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Abstract

Backgroundand Objective: Brusatol is one of quassinoid, derived from Makassar fruit ( Brucea javanica(L.) Merr.) and belong to the family
of Simaroubaceae. Brusatol has been proven to have insecticidal and anti-feeding activity on larvae of Spodoptera exigua. This study
aimed to investigate the larvicidal activity and behavioral response to the larvae of A. aegypti after administration of brusatol and to
demonstrate cytotoxicity activity in vero cells. Materials and Methods: Larvicidal activity was monitored using bioassay test. The
behavioral response of larval A. aegypti was observed after treatment with various brusatol concentrations and compared
directly with control every 10, 30 min and 1, 5 and 24 h. The examination of brusatol cytotoxicity on vero cells performed by
MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyltetrazolium bromide) method. Results: The results of this study showed that the behavioral
response of A. aegyptilarvae after treatment with brusatol has similarity with the behavioral response after treatment with temephos
1 ppm. The behavioral response of A. aegypti larvae showed symptoms of a nerve poison that is excitation, convulsions, tremors and
paralysis. The lethal concentration of 50 and 90 (LC,, LC,) to A. aegypti larvae were 0.6690.106 and 8.3310.060 ppm, respectively.
Brusatol cytotoxic activity on vero cells is low, with IC., values worth 1402.029+0.164 mg mL~". Cenclusion: The results of this study
proved the potential of brusatol as biolarvicide to control the mosquito vector with low levels of cytotoxicity.
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INTRODUCTION

Dengue Hemorrhagic Fever (DHF) until today is one of the
diseases which becomes a serious public health problem in
Indonesia. This disease is transmitted by the Aedes aegypti
mosquito’. One method to limit the spread of dengue is by
using larvicides. In 1980, temephos 1% (abate) established as
partof amass eradication program to eradicate Aedes aegypti
in Indonesia. But using temephos repeatedly may lead to the
emergence of resistance of various species of mosquitoes
which are also known as disease's vectors?. Development of
new insecticides which do not pose a risk of resistance and
environmentally more friendly can be obtained through the
use of biolarvicide®. Bioinsecticide or biological insecticide is
an insecticide, its base ingredients derived from plants that
contain chemical substances (bioactive) which is toxic to
insects and easy to decompose (biodegradable) in nature so
it does not pollute the environment and relatively are safe for
humans. In addition, biological insecticide is selective®. The
toxicity power comes from its toxic substances that contained
in biological insecticide. These substances can act as toxins
through the digestive tract absorption or through the skin on
the animals which have tender body®.

Brusatolis a quassinoid derived from 8. javanica (L.) Merr.
fruit. Its molecular formula is CyHs;0,; with amorphous
powder and bitter taste. Zhang et a/® have proved that
brusatol isolated from 8. javanica (L) Merr. has insecticidal
and antifeedant properties against instar 3 larvae of
Spodoptera exigua. Syahputra’ and Lina et a/® have also
demonstrated that the active material contained in 8, javanica
(L) Merr. extract has larvicidal effect against Crocidolomia
pavonana(Lepidoptera. Crambidae). Extract of B, javanica(L.)
Merr. can inhibit feeding, decrease the rate of growth and
inhibit laying C pavonanaimago®. These informations showed
that the study of 8 javanica(L.) Merr. and brusatol compound
as larvicides/insecticides is limited to the use of agricultural
pests. Therefore, this study aimed to investigate the more
detail on the brusatol larvicidal activity and the effect on
behavior of the larvae of A. aegypti after treatment with
brusatol concentration and cytotoxicity in normal cells
(vero cells).

MATERIALS AND METHODS

Makasar fruit (8. javanica (L.) Merr.) was purchased from
a wholesaler of medicinal plants (Herbal Merapi Yogyakarta)
and further identified in the Laboratory of Pharmaceutical
Biology of the Faculty of Pharmacy Gadjah Mada University to
obtained confirmation of the simplisia data information. The
instar |l larvae of A. aegypt/ until the beginning of instar IV

was acquired and developed at the Laboratory of Parasitology,
Faculty of Medicine, Gadjah Mada University. Vero cells
were obtained from the Laboratory of Parasitology, Faculty
of Medicine, University of Gadjah Mada. The isolation and
identification of brusatol were performed in the Laboratory
of Biology Pharmacy, Faculty of Pharmacy, Gadjah Mada
University. The behavior testing of the larvae of A. aegypti
and the brusatol cytotoxicity on vero cells were undertaken
at the Laboratory of Parasitology, Faculty of Medicine, Gadjah
Mada University in Yogyakarta.

