Adesalu et al Pan African Journal of Life Sciences (2020): 4(3): 121-126

DOI: 10.36108/pajols/0202/40(0330)
www.pajols.org
Publication of Faculty of Basic Medical Sciences,
Ladoke Akintola University of Technology, Ogbomoso

Online ISSN:2672-5924

RESEARCH

Open Access

Evidence of Metabolic Resistance in Pyrethroid Resistant Aedes aegypti Population
from Lagos, Nigeria
Kemi O. Adesalu1, Adedapo O. Adeogun1, Tolulope A. Oyeniyi1, Abiodun K. Olakiigbe2,
Romoke T. Jimoh1, Ifeoluwa K. Fagbohun3, Ahmed I. Omotayo1, Lekan Olagundoye1,
Samson T. Awolola1
1

Department of Public Health and Epidemiology, Nigerian Institute of Medical Research,
Lagos, Nigeria
2
Grant, Monitoring and Evaluation Unit, Nigerian Institute of Medical Research, Lagos,
Nigeria
3
Department of Zoology, University of Lagos, Nigeria
*Correspondence should be addressed to Adedapo O. Adeogun: dapoadeogun@hotmail.com
Received 6th November 2020; Revised 2nd December 2020; Accepted 4th December 2020
© 2020 Adesalu et al. Licensee Pan A frican Journal of Life Sciences. This is an Open Access article distributed under the terms of
the Creative commons Attribution License (https://creativecommons.org/licenses/BY/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract
Background: Pyr ethr oid r esistance in A edes aegypti is of major concer n to the contr ol of sever al
arboviral infections. The major mechanisms of Pyrethroid resistance in mosquitoes are target-site insensitivity and elevation in the activity of detoxification enzymes. In this study, we assessed the susceptibility
status of A edes aegypti population from Lagos to Pyrethroid and the impact of metabolic enzymes on resistance development.
Methods: Lar vae of A edes aegypti wer e collected fr om differ ent habitats in Lagos Mainland Local
Government Area, Lagos state. Adult mosquitoes of 2-5 days were exposed to diagnostic dose of permethrin and Deltamethrin using the CDC method. Synergist assay was done with pre-exposure of samples to
PBO before exposure to insecticide. Esterase and GST activities were measured using standard protocol.
Regression Probit was used to compute the KDT50 and KDT95. Analysis of variance was used to compare
the difference in mean of enzymes activities.
Results: A edes aegypti population fr om the study location is r esistant to per methr in (33% ) and Deltamethrin (80%) within the diagnostic time. PBO pre-exposure increases percentage knockdown from
33% to 82% and 80% to 87% for permethrin and Deltamethrin respectively. The activity of GST was
higher (P<0.05) in permethrin exposed mosquitoes in comparison with unexposed.
Conclusion: A r obust insecticide r esistance management (IRM) plan in Lagos should take into consideration strategies for addressing the effects of metabolic enzymes in resistance development .
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1.0 INTRODUCTION
Mosquitoes are one of the most abundant classes of
insects belonging to the genera Anopheles, Culex, Aedes
and Monsonia. Of the 4 genera, Aedes are the most
aggressive and invasive mosquito species with
worldwide distribution [1]. Aedes aegypti is the most
synanthropic species of the Culicidae, always cohabiting
with humans. It is preferentially diurnal and tends to be
most active at dawn and dusk, thus avoiding the hottest
periods of the day [2]. It is known as the yellow fever
mosquito and it poses significant public health concern
because of its ability to transmit various viral pathogens.
They are readily recognized by the lyre-shaped silver
markings on the lateral edges of the scutum with
conspicuous patterns on the thorax formed by black,
white or silvery scales [3].
They are primarily found breeding in containers with
high larval density mainly in peri-domestic environments
[4]. Aedes mosquitoes are capable of transmitting various
infectious disease of public health importance including
dengue fever, chikungunya fever, yellow fever, filariasis,
Japanese encephalitis, rift valley fever, Zika virus and
other viral encephalitis [3].
Control of Mosquito borne diseases had largely
employed vector control strategies than use of drugs and
vaccines. This control has largely been done through the
use of insecticides with proper understanding of vector
ecology, epidemiology and implementation management
[5]. Mosquito control strategies focus primarily on the
use of pyrethroid insecticide as first line defense [6].
Although evidence based research had clearly stated the
effectiveness of pyrethroids in Long Lasting Insecticide
Nets (LLIN) and Indoor Residual Spraying (IRS) [7],
development of resistance to Dichlorodiphenyltrichloroethane (DDT), pyrethroid and carbamates has been
reported in mosquitoes [8]. Also, the development of
resistance to pyrethroids based on selection pressure had
proven to threaten the effectiveness of Aedes control [6].
The most common mechanisms of pyrethroid resistance
that have been identified in A edes aegypti include
mutations in the voltage sensitive sodium channel gene
(VSSC gene) and metabolic-mediated insecticide
resistance [6]. Enzymes involved in the metabolicmediated detoxification (monooxygenases, glutathione-S
-transferases and esterases) have been reported to be

