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Malathion and Propoxur Resistance in Turkish Populations of the
Anopheles maculipennis Meigen (Diptera: Culicidae) and Relation to

the Insensitive Acetylcholinesterase

Tiirkiye Anopheles maculipennis Meigen (Diptera: Culicidae) Populasyonlarinda Malathion

ve Propoxur Direnci ve Duyarsiz Asetilkolinesteraz ile [liskisi

Muhammet Mustafa Akiner

Department of Biology, Recep Tayyip Erdogan University, Rize, Turkey

ABSTRACT

Objective: The objective of this study was to evaluate insecticide resistance related to acetylcholinesterase (AChE) sensitivity and annual
changes in An. maculipennis from six different populations.

Methods: Larvae and adult samples of An. maculipennis were collected from six different localities (Birecik, Beysehir, Cankiri, Avariz, Ta-
tarkoy, Derekoy) in Turkey. Insecticide susceptibility against malathion and propoxur was determined. AChE and insensitive AChE levels
were measured individually.

Results: All Anopheles maculipennis population mortality rates were placed in the suspected resistance category for malathion and
propoxur in 2007. While Thrace region populations (Avariz, Tatarkoy, Derekoy) were placed in the surveillance category in 2008, the Birecik,
Beysehir, and Cankiri populations were identified in the resistance category. According to the biochemical assay, AChE inhibition rates were
high in 2007 and decreased in 2008, except in Derekoy.

Conclusion: Our results revealed that insecticide resistance against malathion and propoxur increased from 2007 to 2008. Biochemical assay
results showed that the AChE insensitivity for 2 test years and insensitive AChE frequency had increased annually. Our results also showed
that extensive usage of organophosphate and carbamate for pest control in agriculture is a key factor for malathion and propoxur resistance
in all tested populations rather than direct usage of mosquito control.

(Turkiye Parazitol Derg 2014; 38: 111-5)
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OZET

Amag: Bu calismanin amaci, alti farkli Anopheles maculipennis populasyonunda insektisit direnci ile baglantili olarak asetilkolinesteraz
(AChE) duyarliiginin ve yillik degisiminin belirlenmesidir.

Yéntemler: Larva ve ergin Anopheles maculipennis drnekleri Turkiye'nin alti farkli noktasindan (Birecik, Beysehir, Cankir, Avariz, Tatarkdy
ve Derekdy) toplanmistir. Malathion ve propoxur'a karsi insektisit duyarliidi tanimlanmigtir. AChE ve duyarsiz AChE seviyeleri bireysel olarak
Sl¢limustar.

Bulgular: 2007 yilinda malathion ve propoxur igin tim Anopheles maculipennis populasyonlarinin 8lim oranlar stipheli direng kategorisinde
yer almistir. 2008 yilinda Trakya bdlgesi populasyonlari (Avariz, Tatarkdy, Derekdy) stipheli direng kategorisinde yer alirken, Birecik, Beysehir
ve Cankin populasyonlari direncli kategoride belirlenmistir. Biyokimyasal testlerin sonuglarina gore AChE inhibisyon oranlari 2007 yilinda
ylksek degerdedir ve 2008 yilinda Derekdy soyu hari¢ azalmistir.
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Sonug: Bizim sonuglarimiz malathion ve propoxura karsi insektisit direncinin 2007 yilindan 2008'e arttigini ortaya ¢ikarmistir. Biyokimyasal
deneylerin sonuclar her iki yilda da asetilkolinesteraz duyarsizigini ve duyarsiz asetilkolinesteraz frekansinin yildan yila arttigini géstermistir.
Bizim sonuglarimiz ayni zamanda tim ¢alisilan populasyonlarda malathion ve propoxur direnci icin tarimda zararli kontrolinde yogun olarak
kullanilan organofosfat ve karbamatlarin, direkt sivrisinek kontroliinde kullanilanlardan daha énemli anahtar faktér oldugunu gdéstermistir.