Extractionandisolation of brusatol: The isolation of brusatol
from the seeds of 8. javanica (L.) Merr. was undertaken using
the method of Zhang et al® with a slight modification;
Brucea javanica (L) Merr. dried seeds (5 kg) made it into
powder, shaken with EtOH-H,O (15 L), the sclvent was
evaporated in vacuum and the extracts were combined and
concentrated, followed by suspending in H,0. The aqueous
layer was further extracted with petroleum ether, CHCl,, EtOAc
and n-Butanol. The CHCI; layer was evaporated under
vacuum to afford extracts. This extract was re-suspended
with CHCl, and then chromatographed on asilica gel column
(400 g, 200-300 mesh) by eluting successively with CHCI,
containing increasing amounts of MeOH (1:0, 50:1, 20:1, 10:1,
5:1 and 0:1). The result in the organic layer is taken and
evaporated to obtain a concentrate and then made a solution
of MeOH (100-250 mL) at a temperature of 60°C and then
stored at room temperature. MeOH solution above when it is
allowed to stand at room temperature to form crystalline
compounds that expected as brusatol. Further separation is
by filtration. The rest of the filtrate/residue is separated by
Thin Layer of Chromatography (TLC). The filtrate/residue is
evaporated. Further separation is performed if it is necessary.

Larvicidal test: Larvicidal activity test was conducted using
bioassay method according to the standard of WHO'® with
a slight modification. Initially it was performed a preliminary
test to determine the range of brusatol concentration that
can be deadly to larvae of A. aegypt/ on instar Il until the
beginning of instar IV. Furthermore, the concentrations used
in further tests with positive control is temephos 1 ppm
whereas the negative control is used only as much as 100 mL
of distilled water, repeated 4 times. The larvae of A. aegypti on
the end of instar Il until the beginning of instar IV are used as
much as 25 larvae put in each treatment media and control.
After 24 h, the larvae of A. aegypti that were dead were
counted. Temperature, pH of the media and humidity in the
room were measured at the beginning and the end of the
study.
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Behavioral change test: Behavioral change was measured
using the method described by Sharma et a/'" with a slight
modification. The instar lll larvae of A. aegypti until the
beginning of instar IV were put in a plastic cup filled with
brusatol with various concentrations (0.33, 0.6, 1, 3, 9 and
27 ppm), each of 25 larvae, which consisted of four
replications with positive control is temephos 1% while the
negative control is used only as much as 100 mL of distilled
water. Change in larval behavior was monitored every 10 min,
30, 1, 5 and 24 h after treatment. Data on larval behavior was
observed by speed/activity of movement, physical response,
posture and behavior. Data was recorded and photographed
using Nikon D5300 camera. Similar observations were
performed in the control group and then compared to the
treatment group.

