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Abstract

Filariasis, transmitted by the lymphatic filariasis vector Culex quinquefasciatus, is still a global public
health issue. Resistance to Cx. quinquefasciatus is caused by the eradication of filariasis with synthetic
insecticides. The aim of the study was to evaluate the toxicity of pure camphor on Cx. quinquefasciatus,
with a focus on detoxifying enzymes and midgut histopathological abnormalities. Cx. quinquefasciatus
larvae are field-collected wild-strain larvae. The WHO protocol was followed for the larval bioassays.
Pure camphor concentrations of 0.5, 1.5, 10.5, 25.5, and 50 ppm were applied to larvae for 24, 48, and 72
h, with 5 replications. The biochemical method was used to test detoxification enzymes such as
acetyIcholinesterase (AChE), glutathione S-transferase (GST), and oxidase. The routine histopathological
examination was performed on the larvae's histopathological midguts. At 48 h, pure camphor caused
100% mortality of Cx. quinquefasciatus larvae. LCso and LCgo values were found to be 2.32 and 12.40
ppm respectively. AChE and oxidase activity were both significantly lower (p<0.05). Damage to the food
bolus (FB) and peritrophic membrane (PM), broken epithelial layers (EP), changes in the size and shape
of epithelial cells (EC), and microvilli (Mv) damage were all observed in larval midguts. In our study,
pure camphor demonstrated larvicidal activity via decreased AChE and oxidase activity, as well as
midgut damage.

Keywords: Culex quinquefasciatus, pure camphor, midgut histopathology, detoxification enzymes

1. Introduction

The southern house mosquito or Culex quinquefasciatus is one of the vectors that transmit
mosquito-borne disease (MBD). MBDs transmitted by Cx. quinquefasciatus include Rift
Valley fever virus, Japanese encephalitis, St. Louis encephalitis, West Nile virus, Bancrofti
lymphatic filariasis, Zika virus, and Equine encephalitis virus 1-31. There are 1.3 billion people
worldwide who are at risk of contracting filariasis [ 51. World Health Organization (WHO)
estimates approximately 859 million people in fifty countries are still at risk of lymphatic
filariasis, and preventive chemotherapy is needed to stop the spread of this parasitic infection
51, According to the Ministry of Health of the Republic of Indonesia, there were 9,906 cases of
filariasis in Indonesia in 2020, distributed across 34 provinces, with the highest cases of
filariasis in Indonesia were in the eastern part of the country, Papua with 3,615 cases and East
Nusa Tenggara with 1,534 cases [6],

Vaccines for Japanese encephalitis, Bancrofti filariasis, and Zika infections have yet to be
discovered. Thus, to eradicate the disease, synthetic insecticides are still used to control Cx.
quinquefasciatus [71. However, the long-term use of these insecticides causes air pollution,
disrupts human health, and causes mosquito resistance to insecticides [® °1. Insecticide
resistance in Cx. quinquefasciatus has been reported in several countries, including Brazil [2],
Mississippi [0, Saudi Arabia 1], Sri Lanka [*2], Guadelaupe 131 and Thailand 4],

It is critical to use alternative insecticides made from natural plant ingredients to combat the
problem of insecticide resistance because these natural ingredients are not toxic to humans or
other animals and do not cause mosquito resistance [151,
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Camphor (Ci0H160, monoterpene) is a volatile, aromatic,
crystalline monoterpene ketone derived from Cinnamomum
camphora wood or synthesized from turpentine [161, Camphor

also had insecticidal anti-inflammatory, antimicrobial,
analgesic,  anticonvulsant, antiviral,  antituberculosis,
anticancer, and antioxidant properties [16-18,  Comphor

compounds are essential oil compounds found in plants such
as Cinnamomum camphora [19, Rosamary officinalis [29], and
others. Camphor-containing crude extracts of these plants
have been shown to possess larvicidal activity against
mosquito species such as Aedes spp. 211, Anopheles spp [22,
Culex spp 231, Previously conducted research on camphor's
larvicidal activity against mosquito larvae did not explain how
camphor kills mosquito larvae.

Until now, there has been no research on pure camphor
compounds to test larvicidal activity against Cx.
quinquefasciatus and its mechanism, particularly in Indonesia.
We  hypothesized that pure camphor kills  Cx.
quinquefasciatus larvae by causing changes in midgut
histology and detoxification enzyme activity. To prove this
hypothesis, we studied the activity of Cx. quinquefasciatus
larvae  obtained from the field (wild-caught Cx.
quinquefasciatus larvae) using pure camphor. The study
concentrated on the histopathological midgut of Cx.
quinquefasciatus larvae because the midgut, particularly the
epithelial cells (EC), peritrophic membrane (PM), food bolus
(FB), epithelial layer (EP), and microvilli (Mv), are extremely
sensitive to bioactive compounds [24.25],

Any changes in the midgut of mosquito larvae or other insects
can alter detoxifying enzyme activity [26]. These detoxifying
enzymes are essential for removing toxins from the bodies of
mosquito larvae and other insects [27]. Susceptible mosquitoes
or other insects have reduced detoxification enzyme activity,
whereas resistant mosquitoes or other insects have increased
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detoxification enzyme activity [28l. This study, it was
investigated whether pure camphor compounds could increase
or decrease detoxifying enzymes' activity including
acetylcholinesterase (AChE), glutathione S-transferase (GST)
and oxidase.

