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Abstract
Plant extracts contained bioactive compounds that may kill mosquito larvae. The study aimed to
determine an effective concentration of the Lansium domesticum leaf extract and its mechanism in
causing Aedes aegypti larval death. Ae. aegypti larvae were exposed to different concentrations of the L.
domesticum leaf extracts. The lethal concentration 50 (LC50) value of the extract was used for
fractionation. The histopathological examination of the larval midgut was used H&E stain. At 24 h, LC50
and LC90 values of the extract were 0.22% and 0.32%, whereas, at 48 h, LC50 and LC90 values were 0.7%
and 1.2% respectively. The larvae became shorter, pale, damage of anal papillae, and the darken siphon.
The histopathological larval midgets consisted of the cell protrusion to apical, the detached midgut cells
in the lumen, and the irregular cell structure. The L. domesticum leaf extract is a potential plant-based
insecticide to control Ae. aegypti population.
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Introduction
Aedes sp. is a vector that can transmit filariasis and a variety of viral diseases such as
chikungunya, yellow fever, rift valley fever, Zika virus and dengue hemorrhagic fever (DHF)
[1, 2]
. Aedes species transmitted the dengue virus to humans are Ae. aegypti and Ae. albopictus.
Dengue is a disease caused by 4 strains of Flaviviridae family of viruses, which dengue virus
(DENV)-1, DENV-2, DENV-3, and DENV-4. The virus consists of a single-chain RNA is
replicated in the body of mosquitoes of the genus Aedes. [3]. In 2017, DHF cases were reported
in 34 provinces in Indonesia as many as 59,057 and 444 of them died. The data was lower than
in 2016 with the number of patients reached 201,885 people and 1,585 of them died [4, 5].
Up till now there is neither drug nor effective vaccine available for dengue treatment and
prevention. Elimination of the dengue can be accomplished by vector control, however
continuous usage of synthetic insecticides such as carbamate, organophosphate,
organochlorine, and pyrethroid insecticides may cause environmental pollution, disruption of
ecosystem, non-target organism intoxication, and vector resistance [6]. This urges development
of new insecticides that should be effective, environmental friendly and safe to living
organisms; development of plant-based insecticide is suitable to this challenge.
The previous studies showed that the seeds and rind of Lansium domesticum contain bioactive
compounds such as alkaloids, flavonoids, saponins, and polyphenols [7, 8]. Indole alkaloid with
structures such as strychnine and quinine which is a compound that functions as an insect
repellent [9]. Saponin is known as anti-insect property because of its ability to decrease the
activity of the enzyme on digestion and absorption of food. Saponins can also bind free sterols
in the digestion of food because sterols act as precursors of ecdysone hormone. The decline in
the number of free sterols will disrupt the process of molting in insect [10], and these
compounds also interact with larvae cuticle membrane so that it can damage the lining
membrane of the larvae [11, 12]. This study aimed to determine an effective concentration of the
L. domesticum leaf extract, identify the bioactive compounds, and its mechanism in causing
the death of Ae. aegypti larvae.
Materials and methods
Extraction of L. domesticum leaves
L. domesticum leaves, from Lampung, West Sumatera, 1,000 g (wet weight), were cut into
small pieces and dried. Afterward, they were blended into the powder then 300 ml methanol
~ 105 ~
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absolute was added and homogenized, stirred for 24 hours.
The solvent was evaporated using a vacuum evaporator [13,14].
A total of 100 g crude extract was recovered.

Histopathological examination
Ae.aegypti larvae were fixed and then dehydrated with ethanol
and toluene series. Afterward, the larvae were embedded in
paraffin section and stained with hematoxylin and eosin
(H&E). The result was observed under a compound
microscope [18]. The histopathological examination was done
at the Department of Anatomic Pathology, Faculty of
Veterinary Medicine, IPB, Bogor, West Java, Indonesia.

Fractionation
Fractionation was performed using separating funnel with
different solvent polarity, i.e. n-hexane, ethyl acetate, and
butanol; each of solvents of the obtained fraction was
evaporated by vacuum evaporator [15, 16].

Data analysis
Data were expressed as descriptive statistics and analyzed by
statistical package for social sciences (SPSS) ver.24. Data on
the mortality rate of the dead larvae were tested for normal
distribution (Shapiro-Wilk). Data with normal distribution
were analyzed by analysis of variance (ANOVA), while the
non-normal one by Kruskal-Wallis. LC50 and LC90 values
were performed by Probit analysis with a 95% confidence
interval, p < 0.05 was considered statistically significant.

