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Abstract Bancroftian filariasis is a vector-borne disease transmitted by the Culex quinquefasciatus. Heavy and long-term use
of insecticides causes the development of insecticide resistance in Cx. quinquefasciatus. However, there has been no
research on resistance mechanisms through detoxifying enzyme activity in Cx. quinquefasciatus mosquitoes exposed to
lambda-cyhalothrin in Jakarta. This study aimed to determine the larvicidal activity of lambda-cyhalothrin against Cx.
quinquefasciatus larvae and the larvicidal mechanism through detoxifying enzyme activity. Bioassay tests were performed
by exposing Cx. quinquefasciatus larvae to five concentrations of lambda-cyhalothrin (0.002; 0.015; 0.05; 0.2; 0.7 ppm). The
mortality rate was measured after 24 h of exposure. The detoxifying enzyme activity, including acetylcholinesterase (AChE),
glutathione s-transferase (GST), and cytochrome c-oxidase (COX), was analyzed using the biochemical method. Lambda-
cyhalothrin (0.7 ppm) showed 100% mortality of Cx. quinquefasciatus larvae. LCso dan LCqy values were 0.054 and 0.148
ppm, respectively. Lambda-cyhalothrin non-significantly increased AChE activity (P > 0.05), significantly increased GST
activity (P < 0.05), and non-significantly decreased COX activity (P > 0.05). Lambda-cyhalothrin is still effective in killing Cx.
quinquefasciatus larvae by influencing detoxification enzymes.
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1. Introduction

Culex quinquefasciatus is known as the southern house mosquito and is one of the mosquitoes that are often found in
various tropical and subtropical countries, including Indonesia (Negi and Verma 2018). Cx. quinquefasciatus serves as the main
vector of St. Louis Encephalitis virus, West Nile virus, Western Equine Encephalitis virus, and bancroftian filariasis (Negi and
Verma 2018; Lopes et al 2019). Approximately 13 billion people in the world in more than 83 countries are at risk of contracting
filariasis or elephantiasis and 60% of cases are in Southeast Asia (Cogan 2021). In 2019, there were 10,758 cases of filariasis in
Indonesia spread across 34 provinces (Hardhana et al 2019).

There are four classes of synthetic insecticides that are often used to control vector-borne disease (VBD) transmission,
including pyrethroids (deltamethrin, lambda-cyhalothrin, and permethrin), organochlorines (DDT), carbamates (propoxur), and
organophosphates (temephos and malathion). Control measures to avoid the spread and transmission of VBD are one of the
most important steps in a VBD control and management program. These insecticides are widely used to control mosquito
vectors, including Cx. quinquefasciatus. However, the use of insecticides that are not controlled and not managed properly
causes the development of mosquito populations that are resistant to these insecticides. This can affect the efficacy of the
insecticides used (Rai et al 2019). Gray et al (2018) proved that excessive use of household insecticides contributed to the
occurrence of Aedes aegypti resistance to pyrethroids. In the northern part of West Bengal, India, population resistance of Cx.
quinquefasciatus against synthetic pyrethroid insecticides has been reported (Rai et al 2019). Based on the literature analysis,
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until now, in Jakarta there have been no reports on the status of lambda-cyhalothrin resistance in Cx. quinquefasciatus
mosquito.

Type Il pyrethroids such as A-cyhalothrin have an additional cyano group on the benzylic carbon atom which makes type
Il pyrethroids more potent (Ramchandra et al 2019). The main target of pyrethroids is the voltage-gated sodium channel (VGSC)
in the nerve membrane (Lopes et al 2019). Pyrethroids modify the characteristics of VGSCs by slowing their closure. This causes
a continuous influx of sodium ions (Na+) (referred to the sodium “tail current”), there by lowering the action potential threshold
(Ramchandra et al 2019). The interaction results in the repeated firing of nerve impulses causing the insect to experience
involuntary muscle spasms, fatigue, paralysis, and death. This phenomenon is known as the “knockdown effect” (Lopes et al
2019).

Target site insensitivity is one of the well-understood mechanisms of resistance (Rai et al 2019). However, another
mechanism is related to Cx. quinquefasciatus resistance against lambda-cyhalothrin has not been widely studied (Zhang et al
2021). The mechanism of resistance can be evaluated not only based on DNA mutations to insecticides, but can also be based
on the activity of detoxifying enzymes, such as acetylcholinesterase (AChE), glutathione s-transferase (GST), and cytochrome
c-oxidase (COX) (Muthusamy and Shivakumar 2015; Brogdon 2014).