Jakarta was chosen as the location of this study because upon
evaluation, 22 cases of chronic filariasis are extant with one
new case [29]. There are still many of natural breeding grounds
for Cx. quinquefasciatus, such as sewers in Jakarta's housing
complexes. In Jakarta, there are also many ornamental fish
sellers who sell Cx. quinquefasciatus larvae as food for
ornamental fish and many Jakarta residents buy these larvae,
so there is a risk of more Cx. quinquefasciatus larvae
spreading. In addition, larval control of Cx. quinquefasciatus
has not been made a top priority in Mosquito Control Program
of Jakarta and some other cities in Indonesia.2® The study was
conducted to evaluate the toxicity of pure camphor compound
on wild-caught Cx. quinquefasciatus larvae with a particular
emphasis on midgut histopathological abnormalities and
detoxifying enzymes.

2. Materials and Methods
2.1 Ethical statement
The study has received ethical approval from Universitas

Indonesia's Faculty of Medicine (No. KET-
007/UN2.F1.D1.2/PDPO01./Riset-2/2022).

2.2 Camphor

Commercial camphor (pure compound, CioH160,) was

purchased from an Indonesian manufacturer (Fig. 1).
Camphor stock solution was made through dissolving 50 mg
of camphor in 500 ml of distilled water. Camphor
concentrations of 0,5 1,5 105, 255 and 50 ppm were
prepared from the stock solution.

A. 2 D structure

B. 3 D structure

Source: https://pubchem.ncbi.nlm.nih.gov/compound/2537

Fig 1: Structure of camphor.

2.3 Larval Bioassay

A larval bioassay was performed using WHO standards [301,
Wild-caught Cx. quinquefasciatus larvae (3@ to 4™ instars)
were used in the bioassay. In a 300 mL paper cup, 25 larvae
were placed in 200 mL of camphor at concentrations of 0.5,
15 105, 255, and 50 ppm. The larval bioassay was
replicated 5 times. In the control group, 25 Cx.
quinquefasciatus larvae were placed in a 200 mL paper cup
containing tap water. The larval bioassay was performed after
24, 48, and 72 h.

124

2.4 Biochemical assays

In the current study, 60 Cx. quinquefasciatus larvae were used
to examine detoxifying enzyme activity, with 10 larvae from
the control, 50 from camphore; for each camphor
concentration (0.5, 1.5, 10.5, 25,5, and 50 ppm), 10 dead
larvae of Cx. quinquefasciatus were tested for enzyme
activity. To check the activity of detoxification enzymes, the
five larvae from each concentration were made into one or
pool. The activities of AChE, GST, and oxidase were
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investigated as part of the detoxifying enzyme analysis.

2.4.1 AChE assay

As previously described, enzyme activity assays were used to
assess AChE activity [28], Dead Cx. quinquefasciatus larvae
were collected and then homogenized in 1 mL of 025 M
KPO4 (pH 7.2). Aliquots of the test sample homogenates with
the volume of 100 pL were loaded into triplicate ELISA
microplate wells at room temperature. Similarly, 100 pL
aliquots of the control group were added to three microplate
wells in triplicate. Acetylcholine iodide (ACTH) and 5,5'-
dithiobis-(2-nitrobenzoic acid) (DTNB) were added to each
well (100 pL of each), then absorbance was measured
immediately (To) and again after 10 minutes (T10) with an
ELISA reader at 414 nm. Absorbance per minute, or Abs/min,
was the unit of AChE activity. The ELISA reader was made
in Finland by Thermo Fisher Scientific™ cat # 51119000.

2.4.2 GST assay

As previously described, the enzyme activity assays were
used to analyze GST activity [28]. Dead Cx.quinquefasciatus
larvae were collected and then homogenized in 1.0 mL 0.25
M KPOs (pH 7.2). Aliquots of each homogenate with the
volume of 100 pL were loaded into triplicate ELISA
microplate wells at room temperature; 100 pL of the control
group aliquots were prepared similarly. Aliquots (100 L) of
reduced glutathione solution (Sigma G4251) and 1-chloro-
2,4~ dinitrobenzene (cDNB) were added, and the plates were
read immediately (To) with an ELISA reader at 340 nm and
again at 5 min (Ts). The unit of GST activity was absorbance
per minute, or Abs/min.

