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Background and Objectives: The detoxification mechanism of an insect describes the decreased susceptibility to an insecticide that
was previously effective in controlling that insect. There is a chance for detoxification against insecticides in mosquitoes by the over
usage of chemical insecticides. The identification of enhanced levels or modified activities of enzymes like esterases, oxidases, or
glutathione-s-transferases (GST) can be used to improve vector control programs by the resistance management option. The current
study envisage to assess and analyze detoxification enzyme levels of Cx. quinquefasciatus of Kozhikode, Cochin, Malappuram, Thris-
sur, and Palakkad town areas of Kerala, India.

Methods: The samples were collected from regularly insecticide spraying area and scarcely spraying area of the five locations in the
year 2014, 15 and 16. The assays were done according to the protocol provided in techniques to detect insecticide resistance mecha-
nism; Field and laboratory Manual [1].

Results: There is a significant difference in carboxylesterase, GST, MFO activities of field populations of Cx. quinquefasciatus with that
of laboratory populations. The detoxification enzyme levels of Cx. quinquefasciatus were high in the areas where insecticides sprayed
regularly when compared to the areas where insecticides are sprayed scarcely.

Interpretation and Conclusion: The level of enzymes increased from year to year and it reinforces the need for constant surveil-
lance of mosquito populations susceptibility against the insecticides used in control and it points to the need of employing new phy-
tochemicals or other insecticides in the field as an alternative to synthetic chemical pesticides which would be easily degradable and

have less harmful effect on other organisms.
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Introduction

Lymphatic filariasis (LF) is a major public health problem in
India. India contributes to 41% of the global disease burden [2].
Kerala ranks second in endemicity preceded only by Bihar (over
17%) [3]. Out of the 14 districts in Kerala, 11 coastal districts
(Thiruvananthapuram, Kollam, Kottayam, Alappuzha, Cochin,

Thrissur, Palakkad, Malappuram, Kozhikode, Kannur and Kasar-

god) are endemic for this disease [4]. But due to the effective MDA
program and vector control activities the cases were reduced and

now Kerala is reaching the stage of elimination of filariasis.

Vector control plays an important role in the eradication or con-
trol of the disease. The National Filaria Control Programme (NFCP),
launched in 1955, insisted on providing due importance to vector

control by anti-larval measures in urban areas, and indoor residual
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spraying in rural areas. However, the continuous application of
synthetic insecticides renders development of resistance in target
insects. The development of resistance in vector species, and emer-
gence of new resistant genotypes among the vector population has
been a major setback in the global efforts to control vector-borne

diseases [5].

The metabolic based insecticide resistance mechanisms mainly
include non-specific esterase, Glutathione-S-transferase (GSTs)
and P450 mediated monooxygenase (MFOs) and they were known
to be involved in the detoxification of organophosphate, carbamate
and pyrethroid insecticides. So, these enzymes are used as reliable

markers to assess the impact of toxic compounds on insects [6].

Identification of resistance mechanism helps to determine the
cross resistance spectrum and facilitate the choice of alternate in-
secticides and helps in the mapping of areas with insecticide resis-
tance population [7]. Microplate assay similar to other resistance
detection assay should be simple and detect detoxification enzyme
levels in single mosquitoes. The results of the tests are more accu-

rate and obtained within minutes.

The scope of the current study aims to assess and analyze
the resistance status of field populations of Cx. quinquefasciatus
against the organophosphorus insecticide temephos of the Calicut,
Cochin, Malappuram, Thrissur and Palakkad town areas of Kerala.
Temephos is an organophosphate (OP) insecticide, recommended
as a larvicide by the World Health Organization (WHO) to control
mosquitoes, midges, blackfly, and other infesting insects [8]. Teme-
phos is widely using in the selected areas for the control of mos-
quito larvae. The present study analyses the detoxification enzyme
(carboxylesterase, glutathione -S - transferase, mixed function oxi-
dase) levels in the selected field and laboratory population of Cx.
quinquefasciatus in the three consecutive years 2014, 15 and 16 by

biochemical assays.