related to pyrethroid resistance but many specific
contributory enzymes are not completely studied [6]. In a
bid to ensure the success of malaria control strategies,
studies have been conducted on different approaches to
managing resistance development. Several evidences had
supported the use of Piperonyl Butoxide incorporation
with pyrethroids to eliminate detoxifying enzymes
mediated resistance to pyrethroid on mosquito population
[9].
Hence investigating insecticides resistance
mechanisms especially metabolic resistance in Aedes
mosquito is pertinent. The aim of this study was to
investigate the role of metabolic enzyme against
pyrethroid among Aedes species in Lagos, Nigeria.

2.0 METHODOLOGY
2.1 Sample Collection
Immature stages of A e. aegypti larvae were collected
from different habitats in Lagos Mainland Local
Government Area, Lagos State with the aid of larval
ladle and gently poured into small transparent plastic
bowls. A strainer was used to sieve and pool the third and
fourth instar larvae in order to have sufficient adult
emergence of the same age. The bowls were scrutinized
for presence of unwanted organisms or predators. Aedes
mosquito larvae collected were transported in well
labelled plastic bottles to the insectary in the Entomology
unit of the Nigeria Institute of Medical Research, Lagos,
where they were maintained and reared at a temperature
of 26 ± 3°C and 74 ± 4 % relative humidity to adult stage
[10]
2.2 Morphological and Molecular Identification
Morphological identification of mosquitoes was done as
described by [10], with the aid of a dissecting
microscope. Genomic DNA was extracted from
individual mosquito according to the method described
by [11]. The following primers [AUF (5’-TCAAAATTA
AGGGTAGTGGT-3’), AUR (5’ GACTTCAACTGGCT
TGAACT-3’ and AEG (5’ GAC ACC GAG GCG CCC
ATT GC -3’)] were used to amplify at 157 base pair for
Ae. aegypti DNA fragment [12]. The PCR condition for
all assay include an initial denaturation of 94oC for 5
minutes, then 35 cycles 94oC for 30secs, 56oC for
40secs, 72oC for 1 minutes and final extension at 72oC
for 1 minutes.
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The PCR reactions were carried out in a total volume of
20 ul containing 12.5 μl of PCR master mix containing 1
× PCR buffer, 1.5 mM MgCl2, 0.2 mM of each dNTP,
0.4 μM of each primer, one unit of Taq polymerase (Solis
BioDyne) and 1 μl of genomic DNA. 10ul of PCR product was loaded into each sample well on a 1.5% agarose
gel visualised by ethidium bromide stains under Ultra
Violet light (UV light).
2.3 Insecticide and PBO Synergist Bioassay
Susceptibility and synergistic tests were performed using
Center for Disease Control and prevention (CDC)
method [13]. Two to three days old 20 female
mosquitoes in three replicates were exposed to
Deltamethrin (12.5 µg/ml) and Permethrin (21.5 µg/ml).
Each test consisted of 3 experimental bottles and a
negative control bottle (1ml of acetone). After 30
minutes, the numbers of live and dead mosquitoes in
each bottle were recorded. The resistant mosquitoes were
knocked down under -20oC freezer before enzyme
analysis.
2.4 Microplate Metabolic Enzyme Activity Assay
Mosquitoes resistant to both Permethrin and
Deltamethrin were homogenized in 200μl of cold distilled water in a 1.5mL centrifuge tube. The homogenate
was centrifuged at 14,000 rpm for 20 seconds and supernatant was stored at -20oC [14]. Glutathione S-transferase
(GSTs) and esterase were analyzed on each resistant female mosquito and on the susceptible strain. Mean absorbance value was converted to enzymes activity and
was calculated in nmol/mg/ml protein
2. 4.1 Glutathione S-transferase Assay
Two replicates of 10µl of mosquito homogenate were
placed in separate well of the microtitre plate, 200µl of
the GSH/CDNB working solution was then added. Three
blank plates containing 10µl distill water and 200µl of
the GSH/CDNB working solution were used as control.
The test was then left at room temperature for 20 minutes
and the absorbance value was read at 340 nm.