2.4.3 Oxidase assay

As previously described, enzyme activity assays were used to
assess oxidase activity [28], The dead Cx. quinquefasciatus
larvae were collected from larval bioassays and homogenized
in 1000 L 0.25 M KPO4 solution (pH 7.2). Positive controls
included the following: 1:55 (22 L stock, 1.2 mL KPO4
buffer) and 1:110 (11 pL cytochrome stock, 1.2 mL KPO4
buffer). 100 uL triplicate aliquots of the test sample
homogenates were added in ELISA microplate wells, then
100 L KPO4 was added to the negative and positive control
wells. A 100 uL cytochrome-C positive control (cytochrome-
C bovine heart) solution was added, followed by a 200 pL
TMBZ solution. Each well received one drop of 3% hydrogen
peroxide (H.02) and the plate was incubated for 5 minutes.
The plates were immediately read (To) with an ELISA reader
at 620 nm. Oxidase activity was measured using Absorbance
per minute or Abs/min.

https://imwv.dipterajournal.com

2.5 Histopathological examination

The previously described the routine histopathological
technique was used 11, Forty-five dead Cx. quinquefasciatus
larvae were examined in total, with 5 from the control group
and 40 from the treatment groups (20 larvae of eugenol and
20 larvae of piperine). The specimens were fixed using 10%
formalin and went through dehidration using increased
alcohol concentrations (70%, 80%, 90%, 95%, and 100%).
Following that, the specimens were immersed in Xylene 1,
xylene 2, and xylene 3 solutions and were embedded in
paraffin blocks. The paraffin blocks were then cut into
sections with the thickness of 5 umusing a manual microtome
(Model 320, No. 17664, USA) and feather microtome blades
(Feather, S35, Japan). The sections were then stained with
hematoxylin and eosin (H&E) and then observed under a light
microscope and photographed d using a digital microscopic
mounted camera (Zeiss Axiocam ERC 5s, Germany).

2.6 Data Analysis

All experimental data were analyzed using SPSS Statistics
ver. 26. Differences in mortality between concentrations of
camphore were analyzed using a one-way ANOVA test with
one factor if the distribution was normal and a non-parametric
test otherwise [32], Probit analysis was used to calculate LCso
and LCgo values [33], To determine the difference in AChE,
GST, and oxidase activity, a paired T test was performed with
the condition that the data had a normal distribution. If the
data does not fit the normal distribution criteria, the Wilcoxon
non-parametric test will be used instead [32],

3. Results

3.1 Mortality of wild-caught Cx. quinquefasciatus larvae
This study was able to collect 625 Cx. quinquefasciatus larvae
(I and 1V instars) from the field. The mortality rates for Cx.
quinquefasciatus larvae after exposure to various
concentrations of pure camphor compounds are summarized
in Table 1. There were no larvae that died in the control group
after 24, 48, or 72 h. At a concentration of 50 ppm, camphor
caused 100% larval mortality after 48 h. Camphor
concentrations of 10.5 and 25.5 ppm, on the other hand,
resulted in 100% larval mortality after 72 h. The mortality of
Cx. quinquefasciatus larvae was significantly different in each
camphor concentration, according to a one-way ANOVA
statistical analysis (p<0.05). Camphor was found to be toxic
to wild-caught Cx. quinquefasciatus larvae in this study, with
an LCso of 2.32 ppm (95% CI: 1.98 - 2.77) and an LCgo of
1240 ppm (95% CI: 8.03 - 27.52). The Probit model is
significant (p<0.05) according to Probit analysis, and the Chi-
square test of the model's goodness is also significant (p<
.05).

Table 1: Mortality of wild-caught Cx. quinquefasciatus larvae after being exposed to a pure camphor.

1 0,
Treatment Conc(epr;)trTr]z; tion N >1h Mortal I:g ;ate 0 h p value
Control 0 25 0 0 0
0,5 125 10,4 (13/125) 42,4 (53/125) 96 (120/125)
15 125 23,2 (29/125) 58,4 (73/125) 98,4 (123/125) 0.000
Pure Camphor 10,5 125 56,8 (71/125) 87.2 (109/125) 100 (125/125) '
25,5 125 72 (90/125) 89,6 (112/125) 100 (125/125)
50 125 82.4 (103/125) 100 (125/125) 100 (125/125)

p value was obtained from the one way ANOVA test
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3.2 Detoxification enzyme activity

The mean absorbance of detoxifying enzymes in wild-caught
Cx. quinquefasciatus larvae after exposure to pure camphor is
summarized in Table 2. The mean absorbance of the larvae's
detoxifying enzymes varied with each concentration of pure

https://mvwv.dipterajournal.com

camphor. After being exposed to pure camphor, AChE and
oxidase activity were lower than in the control group.
However, GST activity was higher in the camphor group than
in the control group.

Table 2: The mean absorbance of AChE, GST, and oxidase of Cx. quinquefasciatus larvae after being exposed to pure camphor.

Treatment n .AChE - .GST - Qxidase .

