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ABSTRACT

An. vagus and An. philipinensis are the two dominant and potential vec-
torsof malariain Mizoram. These mosquito popul ations are continuously
being exposed directly or indirectly to different insecticidesincluding the
most effective pyrethroids and Dichloro-diphenyl-trochloroethane. There-
fore, thereisathreat of insecticide resistance devel opment. We subjected
these vectors to insecticides bioassay by currently using pyrethroids viz.
deltamethrin and organochlorine viz. DDT. An attempt was also made to
correlate the activities of certain detoxifying enzymes such asa- esterase,
B-esterase and glutathione-S transferase (GST) with the tolerance levels
of the two vectors. The results of insecticide susceptibility tests and their
biochemical assay are significantly correlated (P<0.05) asthereis eleva-
tion of enzyme production in increasi ng insecticides concentrations. Char-
acterization of GSTepsilon-4 gene resulted that An. vagus and An.
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philipinensis able to express resistant gene.
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INTRODUCTION

Mosquitoes (Diptera: Culicidag) and mosquito-
borne diseases have been threatening human and ani-
mals. There are 38 genera of mosguitoesworldwide
wherein three genera (Anophel es, Aedes and Culex)
werethemost important onetransmitting denguefever,
yellow fever, maaria, filariasis, chikungunyaand en-
cephalitisg. No part of theworld isfreefrom vector
borne diseases. Mosguito-borneparasitic diseases are
endemicinmany aressof theworld, causing morethan
3.2 hillion peopleto beat risk(?®, Thereare 444 for-
mally named speciesand 40 unnamed members of spe-
ciescomplexesrecognized asdistinct morphol ogical

and/or genetic speciesof Anophelesintheworld™. In
India, 58 species hasbeen described, six of which have
been implicated to be main malariavectors. Several
other anophelines including An. annularis, An.
philipinensis, An. vagus, An. nigerrimus, An.
peditaeniatus, An. tessellatus and An. varuna are
potentia vectorg32y,

Each year 300to 500 million casesof malariaare
reported worldwide, resultingin 1.5to 2.7 million desths
(Centersfor Disease Control and Prevention 2004).
Indiaison 18th position in thetotal reported malaria
casesand on 21t positioninreported ma ariadeathd 8.
InIndia, Mizoram alone contributed 5.73% of deaths
dueto malariain 2007 and 10.44%in 201018, Com-
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bat againgt malariagtarted since 1957 asthename ‘Na-
tiona MdariaControl Programme’ (NMCP) which was
Government of Indiaflagship programme. In 1958,
NM CP was changed to National MaariaEradication
Programmethat reflected the actionin Mizoram that
IRS (Indoor Residua Spray) of organochlorineinsec-
ticide, Dichloro-diphenyl-trochl oroethane (1 kg of DDT
50% effective conc. dissolved in 10 L of water i.e. 5%
conc.) was started since 1960still today. Moreover,
toward vector control and management di stribution of
1% K-othrine, asynthetic pyrethroid (Deltamethrine
2.5% activeingredient v/v) for treated bed-netsall over
Mizoramwhichwasreplaced by distributionsof Long
lastinginsecticida nets(Olyset netie.Permethrinein-
corporated into polyethylene) since 2008.

Insecticideresistanceisincreasingly becoming a
problem for maariavector control programmes. Wide-
spread use of the sameinsecticidesin the agricultural
sector has made the situation worse. Resistance may
devel op dueto changesin themosguitoesenzyme sys-
tems, resultingin morerapid detoxification or seques-
tration of theinsecticide, or dueto mutationsin thetar-
get site preventing theinsecticide-target Siteinterac-
tion(?4, Insecticidesthat can beusedin malariacontrol
areincreasingly becoming limited. Theglutathione S-
transferases (GSTs) are membersof alargefamily of
multifunctiona intracellular enzymesinvolved inthe
detoxification of endogenousand xenobiotic compounds
viaglutathione conjugation, dehydrochlorination, glu-
tathione peroxidase (GPX) activity or passve/sacrificid
binding®>2, |n mosquitoes, the metabolic resistance
based on GST isthe mgor mechanism of DDT-resis-
tance®. The esterase-based resi stance mechanisms
have been studied extensively at the biochemical and
molecular level in mosquitoes. Work isin progresson
related and distinct esteraseres stlance mechanismsina
range of Anopheles and Aedes species. Broad-spec-
trum organophosphate resistanceis conferred by the
elevated esterases of Culex species. All theseesterases
act by rapidly binding and owly turning over thein-
secticide: They sequester rather than rapidly metabo-
lizethe pesticide™™.