Brusatol cytotoxicity test: Brusatol cytotoxicity test in vero
cells was conducted using MTT (3- [4,5-dimethylthiazol-2-yl]
-2,5 diphenyltetrazolium bromide) based on the method of
Van Meerloo et al'? with a slight modification. Vero cells
were cultured using M199 medium which has added 109%FBS,
2% penicillin-streptomycin and 0.5-1% fungison. Vero cells
were taken from liquid nitrogen, heated at 37°C until
liquefied. The cell suspension that has liquefied put into
conical tube and washed with M199 complete medium. The
cell suspension was then transferred into a culture flask and
incubated in a 37°C incubator, 5% CO,. Cell growth was
observed with inverted microscope every day until the cells
almost meet the base wall of flask. Vero cell harvesting is done
after the flask was almost completely full. Cells were washed
with PBS and added with 0.25% trypsin for the cells detached
from the flask wall. The cell suspension was made by adding
complete medium, after which the number of cells were
counted with a haemocytometer. Cellis inserted into a 96 well
microplate ata density of 2 X 10 cells/well in 100 pL. Then the
culture medium containing brusatol for each variation of the
concentration (1200, 600, 300, 150, 75, 37.5 ug mL™") was
added. Cell cultures were incubated for 24 h in an incubator
temperature of 37°C, 5% CO,. Cell growth was observed
using MTT then compared with the control culture (without
treatment). Medium discarded after incubation mass ends
then added 100 pL of complete medium and 10 pL solution
of MTT. Furthermore it was incubated for 4 h in an incubator
at 37°C, 5% CO,. Then it was added 100 pL of 10% SDSin
0.01 M HCl to dissolve formazan which was formed and
incubated overnight atroom temperature. The test result was
read by ELISA at a wavelength of 595 nm.

Data analysis: Probit analysis was conducted on larval
mortality after 24 h exposure to different concentrations of
brusatol using SPSS version 24. If the data were normally
distributed and homogeneous then the data were analyzed
using one-way ANOVA test, whereas if the data were not
normally distributed and not homogeneous the data were
tested using the Kruskal-Wallis test, with a reliability level of
0.05 to determine whether there are differences between the
mortality of A. aegypti larvae in various concentration of
treatment.

The data of viable cell obtained is calculated inhibition
percentage using the formula in Eg. 13%

AB
AB 100%
co M

where, A is absorbance of treatment (cells+media
+compound), B is absorbance of control samples
(media+compound), C is absorbance of control cells
(cells+media) and D is absorbance media control.

The value of IC;; was calculated using probit regression
analysis using SPSSversion 24. The small value of IC,, indicates
that the compound has a high cytotoxic effect and vice versa
the big value of IC,, suggests that the cytotoxic effect is low.

RESULTS

Larvicidal activity and behavior of A. aegypti after
treatmentwith brusatol: Theenvironment considered in this
study was the pH of the media, media temperature and
humidity. The results of the measurement of media
temperature, pH and humidity in the room of the study
respectively was 25°C, 7 and 71-72%. The percentage of the
mortality of A. aegyptflarvae after observation for 24 h was
presented in Table 1. The lethal concentration of 50 and
90 (LCsp and LCqyy) calculated by probit analysis using SPSS
version 24 were 0.669%0.106 and 8331x0.060 ppm
respectively. Kruskal Wallis test results showed the value
of p = 0.000 (p<0.05), the average number of deaths of
A. aegypti larvae was significantly different.

Observation of behavioral response of A. aegyptilarvae
after treatment with brusatol was conducted directly by
looking at changes in the physical and behavioral response or
body movements of A. aegypti larvae as compared with
controls. The result of behavioral response observation on the
larvae of A. aegypti is shown in Table 2. Observation of
behavioral responses to larvae of instar |l A. aegypti and early
instar IV after brusatol treatment showed a different pattern of
behavior compared to the control. Immediately after brusatol
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Table 1: Average of percentage of the mortality of A. saegypti larvae inthe group treated with brusatol in wide range of concentrations, temephos of 1 ppm and control

after 24 h of observation

Mortality of A. aegypti larvae on each test

Brusatol concentration No. of A. aegypti

(ppm) larvae on each test 1 Il n v Mean Mortality £5D (%)
033 25 12 8 10 10 10.00 40+1.63*%

06 25 12 10 10 1 10.75 431096

1 25 13 14 12 13 13.00 52+0.82*

3 25 22 22 23 20 21.75 87+1.26%

9 25 20 21 23 19 20.75 83+1.71*

27 25 25 25 25 25 25.00 100%0.00*
Temephos 1 ppm 25 25 25 25 25 25,00 100£0.00
Control 25 0 0 0 0 0.00 0+£0.00

*p<0.05 with Kruskal Wallis test, ppm: Part per million, SD: Standard deviation

exposure, all the larvae of A. aegyptiindicated a natural and
powerful movement (natural and vigorous movement).
But after 10 min of brusatol exposure, larvae of A. aegypti
indicated anxiety, excitation and agitation as well as on the
provision of temephos 1 ppm. Then the larvae would quickly
writhe around 10-15 min and began to sink in the bottom of
the water. Most larvae showed heavy anxiety response and
very aggressive by biting their gills anal with its mouth so
that it looked like a circular motion to form a ring structure
(Fig. 1).

