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Resumen. Se delermino la dosis diagnostico (DD) dal inseclicida permeatrina én
poblaciones del mosquito Aedes asgypll (L.) de tres estados del norte de Mexico:
Coahuila, Sonora y Tamaulipas. Se determinaron enzimas detoxificativas para
cada una de las poblaciones y los resullados fueron comparados con la cepa
susceptible Nueva Orleans de Ae. asgypll. La poblacian de Coahulla mostrd IAChE
elevada en comparacion con la cepa de referencia MO y aungue este mecanisma
no esta relacicnado a la resistencia a piretroides, su presencia en niveles tan
elevados sugiere resislencia a organofosforados vy carbamatos: Las axldasas
estuvleron presentes en la poblacion de Sonoita, estado de Sonora como el
mecanisma principal de resistencia a permetrina.

Abstract. Diagnostic dose (DD) of permethnn was determined in Aedes asgypti
{L.), from three stales (Coahuila, Sonora. and Tamaulipas) in northern Mexico,
Afler exposing 10 groups of 100 females 1o the DD obtained and producing 50%
mortality, individuals were divided Into bwo categories: survivars and dead,
Mosquitoes in each of these categories were dissected to separate the head,
thorax, and abdomen. Biochemical tests were dong on the head and thorax to
delermine activity by resistance-related enzymes including: « and P-esterases,
mixed-function oxidases (MFOs). glutathione-S-transferase (GST) and insensitive
acetyl cholinesterase (IAChE). Resulls were compared with those far a susceptible
strait of Ae. aegypti from New Oreans. A population from Coahuila showed IACHE
as the only enzyme activity that surpassed the threshold established with the
susceptible strain, however, this mechanism s not associated with resistance o
pyrethroids. but rather with resistance lo organophosphate and carbamate
insecticides. For the populations from Tamaulipas. nong of the mechanisms
studied were imporant in conferring resistance to permethrin. MFOs ware present
at elevated |evels of actvity, appearing as the main detoxifying mechanism, in the
popdlation from Sonoita, Sonora state.
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Intreduction

During and after Werld War Il, epidemics of dengue fever and dengue
hemorrhagic fever began to occur In Southeast Asia (Gubler 1997). During the
lasl 25 years, these have intensified with the increased spread of the virus and its
four serolypes, as well as the spread of its principal vector, the yellowlever
mosquilo, Aedes aegypt! (L.}, resulting in epidemics affecting large populations and
with greater frequency. With the exception of sporadic outbreaks in the Caribbean
Islands, dengue and yellow fever were controlled effectively in tha Americas from
1946 until the 1870s as a result of an eradication program by the Pan American
Health Organization (Schiiessman and Calheiros 1974). Because vaccinations are
not available for dengue fever, yellowfever mosquite must be controlled through
labor-intensive home-to-home destruction of larval habitat or by Insecticides that
were increasingly used afler World War Il Frequent use of insecticide, however,
has led lo chemical resistance in many arthropods and this led lo operalional
problems In vector control programs. In 1947, the first case of mosqultoes resistant
to inseclicide was ocbserved in Florida whare the mosquitoes Ae. taaniorhynchus
(Wiedmann) and Ae. sollicitans (Walker) showed resistance to DDT (Brown 1986,
The problem increased during the following decades

The World Health Crganization (WHO) defines resistance to insecticides as
the “development of the ability” of a population of insects (o talerate doses of toxins
that would be lethal for the majority of the individuals of a normal population of the
samsa species (Anonymous 1957), Populations of insects can survive the effect of
chemical compounds by different physiological mechanisms, including madification
of the targel site and elevated production of defoxifying enzymes (Martinez-Torres
el al. 1998, Brocke et al. 1999). Many species of mosquitoes have developed
resistant populations. These can include populations resistant to more than one
active ingredient (multiple resistance). This can lead to economic cansequences
with greater costs (incressed doses of the toxins or number of applications), and
with the re-emergence of mosquilo-related diseases. Thus contral programs are
confronted with sericus problems (Brogdon and McAllister 1998a).  Four main
fmechanisms of resistance associated with pyrethroids have been reparted: over
expression and increassd production of moncoxygenases (in paricular, multi-
function oxidases), non-specific esterases, GST, and reduced sensitivity of sodiurm
channels in neuron membranes ("kdr,” knock down resistance), the farget site of
action for DOT and pyrethroids (Oppencorth 1985, Georghiou 1986, Grant and
Matsumura 1988, Nelson et al. 1926, Chandre et al. 1999).

Resistance by these mechanisms has been reported to pyrethroids in
populations of Aedes in various couniries in the Caribbean and South Amarica.
These include Venezuela (Field et al. 1984, Mazarm and Georghiou 1995), Puerto
Rico (Hemingway et al. 1988), and the Dominican Republic (Mekuria et al. 1991).