Omin|[ 10min [Omin [ 5min [0min | 5min

Control Camphor 10| 0.320 | 0.326 | 0.533 [ 0.592 | 0.452 | 0.562
0.5ppm 10[ 0.301 | 0.303 | 0.530 | 0.655 | 0.247 | 0.244
1.5ppm 10 0.320 | 0.323 | 0.571 | 0.649 | 0.221 | 0.242
10.5ppm 10[ 0.292 | 0.295 [ 0.496 [ 0.599 | 0.172 | 0.161
255 ppm 10( 0.300 | 0.305 | 0.629 | 0.969 | 0.266 | 0.255
50.0 ppm 10 0.313 | 0.317 | 0.559 [ 0.644 | 0.245 | 0.240

n= number larvae of Cx. quinquefasciatus

Furthermore, the Shapiro-Wilk test revealed that the AChE
activity data were normally distributed (p>0.05), and the
paired T-test revealed a significant increase in AChE activity
from 0 to 10 min (p<0.05). Figure 2 shows that the AChE

activity of pure camphor concentrations of 0.5, 1.5, 10.5, 25.5,
and 50.0 ppm were 0.0002, 0.0003, 0.0005, and 0.0004
Abs/min, respectively. AChE activity in the control group was

0.0007

0.0006

0.0005

0.0004

0.0003

0.0002

0.0001

Axbsorbance /minute

Control

AChE activity

0.5 1.5

Concentrations of pure camphor

10.5

0.0006 Abs/min.
50.0

25.5

Fig 2: AChE activity of wild-caught Cx. quinquefasciatus larvae after being exposed to pure camphor.

GST activity increased in Cx. quinquefasciatus larvae
exposed to different concentrations of pure camphor from 0 to
5 minutes. The GST activity of pure camphor concentrations
of 05, 15, 105, 255, and 50.0 ppm was 0.025, 0.0156,
0.0206, 0.0134, and 0.017Abs/min, as shown in Figure 3. The

control group's GST activity was 0.0118 Abs/min. Because
the GST activity data were not normally distributed, the
Wilcoxon test was used, and it revealed that there was a
significant increase in GST (p<0.05).

0.03

e
5]
w

0.02

0.015

Absorbance/minute
o
(=]
=1

0.005

Control

GST activity

0.5 15

Concentrations of pure camphor

50.0

10.5 25.5

Fig 3: GST activity of wild-caught Cx. quinquefasciatus larvae after being exposed to a pure camphor.
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Oxidase  activity  decreased in  wild-caught  Cx.
quinquefasciatus larvae exposed to different concentrations of
pure camphor (Fig.4). The oxidase activity of pure camphor
concentrations of 0.5, 15, 10.5, 255, and 50.0 ppm was -
0.0006, 0.0042, -0.0312, -0.0022, and -0.0010 Abs/min, as

https://mvwv.dipterajournal.com

shown in Figure 4. The control group's oxidase activity was
0.0220 Abs/min. the Wilcoxon test was used, and it revealed
that there was a significant increase in oxidase activity
(p<0.05).

0.0300

0.0200

0.0100

0.0000
-0.0100 Control
-0.0200

-0.0300

Absorbance/minute

-0.0400

Oxidase activity

Concentrations of pure camphor

50.0

1 25.5

Fig 4: Oxidase activity of wild-caught Cx. quinquefasciatus larvae after being exposed to pure camphor.

3.2 Changes in histopathological midgut

For the histopathological examination, 28 larvae of Cx.
quinquefasciatus were used, one for the control group and 27
for the camphor group. Table 4 summarizes the
histopathological results of midgut larvae exposed to various
concentrations of camphor. There were no abnormalities
found in the larvae's midgut in the control group; the food
bolus (FB), peritrophic membrane (PM), epithelial layer (EP),
epithelial cells (EC), and microvilli (Mv) all had good or
normal structure (Fig 5).

At each concentration, there were abnormalities in the midgut

histopathology, in contrast to the camphor group. Overall
midgut damage of Cx. quinquefasciatus larvae was classified
as serious in the camphor group. The larval midgut
abnormalities discovered were as follows: 1) the FB was
found to be broken or cracked, and there was a narrowing or
widening of the FB, 2) the PM was damaged or broken, 3) the
EP midgut showed damage, namely the layers were cut off
from one another and the EP had an irregular shape, 4) EC is
damaged where the cell shape is irregular and the cell size
shrinks, and 5) Mv was also damaged to become smaller and
irregular in shape.