Brusatol cytotoxicity on vero cells: The average of alive vero
cells observation and the percentage of viable cells after
brusatol administration and the control can be seen in
Table 3. The percentage of vero cells which were alive
reaching 100+0.014% at the lowest concentration of brusatol
which is 37.5 ug mL~', whereas at the highest concentration
of brusatol which is 1200 pg mL™", the percentage of viable
cells is 49.897 +0.217%. Results of probit analysis using SPSS
program version 24 obtained value of IC,, of brusatol on vero
cells at 1402.029+0.164 pg mL~". Kruskal Wallis test results
showed the value of p = 0.153 (p>0.05), the average of vero
viable cell was not significantly different.

DISCUSSION

Larvicidal activity and behavior of A. aegypti (L) after
treatment with brusatol: The environmentthatis considered
in this study is the pH of the media, media temperature and
humidity. The levels of pH, media temperature and humidity
measured at the beginning and the end of the study. The
result of media temperature measurement shows that the
temperature of the media is still in the optimal temperature
range (25-27°C) for the development of A. aegypti that is

25°C. The pH value of the media was also in the optimal pH
range (6.5-7) for larval development A. aegypti thatis 7. The
results of the measurement of humidity in the room of the
study ranged between 70-71%, that is still within the range of
normal humidity for larval development A. aegypti that is
60-80%". From these results it can be concluded that the
mortality of larvae A. aegypti is not caused by environmental
factors such as pH media, media temperature and humidity.
The results of 24 h observation showed that there is no
larval mortality A. aegypti on control group, so that the
number of dead larvae of A. aegypt/ in the treatment group
did not need to be corrected by Abbot formula. At the lowest
concentrations of brusatol that is 0.33 ppm larval mortality of
A. aegypti is occurred by 40+1.63%. Larval mortality of
A. aegypti reached 100% at a brusatol concentration of
27 ppm which is equivalent to giving temephos at a
concentration of 1 ppm (Table 1). This means that brusatol is
effective as a natural larvicide on the larvae of A. aegypti The
higher the concentration of brusatol , the higher the mortality
of larvae of A. aegypti. The mortality of A. aegypti in this study
is due to the toxic activity from the brusatol compound.
Toxicity of brusatol on A. aegypti larvae stated with the lethal
concentration of 50and 90 (LC,,and LC,,) which amounted to
0.669£0.106 and 8.331x0.060 ppm. The smaller the number
of lethal concentration the compound is more toxic. Kruskal
Wallis testresults showed that the average number of deaths
of A. aegyptilarvaeis significantly different. The difference in
larval mortality of A. aegypti larvae is likely to be influenced
by several factors, namely instar larvae and differences in
the sensitivity of each test larvae. Factor larval instar is related
to age of the larvae. Although the larvae used were instar
lIllarvae until the early of instar IV, the varieties of larval age is
remained. Early instar Il larvae are more susceptible to
insecticides than the early instar IV larvae'. In addition,
differences in larval mortality is influenced also by the
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All larvae showed agile and strong
mability, active movement up and down

Control

All larvae showed agile and strong mobility, active

movement up and down

Anxiety, tremor
Tremors, convulsions, paralysis, moribund and sinking

Alllarvae die sinking, parallel to the surface of the water
Alllarvae die sinking, smaller body size

Anxiety and getting stronger tremor

Temephos (1 ppm)

Strong Tremor and convulsion, followed by paralysis, most moribund

and sink
Larvae die sinking and parallel to the surface of the water, smaller

All larvae showed agile and strong mobility, active movement
Anxiety is strong and fast, tremors, convulsions, almost die and sink
body size

up and down
Anxiety is strong, circular movements and bite anal papillae

Shows their anxiety, excitation, agitation/upheaval
aggressively and form a ring

Behaviour

Brusatol
concentration (ppm)
033
0.6

1
27

me

Table 2: Behavior of A. aegypti larvae after administration of wide range of brusatol concentrations, 1 ppm of temephos and control aver the time period of observation