Yellowfever mosquito was eliminated in Mexico in 1963; however, the
mosquito was re-introduced in 1975 along the northemn border (Gomez-Dantes et al.
1893). In December 1978, the first cutbreak of 36 cases of dengue faver occurred
in Tapschula, Chiapas. Between 1978 and 1984, dengue produced multiple
epidemics in large areas of the country (Gomez-Dantes st al. 1993). Recently, an
increase in the number of hurricanes and trapical storms has created environmental
condilions favorable to increase in abundance of mosauitoes

Centrol of vectors in Mexico relies mainly on the reduction of hurman-vector
contact through the use of specific chemical compounds.  Ultra-low volume
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applications of permethnn for adult mosquitoes and temephos for mosquito larvae
are slandard lools to control the vector of dengue in Mexico {Norma Oficial
Mexicana 2002). Recent reporis have shown detaxifying enzymeas, espoecially
esterases, as {he principal mechanism of resistance 1o parmeathrin in populations of
Ag. aegypl in northern (Baja California Marle and South) (Flores at al 2005) and
southern Mexico (Quintana Roo) (Flores et al. 2006)

Two of the most important companents in vector control campaigns are: 1)
astablishment of the diagnostic dose (this allows monitaring of populations over
lime) and 2) biochemical assays (information on specific problems of resistance In
the field) (Brogdon 1984). These componenis help establish appropriate measures
of cantrol In areas where the mosquito populations are abundant throughout the
year. Therelore, the main objectives of this investigation were o provide
information about susceptibility of mosquito populations from noarthern Mexico to
commonly used adullicide and to determine the main anzymatic mechanisms of
regsisiance 1o permethrin,

Materials and Methads

Study Area. Yellowfever mosquilo larvae were collected in the: cammunity
of Valle Verde, municipality of Toreon in Coahuila- Sonoita and Hermuasilla,
municipalities in Sonora: Nuevo Lareds, Matamoros, and Reynosa in Tamaulipas,
Mexico (Fig. 1).
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Fig. 1. Collection sites of Aedes aegypti in three states in northemn Mexico,
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Collection of Mosquitoes. Mosguitoes were collectad from containers of
waler thal usually are productive regardless of rainfall,  Thase containers Include
Nower pots in cemeteries, 200-liter drums. used tires, and other abjects discarded
by humans. The larvas were transported in Whirpak® bags to an insectary, placed
in plastic rays (35 x 25 cm), and fed finely ground AguaCrece® fish food. Pupae
ware transferred In 260-mi receptacies to screaned cages (30 x 30 x 30 cm). Adult
mesquitoes ware ailowed 10 feed on collon soaked in a 10% sugar solution,
Females were fed rat blood o promote production of eggs.  Colonies were
maintained at 24 + 2°C and 70% relative humidity, Containers with water and fiter
paper were provided for egq laying. The eggs were used to astablish Fy and Fy
generallons,

Adull Bioassays. Bioassays were done using a bottle bivassay described
by Brogdon and McAllister (1998a), exposing adults (F, and F3) for 1 hour and
consisted of four doses of permethrin and one check without insecticide, Far
treatment (coating) of bottle intenors, lechnical-grade solutions of permethrin {Chem
Service, West Chester, PA) were diluted in acetone. A 1-ml porton of diluted
toxicant was transterred to a 250-ml Wheaton bottle. The baottle was shaken, rolled,
and inverted such that all surfaces were expased o the solution. The botlles were
allowed lo dry for 24 hours in a dark place. Al treatments and checks ware
replicated three times. A total of 20 unfed adult females, two days after emerging,
was used for each replication. Checks were prepared using 1 ml of acetone, DD
was determined according lo the method proposed by Brogdon and McoAllister
{19980,

Using DD of Permethrin for Selecting Individuals, Groups of 25 females
were exposed to the DD of permethrin. When 50% died, they were separated into
Iwo calegories, survivors and dead, and stored at -70°C. This procedure was
repgated until 1,000 mosquitces were obtained per population. This included the
susceplible New Crieans strain.  The head and thorax of each mosquito was
removed and saved in 1.5-ml tubes for the biochemical assays done individually,

Biochemical Assays. The head and thorax of each mosquito collected fram
the survivor and dead categories were homogenized individually in 100 Yl of 0.01 M
polassium phosphate buffer, pH 7.2. The homogenate was mixed in 2 ml of the
same buffer. Aliquots of 100 pl were transferred to microplate wells. Thirty adult
females were analyzed per plate in triplicate. Five enzymes were determined for
each mosguito. o- and B-esterases, mulbi-function oxidases, glutathione S-
transferase and insensilive acetylcholinesterase. Absorbance was read with a
Benchmark speciropholometer (Bio-Rad Laboratories, Hereules, CA).