Previous research in India reported Cx. quinquefasciatus has been resistant to lambda-cyhalothrin with the mechanism
of increasing glutathione reductase and esterase (Muthusamy and Shivakumar 2015). However, there has been no research on
resistance mechanisms through detoxifying enzyme activity in Cx. quinquefasciatus mosquitoes exposed to lambda-cyhalothrin
in Jakarta. This study aimed to determine the larvicidal activity of lambda-cyhalothrin against Cx. quinquefasciatus larvae in
Jakarta and the larvicidal mechanism through detoxification enzyme activity such as AChE, GST, and COX activity.

2. Material and Methods
2.1. Ethical approval

The study was approved by the Ethics Committee from the Faculty of Medicine, the University of Indonesia (KET-
048/UN2.F1. D1.2/PDP.01/Riset-2/2021).

2.2. Insecticides

This study used lambda-cyhalothrin purchased from a chemical store in Jakarta. There were five concentrations of
lambda-cyhalothrin, namely 0.002, 0.015, 0.05, 0.2, and 0.7 ppm.

2.3. Cx. quinquefasciatus larvae collection sites

Cx. quinquefasciatus larvae were collected from East Jakarta, namely Kampung Gedong Subdistrict (Figure 1). Using a
dipper, the larvae were collected from polluted stagnant water bodies, sewers, or drains surrounding houses, i.e., their natural
habitat. They were washed with tap water in 2000 mL plastic containers before being placed in 1000 mL plastic containers
containing tap water. All of the specimens were subsequently identified at the Entomology Laboratory of the Department of
Parasitology, University of Indonesia. Only third and fourth in stars larvae were used in the larval bioassays.

THOUSAND ISLANDS

Location for sampling
Culex quinquefasciatus larvae:
Kampung Gedong Subdistrict

Province of
- WEQT 1AVA

Figure 1 Map of location research.
Source: latitudes.nu
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2.4. Larval susceptibility tests

Cx. quinquefasciatus larvae bioassay was carried out by the WHO protocol (WHO 2005; Dua et al 2013). In the control
groups, a total of 25 healthy Cx. quinquefasciatus larvae were exposed only to tap water in a 200 mL plastic cup; five replicates
were conducted using a total of 125 larvae. In the experimental treatment groups, 25 Cx. quinquefasciatus larvae per 200 mL
plastic cup were exposed to five different concentrations of lambda-cyhalothrin, namely 0.002, 0.015, 0.05, 0.2, and 0.7 ppm.
(a total of 625 larvae). After 24 h number of dead and live larvae was recorded.

2.5. Detoxifying enzyme activity

In this study, the number of larvae for examination of detoxification enzyme activity was 50 Cx. quinquefasciatus larvae
from the control, temephos, malathion, cypermethrin, and deltamethrin groups respectively. So, the total larvae used was 250
larvae. Cx. quinquefasciatus larvae were used for the enzyme activity examination. The same samples were used to examine
AChE, GST, and COX activity.

2.5.1. AChE activity

The AChE activity was assayed as previously described (Brogdon, 2014; Subahar et al, 2021). Dead larvae collected from
the bioassays after the 24 h exposure to tested insecticides were homogenized in 1.0mL 0.25M KPO, (pH7.2). At room
temperature, 100uL aliquots of the test sample homogenates were loaded into triplicate ELISA microplate wells. Similarly, 100
uL of the control (healthy Cx. quinquefasciatus larvae) solutions were added to triplicate microplate wells. Acetylcholine iodide
(ATCh) and 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) were then added to every well (100 pL of each per well) and the
absorbance at 414 nm was immediately read with an ELISA reader (To) and again after 10 minutes (T10). The unit of AChE activity
is absorbance per minute or Abs/min. Elisa reader made in Finland, Thermo Fisher, Scientific™, Cat number 51119000.

2.5.2. GST activity

GST activity was assayed as previously described (Brogdon 2014; Subahar et al 2021). The present study, the dead Cx.
quinquefasciatus larvae collected from the bioassay after 24h exposure to tested insecticides were homogenized in 1.0 mL
0.25M KPOg (pH 7.2). Triplicate 100 pL aliquots of each homogenate were loaded into ELISA microplate wells at room
temperature; similar wells were prepared using 100 uL of the control group (healthy Cx. quinquefasciatus larvae). Aliquots (100
uL) of reduced glutathione solution (Sigma G4251) and 1-chloro-2,4’-dinitrobenzene (cDNB) were added and the plates were
read immediately at 340 nm (To) with an ELISA reader and again at 5 min (Ts). The unit of GST activity is absorbance per minute
or Abs/min.