(Turkiye Parazitol Derg 2014; 38: 111-5)
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INTRODUCTION

Anopheles maculipennis complex is the vector of malaria in
Europe and the Middle East throughout history, and malaria is
still a serious problem in the Middle East and Minor Asia (1).
An. maculipennis complex comprises 12 palearctic members;
three of its members (An. atroparvus, An. labranchiae, and An.
sacharovi) are known to be efficient vectors of malaria in the
palearctic (2-5). Currently, there are 56 recognized species of
mosquito, and An. sacharovi, An. Superpictus, and An. macu-
lipennis are the most important malaria vectors in Turkey (6, 7).

Anopheles sacharovi is the main vector in Turkey and has wide-
spread distribution in many parts of our country but is generally
found in mixed populations with An. maculipennis and An. mela-
noon (8). Insecticides have been widely used since the late
1960s, and numerous cases of resistance have been determined
in insects. Resistance mechanisms can be described as two
mechanisms: increased metabolic detoxification (by detoxifica-
tion enzymes) and target site modifications that lower their
affinity for the considered insecticides (mutations of the volt-
age-dependent sodium channel, acetylcholinesterase, and
GABA receptor genes) (9). Specific base changes at one or a few
positions of the target DNA region explain the resistance to
various insecticide groups (organochlorines, pyrethroids (PY),
organophosphates (OPs), carbamates). Organochlorines and PY
target voltage-dependent sodium channels, and OPs and car-
bamate target acetylcholinesterase (AChE). AChE is an enzyme
that catalyzes the hydrolysis of acetylcholine and is a key enzyme
in the insect nervous system for transmission (10). Biochemical
studies revealed that insensitive acetylcholinesterase (IAChE),
which targets the site of organophosphate (OP) and carbamate
insecticides, causes insecticide resistance in many mosquito
species. Insensitive AChE forms have been detected in mos-
quito species, such as Aedes albopictus, Anopheles gambiae,
An. sacharovi and Culex pipiens, in many areas (11-13).

Although the development of resistance to chemical insecti-
cides has been reported by different authors, chemical insecti-
cides are still being heavily used in control operations in many
areas of Turkey (8, 11, 14-16). Ramsdale et al. (16) had reported
carbamate and OP resistance in An. sacharovi populations from
different regions in Turkey. Kasap et al. (15, 17) had described
organochlorine, carbamate, OF, and PY resistance in An.
sacharovi, Culex tritaeniorhyncus, and Aedes caspius. Akiner et
al. (18) had described organochlorine, OP, and PY resistance in
Cx. pipiens. They reported OP, organochlorine, and PY resis-
tance of Thrace An. maculipennis populations (8).

However, all of the aforementioned studies identified resistance;
there are few studies that focused on biochemical mechanisms
of insecticide resistance (8, 11, 19). They indicated that DDT

Bileck  3654'N3801E 455m Cowshed, henhouse
Beysehir 3741'N3142E 1127 m Cowshed, henhouse
Cankin - 4020N3352E 561m
Avanz 4144 N2632E  45m
Tatarkdy 4135 N2636E 42m
Derekdy 4156 N2721E 431m

Cowshed
Cowshed
Cowshed

Figure 1. Location and brief description of collected populations

resistance may be related to DDT dehydrochlorinase activity in
different populations of An. maculipennis species, Cx. tritaenio-
rhynchus, and Ae. caspius. Luleyap and Kasap (19) had reported
that AChE, GST, and non-specific esterase activity levels were
higher in the resistant group than in the susceptible groups.
Akiner et al. (8) had reported increasing activity levels of nonspe-
cific esterases, mixed fonction oxidases, and glutathione S trans-
ferases for An. maculipennis populations of the Thrace region in
Turkey. Insecticide resistance status, related to AChE, has not
been reported in resistance studies except for Luleyap and
Kasap (19). Therefore, the objective of this study was to evaluate
resistance related to AChE sensitivity and annual changes of
AChE and insensitive AChE profiles in An. maculipennis from six
different populations of Turkey.

