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ABSTRACT: Mosquitoes Culex sp. is the main vector of filariasis. Population control using chemical larvicides continuously can
cause resistance. The leaves of the pletekan plant (Ruellia tuberosa L.) and lime fruit (Citrus aurantifolia) have the potential as
natural larvicides. This study aims to determine the differences in high toxicity (LC50) of pletekan leaf extract and lime fruit on the
mortality of Culex sp. mosquito larvae with an exposure time of 24 hours. Pletekan leaf extract and lime fruit were extracted by
maceration using 97% ethanol. The LC50 can use probit analysis with SPSS applications. The results showed that pletekan leaves
were toxic to Culex sp. mosquito larvae with an LC50 value of 710.169 ppm with the lowest concentration of 615.231 ppm and the
highest concentration of 796.157 ppm. The LC50 value of lime fruit extract was 1026.749 ppm, with a lower limit of 846.406 ppm
and an upper limit of 1294.531 ppm.
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INTRODUCTION

Culex sp. mosquitoes can potentially carry vectors for several serious diseases, such as bancroftian filariasis, West Nile virus, and
encephalitis (Andrianto, 2020). Filariasis is an infectious disease caused by filarial worms Brugia timori, Brugia malayi, and Wucheria
bancrofti. Filariasis is not lethal, but it can cause chronic physical pain and even permanent disability, resulting in decreased patient
productivity and activity (Portunasari et al., 2016). Indonesia is the second most endemic country for filariasis after India (Okona in
Portunasari, 2016). According to the East Java Health Office (2021), in East Java, 329 cases of elephantiasis or chronic clinical
filariasis were recorded until 2020, occurring in 34 districts/cities. Unhealthy environments, such as stagnant dirty water, rivers full
of garbage, and the presence of bushes, can contribute to the increased population density of Culex sp. mosquitoes (Juariah and
Irawan, 2017; Milati and Siwiendrayanti, 2021).

The community utilizes chemical methods, such as synthetic insecticide abate, to control the population of Culex sp. mosquitoes.
Continuous and long-term use of chemical insecticides or larvicides can lead to the contamination of pesticide residues in water and
result in resistance among Culex sp. mosquito larvae (Santoso and Haminudin, 2018). The use of natural larvicides is expected to
reduce the negative impacts associated with the use of chemical insecticides. One potential natural insecticide is the pleketan or purple
queen plant (Ruellia tuberosa L.) and lime (Citrus aurantifolia).

The pleketan plant (Ruellia tuberosa L.) typically grows as a weed or wild grass that can be found around houses. According to
the research by Vitalia et al. (2016), it is known that the pleketan plant contains relatively high levels of secondary metabolite
compounds, which are used to kill A. salina Leach larvae. The secondary metabolite compounds in the pleketan plant can inhibit
feeding and oviposition. Some secondary metabolite compounds in pleketan leaves include flavonoids, alkaloids, polyphenols,
triterpenoids, and steroids (Khachitpongpanit et al., 2016). Secondary metabolite compounds in plants, such as alkaloids, flavonoids,
and saponins, have the potential to act as larvicides (Cahyati et al., 2017). It is necessary to conduct experiments to determine the
toxicity of pleketan leaf extract on the mortality of Culex sp. mosquito larvae.

Lime, scientifically known as Citrus aurantiifolia, is a perennial plant that produces round-shaped fruits resembling ping-pong
balls and can grow up to 3 meters tall. Its compound leaves have elliptical shapes with rounded bases, blunt tips, and serrated edges,
measuring approximately 3-10 cm in length and 2-5 cm in width, with winged petioles (Kurniawati, 2010). Lime fruit (Citrus
aurantifolia) is highly suitable for development as a larvicide. The fruit contains compounds such as flavonoids that can act as
antimicrobials against microorganisms. Lime also contains various chemical compounds such as citric acid, amino acids (tryptophan
and lysine), flavonoids, essential oils (limonene, linalyl acetate, geranyl acetate, phellandrene, citral, camphor, kadine, acetaldehyde,
and anisaldehyde), as well as vitamins A, B1, and C (Haq et al., 2010). Therefore, research is needed to investigate the differences in
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toxicity between pleketan leaf extract (Ruellia tuberosa L.) and lime fruit (Citrus aurantifolia) on the mortality of Culex sp. mosquito
larvae.