2.5.3. Cytochrome and COX activity

Cytochrome and COX activity were assayed as previously described (Brogdon 2014; Subahar et al 2021). The dead Cx.
quinquefasciatus larvae were collected from the bioassays after 24 h exposure to tested insecticides. The dead Cx.
quinquefasciatus larvae were homogenized with 1000 pL 0.25 M KPO,4 (pH 7.2). The following positive controls were also
prepared: (i) 1:55 (22 pL stock, 1.2 mL KPO4 buffer) and (ii) 1:110 (11 pL cytochrome stock, 1.2 mL KPO,4 buffer). Triplicate
aliquots (100 pL) of the test sample homogenates were added to ELISA microplate wells, and 100uL KPO4 was added to the
negative and positive control wells. The cytochrome-C positive control (cytochrome-c bovine heart) was added (100 uL),
followed by a 200 puL TMBZ solution. One drop of 3% hydrogen peroxide (H,0) was added to each well and incubated for 5
min. The plates were immediately read (To) at 620 nm with an ELISA reader. The unit of COX activity is absorbance per minute
or Abs/min.

2.6. Data analysis

In this study, the data were analyzed using SPSS software (ver. 26). The lethal concentrations of 50% (LCso) and 90%
(LCq0) of lambda-cyhalothrin were calculated by probit analysis (Gomez and Anacta 2020). To find out whether there was a
difference in the mortality rate of Cx. quinquefasciatus larvae between lambda-cyhalothrin concentrations, the one-factor
ANOVA test was used if the data were normally distributed (Wang et al 2017). If the data is not normally distributed then the
Kruskal-Wallis test (non-parametric statistics) is used (Guo et al 2013).

3. Results
3.1. Mortality percentage of Cx. quinquefasciatus larvae

The number of Cx. quinquefasciatus larvae successfully carried out the bioassay test on as many as 650 larvae consisting
of 25 for the control group and 625 for the treatment group. The results of the bioassay test for 24 h are summarized in Table



https://doi.org/10.31893/jabb.21001
https://www.malque.pub/ojs/index.php/avr
https://www.malque.pub

1. In the control group, the mortality rate was 0% (all larvae survived). The lowest mortality of 28.8% was found at a
concentration of 0.002 ppm and the highest of 100% was found at a concentration of 0.7 ppm.

The normality test using the Shapiro-Wilk test obtained data on the mortality rate of Cx. quinquefasciatus larvae had an
abnormal distribution (P < 0.05 at 0.015 and 0.2 ppm lambda-cyhalothrin concentrations). The data was then transformed, but
the results of the data distribution were still not normal, so it was continued with the Kruskal-Wallis non-parametric test. The
results of the Kruskal-Wallis test showed that there was a significant difference in the mortality rate of Cx. quinquefasciatus
larvae (bound variable) between groups of lambda-cyhalothrin concentration (independent variable). The post-hoc Tukey test
showed that the mortality rate between the concentration groups was significantly different except at concentrations of 0.002
with 0.015 ppm (Z =-1.277, P = 0.202 (P > 0.05)) and 0.2 with 0.7 ppm (Z = -1.941, P = 0.136 (P > 0.05)).

Table 1 Mortality percentage of Cx. quinquefasciatus after expose to lambda-cyhalothrin for 24 h.

Treatment N Dead larvae Median Minimum Maximum P-value

N %

Control 25 0 0,00% - - - -

lambda-cyhalothrin

(ppm)

0,002 125 36 28,8 7 3 10 0.000
0,015 125 45 36 8 8 11

0,05 125 77 61,6 15 13 18

0,2 125 121 9,8 25 25 25

0,7 125 125 100 25 25 25

P-value was calculated from Kruskal-Wallis Test.

LCso and LCq values of lambda-cyhalothrin on Cx. quinquefasciatus larvae are presented in Table 2. LCso and LCqo values
of lambda-cyhalothrinwere were 0.054 ppm (95% Cl 0.038 — 0.068) and 0.148 ppm (95% ClI 0.117 — 0.208) respectively. The
results of the Probit analysis showed data on the mortality rate of Cx. quinquefasciatus larvae were in accordance with the
Probit model used (P-value of Pearson Goodness-of-Fit Test > 0.05) and there was a significant difference in the mortality rate
of Cx. quinquefasciatus larvae between groups of lambda-cyhalothrin concentrations (P-value of regression <0.05).