7

)Ny

Fig 5: The histopathological midgut of wild-caught Cx. quinquefasciatus larvae. The control group (A, 400 X), and the pure camphor group (B,

representative of the pure camphor group, 10 X). Food bolus (FB), peritrophic membrane (PM), epithelial layer (EP), epithelial cell (EC),
microvilli (Mv).
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Table 3: The histopathological results of midgut larvae of wild-caught Cx. quinquefasciatus after being exposed to various concentrations of a
pure camphor

Histopathological midgut
Treatment Concentration N FB PM EP EC Mv
Control 1 - - - N N
05 8 + + + + +
' T00% (878) T00% (3/8) 100% (3/8) T00% (3/8) 100% (3/8)
1,5 6 + + + + +
T00% (676) T00% (676) T00% (676) T00% (676) 100% (676)
10,5 5 + + + + +
Pure camphor T00% (5/5) T00% (575) T00% (5/5) T00% (5/5) T00% (5/5)
25,5 4 + + + + +
100% (4/4) 100% (4/4) 100% (4/4) 100% (4/4) 100% (4/4)
50 4 + + + + +
100% (47%) 100% (4/4) 100% (474) 100% (4/4) 100% (474)

FB: food bolus, PM: peritrophic membrane; EP: Epithelial layer EC: Epithelial cell Mv: microvilli

4. Discussion

This study demonstrated that pure camphor compounds have
larvicidal activity against Cx. quinquefasciatus larvae caught
in the wild. Pure camphor concentrations of 50 ppm (at 48 h),
10.5 ppm, and 255 ppm resulted in 100% mortality of Cx.
quinquefasciatus larvae (at 72 h). The results of a one-way
ANOVA analysis revealed that mortality of Cx.
quinquefasciatus larvae was significantly different at each
pure camphor concentration (p<0.05). Bosley et al. [34
supported this study by reporting that rosemary plants
containing 56.55% camphor could induce 100% mortality of
Cx. pipiens larvae at a concentration of 1000 ppm when
compared to other plant compounds that did not contain
camphor. Furthermore, Ochola et al. [3%] reported that an oil
formulation of Ocimum kilimandscharicum emulsified with
water (containing 36.6% D-compor) could induce 100%
mortality of Anopheles gambiae larvae within 48 h with a
concentration of 1 ppm.

Camphor is classified as a monoterpenoid (dimers of isoprene
that can be divided into acyclic, monocyclic, bicyclic, and
tricyclic compounds). The presence of hydroxyl ions (OH-) in
monoterpenoids causes oxidative stress, resulting in cell or
tissue damage [6l. Terpene compounds, according to
Matsuura et al. 7], are cytotoxic to animal and human cells,
causing damage to plasma membranes, lipid peroxidase, the
production of ROS, and mitochondrial damage. Thus, Cx.
quinquefasciatus larvae mortality was most likely caused by
the monoterpenoid compounds found in pure camphor.

At 72 h, the pure camphor had an LCso value of 2.32 ppmand
an LCoo value of 12.40 ppm, according to this study. When
compared to other studies that did not use pure camphor
compounds, the level of toxicity of the pure camphor
compound showed different LCso and LCoo values. Yu et al.
[38] for example, reported that a R. officinalis extract
containing camphor and eucalyptol had an LCso value of 38.3
mg/liter for field-strain Cx. quinquefasciatus larvae. For Cx.
pipiens larvae, Bosley et al. [34 found that rosemary oil
containing camphor had an LCso value of 214.97 ppm and an
LCyo value of 671.77 ppm. Ochola et al. 35 reported LCso
values of 0.14 ppm for an emulsified formulation of Ocimum
kilimandscharicum oil (containing 36.6% D-comphor)
showed LCso values of 0.14 ppm and LCgo of 0.22 ppm for
An. gambiae larvae. So, it can be concluded that pure
camphor compounds and plants containing camphor
compounds have potential as alternative larvicides against
mosquito larvae (351,

When Cx. quinquefasciatus larvae exposed to pure camphor
compounds were compared to controls, AChE activity was

inhibited (Fig. 3). Camphor's target is AChE, according to
these findings. This study’s findings are consistent with those
of Ochola et al. 351 and Yeom et al. [39], who found that
camphor is neurotoxic by inhibiting AChE activity at
synapses. As a result, large amounts of acetylcholine are
deposited at the synapse, paralyzing and Kkilling Cx.
quinquefasciatus larvae [01, At a pure camphor concentration
of 25,5 ppm, AChE activity was found to be slightly higher
than in the control group. The larvae of Cx. quinquefasciatus
used in this study are a wild strain fromthe field, which could
explain why. According to Brogdon [28], the larvae from the
field (wild strain) have two characteristics, namely that the
larvae are resistant or susceptible to insecticides. Resistant
larvae showed increased AChE activity due to mutation of the
knock down resistant gene (KDR) in voltage-gated sodium
channel (VGSC), while susceptible larvae showed low AChE
activity [411,

Insect GST activity acts as a detoxifying enzyme against
exogenous compounds that enter the larvae 2. When
compared to the control group, pure camphor compounds
inhibited GST activity in this study. This was due to Cx.
quinquefasciatus larvae producing more GST to compensate
for the camphor treatment after 24, 48, and 72 hours of
exposure. The increase in GST activity of Cx.
quinquefasciatus larvae in this study is consistent with other
research studies. For example, Krzyzowski et al. [43] found
that beetles (Callosobruchus maculatus) exposed to camphor
on R. ofcinalis plants had a significant increase in GST
activity. This could be because free radicals at GST
concentrations activate GST activity and cause oxdative
stress. Furthermore, Quintaneiro et al. [*4] also reported that
camphor causes increased GST activity in zebrafish larvae.
Mojarab-Mahboubkar et al. 3] reported that camphor in
Artemisia annua resulted in increased GST activity in fall
webworm (Hyphantria cunea).