Materials and Methods
Areas of sample collection

The larvae of Cx. quinquefasciatus were collected from five dif-
ferent areas of Kerala state, India viz, Cochin Municipal Corpora-
tion, Kozhikode Corporation, Palakkad Municipality, Ponnani
Municipality (Malappuram) and Thrissur Municipal Corporation.
From each of the area, depending upon the mosquito control re-

gimes in existence, collections were made from two different lo-
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cations i.e. i) the regularly insecticide spraying locations (T) and
ii) scarcely spraying locations (U). In all these areas temephos
was used as a larvicide for the control of Culex mosquitoes by the
Municipality/Corporation. Recently, they have started using Bti
as larvicide in all the five areas and alternatively, Temephos and
Bti were predominantly used by Ponnani Municipality (as per the
reports of Municipality Health Dept.). The District vector control
unit also sprays temephos as larvicide in all these areas as a control
measure for Culex mosquitoes. Susceptible Laboratory Populations
were collected from CRME (Centre for Research in Medical Ento-
mology) ICMR, Madurai. The areas of collection are denoted as LAB
- Laboratory, EKM - Cochin Municipal Corporation, CLT - Kozhikode
Corporation, PKD - Palakkad Municipality, MPM - Ponnani Munici-
pality and TCR - Thrissur Corporation.

Biochemical assays

Biochemical assays were used to quantify levels of monooxy-
genases and non-specific esterases, in 4" instar larvae of the F1
generation. 30 fourth instar larvae were taken from each of the
samples for the assays. The assays were done according to the pro-
tocol provided in techniques to detect insecticide resistance mech-
anism; Field and Laboratory Manual [1], [Techniques to detect in-
secticide resistance mechanisms, WHO/ CDS/ CPC/MALI: / 98; 6].
Total protein was measured using the protocol of Bradford [9].

Statistical analysis

Statistical analysis (ANOVA) was performed using Statistical
package SPSS 20.0.

Results

The carboxylesterase levels indicated the degree of detoxifica-
tion to insecticides. High levels of these enzymes are seen in sever-
al organophosphate resistant strains of a number of insect species

as compared to susceptible strains of the same insect.

The increased enzyme activity is represented in the following
tables. It is calculated using the formula: (The activity in the pres-
ent year - The activity in the previous year)/The activity in the pre-

vious year X 100.

a esterase activity increase (Table 1) in EKM population was
11.11% in the year 2016 as compared with the year 2014. The level
of increase from the 2015 to 2016 was less as compared with level

of increase in 2014 to 2016. More than 5% activity increase was
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obtained in PKD, TCR, CLT and EKM. But only at PKD the scarcely

treating area also shows a value of increased activity more than 5.

Increased Increased Increased
Area of . . . .. . ..
sample activity % in | activity % in | activity %
. ‘t’i | 2015from | 2016from | in2016
coflectio 2014 2015 from 2014
LAB -1.105 1.117 0
MPM U 3.810 0.459 4.286
MPM T 3.571 0.000 3.571
PKD U 3.774 1.818 5.660
PKDT 5.394 1.575 7.054
TCRU 3.636 0.877 4.545
TCRT 4,938 1.961 6.996
CLTU 2.703 1.754 4.505
CLTT 5.814 3.297 9.302
EKM U 4.484 -0.429 4.036
EKMT 8.889 2.041 11.111

Table 1: Increased activity of a esterase level in the field and

laboratory populations of Cx. quinquefasciatus.

Increased activity of 3 esterase (Table 2) was shown by TCR and
CLT as compared with other areas. The activity increase percentage
of TCR Culex population in 2015/2014, 2016/2015, 2016/2014
was 7.556, 7.438 and 15.556 respectively.

Increased Increased Increased
Area of .. . . . .
sample activity % in | activity % | activity %
collecrt)ion 2015 from in 2016 in 2016
2014 from 2015 | from 2014
LAB 0.562 0.00 0.562
MPM U 1.485 0.488 1.980
MPM T 2.283 1.786 4,110
PKD U 1.961 2.885 4902
PKDT 3.879 5.809 9.914
TCRU 2.913 2.830 5.825
TCRT 7.556 7.438 15.556
CLTU 1.852 1.818 3.704
CLTT 5.882 7.143 13.445
EKM U 3.670 1.327 5.046
EKMT 4.120 5.036 9.363

Table 2: Increased activity of p esterase level in the field and

laboratory populations of Cx. quinquefasciatus.
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The glutathione-S-transferases (GSTs) are members of a large
family of multifunctional intracellular enzymes involved in the
detoxification of endogenous and xenobiotic compounds via glu-
tathione conjugation, dehydrochlorination, glutathione peroxidase
activity or passive/sacrificial binding [10,11]. Elevated levels of
GST activity have been found to be associated to insecticide resis-
tance in mosquitoes have often been implicated in the resistance to
organophosphates (OPs), organochlorine (OC) and pyrethroids. In
the present study the GST levels were elevated in all cases and the

results are as follows (Figure 3).