Table 2 Lethal concentration (LC) of lambda-cyhalothrin.

Insecticide LCso 95%Cl LCo0 95%Cl SE z P-value P-value
(ppm) (ppm) (Regression) (PGFT)
Lambda-cyhalothrin 0,054  0,038-0,068 0,148 0,117-0,208 0,461 6,315 0,000 0,791

LC: Lethal concentration; Cl: Confidence interval; SE: Standard error; PGFT: Pearson Goodness-of-Fit Test
3.2. Detoxification enzyme activity on Cx. quinquefasciatus larvae

The number of larvae used for the control group was 25 larvae and the larvae were divided into three Eppendorf tubes
(n1 =10, n2 =10, n3 =5). For the treatment group, 404 larvae were used and the larvae were divided into 5 Eppendorf tubes
according to their respective concentrations: concentration of 0.002 ppm (n = 36), 0.015 ppm (n = 45), 0.05 ppm (n = 77), 0.2
(n=121), and 0.7 ppm (n = 125).

The control group showed an increase in enzyme activity of AChE (0.0636+0.0012 Abs/min), GST (0.054+0.0003
Abs/min), and COX (0.007+0.0002 Abs/min). The lambda-cyhalothrin group with a concentration of <0.7 ppm (0.002, 0.015,
0.05, and 0.2 ppm) showed an increase in the activity of the AChE enzyme (0.0033+0.0025 Abs/min), GST (0.0051+0.0010
Abs/min), and COX (0.0005+0.0004 Abs/min). While in the lambda-cyhalothrin group at a concentration of 0.7 ppm, it showed
an increase in the activity of AChE enzymes (0.0005+0.0001 Abs/min) and GST (0.0024+0.0003 Abs/min), but there was a
decrease COX enzyme activity (-0.0038+0.0002 Abs/min), is shown in Figure 2.

The results of the Shapiro-Wilk normality test found that AChE and GST enzyme activity data were normally distributed
(P > 0.05). In contrast to the COX enzyme data, which showed an abnormal distribution of data (P < 0.05). The results of the
paired T test on the lambda-cyhalothrin treatment (all concentrations) showed an insignificant increase in AChE enzyme activity
(0 min and 10 min) (P =0.070, P > 0.05), while the increase in GST enzyme activity (0 min and 5 min) is significant (P = 0.002, P
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<0.05). Nonparametric Wilcoxon Signed-Rank Test for COX enzyme activity showed that COX enzyme activity (O min and 5 min)
was not significant (P=0.713, P> 0.05). Overall (all concentrations), lambda-cyhalothrin exposure in Cx. quinquefasciatus larvae
resulted in a non-significant increase in the activity of the AChE enzyme, a significant increase in the GST enzyme, and a non-
significant decrease in the COX enzyme.
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Figure 2 Activity (average absorbance) of AChE, GST, and COX enzymes on Cx. quinquefasciatus larvae (the control group, lambda-cyhalothrin
concentration <0.7 ppm, and concentration 0.7 ppm). AChE enzyme activity was not significant (P > 0.05), GST was significant (P < 0.05), and
COX was not significant (P > 0.05).

4. Discussion

Bancroftian filariasis is still a major health problem in the world and in Indonesia (Lee and Ryu 2019). One way to
eradicate filariasis is by controlling Cx. quinquefasciatus mosquito using insecticides. Pyrethroid insecticides are commonly
used in the community, including lambda-cyhalothrin. However, uncontrolled use of insecticides can lead to resistance in the
mosquito population (Rai et al 2019). For example, Zanzibar has proven resistant to Cx. quinquefasciatus from Wete, Pemba
Island against all classes of insecticides, including lambda-cyhalothrin (Jones et al 2012).

https://www.malque.pub/ojs/index.php/avr m
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In this study, a 24 h bioassay test on lambda-cyhalothrin treatment found mortality of Cx. quinquefasciatus larvae
increased with increasing concentration. The control group showed a mortality rate of 0% (0/25) indicating that there were no
dead larvae of Cx. quinquefasciatus. This was because the control group was given tap water that did not have an active
substance to kill the larvae.