Oxidase is an enzyme with a complex protein in the
mitochondrial transmembrane and an oxidative
phosphorylation mechanism that functions to produce

adenosine triphosphate (ATP). Cytochrome ¢ oxidase is
involved in the process of oxygen molecular reduction to
water using reducing equivalents donated by cytochrome c
and energy binding at site 3 in oxidative phosphorylation.46
The oxidase activity of Cx. quinquefasciatus larvae was lower
after exposure to pure camphor compounds than in the control
group, according to the study. The discovery that camphor
targets oxidase because camphor causes mitochondrial
damage, which affects oxidase activity in mitochondria.
Satyal et al. [l demonstrated that camphor from the R.
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officinalis plant acts as a xanthine oxidase inhibitor.

This study demonstrated that pure camphor compounds can
cause significant midgut damage in Cx. quinquefasciatus
larvae. The treatment group showed serious damage to FB,
PM, EP, EC, and Mv. This study's findings are consistent with
those of other studies. Oftadeh et al. [25], for example, reported
that A. annua flower extract (containing camphor) caused
midgut damage in Glyphodes pyloalis (a pest of mulberry
plants). The elongation and separation of epithelial cells,
which causes them to lose their compactness, causes
significant damage to the midgut. Camphor compounds cause
oxidative stress, which causes midgut damage [351. Other
researchers have reported that any damage to midgut cells can
affect the activity of detoxifying enzymes as has been
reported by other researchers [25.26],

There were several limitations to this study, including the
following: 1) no material was available to examine esterase
activity; 2) no bioassay was performed on female adult Cx.
quinquefasciatus mosquitoes; 3) did not examine enzyme
receptors and biochemical markers such as protein carbonyl
and MDA to examine oxidative stress; and 4) there is no
correlation between decreased detoxification enzyme activity
and histopathological abnormalities in the midgut of Cx.
quinquefasciatus larvae.

5. Conclusion

Camphor was found to have high larvicidal activity against
Cx. quinquefasciatus larvae in the field. The LCso of pure
camphor was 232 ppm and the LCgo was 1240 ppm.
Camphor, in its purest form, inhibits or reduces AChE and
oxidase activity. Furthermore, pure camphor damages the
midgut extensively and severely in all areas (FB, PM, EP, EC,
and Mv). According to our findings, pure camphor has the
potential to be used as an alternative larvicide to control the
population of Cx. quinquefasciatus mosquitos.

6. Acknowledgment

Our research team would like to thank the Dean of the Faculty
of Medicine at the Universitas Indonesia for granting
permission to conduct this study. We also want to thank
everyone who has helped make this research possible.

7. Funding statement

The study was funded by Directorate of Research and
Community Services (DRCS) (grant number HIBA PUTI Ul
Q2 2020).

8. Competing Interest
The authors declare that they have no competing interest

9. References

1. Negi C, Verma P. Review on Culex quinquefasciatus:
southern house mosquito. International Journal of Life-
Sciences Scientific Research, 2018;4(1)1563-1566.

2. Lopes RP, Lima JBP, Martins AJ. Insecticide resistance
in Culex quinquefasciatus Say, 1823 in Brazil: a review.
Parasites & Vectors. 2019;12(1):591.

3. \Viveiros-Rosa SG, Regis EG, Santos WC. Vector
competence of Culex mosquitoes (Diptera: Culicidae) in
Zika virus transmission: an integrative review. Revista
Panamericana de Salud Publica. 2020;44:7.

4. Lourens GB, Ferrell DK. Lymphatic filariasis. The
Nursing Clinics of North America. 2019;54(2):181-192.

129

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

https://imwv.dipterajournal.com

World Health  Organization. Lymphatic filariasis
[Internet]. Geneva: WHO; 2021 May 18 [cited 2021 Nov
21]. Available from: Lymphatic filariasis (who.int)
Kementrian Kesehatan Republik Indonesia. Profil
kesehatan Indonesia tahun 2020. Jakarta: Kementrian
Kesehatan Republik Indonesia; c2021. p. 196-200.

Achee NL, Grieco JP, Vatandoost H, Seixas G, Pinto J,
Ching-Ng L, et al. Alternative strategies for mosquito-
borne arbovirus control. PLoS Negleted Tropical Disease.
2019;13(1):e0006822.

Ndiath MO. Insecticides and insecticide resistance.
Methods in Molecular Biology, (Clifton, N.J.); c2019. p.
287-304.

