
activity than the N strain (Fig, 3). Mixed-
function oxidases (MFPOs) and nonspecific es-
terases (NS5Es) are commonly involved in the
detoxification of permethrin (Miller 1988, Zerba
1988, Ishanys 1993 Biochemicil assavs have
been developed to mensure lovels of these
enzvmes in mosguitoes, and elevated levels of
such enzymes are known to enhance insecticide
tolernee (Brogdon and MoAdlister 19884). Vu-
lule et al. (1999 found evidence that elevitted
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matedd nets were not used, They assumed that high
MEPO levels in omales can be inherited  rom
maternal females far permethrin by
exposure o permethrn-impregnated nets when
foraging for i blood meal, Brogdon etal, (1999)
found that only adult females of A affivans
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ggouoe soseoo sid that further vestigation i needed w pro-
= g = g 5 xEEzEF= vidde the penetic eaplanation for the sbsence al
| =e=ess se==ss expression inomales, Muny studies have shown
£ ' . that resistant insects have elevated  levels ol
= E byt % ﬁ - L ?é = glutathione S-tramsterase activity tn erude homo-
& T -5 § =% = z o] i b | pemates, which supgests a orole Tor GSTS in
3 ZEEEXZZ EEEXEXXE resistance (Grant 1991 Girant et al. 1991,
u SREELC. LUSOIC Multiple forms of these ensymes have been
0 reported Tor mosguitoes, house Ty, rosopdidio,
5 0 = sheep blow Ty, and grass grub (Clark el al, 1984,
_E s gy P985, Toung et al. TPHY, [ sle aeeigis ol ledist
=R = =R 2 OSTy are elevared i DT -resistant insceols
&5 . . iCimant and Hammock 1992, Gieant and i lsa-
'E' <| L$ALARL ZLZpll mur V959, and in e gasdioe o liege e
o 2 E = g e =Rk % he ber of different GSTS are elevanad, some ol which
T Bl i ) e = are: class [ GSTs (Prapanthadara e ul. 1993,
g e i - 19953, The Ae aeevpdi and Ao, gantioe GSTS
2 S S i R 1 resistant |n:_+:~¢:t§ ure 4.4-1r'|.-l1lL|1|'-r:.II_'-f veres
= Rt § 3E Bo= é o2 pressed. The GST-2 ol Ade wegupdl s over-
g ShcEse Soecoe expressed o ull tissues exeept the ovaries ol
E‘ b resistint ansects (Grant sl Hanumoek, 19942y,
ke E - Only Cozumel males had ¢levoied GST over thit
- -4 % 4 & % = v % 5 [ NG
z Tomuel a0 " : ,
g Eapesy onas E L I examining AChE and iACHE (Figs: 2amd 1)
3 ZS882d E28ZE353 activity, wll populations showed lower absorhines
E CATLOD. DOomoOn thien the NO strain.
__-_;’ FwToEE Lomecie Both = and i esterase assiys showed elevined
2 £ Er_j E:' i z %E- AV A enzyme levels characteristic of resistange meehi-
ﬁ e B o S S Sl e B e nisms. These were detected In females of e
2o aegypd und oceurred at a much higher frequency
ks uE“' vt tiBie, Pralier in arcas of intensive use of insecticide. such as in
g E & i{g < B =B Bepito Juarez and Corumel (tourist arcas). Levels
E g Rimg =3 - S 1) = 2E “El aof MFO in females were elevared in Lazaro
-E e i g = g g e Cardenas, sugeesting that they have been selected
Z as a detoxiiving mechanism. These elevated levels
= = ;E: E,‘;}E = Ei were I_':)_-;BL _hm with a high degree of intersite
5 5 5 = =35 Ag variability. These data are consistent with the
Bl = T ERERES view that these resistance mechanisms have been
E % LLrENLE LASLIL E?nder mI;c:'mn by the insecticides used in
= || e = e uintana Roo.
£ EE=o8d SBRSm=2
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