Introduction of ingppropriateinsecticideswithout a
proper understanding of theprevailing res tancemecha:
nisms may lead to enhanced vector resistanceand dis-
easecontrol failure. Early detection and knowledgeon
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Figurel: Location and landscapeof Mizoram showingdiffer-
ent districts

theres stance status and the underlying mechanismsin
vector mosquitoes areessential for effectivelong-term
control of thevector. Therefore, the status of insecti-
cideresistanceand prevaence of different typesof re-
sistance mechanismsin An. philipinensisand An. va-
gus popul ations from six administrative districts of
Mizoramisreportedinthispaper.

MATERIALSAND METHODS

Collection of mosquito

The study covered amajor part of thesix districts
inMizoram (betweenApril 2009 to May 2013) includ-
ingAizawl (23°44°N, 92°42’ E), Serchhip (23°16’N,
92044’ E), Mamit (23°55’ N, 92°29’ E), Lunglei (22°52°
N, 92°43’ E), Lawngtlai (22°18’ N, 92°41’ E) and
Kolasb (23°13' N, 92°40’ E) with the altitudinal varia-
tion of 54 - 1150 m. Thewater bodies (ponds, ditches,
pools, river beds, treeholes, rock holes, tanksand con-
tainers) weresurveyed and subsequently sampled, col-
lection of immature mosquitoeswas a so made onthe
same day (8:00 am — 3:00 pm) by the scoop-net
method™, with alarval net of afinemesh net mounted
toairon handle (25 cm diameter), plastic tub of differ-
ent sizes, plastic dipper and dropper (21 - 38°C; 25 -
98% RH). Adultswere collected at dusk and midnight
(4:00 — 8:00 pm; 12:00 — 2:00 am) using electrical
mosguito bat (commercidly available), hand coll ection™
which conssted of a250 ml glassjar and cotton moisten
with chloroform kept at the base of thejar and CDC
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(Center for Disease Control) light trap from both
indoor and outdoor.

| dentification of mosquito

Morphological identification of mosquito was
done on adult femal e taking colour pattern of wing,
palpi and leg as identification characters using dis-
secting light microscope and hand lens. The identi-
fication keys followed the illustration of Das et al.
[ Reuben et al?@, Nagpa and Sharma'’, Oo et
al.ron,

I nsecticidal bioassay

Susceptibility testswas carried out in three rep-
licatesusing DDT (50% effective concentration) and
Deltamethrine (2.5% active ingredient w/w) ob-
tained from Department of Health Services, Govt.
of Mizoram.

Maintenance of mosquito and prepar ation of test
concentrations

Bioassay was conducted on field collected popu-
lation. Larvae collected from the field were imme-
diately carried to laboratory (25+3°C temp, 50-85%
RH). Two-threeday old female F1 mosquitoeswere
reared from collected material and used for subse-
guent experiments.

Susceptibility assay

I nsecti cide bioassays were conducted by means
of tarsal contact exposureto insecticide-impregnated
papers as per WHO protocol?®. A rectangle of
Whatman-No.1 filter papers (12 cm x 15 cm) was
used for insecticideimpregnation. DDT of different
concentrations (0.25% - 4%) and deltamethrin (0.004
- 0.25 %) of 0.7 ml each were mixed with an equal
volume of acetone (0.7 ml) and the mixture was
spread uniformly on the filter papert?!l. Batches of
30 early adults femal e mosquitoes were exposed to
insecticide impregnated papers for one hour, dead
mosguitoes were counted after arecovery period of
24 hours. At least five replicates for each insecti-
cide were carried out with each population. Papers
impregnated with the carrier (oil) and acetone was
used as controls. Resultswere used only if the mor-
tality in the controls was <20% and the mortalities
were adjusted for using Abbott’s formula. WHO
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classification was used to interpret the resultg?.

Prepar ation of mosquitofor quantitativeenzyme
assays

Enzyme assays was done as per WHO proto-
col'®, Different concentration of insecticidestreated
mosquitoes which were alive after treated (stored
at -20°C) was homogenized in -20°C cryo-box. 200
ul distilled water was added to it. It was spun at
14,000 rpm for 30 seconds; the supernatant was used
as enzyme samplesthen stored at -20°C.