METHODS

The research on the differences in toxicity between pleketan leaf extract (Ruellia tuberosa L.) and lime fruit (Citrus aurantifolia)
on the mortality of Culex sp. mosquito larvae was conducted as a laboratory experiment using a Completely Randomized Design
(CRD). The study was conducted at the Laboratory of Biology Education Program, Faculty of Education and Educational Sciences,
University of Jember.
A. Preparation

The preparation stage is a phase or step before the research, including equipment preparation, test larvae preparation, and extract
preparation. This stage optimizes the working procedures to ensure the required equipment is available. The larvae preparation stage
involves identifying the larvae to determine if the selected larvae species is suitable for the desired purpose. Additionally, the selection
of late-third instar to early-fourth instar larvae is conducted.

B. Tools and materials

The equipment used in this research includes scissors, a blender, a stirrer, a spatula, jars, plastic cups, beaker glass, a digital scale,
Erlenmeyer, a dropper pipette, measuring glass, rotary evaporator, filter paper, 250 ml glass jars, timer, sterilized toothpicks,
microscope, cover glass, filter paper, and oven. Meanwhile, the materials required for this research include pleketan leaves (Ruellia
tuberosa L.), lime (Citrus aurantifolia), Culex sp. mosquito larvae late-third instar to early-fourth instar, distilled water, 97% ethanol,
and 1 g Abate brand.

C. Preparation of Pletekan Leaf Extract and Lime Fruit

The process of making pleketan leaf extract in this research is based on Wahyuni et al. (2016), which involves selecting high-
quality pleketan leaves without pests or diseases. Next, the leaves are cleaned and chopped into small pieces until clean. The next
step is to dry the pleketan leaves under sunlight until they reach a dry weight. Once dry, the pleketan leaves are ground into powder
and weighed 250 grams into a container. The extraction process is conducted through maceration by adding 97% ethanol in a ratio of
1:3 (750 ml ethanol) to the container. The mixture is stirred until homogenous and covered. Stirring is performed every hour to ensure
homogeneous mixing. This maceration process is carried out for 3x24 hours. The mixture is then filtered using filter paper to separate
the sediment from the liquid. The 97% ethanol solvent is separated from the extract using a rotary evaporator at a temperature of 50°C
for 2 hours. The result from the rotary evaporator is oven-dried at 40°C until a thick extract is obtained. The next step is to store the
extract in a container and place it in a refrigerator.

The process of making lime fruit extract in this research begins with drying thinly sliced lime fruit for approximately one week.
Then, it is ground into powder using a blender. Next, 200 grams of lime fruit powder is subjected to maceration. The maceration
process involves dissolving the powder in 600 ml of 97% ethanol at a ratio of 1:3, stirring it with a spatula until homogenous, and
tightly sealing the container. The maceration process takes place for 3x24 hours, requiring periodic stirring. The filtered maceration
result is then processed using a rotary evaporator at 50°C for 3 hours. If the extract is still slightly diluted, it must be left in the oven
at 50°C until a thick lime fruit extract is obtained.

D. Toxicity Test of Pletekan Leaf Extract (Ruellia tuberosa L.) and Lime Fruit (Citrus aurantifolia).

The pleketan leaf extract toxicity test (Ruellia tuberosa L.) was conducted using a serial concentration method. The test was carried
out by preparing eight plastic cups filled with 100 ml of distilled water. Next, the pleketan leaf extract was dissolved in 100 ml of
distilled water to obtain concentrations of 50 ppm, 340 ppm, 630 ppm, 920 ppm, 1210 ppm, and 1500 ppm, as well as a positive
control (abate) and a negative control (distilled water). The next step was to introduce 20 larvae of Culex sp. mosquitoes into each of
the 8 plastic cups containing the pleketan leaf extract solutions. Then, observations were made, and the larvae's mortality (number of
deaths) was recorded after 24 hours.