this was followed by addition of 50μl aliquot of coupling
reagent (3 mg/ml Fast Blue B salt in 3.5% SDS), incubated for 10 minutes and the reaction was terminated by the
addition of 50 μl of 10% acetic acid and was measured
spectrometrically at A450 nm using a Bio-Rad Benchmark Microplate Reader (Bio-Rad, Hercules, CA) [15].
2.4.3 Protein Assay
Total protein was measured for each mosquito using Biuret test [10]. All measurements were done in duplicate.
2.4.4 Data Analysis
Susceptibility status was based on the criteria that 98–
100% mortality of mosquito implies susceptibility, 90–
97% mortality indicates possible resistance and <90%
mortality implies resistance. Regression probit was used
to compute the KDT50 and KDT95. Chi-square test was
used to compare percentage mortality between insecticide only and PBO plus insecticide. Analysis of t-Test
was used to compute statistical difference in the enzyme
activities exposed to different insecticides. Data were
computed using Microsoft Excel version 2016 and IBM
SPSS Statistics 23.0. P was considered significant at P<
0.05.

3.0 RESULTS
The mosquitoes collected were not all Aedes. We were
able to separate them on the basis of moderate size, with
a pattern of scales on the head, chest, legs, and abdomen
and were easily distinguished from other members of the
genus due to the white lyre shape on the dorsal side of
the thorax. Resistance to Permethrin (33%) and
Deltamethrin (80%) was recorded in A e. aegypti

2.4.2 Esterase Assay
For non-specific esterase activity, 50μl aliquot of the homogenate was placed in a well of a 96-well flat bottom
microtiter plate, before adding 50μl of freshly prepared
substrate solution of (60μg/ml α-naphthyl acetate in PBS)
and the mixture was incubated for 60 seconds at 27°C.

Figure 1. Per centage mor tality for A e aegypti mosquitoes population exposed to permethrin, deltamethrin, permethrin + PBO and
deltamethrin + PBO in Lagos Mainland, Lagos
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population from the study site (Figure 1).
After pre-exposure to PBO synergist, the percentage
mortality to Permethrin increased drastically from 33% to
82 %, whereas, percentage mortality to Deltamethrin
increased from 80% to 88% (Figure 1). Knockdown time
in the PBO synergized population was also low when
compared with the non-synergized assay. KDT50 for
Permethrin exposed population and population preexposed to PBO were 700secs and 306secs respectively,
while KDT50 for Deltamethrin exposed population and
population pre-exposed to PBO were 712secs and
417secs respectively (Table 1).

Number

KDT50(95Cl)

KDT95(95Cl)

Permethrin

exposed
60

11.40(8.98-

95.15(54.58-

14.21)

285.99)

11.52(8.89-

115.19(61.11

14.64)

-435.92)

Deltamethrin

60

PBO+Permet

60

5.06(1.82-

36.09(55.62-

hrin
PBO+Deltam

60

7.55)
6.57(4.45-

2195.68)
53.98(34.1-

8.36)