Protein assay

Quantification of the total protein of the early
fourth instar larva was done according to the stan-
dard procedure of Lowry et al.'4. A known concen-
tration of bovine serum albumin (BSA) wasused as
the standard protein.

Standard (a-and B-) napthol assay

a-napthol and B-napthol of 200p1/ml stock con-
centration was pipettein 100, 200, 400, 500 and 800
ul into test-tubes. The volume was made to 1 ml by
addition of 0.02M PBS (pH 7.2) to each test-tubes
and the blank contained 1 ml of 0.02M PBS (pH 7.2).
50 ml of Fast blue stain was added to each test-tubes
and incubated at room temperaturefor 5 minutes. OD
wasread at 570 nm. Two standard curved were made
for a-napthol and B-napthol®™,

Naphthyl acetate assay for esterase

200ul of a-/B- Naphthyl Acetate was added to 20ul
of homogenateand incubated st room temperaturefor
15 minutes. Theblank contained 20ul of distilled weter.
50 ul of Fast blue stain was added and further incu-
bated for another 5 minutes. 2860 ul of 0.02M Phos-
phate buffer (pH 7.2) was added to increased thevol-
umerequired by spectrophotometer used. OD wasthen
read at 570 nm{28,

Assay for glutathione-S-transferase

10 pl of homogenate was mixed with 200 pl of
chlorodinitrobenzene-Reduced Glutathione (CDNB-
GSH) and incubated for 20 minutes. The blank con-
tained 10 pul of distilled water. 2940 ul of of 0.02M
Phosphate buffer (pH 7.2) was added to increase
the volume required by spectrophotometer used and
mixed thoroughly. It was incubated for 20 minutes
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Figure2: CLUSTAL W alignment of GSTe4 complete coding sequencesof An. gambiae (GenBank Accesson NO.AY 070254.1)
and Ae. aegypti (GenBank Accession NO. AY819709.1). The highlighted region show the sequences selected for GSTed

primer
inroom temperature. OD wasthen read at 340 nm#,

Extraction of total RNA, cDNA synthesisand re-
verse transcriptase (RT)-PCR of Anopheles B-
Actin

Total RNA was extracted from An. philipinensis
and An. vagus using TRI reagent (SIGMA, USA),
according to the manufacturer’s instructions. Then
MRNA was reverse transcribed into cDNA using

RevertAid™ First strand cDNA synthesis kit
(Fermentas) following the manufacturer’s protocol.
Anopheles B-actin primer AF: 5'- ATG TAC GTC
GCCATC CAG GC -3 ¢ and B-actin AR; 5’- CGA
TGG TGA TGA CCT GTC CGT -3 was used as
a house keeping gene for quantitative standardiza-
tion of the cDNA sample. PCR condition consisted
of initial denaturation at 94°C for 1 minute, followed
by 35 cycles of 94°C for 30 seconds, 50°C for 30
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TABLE 1: Insecticidal bioassays(Deltamethrin and DDT) against field collected An. philipinensisand An. vagus

Species I nsecticides used Concent-ration in mg/l Percent mortality LCgy LCL UCL
0.25 8
0.50 21
An. philipinensis 1.0 36
20 52 1607 1361 1.937
DDT 4.0 78
0.25 12
0.50 28
An. vagus 10 39
20 57 1340 1128 1.615
4.0 81
0.004 48
0.006 58
An. philipinensis 0.008 69
0.010 78 0.0051 0.0048 0.0052
Deltamethrin 0.025 %
0.004 42
0.006 49
An. vagus 0.008 56
0.010 63 0.0063 0.0041 0.0078
0.025 88
seconds of primer annealing, 72°C for 30 seconds
as primer extension and final extension at 72°C for RESULTS

1 minutein Thermal Cycler™ PCR (Eppendorf, Ger-
many).