METHODS

Populations of An. maculipennis

The study site’s locations, GPS coordinates, and a brief descrip-
tion of the localities are provided in Figure 1. Larvae and adult
samples of An. maculipennis were collected from six different
localities in different regions of Turkey. Adult samples were col-
lected by mouth aspirator and transferred to the laboratory alive
inside net cages. We especially chose rice, cotton, and vegeta-
ble production areas for larval collection. Samplings were per-
formed by dipping with a standard 400 mL dipper. All larval
samples were transferred to the laboratory alive in plastic bot-
tles. All tests were carried out with F1 generation adults or grow-
ing adult samples from collected larvae in the laboratory. All test
samples were transferred to a -80°C freezer until the date of
biochemical analysis.

Adult Bioassay

Unfed adult female mosquitoes were assayed for susceptibil-
ity by diagnostic tests (20). Susceptibility was determined
against malathion (5%) and propoxur (0.1%). One diagnostic
concentration was used, and a 1-h application period was
applied for malathion, while a 2-h application period was
applied for propoxur. Mortality was recorded after a 24-h rest-
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Table 1. Percentage mortality of Anopheles v adults from six different areas exposed to diagnostic doses of malathion and

propoxur in 2007 and 2008

Malathion 5% Propoxur 0.1%

Strains 2007 2008 2007 2008

No of Dead % Dead No of Dead | % Dead No of Dead | % Dead No of Dead | % Dead
Birecik 110 91.66 90 110 91.66 88 73.33
Beysehir 108 90 93 77.5 114 95 85 70.83
Cankir 111 92.5 94 78.33 118 98.33 94 78.33
Avariz 105 87.5 98 81.66 102 85 100 83.33
Tatarkdy 107 89.16 99 82.5 100 83.33 98 81.66
Derekdy 106 88.33 101 84.16 108 90 102 85
Note: Experiments were performed using 2 replicates, and each replicate contained 60 female mosquitoes

ing period. Insecticide resistance status was evaluated by
using the classification determined by WHO (21), in which
98%-100% mortality indicates susceptibility, 80%-97% mortal-
ity suggests possible resistance requiring confirmation, and
<80% mortality suggests resistance. A total of 2880 (1440 in
2007, 1440 in 2008) adult females were analyzed from six local-
ities for each insecticide (120 adult mosquito samples for each
locality and year).

Biochemical Assay

Acetylcholinestease and insensitive AChE levels were measured
individually in the adult females as described by WHO for possi-
ble iIAChE (22). Standard flat-bottom microtiter plates (Nunch
maxisorp®, Nunch A/S, Roskilde, Denmark) were used for tests,
and absorbance was read spectrophotometrically with an ELISA
reader (Power Wave®XS, Biotek Instruments USA).

Biochemical analyses for individual mosquitoes were performed
with two replicates of the homogenate. A total of 720 (360 in
2007, 360 in 2008) adult females were analyzed from six localities
(60 adult mosquito samples for each locality and year).

Each An. maculipennis specimen was homogenized on ice in 200
uL of 50 mM sodium phosphate buffer, pH 7.2, and the homoge-
nate was centrifuged at 10,000xg for 10 min at +4°C. The super-
natant was used as the source of enzymes. Total protein amount
in 10 pL of supernatant was measured using the Bradford assay
in order to calculate the enzyme activity for each sample (23).
Then, 300 pL of Bradford dye reagent was added to each repli-
cate, and the endpoint absorbance was read at 595 nm. Protein
values were calculated using a standard curve of absorbance of
bovine serum albumin.