Figure 1: a esterase levels in the laboratory and field

populations of Cx. quinquefasciatus during 2014, 15 and 16.

Figure 2: {3 esterase levels in the laboratory and field

populations of Cx. quinquefasciatus during 2014, 15 and 16.

Table 3 exhibits data on the increased levels of GST enzyme

activity in the field and laboratory populations from the previous
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Figure 3: GST levels in the laboratory and field populations of
Cx. quinquefasciatus during 2014, 15 and 16.

years, the comparison of data reveals the hike of enzyme activity.
EKM, CLT and TCR population have a higher value of increase in the

enzyme activity whereas the MPM population has the least value.

Increased Increased | Increased
Area of sample | activity % in | activity % | activity %
collected 2015 from in 2016 in 2016
2014 from 2015 | from 2014
LAB -2.105 -1.075 -3.158
MPM U 1.818 1.786 3.636
MPM T 4.425 0.847 5.310
PKD U 1.786 1.754 3.571
PKDT 2.542 4.132 6.780
TCRU 1.754 2.586 4.386
TCRT 13.115 2.899 16.393
CLTU 1.695 1.667 3.390
CLTT 11.111 5.333 17.037
EKM U 5.000 4.762 10.000
EKMT 8.000 8.642 17.333

Table 3: Increased activity of GST level in the field and laboratory

populations of Cx. quinquefasciatus.

P450 mediated monooxygenase (MFOs) are known to be in-
volved the detoxification of organophosphate, pyrethroid and
carbamate insecticides [12]. Among these mixed function oxidase

resistance to pyrethroids was more predominant. The monooxy-
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genase activity in terms of optical density was represented in fig-
ure 4. Year wise enzyme activity data of insecticide regularly treat-
ing area shown an upward trend with time, through that exhibited
significant (p < 0.05) increase in resistance. There is significant

change between the laboratory and field populations.

Figure 4: MFO levels in the laboratory and field populations of
Cx. quinquefasciatus during 2014, 15 and 16.

The increased MFO enzyme activity levels of the field and labo-
ratory population from the previous years were depicted in the ta-
ble 4. Comparison revealed the uphill of enzyme activity during the
study period. EKM, Culex populations have a higher value (13.46%)
of increase in the enzyme activity whereas the MPM, PKD popula-
tions have no change in the enzyme activity and the TCR and CLT
populations have 6.52 and 6.38% increase from 2014 to 2016.

Discussion and Conclusion

The best method of choice for understanding the mechanism
of insecticide resistance among insects is the biochemical estima-
tions. Biochemical assays are sophisticated and highly sensitive,
so it analyzes the mechanisms of insecticide resistance with a fair
degree of accuracy. Metabolic detoxification is the most common
resistance mechanism that occurs in almost all insects. In mosqui-
toes it occurs due to changes in its enzyme systems that result in
a more rapid detoxification of the insecticide than what is normal,
preventing the insecticide from reaching the intended site of ac-
tion [5].

Elevated esterase activity accounts for resistance to organo-

phosphates, carbamates and pyrethroid insecticides [13]. The
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Increased Increased Increased
Area of .. .. -
samples activity % activity % activity %
collel:ted in 2015 from in 2016 from in 2016
2014 2015 from 2014
LAB 0.00 0.00 0.00
MPM U 0.00 0.00 0.00
MPM T 0.00 -2.22 -2.22
PKD U 2.27 -2.22 0.00
PKDT 0.00 2.17 2.17
TCRU 0.00 2.27 2.27
TCRT 2.17 4.26 6.52
CLTU 0.00 0.00 0.00
CLTT 4.26 2.04 6.38
EKM U 2.22 0.00 2.22
EKMT 7.69 5.36 13.46

Table 4: Increased activity of MFO levels in the field and

laboratory populations of Cx. quinquefasciatus.

increase in enzyme activity also noted and it supports the results
that there is high level of change in the detoxification enzymes in
the field population. a esterase activity increase in EKM population
was 11.11 fold higher in the year 2016 as compared with the year
2014. In the year 2015 the percentage increase was 8.89 from the
year 2014 but there is no a higher increase from the year 2015 to
2016 and it was 2.04. The level of increase from the 2015 to 2016
was less as compared with level of increase in 2014 to 2015. More
than 5 fold increases was obtained in PKD, TCR, CLT and EKM pop-
ulation during these three consecutive years. But only in the case of
PKD, the scarcely treating area showed an increased value of activ-
ity more than five. Increased activity of  esterase was shown by
TCR and CLT as compared with other areas. The activity increase
of TCR Cx. population in 2015/2014, 2016/2015, 2016/2014 was
7.556, 7.438 and 15.556 respectively. In CLT and PKD as compared
with other localities there is hike in the activity level from 2015 to
2016.