Expression of Anopheles glutathione-S-trans-
ferase epsilon-4 gene

Primers (AGSTedF 5- TAC ACG GCC AAA
CTC AGC -3 and AGSTe4R 5- CGG TAC AGA
TTG TCG ATC -3') to obtained the partial expres-
sion of Anopheles GSTe4 gene was designed from
NCBI database. 25 ul PCR reaction included Taq
polymerase buffer (1X), MgCl, (1.5 mM), dNTPs
(0.25mM), primer (0.1pM each), Taq polymerase
(0.5U) and cDNA template. The volume was made
to 25ul with DEPC water. The concentration of
cDNA template used for PCR wasreferred from stan-
dardized B-actin PCR result. PCR condition con-
sisted of initial denaturation at 94°C for 1 minute,
followed by 35 cycles of 94°C for 30 seconds, 58°C
for 30 seconds for primer annealing, 72°C for 30
seconds as primer extension and final extension at
72°C for 1 minute.

Theresults of the bioassay with the two insecti-
cides against most dominant and potentia vectors
of malariaare provided in TABLE 1. The LC® val-
ues for the two species indicate differential toler-
ance levels. Insecticides susceptibility screening
against two species of Anopheles showed that the
level of tolerance against DDT was higher in An.
philipinensis as compared to An. vagus. In contrast
An. vagus showed a 1.24 fold increase in tolerance
against deltamethrin compared to An. philipinensis.

The results of the biochemica analysis on in-
secticides treated samples showed asimilar pattern
to bio-assay and there was a significant increase in
enzymes production in increasing insecticides con-
centrations (TABLE 2). InDDT treated samples, the
amount of GST enzyme production was highest in
An. philipinensis adults (0.420+0.02) and a corre-
lation wasfound between susceptibility testson dif-
ferent concentrations of DDT and enzyme elevation
(r=0.953; P<0.05). In case of carboxylesterases as-
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TABLE 2: Activity of esterases, glutathione S-transferasesin An. vagusand An. philipinensispopulation

Biochemical assay

General Esterase (o)

General Esterase (p) Glutathione-S-

Species Insecticides transferase
used (a-naphthol/min/mg (B-naphthol/min/mg (nmoles/min/mg

protein) protein) protein)
M ean+SE M ean+SE M ean+SE
An. vagus . 0.102+0.03 0.072+0.02 0.253+0.02

. . Deltamethrin

An. philipinensis 0.076+0.02 0.094+0.03 0.320+0.02
An. vagus DDT 0.110+0.03 0.105+0.02 0.375+0.02
An. philipinensis 0.105+0.02 0.08440.17 0.420+0.02

Figure 3: 1.5% agarose gel showing standar dized B-actin
genegRT-PCR. 100 bp DNA marker wasused. 1- An. vagus,
2. An. philipinensis.

say, the elevation of a- and B-esterase was signifi-
cantly higher (P<0.05) in An. vagus as compared to
An. philipinensis. In deltamethrin treated samples,
GST enzyme production was significantly higher in
An. philipinensis (0.320+0.02) than An. vagus
TABLE 1. Insecticidal bioassays (Deltamethrin and
DDT) against field collected An. philipinensis and
An. vagus (0.253+0.02). There was a significant
correlation of GST enzyme el evation against increas-
ing concentrations of deltamethrin (P<0.05). More-
over, the level of a- esterase enzyme elevation was
significantly higher in An. vagus.

The standardized B-actin partial gene qRT-PCR
gave the optimum band intensity for field collected
Anophel esspecies (Figure 3) and different volumes of
cDNA concentrations; An. vagus-1.2ul and An.
philipinensis- 0.8ul were used for template to obtain
similar band intensity. It was observed that An. vagus
and An. philipinensiswereableto express GSTe4 gene
(Figure 4) and therefore confirmed GST enzyme pro-
ductioninthebiochemical assay.

DISCUSSION

Chemical insecticidesplay amajor rolein vector
control. However, the continuous and indi scriminate

Figure4 : Expression of mosquito GSTed gene. 1— An. va-
gus; 2 - An. philipinensis

use of insecticide in a population will lead to the
development of physiological resistance in the in-
sects®l. The present results clearly suggest the dif-
ferential effect of the same class of insecticides on
two species belonging to different habitats. Ear-
lier,?4 andi?? had shown differential susceptibility
status in a few species of Culex mosquitoes from
the samedistrict. Bansal and studied the suscepti-
bility levels of some anophelines, such as An.
culicifacies, An. annularis, An. stephensi and An.
subpictus from Rajasthan, India and found that all
these species were resistant to DDT and dieldrin,
but were susceptibleto fenitrothion and permethrin.
The present study hasalsorevealedasignificant 1.1-
fold increase in the GST enzyme activity in An.
philipinensis, which could be correlated with the
1.2-foldincreaseinthe DDT tolerance compared to
An. vagus.