0(min)
10 (min)
30(h)
1(h)
5(h)
24(h)

Ti

A Biol. 5ci, 17 (3)

ppm : Part per million
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Fig. 1(a-b): Digital photomicrographs of early IV instar larvae
of A. aegypti; (a) Control larvae and (b) Larvae

treated with brusatol 9 ppm

Circled larvae show the aggressive anal gill biting behaviour
forming ring-shaped structure

differences in the sensitivity of each test larvae. Although
using larvae with the same instar and age, each larva has a
different level of vulnerability'.

Brusatol is a toxic substances contained in Makasar fruit
(B. javanica (L.) Merr.) which gets into the body of A. aegypti
larvae through the skin, mouth and respiratory tract. From
Table 2 it can be seen that difference in the behavioral
response of A. aegypti larvae between the normal larvae
(control) and larvae which got treatment with brusatol and
1 ppm of temephos. About 10 min observation after giving
brusatol, A. aegypti larvae showed movement agitation,
excitation and restlessness, while by giving 1 ppm temephos
showed their anxiety and tremor. Meanwhile, normal larvae
(control) showed agile and strong mobility. Thirty minutes
later looked aggressive and circular movements by biting
annals gills and formed a ring on A. aegypti larvae after
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Table 3: Average Vero cells were alive and the percentage of viable cells after brusatol administration and control

Brusatol Absorbance value on each test

concentration

(g mL™") | I Il v Mean Viable cell£5D (%)
1200 0.201 0.162 0.248 0.496 0.277 49.897+0.217
600 0.469 0.233 0453 0.513 0417 77.789%0.181
300 0.473 0.547 0.302 0.496 0.454 85.158+0.153
150 0.440 0.583 0.545 0.302 0.467 87.741£0.181%
75 0517 0.058 0.538 0.422 0.384 97.176£0.098*
375 0513 0.517 0.829 0.736 0.649 10040.045

Cell Control 0.715 0.761 0.767 0.805 0.762 100£0.037
Media Control 0.044 0.033 0.032 0.035 0.036 0=0.005

*p<0.05 with Kruskal Wallis test, SD: Standard deviation

giving brusatol. The results are consistent with study of
Sharma et al'' who proved that early instar IV of A. aegypti
larvae shows behavioral agitation, excitation, restlessness and
aggressive movementby biting anal gills after exposure of leaf
extract of Achyranthes aspera and stem extracts of A. aspera.
These symptoms are similar to symptoms caused by a
neurotoxin, meaning that brusatol might act as sitolisin that
affect neuromuscular larvae system. Circular movement of the
larvae, accompanied by aggressive biting anal gills behavior
proved that there are neurotoxic symptoms of brusatol on
A.aegyptilarvae (Fig. 1b). Anal gills on mosquitoes have some
role in controlling electrolyte balance needed for survival'.
The effects of brusatol toxic caused electrolyte imbalance in
the anal area, causing violent by biting anal gills. The results of
this study were similar to results of previous studies which
indicate that bioactive plant compounds can act as a
neurotoxin although aggressive and un-coordinated
movements together with other toxic symptoms were
observed atrelatively different time intervals'®?". Observation
of similar behavior has been reported by Warikoo and
Kumar?' on the larvae of A. aegypti tested with root extract of
Argemone mexicana. The result of microscopic observation on
the early instar IV of A. aegypti larvae after treatment by
giving concentration of A. mexicana extract 91.331 and
156.684 ppm for 24 h showed a structural deformity of anal
gills. This damage may cause the function anomalies that may
have led to interference in the regulation of the osmotic and
ionic?®. Malfunctioning of this regulation may lead to the
death of the larvae of A. aegypti One hour after treatment
with brusatol, larvae of A. aegyptishowed the movement of
restlessness, tremors, convulsions and paralysis that
increasingly powerful that eventually most larvae die, it also
occurred in the larvae of A. aegyptiafter the administration of
1 ppm of temephos. This means that there was a similarity to
the behavior of larvae of A. aegypti after administration
brusatol with 1 ppm of temephos. Sanjaya and Safaria®
mentioned that the toxic compounds that enter the body can
cause a four-stage larvae responses which are excitation,