Two 25 pl replicates of the supernatant were transferred to the
microtiter plate for AChE and iAChE assays; 145 pl of 1% triton
phosphate buffer (pH 7.8) was added each well, and 10 pl of
DTNB solution was added to each well. Then, 0.02 gr acetyl-
choline iodide (ASCHI) was dissolved 5 ml of water and divide
in a half another container, and 5 pl of propoxur was added to
that half. ACHI solution without propoxur added the first line.
ASCHI solution with propoxur added the second line. Same
procedure applied the 3 and 4. lines. The final concentration of
the final volume was read at 405 nm at the endpoint for the
starting time and after a 1-hour incubation period at room tem-

perature. The rate of inhibition calculated with and without
propoxur well ODs.

Statistical analysis

Mean acetylcholinesterase inhibition values analyzed were com-
pared between populations and years by the Kruskal-Wallis test
and interpreted with box plot graphics.

RESULTS

Bioassay

In total, 2880 mosquitoes were analyzed for diagnostic tests. The
results of the diagnostic tests are shown in Table 1. According to
the diagnostic tests, all populations were placed in the surveil-
lance category for malathion in 2007 (87.5%-92.5%). Mortality
rates were decreased from 2007 to 2008 in all of the tested pop-
ulations and went below 85%. Although Thrace populations
(Avariz, Tatarkdy, Derekdy) were placed in the surveillance cate-
gory in 2008, other populations (Birecik, Beysehir, Cankir) were
placed in the resistant category. At the same time, Thrace pop-
ulations mortality rates were closer to the resistant category
(under 80%) in 2008 (Table 1). Propoxur mortality rates varied
between 83.33% (Tatarkdy) to 98.33% (Cankin). Mortality rates
decreased from 2007 to 2008 in all of the tested populations but
the Thrace region (Avariz, Tatarkdy, Derekdy) change in the mor-
tality rates of the populations was lower than that of the other
tested strains. Although mortality rates decreased from 2007 to
2008, Avariz, Tatarkdy, and Derekdy populations were placed in
the surveillance category for propoxur. The other populations
(Birecik, Beysehir, Cankir)) were determined to be in the resistant
category in 2008, and the highest decreasing rate was found in
the Beysehir population. (Table 1)

Biochemical analysis

In total, 720 field-collected offspring mosquitoe samples from six
localities were analyzed for AChE and insensitive AChE. Propoxur
inhibition rates are shown in Table 1. Mean inhibition rates varied
between 34.12% (Derekdy) to 89.69% (Birecik) in 2007. In 2008,
mean inhibition rates decreased in all of the tested populations
and varied between 33.58% (Tatarkdy) to 51.89% (Cankiri). All of
the tested populations’ inhibition rates decreased from 2007 to
2008 except Derekdy. In spite of the inhibition rates decreasing
around 40%-45% for Birecik Beysehir and Cankiri, the Avarniz and
Tatarkdy inhibition rates decreased around 10%-20% (Table 2,
Figure 2).
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Table 2. Mean acetylcholinesterase inhibition rates of
Anopheles maculipennis adults from six different areas in 2007
and 2008

Mean Kruskal-Wallis test
Strains 2007 2008 h P
Avariz 40.17£2.10 | 36.63+2.43 | 2.38 0.12
Tatarkdy 40.86+2.61 | 33.58+£1.96 | 4.82 0.02
Derekoy 34.12+2.07 | 44.34+2.41 9.46 0.002
Birecik 89.69+0.57 | 48.86+2.93 | 84.75 0.0000003
Beysehir 84.71+£1.34 | 51.53+2.65 | 60.34 0.0000007
Cankir 83.67£0.92 | 51.89+2.59 | 59.69 0.0000001

DISCUSSION

Acetylcholinestease is a major molecular target for organophos-
phorus and carbamate insecticides, which inhibit the enzyme. In
many insects, iIAChE causes an important target site resistance
mechanism to OP and carbamate insecticides (24). The present
investigation has revealed suspected resistance status to mala-
thion and propoxur in 2007. In 2008, mortality rates decreased,
and some populations were placed into the resistant category
according to the WHO (21). The others were placed in the still-
suspected-resistance status, but mortality rates were closer to
the resistance border.