Several studies have shown that insecticide-resistant insects
have elevated levels of Glutathione-S-Transferase (GST) activity in
crude homogenates, which suggests a role for GSTs in resistance
[14], particularly to DDT [5]. Elevated GST activities have also been
detected in some insect species resistant to organophosphates
[15], other organochlorines [16] and implicated in resistance to

pyrethroid insecticides [17].
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In all the five field populations the GST levels were elevated
and were highly significant. The rate of increase in GST activity is
higher in TCR (13.115) and CLT (11.11) in the year 2015 and least
increase at PKD (2.54). CLT holds the first position in the increased
rate of activity from the year 2015 to 2016 and the rate of increase
was 5.333. But when comparing the rate of increase from 2014 to
2016 EKM stands in the first position with the value 17.333 fol-
lowed by CLT (17.037) and TCR (16.393). The result indicates that
the field populations were exposed to multiple chemicals in the

environment.

P450s are Phase I detoxification heme-thiolate enzymes cata-
lyzing various reactions, but are best known for their monooxygen-
ase activity, introducing reactive or polar groups into xenobiotics
or endogenous compounds [18,19]. The enzymatic detoxifications
due to mixed function oxidases are responsible for the develop-
ment of resistance in insects. The mixed function oxidase system
is responsible for the resistance towards organophosphates, DDT,
pyrethroids and growth regulators [20]. The metabolic detoxifica-
tion of mixed function oxidase (MFO) may cause the development
of cross resistance. The elevated levels of MFO in the present study
suggested that the detoxification by this enzyme could be impli-
cated in the cross resistance with DDT, pyrethroids and organo-

phosphates.

The activity levels of MFO was significantly higher in the field
collected samples than the control group for all the tested popula-
tions (p < 0.00001). There was no increase in the activity in the
field populations of MPM and PKD Cx. quinquefasciatus from 2014
to 2016. There was no increase from 2014 to 2015 and 4.255 fold
increase from the year 2015 to 2016 at TCR. In the case of CLT
population there was a hike of 2.174 fold from 2014 to 2015 and
no change in the activity from 2015 to 2016. In the EKM popula-
tion the increase from 2014 to 2015 and 2015 to 2016 were 3.774
and 5.455 respectively. From the results it indicated that the EKM
population has cross resistance with pyrethroids, DDT and organo-

phosphates.

There is significant change in the detoxification enzyme levels
according to the area wise difference. The F value was17.935 and
p value was zero and it is highly significant. The null hypothesis is
rejected at 95% confidence interval. High level of significance was
shown by PKD T, TCR T, CLT T, EKM U and EKM T with LAB. There
is no significant difference in the enzyme levels of U areas. Mosqui-

toes cultured in the laboratory condition shows the lowest enzyme
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activity. There is significant change in the enzyme levels in 2016
with 2014, where p value is 0.019 which is less than 0.05. And in
other cases, 2014 to 2015 and 2015 to 2016 the p value is greater
than 0.05, hence there is no significant changes. The p- value is
0.00 in the profile on the analysis of enzyme wise changes in the Cx.
quinquefasciatus hence the changes in detoxification enzyme levels

are highly significant in the study.

As the field population of Cochin showed comparatively high
resistance to organophosphates, it implies that, the strategy used
for vector control in Cochin Municipal Corporation may have to be
reconsidered. In general, the current strategy for mosquito control
in all these areas of investigation is based primarily on the depen-
dence of temephos by using it as a larvicidal agent by spraying in

ditches, which are the main breeding sites of Cx. quinquefasciatus.

Various insecticide selection pressures particularly from agri-
culture and domestic use of insecticides were suspected to be the
cause of resistance to the insecticides. It also appears that the pres-
ence of urban pollutants in mosquito breeding sites probably has a
direct or indirect impact on mosquito resistance. For this reason,
proper management of waste, particularly in urban areas and effec-
tive regulation of use of pesticides appear to be critical in resistance
management programs. One way is to reduce the mosquito popula-
tion, especially in urban areas where most of the important larval
habitats have been shown to be anthropogenic [6]. Such habitats
can easily be managed through proper waste management, proper
construction of drains and the change of the inhabitants’ behaviour
through proper education. Hence proper management and control

measures are necessary for the control of vector mosquitoes.
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