convulsions (spasticity), paralysis (paralysis) and mortality.
Brusatol is a toxic substance that can kill larvae of A. aegypti,
larvae enters the body through the pores of the larvae's skin,
gastrointestinal tract and respiratory tract. The toxic
compounds caused the disruption of the digestive system, the
respiratory system and the nervous systemin larvae'®?, These
compounds caused sensory nerve cells thatare on the
surface of the larval body disturbed. The mechanism of action
of brusatol is performed by inhibiting acetylcholinesterase
enzyme which serves to hydrolyze the acetylcholine. In the
normal situation, the acetylcholine functions to transmit nerve
impulses, after that, acetylcholine is hydrolyzed by the
acetylcholinesterase enzyme into choline and acetic acid®.
The bound acetylcholinesterase  enzyme causes the
cumulation of acetylcholine, so that results in disruption and
damage to the nervous system®. It makes the muscles
continue to contract until exhaustion and then leads to
paralysis and death.

Brusatol enters the body of larvae through the skin
membrane by diffusion. A number of toxic substances that
enter the body cause damage to the skin cells. These toxic
compounds hydrolyze the skin membrane by remodeling the
proteins of the skin (collagen) into several sections. The
damage to the skin cell membrane causes the loss of the skin
membrane impermeability. Hence, the other toxic compounds
freely enter the body of the larvae. The number of toxic
compounds entering the body causes damage to the proteins
in the skin membrane so that the function of the skin as a
protection of the body is disrupted®.

In addition to the diffusion of the skin membrane,
brusatol supposedly enters through the gastrointestinal tract.
The gastrointestinal tract of the mosquito larvae consists of
three parts, which are the front part (foregut), middle (midgut)
and back (hindgut) of the gastrointestinal tract. The process of
food digestion and absorption occurs in the middle of the
gastrointestinal tract/midgut®. In the middle of the
gastrointestinal tract/midgut, it is coated by the epithelial
tissue. Toxic substances enter through the mouth into the
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middle of the gastrointestinal tract/midgut. These toxic
substances cause the lysis of the epithelial cells resulting in the
reduction of the tension on the surface of the mucous
membranes of the middle of gastrointestinal tract/midgut.
Thus, the food digestion and absorption might not occur?.

Another way brusatol enter the body of larvae is through
the respiratory tract. Air enters through a siphon attached to
the surface of the water. This toxic substance is supposed to
cover the medium surface, so it blocks the siphon to get
oxygen from the medium surface??, The nervous tissue of the
larvae is very sensitive towards the lack of oxygen, causing
the wilting of the nerves and damage of the siphon. Therefore,
the larvae face the difficulty in breathing and eventually
dying®.

Brusatol as an antifeedant can inhibit the feeding
activity of the larvae of A. aegypti According to Zhang et a/®,
brusatol isolated from B, javanica(L.) Merr. have an insecticidal
and antifeedant effect to the third instar larvae of Spodoptera
exigua. Further study showed that brusatol can induce
apoptosis in insect cell lines |O0ZCAS-Spec-ll and
5f21 characterized by the DNA fragmentation, activation of
caspase-3 and the enzyme cytochrome-c release from
mitochondria. Antifeedant is a chemical compound that
inhibits the feeding activity of insects but will not destruct,
expel or entrap the insects directly. Antifeedant compound
only inhibits the appetite (feeding inhibition) in insects.
Antifeedant compound is suppressant (suppress the activity
of biting) and a deterrent (prevent the insects for eating
continuously) towards insects?”. As another antifeedant
compounds, brusatol is considered to be able to destruct
larvae indirectly by causing disturbances in the signal
transmission system of the appetite
(phagostimulant) on the insects. The low feeding activities of
the larvae caused the energy to be reduced so that the larval
growth processis inhibited and eventually die. In addition, the
bitter taste of brusatol® also caused the larvae lose their
appetite which leads to starving and death of the larvae.