Prior to 1977, DDT wastheinsecticide used for
malariavector control programmesin Sri Lanka DDT
resistancein An. culicifacies and An. subpictus was
first detected in1969in Sri Lankad?Y. Vector resistance
to DDT declined dowly after cessation of itsusage, but
increased again after 1983 dueto aGST-based resis-
tance mechanism, whichwasfirst selected by exposure
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to DDT™Y, The present studiesal so suggest that DDT
whichwasusingsince 1960sandthereisapossibilities
of resistancein thetested speciesasthereisasignifi-
cant elevationin GST enzymeactivity inincreasingin-
secticidesconcentration. Highresstancelevelsof DDT
inapopulation probably are duetoincreased level s of
GST enzymes?l, Moreover, DDT wasintroduced in
1950sin Indiafor IRS and was continued up to 1970.
First report of DD T-resi stance appeared in 1958 and
later widespread resistancewasreported?. Therewas
asignificant increasein esterase activity (P<0.05) in
An. vagus, which could be correlated withthe DDT
tolerancestatus. Thismay suggest speciesspecificbio-
chemica mechanismfor detoxification.

I nsecticide resistance can be due to selection of
changesininsect enzyme systems, leading to rapid
detoxification or sequestration of insecticide or dueto
alterationsof theinsecticidetarget Site preventing the
insecticide-target Steinteraction. Increased metabolic
capacity isusually achieved by increased activity of
monooxygenases, GSTs or esterases. Metabolic en-
zymegenesusudly havegreater plasticity than insecti-
cidetarget Stegenes. Increased enzymeactivity can be
brought about by geneamplification, upregulation, cod-
ing sequence mutations or by acombination of these
mechanisms. P** can mediateresistanceto al classes
of insecticides. GSTs can mediateresistanceto orga-
nophosphates, organochlorinesand pyrethroids. Es-
terases can provideresistance to organophosphates,
carbamates and pyrethroidswhich arerich with ester-
bonds*?. High genetic diversity has caused broad sub-
sratespecificity ininsect metabolic enzymes. Isolation
and characterization of candidate genes/genefamilies
which are over-expressed in these vector populations
will aid futurevector control programmes.

However, induction of GST activity hasbeenre-
ported not only after exposure to organophosphates
and organochlorides but also against pyrethroid™,
Reportscorrelatingthe e evated level sof GST withre-
sistance to pyrethroids do exist for Tribolium
castaneum and Aedes aegypti®. Therefore, the sig-
nificantly higher level of GST activity might play a
rolein pyrethroid tolerancein An. philipinensisand
An. vagus along with esterase activity.

Indian scenario depicts prevalence of DDT-re-
sistance co-existing with susceptibility to synthetic
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pyrethroids. The quick reversion of deltamethrin-
resistance to susceptibility could be due to the con-
templated nature of the recessive resistance gene.
Thisfurther indicatesthat deltamethrin and synthetic
pyrethroids excel other groups of insecticides in
vector control astheir useful life can be enhanced if
used judiciously for vector control®. GST-based
resistance has been detected by elevated levels of
GST activity in strains of insects resistant to orga-
nophosphates, organochlorines® and pyrethroids*.
In addition to these, there was a significant eleva-
tion of GST enzymes production in increasing
deltamethrin concentrations but insignificant corre-
lation wasfound in elevation of general esterase (a-
and f- esterase) against deltamethrin. Thus, GST
alonedetoxification wasresponsiblefor slightly tol-
erant against deltamethrin but pyrethroid suscepti-
bility in An. philipinensis and An. vagus was found
astherewasinsignificant correlation in level of es-
terase activity.

Asthemosquito populationsof Mizoram areaare
exposedto DDT and deltamethrininsecticidesin their
respective habitats, tests conducted on thetolerance
level and theenzymesinvolved in detoxification mecha
nismsareimportant. The present studiesin respect of
bi oassay and biochemicd estimationshaverevededthe
probabl e mechanism devel oped by theloca malaria
vectorsto combat theinsecticides. Further, the study
of enzymesinvolved in the detoxification mechanism
will hel p ustointroduce appropriate control measures
such ascombinations of insecticidesand synergistsfor
abetter and effective control programmeof maaria
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