Alkaloid test
The alkaloid test was performed by thin-layer
chromatography (TLC) using silica gel GF254 (CAS.763186-9, EC Number: 231-545-4) and corresponding eluent.
Eliminated spots were sprayed with Dragendorff's reagents
(Sigma-Aldrich, 44578-100MLF). The positive result showed
an orange patch on the TLC plate [15, 16].
Saponin test
The fractions were dissolved with 10 ml of aquadest and then
shaken vigorously. The presence of stable foam for at least 10
minutes, suggests the saponin compound [15, 16].

Results
At 24 h exposure, 56–72% dead larvae were found at 0.1–
0.2% concentrations (Figure 1), while at 48 h, 100% dead
larvae were found at minimum concentration of 0.2% (Figure
2). The larval mortality was higher in accordance with the
longer exposure time. At 24 h exposure, LC50 and LC90 values
were 0.22% (95% CI=0.18–0.25) and 0.32% (95% CI=0.27–
0.42), while at 48 h, LC50 and LC90 values were at 0.7% (95%
CI=0.00–0.16) and 1.2% (95% CI=0.00–0.23) respectively
(Figure 3).
At 24 h, mean (SD) of the dead larvae as follows; 0.1%
concentration of the extract showed mean (SD) of the dead
larvae was 14 (2.9), 0.2% 18 (2.9), 0.4% 25 (0.0), 0.6% 25
(0.0), 0.8% 25 (0.0), 1.0% 25 (0.0), 1.2% 25 (0.0). At 48 h,
0.1% concentration of the extract showed mean (SD) of the
dead larvae 19 (1.3) and 0.2–1.2% showed mean (SD) of the
dead larvae 25 (0.0), respectively. Statistical results, KruskalWallis test, showed that there were differentiation between
concentration of the extract and mean (SD) of the dead larvae
(p = 0.000, p < 0.05).

Larval Bioassay
The larval bioassay was conducted under the WHO standard
method [17]. Each plastic cup (± 200 ml) contained the crude
extract of L. domesticum leaves with different concentrations,
i.e. 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0%, and 1.2%. Twentyfive Ae. aegypti third and fourth instars larvae were placed
into each plastic cup which contained the crude extract and
the larval food. The observation was carried out for 24 – 48 h
to determine the lethal concentration 50 and 90 (LC50 and
LC90) of each experiment. The bioassays were replicated four
times for each concentration.
Morphological examination
The morphological examination of the dead larvae was
directly performed under the light microscope; the larval size,
color, damage of the anal papillae, and the siphon were
recorded [18].

Fig 1: Percentage of dead larvae at 24 hours
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Figure 1 shows that the percentage of dead larvae at 24 hours.
The concentration of the extract, 0.1–0.2% have 56–72% dead

larvae. In contrast, 0.4–1.2% concentration of the extract
exhibited 100% dead larvae respectively.

Fig 2: Percentage of dead larvae at 48 hours

larvae. In contrast, 0.2 – 1.2% concentration of the extract
exhibited 100% dead larvae respectively.

Figure 2 shows that the percentage of the dead larvae at 48 h.
Only the concentration of the extract, 0.1% showed 72% dead

Fig 3: Lethal concentration (LC) after 24 and 48 hours

treatment group i.e. size decrease, body surface damaged, the
color became dark or pale, damage of the anal papillae, and
darken of the siphon (Figure 4).

Ae. aegypti larvae of the control group have an average length
of 4 – 5 mm and the color was transparent. In contrast, the
control group, morphological changes were observed in the
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Fig 4: Effect of crude extract and fraction of L. domesticum leaves towards morphology change of Ae. aegypti larvae. (a) and (b) control; (c)
crude extract; (d) ethyl acetat fraction; (e) dan (f) hexane fraction; (g) dan (h) butanol fraction (magnification 40x)
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Fig 5: Histopathology of midgut Ae. aegypti larvae from control group (a) and treatment (b–f). (b and c) crude extract; (d) ethyl acetat fraction;
(e) hexane fraction; and (f) butanol fraction. All of the midgut showed destructive cells n=nucleus; mv=microvilli; bl=basal lumina; lu=lumen;
(*)=swelling cell; black arrow=protrude cell (magnification 200x).

Figure 5 shows the histopathology section of the larva midgut
stained with HE. In the control group showed a good structure
of the epithelial cells, luminal, microvilli, and basal lamina
(Figure 5a). In contrast, in the treatment group the midgut of
Ae. aegypti larvae showed the apical protrusion in the
epithelial cells and swelling (Figures 5b and c) or the irregular
cell structures (Figure 5d), or the cells were shrinkages and
the microvilli was broken (Figure 5e), and elongation of the
midgut cells (Figure 5e).