The toxicity test of lime fruit extract (Citrus aurantifolia) consisted of 8 treatments with four replications. The treatments involved
mixing distilled water with lime extract, with six serial concentrations including 50 ppm, 360 ppm, 670 ppm, 980 ppm, 1290 ppm,
and 1600 ppm. The other two treatments were the negative control (distilled water) and the positive control (distilled water and abate).
The next step was to introduce 20 larvae of Culex sp. mosquitoes into 8 plastic cups containing the lime extract solutions. Then,
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observations were made, and the larvae's mortality (number of deaths) was recorded after 24 hours. The mortality data were analyzed
using probit analysis with SPSS version 25 software to determine the LC50 toxicity.

RESULT AND DISCUSSION
A. Result

Based on the research that has been conducted, the number of deaths (mortality) and the average mortality of Culex sp. mosquitoes
due to the administration of pletekan leaf extract (Ruellia tuberosa L.) are shown in Table 1.

Table 1. Final test results of pletekan leaf extract (Ruellia tuberosa L.) on the mortality of Culex sp. mosquito larvae.

) Total mortality of Culex sp. mosquito larvae. Mortality
Concentration Average

1 2 3 4 (%)
50 ppm 0 1 1 1 1 5
340 ppm 5 4 4 5 4 20
630 ppm 8 9 8 8 8 40
920 ppm 13 12 11 13 12 60
1210 ppm 15 15 16 16 15 75
1500 ppm 19 18 18 19 18 90
Control (-) 0 0 0 0 0 0
Control (+) 20 20 20 20 20 100

Based on the research that has been conducted, the number of deaths (mortality) and the average mortality of Culex sp. mosquito
larvae due to the administration of lime fruit extract (Citrus aurantifolia) are shown in Table 2.

Table 2: Final Test Results after Administration of Concentration of Lime Fruit Extract (Citrus aurantifolia) on Mortality of Culex
sp. Mosquito Larvae. within 24 hours of discharge.

Number of larvae deaths

Concentration Average Mortality %

(Repeat)
(ppm)
1 2

Kontrol (-) 0 0 0 0 0 0

Kontrol (+) 20 20 20 20 20 100
50 0 1 2 2 1 5
360 4 5 5 5 5 25
670 7 6 7 6 6 30
980 11 10 8 10 10 50
1290 15 13 12 13 13 65
1600 18 18 17 19 18 90

Tables 1 and 2 above show that as the concentration of lime fruit extract increases, the average percentage of Culex sp. mosquito
larvae mortality also increases. In the final test results, the negative control variable (aquades) did not result in larval mortality after
24 hours of observation. Furthermore, the positive control treatment using abate at a concentration of 50 ppm killed 20 larvae or 100%
of the test larvae in each repetition with a 24-hour exposure period. The analysis of the probit LC50 for pletekan leaf extract can be
seen in Table 3, while the results of the probit analysis can be seen in Table 4.
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Table 3. Results of Probit LC50 Analysis Toxicity of Pletekan Leaf Extract (Ruellia tuberosa L.) on Mortality of Culex sp. Mosquito
Larvae within 24 hours of discharge

LC50 Lower bound Upper bound
(Ppm) (ppm)
710,169 615,231 796,157

Table 4. Analysis of Probit LC50 Toxicity of Lime Extract (Citrus aurantifolia) on Mortality of Culex sp. Mosquito Larvae. within
24 hours of discharge.

Lethal Concentration LCsp The  lower Upper bound
(LCs0) (ppm) bound (ppm)  (ppm)
Lime fruit extract 1026,749 846,406 1294531

According to the analysis conducted, it is known that the concentration of pletekan leaf extract required to kill 50% of Culex sp.
mosquito larvae is 710,169 ppm, with the lowest concentration being 615,231 ppm and the highest concentration being 796,157 ppm.
Meanwhile, the probit analysis results to determine the Lethal Concentration of 50% (LC50) of lime extract (Citrus aurantifolia) on
Culex sp. mosquito larvae mortality within a 24-hour exposure period. Based on the results of the probit analysis, the data obtained
in Table 4 shows that the concentration of lime extract (Citrus aurantifolia) required to kill 50% of the test larvae during the 24-hour
exposure period is 1026.749 ppm, with a lower limit value of 846.406 ppm and an upper limit of 1294.531 ppm.