Analysis of Results, Resulis of biochemical assays were expressed as a
mean absorbance values for each enzyme, survivor and dead to DD of permethrin
and population of yellowiever mosquito.  The susceptible Mew Orleans strain was
used as a reference. ANCVA (p = 0.05) was used to determine significant
differences in enzyme activities between the individuals classified as survivors or
dead after exposure to permethrin at the DD in each of the populations.

The maximum absorbance value for the New Orleans strain was selected as
\he thresheld of susceptibility (or resistance) and the percantage of resistance was
calculated according o the mosquitces that surpassed the threshold established by
this strain. The conceniration of protein was determined according to the method
established by Brogdon (1984}, in case vanation might be attributed to the size of
the mosquitoes.
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Resuits and Discussion

Adult Bicassays., DO values of permathrin oblained for the populations
from Coahuila, Sonora, and Tamaulipas (Table 1) were less than those reported by
Flores et al. (2005) for the populations from Tecate and Tijuana in Baja California
Nerte and from Ciudad Constilucion and Loreto in Baja Califormia Sur (172 pg of

a. ifbottle)

Table 1. Diagnostic Dose of Permethrin for Ae. asgyph Populations fraom Coahuila,
Sonora, and Tamaulipas, Mexico

Population 0D (pg of a.i/bottle)
Coahulla 86
Sonora 86
Tamaulipas 110

Fig. 2 shows the absorbance means for the five enzyme assays of the New
Orieans sirain {susceptible reference strain) and the population from Tarreon,
Coahuila treated with the DD of 86 pg of permethrin per boltle. Means were
analyzed by Tukey's les! for multiple comparison of means (p = 0.05), to determine

differences,
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Fig. 2. Mean absorbance values of adull fernales of Aedes aegyol fram Coahuila
state and the New Oreans strain cblained in biochemical assays
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Far the population from Tarreon, Coahuila (survivars and dead), only two
enzyme acliviies, o esterases and lAchE, showed higher absorbance values
compared 1o the New Odeans strain, suggesting resistance in the population lo
inseclicides associated with these mechanisms (Kadous et al. 1983, Hemingway
and Georghiou 1983) In the assays for B esterases, MFO and GST, the
absorbance means in the Torreon population (survivors and dead) were less than
those of New Oreans mosquitoes. which could characterize a population
susceptible 1o insecticides Inactivatad by these enzymes (Hemingway and
Georghiou 1883, Hemingway and Ranson 2002).

Table 2 shows the percentage of the mosquitoes from Torreon, Coahuila,
selected with permethrin DD that surpassed the threshold established by the
susceplible strain,  High levels of IAChe in the strain of yellowlaver mosquito from
Coahuila could suggest a later appearance of resistance lo temephos, which could
worsen problams with vector control,

Table 2. Percentage of Females of Ae. aegypli from Torreon, Coahuila, Selected
with Permethnin DD that Surpassed the Threshold of Resistance Established with
the Susceptible Strain from New Orleans

Enzyme Survivars Dead
i eslerases 46.0 45.0
[+ eslerases 04 0.0
MFO 18.6 19.0
GET 14.0 12.6
IACHE 100.0 0.0

Studies by Vaughan e al. (1298) in Culex strains from the Caribbean Istand
of Trinidad suggested resistance to organcphosphales — the group of insecticides
that includes temephos used by health programs to control larval stages in Mexico -
- is usually mediated by two mechanisms. 1) esterases, as a result of gene
amplification and 2) insensitive acelylchoiinesierase. These results demaonstrated
that selection pressure exerted by the insecticides (depending on the quantity and
frequency of application), as wel! as inherent characteristics of the species selectad,
resull in.a focal resisiance to insecticides (Hemingway and Ranson 2002, Brogdon
2003),

Populations from Tamaulipas (Fig. 3, Table 3) also showed the presence of
the insensitive acetylcholinestersse mechanism in surviving individuals of the
populations fram the slate, albeit of fesser importance compared to the results from
Coahuila. Based on this iendency we could encounter in the near future resistance
e organophosphales and carbamates.

Howewver. it should not be discounted that other non-enzymatic mechanisms
are working o produce resistance in those populations where we did nat find a
significant presence of resistance-associated enzyme activity, Still, eary dstection
of enzymatic resistance mechamsms in populations of yellowlaver mosquito could
prompl an important change in conirol programs and prolong the effective use of
insecticides.
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Fig. 3. Mean absorbance values of adult females of Aedes segynti from
Tamaulipas state and the New Crieans strain obtained in biochemical assays.