Yang S, Bai M, Yang J, Yuan Y, Zhang Y, Qin J, et al.
Chemical composition and larvicidal activity of essential
oils from Peganum harmala, Nepeta cataria, and
Phellodendron amurense against Aedes aegypti (Diptera:
Culicidae). Saudi Pharmaceutical Journal.
2020;28(5):560-564.

Chen W, Vermaak I, Viljoen A. Camphor--a fumigant
during the black death and a coveted fragrant wood in
ancient Egypt and Babylon--a review. Molecules.
2013;18(5):5434-54.

Mclnnis SJ, Goddard J, Deerman JH, Nations T, Varnado
WC. Insecticide resistance  testing  of Culex
quinquefasciatus and Aedes albopictus from
Mississippi. Journal of the American Mosquito Control
Association. 2019;35(2):147-150.

Hafez AM, Abbas N. Insecticide resistance to insect
growth regulators, avermectins, spinosyns and diamides
in Culex quinquefasciatus in Saudi Arabia. Parasites &
Vectors. 2021;14(1):558.

Chandrasiri PKGK, Fernando SD, De Silva BGDNK.
Insecticide resistance and molecular characterization of
knockdown resistance (kdr) in Culex quinquefasciatus
mosquitoes in Sri Lanka.Journal of Vector Ecology.
2020;45(2):204-210.

Delannay C, Goindin D, Kellaou K, Ramdini C, Gustave
J, Vega-Rua A. Multiple insecticide resistance in Culex
quinquefasciatus populations from Guadeloupe (French
West Indies) and associated mechanisms. PLoS One.
2018;13(6):€0199615.

Yanola J, Chamnanya S, Lumjuan N, Somboon P.
Insecticides resistance in the Culex quinquefasciatus
populations from northern Thailand and possible
resistance mechanisms. Acta Tropica. 2015;149:232-238.
Norris EJ, Gross AD, Bartholomay LC, Coats JR. Plant
essential oils synergize various pyrethroid insecticides
and antagonize malathion in Aedes aegypti. Medical and
Veterinary Entomology 2019;33(4):453-466.
Zielinska-Blajet M, Feder-Kubis J. Monoterpenes and
Their Derivatives-Recent Development in Biological and
Medical Applications. International Journal of Molecular
Sciences, 2020;21(19):7078.

da Silva ET, da Silva Aradjo A, Moraes AM, de Souza
LA, Silva Lourengo MC, de Souza MV, et al. Synthesis
and biological activities of camphor hydrazone and imine
derivatives. Scientia Pharmaceutica. 2015;84(3):467-483.
Lee SH, Kim DS, Park SH, Park H. Phytochemistry and
applications of Cinnamomum camphora essential oils.
Molecules. 2022;27(9):2695.

Raskovi¢ A, Milanovi¢ 1, Pavlovi¢ N, Cebovi¢ T,
Vukmirovi¢ S, Mikov M. Antioxidant activity of


https://www.dipterajournal.com/

Intemational Journal of Mosquito Research

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3l

32.

33.

34.

rosemary (Rosmarinus officinalis L.) essential oil and its
hepatoprotective potential. BMC Complementary and
Alternative Medicine. 2014;14(1):225.

Cheng SS, Liu JY, Tsai KH, Chen WJ, Chang ST.
Chemical composition and mosquito larvicidal activity of
essential oils from leaves of different Cinnamomum
osmophloeum provenances. Journal of Agriculture and
Food Chemistry 2004;52(14):4395-4400.

Zhu L, Tian Y. Chemical composition and larvicidal
activity of essential oil of Artemisia gilvescens against
Anopheles  anthropophagus. Parasitology ~ Research.
2013;112(3):1137-e1142.

Cheng SS, Liu JY, Huang CG, Hsui YR, Chen W],
Chang ST. Insecticidal activities of leaf essential oils
from Cinnamomum osmophloeum against three mosquito
species. Bioresource Technology. 2009;100(1):457-464.
MaclLeod HJ, Dimopoulos G, Short SM. Larval Diet
Abundance Influences Size and Composition of the
Midgut  Microbiota of Aedes aegypti Mosquitoes.
Frontiers in Microbiology. 2021;12: 645362.

Oftadeh M, Sendi JJ, Ebadollahi A, Setzer WN,
Krutmuang P. Mulberry protection through flowering-
stage essential oil of artemisia annua against the lesser
mulberry pyralid, glyphodes phyloalis walker. Foods.
2021;10(2):210.

Murfadunnisa S, Vasantha-Srinivasan P, Ganesan R,
Senthil-Nathan S, Kim TJ, Ponsankar A, et al. Larvicidal
and enzyme inhibition of essential oil from Spheranthus
amaranthroids (Burm.) against lepidopteran pest
Spodoptera litura (Fab.) and their impact on non-target
earthworms. Biocatalysis and Agricultural
Biotechnology. 2019;21:1-8.

Lushchak VI, Matviishyn TM, Husak VWV, Storey JM,
Storey KB. Pesticide toxicity: a  mechanistic
approach. EXCLI Journal 2018;17:1101-1136.