The treatment of lambda-cyhalothrin at concentrations of 0.002, 0.015, 0.05, 0.2, and 0.7 ppm resulted in mortality of
28.8% (36/125), 36% (45/125), 61.6% (77 /125), 96.8% (121/125), and 100% (125/125). The results of the Kruskal-Wallis
nonparametric test showed that there was a significant difference in the mortality rate of Cx. quinquefasciatus between groups
of lambda-cyhalothrin concentrations (p < 0.05). The post-hoc Tukey test showed that there was a significant difference in the
mortality rate of Cx. quinquefasciatus larvae between groups of lambda-cyhalothrin concentrations except at concentrations
of 0.002 and 0.015 ppm and concentrations of 0.2 and 0.7 ppm. This phenomenon was caused by the higher concentration of
lambda-cyhalothrin containing more active substances so that the ability of Cx. quinquefasciatus larvae to eliminate lambda-
cyhalothrin decreases with increasing concentration and causes an increase in mortality (Lushchak et al 2018).

In contrast to the results of the study of Tmimi et al (2018) in Morocco who reported mortality of Cx. pipiens (Fam:
Culicidae) adults by 49% after exposure to lambda-cyhalothrin at a concentration of 0.05% for 24 h. Rahimi et a/ (2019) in Iran
also demonstrated mortality of Cx. pipiens adults by 40% after exposure to lambda-cyhalothrin with the same concentration
and duration. The results of this study show that in other countries (Morocco and Iran), Cx. pipiens or Cx. quinquefasciatus has
developed resistance to lambda-cyhalothrin with a concentration of 0.05% (WHO standard) (Tmimi et al 2018; Rahimi et al
2019). Meanwhile, in Jakarta using lambda-cyhalothrin with a concentration of 0.7 ppm was proven to be still effective in killing
Cx. quinquefasciatus larvae and has a 100% mortality rate. This could be due to lambda-cyhalothrin which is still rarely used in
Jakarta and the difference in a geographical area. The location of Jakarta which is far from rural areas and rice fields also causes
the mosquito population to be less frequently exposed to insecticides including lambda-cyhalothrin, while in Iran (a city south
of Tehran) and Morocco (outside urban areas) the use of lambda-cyhalothrin insecticides is high (Tmimi et al 2018; Rahimi et
al 2019).

The effectiveness of lambda-cyhalothrin can also be assessed through the LCso and LCqo values obtained from the Probit
regression test. In this study, found LCso of 0.054 ppm (95% CI 0.038 — 0.068) and LCqyo of 0.148 ppm (95% Cl 0.117 —0.208). The
study conducted by Emtithal et al (2012) reported that the larval population of Cx. pipiens from Sharkia Province, Egypt had
LCso and LCyo due to lambda-cyhalothrin of 0.072 ppm (95% CI 0.06 — 0.076) and 14,527 ppm (95% C| 12.04 — 17.01). Zhao et al
(2014) reported that the larval strain of Cx. quinquefasciatus from seven different populations in China had LCso due to lambda-
cyhalothrin of 0.014 — 1.291 ppm. Differences in results with previous studies can be caused by geographical differences as
environmental factors (susceptibility status) and the concentration range of insecticides used (Emtithal et al 2012; Zhao et al
2014).

This study also shows one of the susceptibility mechanisms, namely through the activity of detoxifying enzymes (AChE,
GST, and COX). Lambda-cyhalothrin <0.7 ppm (0.002, 0.015, 0.05, and 0.2 ppm) and 0.7 ppm. This division is intended to make
the analysis of enzyme activity more specific. In this study, the control group had higher AChE, GST, and COX enzyme activities
than the treatment group. This indicates that there are many insecticide molecules that enter the larvae of the treatment group
that must be detoxified by the larvae (Ahmad et al 2007). This study showed an increase in AChE activity, both in the control
group (0.0636+0.0012 Abs/min), lambda-cyhalothrin concentration <0.7 ppm (0.0033+0.0025 Abs/min), and 0.7 ppm
concentration (0.0005+0.0001 Abs/min). A study conducted by Low et al (2013) in Malaysia showed an increase in AChE enzyme
activity in a population of Cx. quinquefasciatus mosquito.

5. Conclusions

This study showed the mortality rate of Cx. quinquefasciatus larvae after exposure to lambda-cyhalothrin for 24 h ranged
from 28.8% to 100%. LCso and LCyovalues of lambda-cyhalothrin were 0.054 ppm (95% Cl 0.038-0.068) and 0.148 ppm (95% ClI
0.117-0.208). Lambda-cyhalothrin caused an insignificant increase in AChE enzyme activity (P > 0.05), a significant increase in
GST enzyme activity (P < 0.05), and an insignificant decrease in COX enzyme activity (P > 0.05). Therefore, lambda-cyhalothrin
(0.7 ppm) was still effective to kill Cx. quinquefasciatus larvae with the mechanism of influencing detoxification enzymes.
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