Table 3. Percentage of Aedes asgyptli Females from Tamaulipas Setected with
Permethrin DD that Surpassed the Threshold of Resistance Established by the
Susceptible New Orleans Strain

Reynosa _Matamoros Muevo Lareda
Enzyme Survivers  Dead  Survivors  Dead  Survivors  Dead
o esferases 3.6 30.4 8.6 78 0.0 0.0
[ esterases 8.0 7.8 00 0.4 0.0 08
MFO 6.8 1.2 az 0.8 34 0.0
G5T 6.4 0.8 82 5.6 0.2 0.2
ACHE 150 02 220 00 21.0 1.2

Fig. 4 presents the mean absorbance values of the five enzymes fram the
New Oreans strain {susceptible reference) and populations from Sonoita and
Hermosillo,. Mean absorbance values from Hermosillo and Sonoita populaticng
were grealer than those of the New Orleans strain in comparing the results for o
esterase of individuals that survived, indicating an enzymatic activity significantly
greater than that of the susceptible strain and a waming of focal resistance.
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Fig. 4. Mean absorbance values of adult females of Aedes segypll from Sonora
state and the New Oreans strain obtained in biochemical assays,

In regard to the percentage of individuals from Sonora populations that
surpassed the threshold of each assay (Table 4), it is astablished that o-esterases
represent the mechanism present in both populations.  As with MFO, it can
represent an impartant detoxifying mechanism in the population from Sonoita.

Table 4. Percentage of Aedes aegypll Females Selected with Permathrin DD from
Sonora that Surpassed the Threshold of Resistance Established by the Susceptible
Mew Qrleans Sirain

Enzyme

r esterases
[+ esterases
MFO

EST

ILCHhE

___ Hermasillo o Sonoita
Survivors Dead Survivors Dead
94 2 833 arb 7o.8
0.0 7.5 0.0 158
23.2 442 yo.o 4.2
183 15.8 200 13.3
4.1 33 24.0 59.1
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Conclusions

The DD for permethrin for the populations from the states of Coahuila
(0.0086%), Sonora (0.0086%), and Tamaulipas (0.0110%) were lass than those for
DD established by the WHO (0.25% of the al.), For populations from the states of
Baja Californla Norte and Sur, a DD of 0.0172% had been established (Flores at al,
2005).

For the population from Torreon, Coahuila, individuals surviving expasure lo
the DD of permethrin showed slightly more enzymatic activity compared to the
susceptible strain, albeil not significantly, However, this population had activity
levels significantly grealer than those of other populations studied. Results
demenstrated that the enzymatic mechanism invalving a- esterase |s prasent, but is
not the principal means of detexification, because it Is found in both survivors and
killed afler exposure to the DD of permethrin. In enzyme assays for oxidases and
5T, some Individuals surpassed, albeil atl non-significant percentages (p > 0.05),
the threshold of resistance established with the Mew Orleans strain. Insensitive
acatylcholinesterase was significantly presaent in this population, because it was
found In 100% of the survivors of the diagnostic dose. However, this mechanism s
not associated with resistance to pyrethroids, but rather with resistance lo
organophosphale and carbamate Insecticides,

Reynosa, Matamoros, and Nuevo Laredo, the populations from Tamaulipas,
clearly demonsirated that the mechanisms involving o and B esterases were not
important in conferring resistance to permethrin at the three locations studied.
Contrasling results were reported by Flores et al (2005, 2006) whe found o
eslerases as a main resislance mechanism in populations from Baja California
norih and south and elevated both, a and B esterases in surviving populations
exposed DD of permethrin from Quintana Roo, south part of Mexico. The values
obtained for the oxidases at Nuevo Laredo and Matamoros did not significantly
surpass the threshold of tolerance established by the susceptible strain from Mew
Orieans. On the other hand, the mechanism involving insensitive
acetylcholinesterase seemed to be cperaling in surviving individuals after exposure
to the DD of permethrin and at a significant level compared with the rest of the
detoxifying mechanisms at the three locations studied. However, these findings
indicate this mechsnism is not associated with resistance to pyrethroids but to
organophosphates and carbamates.

The populations from Sonora, Hermaosillo, and Sonoita shawed levels of a-
esterases greater than that of the thrashold but were not significantly different in the
killed individuals. Surviving mosquitoes from Sonoita showed levels of B-esterases.
greater than thatl of the threshold, but were not significantly different from those
oblained in the killed individuals. These results indicated that none of these
mechanisms were involved in the resistance by these populations to perriethrin.
However, MFOs were present in the population from Soneita, at alevated levels of
activity, appearing as the main detoxifying mechanism for this population.
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