Brogdon WG. Chapter 5: Insecticide Resistance
Monitoring; microplate enzyme activity assays, In:
Benedict, M.Q. (Ed.), Methods in anopheles research, 4t
ed. Centers for Disease Control and Prevention. Atlanta,
USA; c2014. p. 240-247.

Jakarta Provincial Health Office. Annual report. Jakarta,
Indonesia. Regional Government of Special Capital
Region of Jakarta. Jakarta, Indonesia. From; c¢2019.
https://dinkes.jakarta.go.id/berita/profil/laporan-tahunan.
Accessed 31/8/2020.

World Health Organization. Guidelines for laboratory
and field testing of mosquito larvicides. Geneva: WHO,;
€2005. p. 7-12.

de Lemos AB, Adam F, de Moura KRS. Histological and
histochemical characterization of the midgut of healthy
Aedes aegypti larvae. Annual Research & Review in
Biology. 2018;22:1-15.

Mishra P, Singh U, Pandey CM, Mishra P, Pandey G.
Application of student's t-test, analysis of variance, and
covariance. Annals of Cardiac Anaesthesia.
2019;22(4):407-411.

Shao X, Ma X, Chen F, Song M, Pan X, You K. A
Random Parameters ordered Probit analysis of injury
severity in truck involved rear-end
collisions. International Journal of Environment Research
and Public Health. 2020;17(2):395.

Bosley HA. Larvicidal and adulticidal activity of
essential oils from plants of the Lamiaceae family against

130

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

https://imwv.dipterajournal.com

the West Nile virus vector, Culex pipiens (Diptera:
Culicidae). Saudi Journal of Biological Sciences.
2022;29(2022):103350.

Ochola JB, Mutero CM, Marubu RM, Haller BF,
Hassanali A, Lwande W. Mosquitoes larvicidal activity
of Ocimum kilimandscharicum oil formulation under
laboratory and field-simulated conditions. Insects
Journal. 2022;13(2):203.

Fu JT, Tang L, Wang K. Fumigant toxicity and
repellency activity of camphor essential oil from
Cinnamomum camphora siebold against Solenopsis
invicta iworkers (Hymenoptera: Formicidae). Journal of
Insect Science. 2015;15(1):129.

Matsuura HN, Rau MR, Fett-Neto AG. Oxidative stress
and production of bioactive monoterpene indole
alkaloids: biotechnological implications. Biotechnology
Letters. 2014;36(2):191-200.

Yu J, Liu XY, Yang B, Wang J, Zhang FQ, Feng ZL, et
al. Larvicidal activity of essential extract of Rosmarinus
officinalis against Culex quinquefasciatus. Journal of the
American Mosquito Control Association. 2013;29(1):44-
48.

Yeom HJ, Jung CS, Kang J, et al. Insecticidal and
acetylcholine esterase inhibition activity of asteraceae
plant essentialoils and their constituents against adults of
the german cockroach (Blattella germanica). Journal of
Agricultural and Food Chemistry. 2015;63(8):2241-2248.
Jankowska M, Rogalska J, Wyszkowska J, Stankiewicz
M. Molecular targets for components of essential oils in
the insect nervous system-A review. Molecules.
2017;23(1):34.

Yang C, Feng X, Liu N, Li M, Qiu X. Target-site
mutations (AChE-G119S and kdr) in Guangxi Anopheles
sinensis populations along the China-Vietnam border.
Parasites & Vectors. 2019;12(1):77.

Enayati AA, Ranson H, Hemingway J. Insect glutathione
transferases and insecticide resistance. Insect Molecular
Biology. 2005;14(1):3-8.

Krzyzowski M, Baran B, Lozowski B, Francikowski J.
The Effect of Rosmarinus officinalis Essential oil
fumigation on biochemical, behavioral, and physiological
parameters of Callosobruchus maculatus. Insects.
2020;11(6):344.

Quintaneiro C, Teixeira B, Benedé JL, Chisvert A, Soares
AMVM, Monteiro MS. Toxcity effects of the organic
UV-filter 4-Methylbenzylidene camphor in zebrafish
embryos. Chemosphere. 2019;218:273-281.
Mojarab-Mahboubkar M, Sendi JJ, Mahmoodi N. The
sweet wormwood essential oil and its two major
constituents are promising for a safe control measure
against  fall webworm.  Pesticide  Biochemistry
Physiology. 2022;184:105124.

Potthast AB, Heuer T, Warneke SJ, Das AM. Alterations
of sirtuins in mitochondrial cytochrome c-oxidase
deficiency. PLoS One. 2017;12(10):¢0186517.

Satyal P, Jones TH, Lopez EM, McFeeters RL, Ali NA,
Mansi I, et al. Chemotypic characterization and
biological activity of Rosmarinus officinalis. Foods.
2017;6(3):20.


https://www.dipterajournal.com/