it decreases activity of the digestive enzymes and food
absorption. The saponin can also bind to free sterols in the
insect digestion. Free sterols act as a precursor of the
ecdysone hormone. When free sterols are a low concentration,
they inhibit a molting process. Moreover, the saponin has an
antifeedant activity and inhibits the larval growth and its
interactions with the cuticle membrane. Finally, they cause
damage of the larvae and die [25].
Morphology alterations of the larvae in the treatment group
became shorter in size than the control, suggesting the
damage of the larval exoskeleton (chitin) [23]. Chitin functions
as body protection and limits the water loss through body
walls. The larval body wall absorbs toxic substances easily
[26]
. The color of the extract-exposed larvae became pale,
white, even darken in comparison to the control larvae which
were transparent, referring to the dead or dying tissues [23].
The larval siphon which is a main component of the larval
respiratory system became pale and/or dark in color. The
damage of the siphon will remove the larval hydrophobic
surface and subsequently, water cannot enter into the larval
body and the larvae lacked the oxygen. Therefore, the damage
of the anal papillae and siphon contributed the larval viability
[27]
.
The larval midgut has an important role in secret digestive
enzymes and to absorb nutrients [24]. The damage that
occurred in the larval midgut in this study consisted of
protrusion of the epithelial cells and swollen cells in the
treatment groups. The damages will influence the digestion
process in the larval midgut as the crude extract of
L.domesticum could act as a contact poison. The mechanism
can be explained as follow: after several hours of exposure,
the toxins in the crude extract and the fraction passing through
the cell membrane and bound to special receptors on the
epithelial cells to form the small pores. They lead to the cell
osmotic balance impaired and the ions and water easily enter
the cells, resulting in the cells to expand then lysed. The lysed
cells became separated from the basal membrane and released
into the midgut lumen [28].
The potential of the L. domesticum extract has been studied in
the medical application. For example, Rohin et al. [29] showed
that a proliferative effect of the Duku (L. domesticum Corr)
extracts on the human colorectal adenocarcinoma cell lines.
Monosroi et al. [30] demonstrated that the fruit extract of L.
domesticum contained anticancer active compounds such as
phenolic substances and plavonoid against KB cell (human
mouth epidermal carcinoma cell) because of its high antiproliferative and MMP-2 (matrix metalloproteinase-2)
inhibition activities. The seed extract of L. domesticum

Discussion
This study showed the potential of the L. domesticum extract
to control Ae. aegypti larvae with the LC50 value of 0.22% and
LC90 of 0.32% for 24 h. L. domesticum is one of the medicinal
plants from family Meliaceae like Dysoxylum malabricum,
Azadirachta indica, Melia volkensii, Melia azedarach, Khaya
senegalensis, Turraea abyssinica [19]. The extraction of the L.
domesticum leaves used the methanol as a solvent with the
polarity index of 5.1. The methanol was believed to dissolve
almost all of the secondary metabolites from the extracts [20].
Suryanto and Wehantouw [21] reported that the methanol is
more superior than the ethanol in dissolving the secondary
metabolite of Artocarpus altilis F. It was suggested that the
methanol is recommended to be used as a solvent when the
study of medicinal plants focused on the larvicidal and
adulticidal activity.
Alkaloids and saponins are the main bioactive compounds of
the L. domesticum leaves. These phytochemicals play a role as
an insect repellent by inhibiting acetylcholinesterase.
Acetylcholine acts as a sodium channel and transmits
impulses to the larval nervous system. When
acetylcholinesterase is inhibited, acetylcholine cannot diffuse
into the membrane postsynapse to bind receptors. As a result,
it causes the damage of the larval muscles and nerves; the
larvae become be spastic and eventually die [22].
Alkaloids could also act as stomach poison, disrupting the
digestive system, and inducing Ae. aegypti larval death [23].
The larvae’s food like pellet was added with the extract and
fraction of L. domesticum, they will enter the larvae cell and
inhibit cell metabolism processes in mitochondria, causing
lack of energy. The present study was in line with Liu et al.
[24]
reported that alkaloids can be toxic for the larvae which
taken the food from the water surface. Moreover, alkaloids
inhibit the third larval growth hormones, namely the brain,
edonone, and growth hormones. When these hormones do not
work properly, the larvae will fail to develop into the pupae
and eventually die.
A saponin is well known as an insecticidal property, because
109
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contained tetranortriterpenoids showed the antimalaria
activity against Plasmodium falciparum [31]. Therefore, the
extract of L. domesticum contained bioactive compounds may
be used in the clinical aspects.
In conclusion, the L. domesticum leaf extract caused the
mortality of Ae. aegypti larvae with an LC50 value of 0.22%
and LC90 of 0.32% for 24 h exposure. Morphological
alterations of Ae. aegypti larvae consisted of shorter in size,
pale, white, and dark in color. The L. domesticum leaf extract
caused the histopathological midgut alterations of the Ae.
aegypti larvae consisted of the apical protrusion in the
epithelial cells and swelling or the irregular cell structures or
the cells were shrinkages and the microvilli were broken, and
elongation of the midgut cells.
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