135.5)

ethrin

There was no significant difference in esterase activity of
Ae. aegypti obtained from study site when exposed to
Permethrin and Deltamethrin when compared with
unexposed (P>0.05; Table 2). However, GST activities
was significantly expressed among permethrin exposed
Ae. aegypti population when compared with unexposed
(P<0.05), but no significant difference in GST activity
among Deltamethrin exposed population (Table 3).
Table 2. Ester ase Enzyme Activity in A e. aegpyti Population fr om
Lagos Mainland, Lagos Exposed to Permethrin and Deltamethrin

Insecticide
Permethrin
Deltamethrin
Control

Mean±SD

P-value

0.0027±0.0014a
0.0017±0.0011

a

Insecticide
Permethrin
Deltamethrin
Control

Mean±SD

P-value

0.0008±0.0025a
0.0004±0.0006

0.002

a

0.0002±0.0004b

Values with same superscript are statistically similar at P < 0.05

4.0 DISCUSSION
Insecticide resistance is one of the main challenges that
have negatively impacted vector control and has stalled
the progress recorded in the control of several diseases of
public health importance. It is one of the main areas that
attention should be fixed on, if vector control objectives
is to be achieved. Previous studies have also reported
susceptibility of A e. aegypti to permethrin in urban areas
of Nigeria and Senegal [16, 17].

Table 1. Knockdown Time (min) of A e. aegypti Population Exposed to Permethrin and Deltamethrin, permethrin + PBO and Deltamethrin + PBO in Lagos Mainland, Lagos.

Insecticide

Table 3. Glutathione-S-transferase Enzyme Activity in Ae. aegpyti
Population from Lagos Mainland, Lagos Exposed to Permethrin and
Deltamethrin

Other studies have reported resistance of populations of
Ae. aegypti in other parts of the world [18, 19]. Hence,
this study was initiated to assess the resistance status of
Ae. aegypti to Pyrethroid insecticides and examine the
impact of metabolic enzymes in resistance development.
This study demonstrates the occurrence of resistance of
Ae. Aegypti populations to pyrethroid insecticides in Lagos, Nigeria. The findings from the study showed that
Ae. aegypti population from the study site are resistant to
diagnostic dose of both permethrin and Deltamethrin.
This is in consonance with the findings of smith et al.,
[20] and Oduola et al., [21] where resistance of A e. A egypti to pyrethroids was recorded. Contrarily, susceptibility of A e. A egypti to pyrethroids has been recorded in
some other studies [22]. This incidence with contrary
findings in different areas may be due to uncontrolled
applications of insecticide in certain areas like Lagos.
This increases the amount of insecticide in the environment and consequently impact on the adaptation of mosquito population for survival. This poses serious threat to
vector control interventions .
In this study, the use of PBO with Permethrin and Deltamethrin decreased knockdown time (KDT), suggesting
that the use of pyrethroids in combination with PBO will
be effective in reducing knock down time of resistant
population of mosquitoes. This has also been reported by

0.107

0.0046±0.0044a

Values with same superscript are statistically similar at P < 0.05
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LeClair et al., [23]. Previous study had revealed that mosquitoes with elevated activities of GST and monooxygenases were resistant to Pyrethroids, Malathion and
Propoxur [24]. In our studies, we observed significant
difference in the activity of glutathione transferase (GST)
in A e. A egypti study population when exposed to Permethrin (P<0.05) but there was no significant difference in
GST activity for Deltamethrin in comparison with unexposed (P>0.05) under the same laboratory condition. We
also observed that there was no statistical significant difference in esterase activity of A e. aegypti obtained from
study site when exposed to Permethrin and Deltamethrin
when compared with unexposed (P>0.05). Therefore,
monitoring of resistance in mosquito population is paramount to the success of vector control interventions. The
development of resistance by Aedes population in Lagos
needs continuous surveillance so as to aid the formulation
of robust insecticide resistance management strategy.
The observed resistance to Pyrethroid among A e. aegypti
is alarming but increasing susceptibility of A e aegypti to
PBO synergized pyrethroids had increased the hope of
vector control in Lagos, Nigeria. It is of utmost importance to continue surveillance of insecticide resistance
in mosquitoes and also determine the underlying resistance mechanisms in resistant population. This will
help in implementation of effective evidence-based control measures.
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