B. Discussion

The toxicity test of pletekan leaf extract on Culex sp. mosquito larvae (Table 3) shows that the concentration required to kill 50%
of the larvae (LC50) is 710.169 ppm. If the concentration of pletekan leaf extract is below 615.231 ppm, the mortality rate of the test
larvae would be less than 50%. On the other hand, if the concentration of pletekan leaf extract is above 796.157 ppm, the mortality
rate of the test larvae would be higher than 50%. Meanwhile, the toxicity test of lime extract (Citrus aurantifolia) on Culex sp.
mosquito larvae, which is required to kill 50% of the test larvae during a 24-hour exposure period, is 1026.749 ppm, with a lower
limit value of 846.406 ppm and an upper limit of 1294.531 ppm. An extract can be considered toxic if its LC50 value is <1000 ppm
(Meyer etal., 1982). It is considered non-toxic if the extract has an LC50 concentration above 1000 ppm (Bara et al., 2022). Therefore,
it can be concluded that pletekan leaf extract (Ruellia tuberosa L.) and lime fruit extract (Citrus aurantifolia) are toxic to Culex sp.
mosquito larvae.
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Figure 1. Histogram of Culex sp. Mosquito Larvae Mortality. on Pletekan Leaf Extract (Ruellia tuberosa L.)
in 24 Hours Exposure Time
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Figure 1 shows the graph depicting the relationship between the mortality of Culex sp. mosquito larvae and the concentration of
pletekan leaf extract over a 24-hour exposure period. The graph illustrates that as the concentration of pletekan leaf extract (Ruellia
tuberosa L.) increases, the average percentage of Culex sp. mosquito larvae mortality increases within the 24-hour exposure period.

80

~
o

(2]
o

al
o

N
o

N
o

[y
o

Mortality of Larva Culex sp.
w
o

o

50 ppm 360 ppm 670 ppm 980 ppm 1290 ppm 1600 ppm
Consentarion of Lime (ppm)

Figure 2. Histogram of Mortality of Culex sp. Mosquito Larvae in the Final Test with Lime Fruit Extract (Citrus aurantifolia)
in 24 Hours Exposure Time

Figure 2 demonstrates that as the concentration of lime fruit extract (Citrus aurantifolia) used increases, the average percentage of
Culex sp. mosquito larvae mortality also increases.

After the final test, the next step is to perform observations with the assistance of a microscope. The differences in Culex sp.
mosquito larvae before and after treatment with pletekan leaf extract can be seen in Figure 3. The differences in Culex sp. mosquito
larvae before and after treatment with lime fruit extract can be seen in Figure 4.

Figure 3. Morphology of Culex sp. Mosquitoes (a) before administration of the extract (magnification 40x10); (b) after
administration of the extract (magnification 40x10)

Figure 4. Morphology of Culex sp. Mosquitoes (a) before administration of the lime extract (magnification 40x10); (b) after
administration of the lime extract (magnification 40x10)
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Based on the observations under the microscope in Figures 3 and 4, (a) the morphology of Culex sp. mosquito larvae when they
are still alive shows that their body cells are still colored and there is no damage. On the other hand, the morphology of Culex sp.
mosquito larvae when they are dead due to treatment shows transparent larval body cells and many damaged organs. Observations
are carried out by adding drops of methylene blue to the dead larvae to confirm whether the larvae are truly dead. The dead cells
will immediately change to blue, as seen in Figures 3 and 4 (b).