According to the biochemical tests, all of the tested populations
exhibited sensitivity to propoxur inhibition. The Beysehir, Cankiri,
and Birecik population sensitivity to propoxur was high in 2007,
but in 2008, the sensitivity decreased nearly 30%-40%. Although
these populations showed a homogeneous structure for AChE
sensitivity and inhibition rates in 2007, in 2008, they showed a
heterogeneous structure (Figure 2). Malathion and propoxur
diagnostic test results showed the same situation. Mortality rates
decreased and reached nearly 70%-78% for malathion and
propoxur in 2008 for these populations. The Avariz, Tatarkdy, and
Derekdy populations displayed heterogeneous structures for 2
testing years, but inhibition rates decreased (except Derekdy)
from 2007 to 2008, like the other populations. In spite of increas-
ing sensitivity for Derekdy, mortality rates for malathion and
propoxur decreased from 2007 to 2008. OP and carbamate resis-
tance has described many mosquito species around the world,
such as Cx. pipiens, Cx. quinquefasciatus, An. sacharovi, An.
gambiae, and Cx. tritaeniorhyncus (11, 13, 25-27). Hemingway et
al. (11) described sensitivity to inhibition to malaoxon and
propoxur for the An. sacharovi Adana population. Less sensitive
to insecticide inhibition, changed AChEs have been reported in
the Culex genus in many areas (25, 28-30). Our study revealed
that all tested populations had more or less insensitive AChE
forms. Mortality rates and AChE sensitivity decreased for all
strains from 2007 to 2008. This situation may be related to the
insecticide usage profile but not directly for mosquito control
operations. OPs and carbamates are usually vegetable or fruit
production areas and a small amount of mosquito control in
Turkey. Malathion was used for mosquito control in the 1980s,
and after, the usage of these insecticides was decreased for
mosquito control by operators. Individual usage of these insec-
ticides still continues indoors as hand spray or pressurized spray.
The carbamate group insecticide usage situation has displayed
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Figure 2. Acetylcholinesterase inhibition rates results from the
localities evaluated

the same trend since the 1980s in Turkey. All collection sites were
situated near agricultural areas, and larvae samples were col-
lected from irrigation water ponds in the rice field (Avariz,
Tatarkdy, Cankiri), cotton (Birecik), and vegetable production
(Beysehir, Derekdy) areas. Insecticide resistance conferred by the
IAChE form and cofactors have been reported in different mos-
quito strains due to selection pressure as a result of the exten-
sive use of OPs and carbamate insecticides for mosquito control
and pest control in agriculture (8, 14, 19, 31). Our results showed
a similar situation and selection pressure as a result of the exten-
sive use of OPs and carbamate for pest control in agriculture-a
key factor for the malathion and propoxur resistance in all tested
populations. Other biochemical mechanisms may act more or
less on the OPs and carbamate resistance in all strains. Akiner et
al. (8) reported increased NSE and GST enzymatic activity for
different An. maculipennis in the Thrace region of Turkey. Some
authors had reported that esterases play an important role in OP,
carbamate, and PY resistance, and besides this, GSTs can pro-
vide resistance to these insecticides (12, 13).

CONCLUSION

Understanding resistance and mechanisms can be a guide to mos-
quito control. In this study, all the collection points were located at
important agricultural areas in Turkey. The main occupation of the
residents in these areas is rice, cotton, and vegetable cultivation,
and residents suffer extremely from the mosquito problem. As a
result of this situation, residents are using high amounts of agricul-
tural insecticides and commercial hand sprays for mosquito control.
More detailed studies that understand the biochemical mecha-
nisms and molecular basis of the resistance are needed to establish
effective mosquito control strategies and to arrest possible mosqui-
to-borne disease epidemics for these areas.
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