Temephos is one of pesticide belongs to class of organic
phosphate compounds that can enter the body through the
skin, inhaled through breathing and ingested through the
mouth. Organic phosphate poisoning in insects followed by

stimulant

restlessness, hyperexcitability, tremors, convulsions and
eventually muscle paralysis (paralysis)®. Mortality of A. aegypti
larvae reached 100% after 24 h of exposure to brusatol
concentration of 27 ppm, while the 1 ppm of temephos giving
100% mortality of larvae of A. aegypti reached after 5 h of
treatment. This means that the time required to turn off

100% of A aegypti larvae is quickly achieved after
administration of 1 ppm of temephos than 27 ppm of brusatol.
This is because temephos is more quickly absorbed by the
larvae of A. aegypticompared with brusatol at the same time.
Temephos contains phosphorothionate group which has
lipophilic nature so it is able to penetrate to the waxy
epicuticular layer of A. aegypti larvae which is hydrophilic so
it is more toxic than brusatol. Temephos toxicity against
mosquito larvae is closely related to how much the molecule
is oxidized or it can be said that the more oxidized, toxicity
decreases. Temephos inhibits the cholinesterase enzyme both
in vertebrates and invertebrates, causing disruption in neural
activity as a continuous muscle contractions, convulsions and
ultimately insects will die?”. Metabolism of temephos namely
fosforotionat group (P = S) in the body of the animal was
changed to phosphate (P = O) is more potential as
anticholinesterases. The larvae of A. aegypti was able to
change the P =5 to P = O ester faster than house flies as well
astemephos penetration intolarvae is rapid where more than
999% of temephos in the medium is absorbed within 1 h after
treatment. After the absorption, temephos is converted into
metabolic products which some of these metabolic products
are excreted into the water?,

Brusatolcytotoxicity onvero cells: Cytotoxic test in this study
was conducted to determine the brusatol toxicity on normal
cells. Cytotoxic test is used to determine the ICy, value
parameters. 1Cy, value indicates the concentration which
produces barriers of cell proliferation as much as 50% and
demonstrates the potential toxicity of a compound to cell®.
IC5y values may indicate the potential of a compound as
cytotoxic. The higher the value of IC,, against vero cells means
the compounds are less toxic to normal cells*'. The end of the
cytotoxicity test can provide information on the percentage
of cells that are able to survive. Table 3 shows the
percentage of viable cells after administration of brusatol
growing increasingly at lower concentrations. In brusatol
concentration of 1200 pg mL-', the percentage of viable
cells is 49.897+0,217%, while the lowest concentration of
37.5 ug mL-', the percentage of viable cells is 100£0.045%.
Probit analysis results showed IC;; value of brusatol against
vero cells is 1402.029+0.164 ug mL~" but not significantly
different (p>0.05). It means brusatol compound has
cytotoxic effects categorized as low (low cytotoxicity)®
because ithas a value of IC,,>30 ug mL~". Similar observations
have been reported by Mangungsong® who reported
that the compound of brusatol isolated from the seed of
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B. javanica (L) Merr. has a low cytotoxic effect on vero 6.
cells with 1C;, value of 1366.55 pg mL-".

CONCLUSION
7.
This study can be concluded that the potential effect of
brusatol as biolarvicide to control the mosquito vector with 8
low levels of cytotoxicity on normal cells (Vero cells). The )
behavioral response of A. aegypti larvae showed symptoms
of a neurotoxic that is excitation, convulsions, tremors and
paralysis.
9.

SIGNIFICANCE STATEMENT

Brusatol isolated from the seeds of Makasar fruit (Brucea

Jjavanica (L) Merr) is potentially effective and safe in 10.

controlling mosquito vector especially A. aegypti Brusatol
biolarvicide is proven significantly to have larvicidal effect on
A. aegypti with the LCy,0f 0.66910.106 ppm and LCqy that is

at8.331£0.060 ppm. 1.
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