Before treatment with serial extract concentrations, mosquito larvae moved agilely when touched with a sterile stick. After being
treated with the extract for 24 hours, the larvae moved slowly and showed no movement when touched with a sterile stick. The dead
mosquito larvae also settled at the bottom of the container. Based on the observations (Figure 3), it can be seen that the pletekan
leaf extract can damage the abdomen of Culex sp. mosquito larvae. The abdomen of the mosquito larvae is severed and damaged,
as seen in Figures 3 and 4 (b). The damage to the abdomen of the mosquito larvae may be caused by the compounds present in the
pletekan leaf extract.

The process of larval death due to exposure to plant compounds can occur through four phases: stimulation, convulsions,
paralysis, and, ultimately, larval death. The stimulation phase is characterized by changes in the animal’s behavior from its normal
state, spreading to the level of the antennae and mouthparts. The symptoms continue until the paralysis stage and then affect the
respiratory organs, ultimately leading to larval death (Dinata, 2018). Administration of pletekan leaf extract to Culex sp. mosquito
larvae results in larval death or mortality and changes in the larval body.

Based on the research conducted by Kadir and Anggraeni (2020), it is known that the active compounds extracted from pletekan
leaves (Ruellia tuberosa L.) using ethanol solvent include tannins, flavonoids, and triterpenoids. According to a study by Vitalia et
al. (2016), ethanol-extracted pletekan leaf extract contains compounds such as saponins, phenols, alkaloids, and flavonoids.
Compounds like saponins and flavonoids are present in pletekan leaves and act as stomach poisons. Compounds such as alkaloids,
flavonoids, and saponins can cause damage to the midgut area, a specialized region for digestion and secretion (Dhanasekaran et
al., 2020).

Saponins can enter the larva's body through the mouth. As stomach poisons, saponins work by reducing the activity of protease
enzymes and food absorption. As a result, larval growth is inhibited, eventually leading to larval death (Wahyudi et al., 2021).
Saponins are substances that, when mixed with water, produce foam which, when hydrolyzed, yield sugars and sapogenins.
Sapogenins can bind to cholesterol and insect toxins and cause hemolysis of blood. Saponins can irritate the mucous membranes of
the digestive tract and have a bitter taste, thus reducing the larva's appetite (Moniharapon et al., 2020). As a nerve poison, saponins
can affect the cholinesterase enzyme system. Cholinesterase enzymes are phosphorylated and deactivated by anti-cholinesterases,
leading to the accumulation of acetylcholine in the synaptic cleft, causing muscle spasms, paralysis, and death in larvae (Adnyana
et al., 2022). As a contact poison, saponins work by removing the protective waxy layer of the body, resulting in the loss of body
fluids and eventually leading to the death of the larvae over time (Ahmad and Adriyanto, 2019).

Flavonoid compounds in larvae act as respiratory toxins and nerve toxins. Flavonoids can inhibit respiration by weakening the
nerves, preventing larvae from breathing. Flavonoid compounds enter through the siphon, causing damage to the siphon. The siphon
appears abnormal and curved, disrupting larval activities (Ristiati et al., 2017). According to Rattan, cited in Nindiastuti et al. (2022),
flavonoid compounds also act as nerve toxins by interfering with the activity of acetylcholinesterase enzymes, leading to an
accumulation of acetylcholine that disrupts the transmission of impulses from nerve cells to muscle cells, causing muscle spasms,
paralysis, and death.

Alkaloids are compounds that can act as contact toxins for larvae. Alkaloid compounds enter the larval body through the skin via
absorption. Skin cells are degraded, causing cell damage and disrupting nerve function (Huljani and Ahsanunnisa, 2019). Alkaloids
can also act as stomach toxins for larvae. They can inhibit insect growth by affecting three hormones: brain, ecdysis, and growth. If
the development of these hormones is disrupted, it can lead to metamorphosis failure (Lubis et al., 2018).

Tannins can act as stomach toxins for larvae. Tannin compounds disrupt the process of protein utilization in the digestive tract.
Tannins also disrupt larval growth (Hasanah et al., 2019). Tannins have a bitter taste, which causes a loss of appetite in larvae,
resulting in decreased energy requirements and, ultimately, larval death (Poerwanto et al., 2020). Triterpenoid compounds can
decrease digestive enzyme activity and affect food absorption (Ilham et al., 2019). Phenolic compounds act as dehydrating toxins,
leading to fluid deficiency and death (Rahmah et al., 2022).

Ruellia tuberosa leaves can be used as a natural larvicide alternative to chemical larvicides. Research results indicate that the
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extract from Ruellia tuberosa leaves is toxic to Culex sp. mosquito larvae within a 24-hour exposure period. Larval mortality can
be attributed to the compounds present in Ruellia tuberosa leaves. The toxic constituents of Ruellia tuberosa leaves include alkaloids,
saponins, flavonoids, triterpenoids, and phenols.

The toxicity test research on Citrus aurantifolia (lime) fruit extract against Culex sp. mosquito larvae showed larval mortality.
This is due to the presence of active toxic compounds in the extract. The compounds present in each Citrus aurantifolia fruit extract
can attack the nervous system of insects, one example being alkaloids found in Citrus aurantifolia fruit. Alkaloids are inherently
toxic, disrupting the nervous system and damaging cell membranes. This class of compounds usually inhibits the enzyme
acetylcholinesterase, leading to the accumulation of acetylcholine in the synapses. The induced effect can hinder the
neurotransmitter process (Soemirat, 2003). The nerve degeneration caused by the accumulation of acetylcholine reduces the larvae's
sensitivity to food impulses and deadly predators (Lestari et al., 2014).

Flavonoids are also present in Citrus aurantifolia (lime). The mechanism of action of flavonoids is a respiratory inhibitor.
Flavonoids work by entering the body of the test larvae through the respiratory tract, causing nerve and respiratory damage,
ultimately leading to larval lethargy. Enrolling flavonoid compounds through the siphon spirals will damage the siphon, forcing the
larvae to position themselves at the water surface to facilitate oxygen absorption (Zahroh et al., 2022). Flavonoids have a derivative
called rotenone, which acts as a contact and stomach poison. Rotenone is a natural insecticide that belongs to the flavonoid
derivative. It can also be used as a fish poison. Rotenone works by inhibiting respiratory enzymes such as NAD+ (a coenzyme
involved in oxidation and metabolism) and Coenzyme Q (a respiratory coenzyme responsible for electron transport in the chain),
leading to respiratory failure (Wahyuni et al., 2015).

Lime (Citrus aurantifolia) also contains saponin compounds. Saponins act as stomach poisons that can enter the digestive tract

(mouth) and poison the larvae. Saponins also act as contact poisons, which can be externally perceived when larvae experience
physical disturbances (mite molting), causing the protective layer to peel off from the larval body and resulting in death due to
significant fluid loss. The mechanism of action of saponin compounds is the denaturation of proteins and outer membrane enzymes,
and vulnerable cell walls, which can then bind to the cytoplasmic membrane and disrupt and weaken cell membrane stability. This
can force cytoplasmic fluid out of the cell and cause cell death (Putri et al., 2022).
The toxic effects a substance induces depend on the concentration of the substance used in this study. It also depends on the toxic
compounds contained in the test material when the exposure time is the same. Lime (Citrus aurantifolia) contains bioactive
compounds such as flavonoids, saponins, d-limonene, and alkaloids, which have been proven to act as contact poisons on mosquitoes
(Naria, 2015).

CONCLUSION

The toxicity value (LC50) of Ruellia tuberosa L. leaf extract on Culex sp. mosquito larvae mortality within 24 hours is 710.169
ppm. The LC50 value can be considered toxic as it has an LC50 value < 1000 ppm. Meanwhile, the toxicity value (LC50) of Citrus
aurantifolia (lime) fruit extract on Culex sp. mosquito larvae mortality within 24 hours is 1026.749 ppm.

SUGGESTION

Further research is needed to detect the active compounds present in Ruellia tuberosa L. leaves extract using TLC (Thin Layer
Chromatography) analysis. Additionally, experiments should be conducted by combining the extract with other tested toxic
substances. Furthermore, mosquito houses or mosquito colonies should be established using mosquito cages. In addition, further
research should be conducted using different extraction methods.
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