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Abstract: Vector control is still based on the use of chemical insecticides, 

which can cause death of nontarget animals, pollution and the emergence of 

vector resistance. This study aims to assess the larvicidal activity of 

bruceine A against larvae of Aedes aegypti and its cytotoxic activity 

against Vero cells. Extraction and isolation of bruceine A from the seeds 

of Brucea javanica (L.) Merr by method of Subeki. The purity of 

bruceine A isolate is determined by using a thin layer of chromatography 

and high performance liquid chromatography. Larvicidal activity of 

bruceine A on the larvae of A. aegypti from instar III until the beginning 

of instar IV was measured using a bioassay method. The examination of 

bruceine A cytotoxicity on Vero cells was performed by Micro-culture 

Tetrazolium assay (MTT). The results showed that mortality of A. aegypti 

larvae increased with increasing concentration of bruceine A. Log probit 

analysis of the larva mortality showed that the lethal concentration 50 and 

90 (LC50, LC90) were 0.453±0.022 ppm and 4.962±0.681 ppm for 24 h 

respectively. The cytotoxic activity of bruceine A in Vero cells is low, with 

inhibitor concentration 50 (IC50) values of 1251.324±0.162 µg/mL. 

Bruceine A has larvicidal activity against A. aegypti; therefore, it is a 

potential natural larvicide with low cytotoxicity. 

 

Keywords: Bruceine A, Brucea javanica (L.) Merr, Larvicidal, 
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Introduction 

Vector control is a measure to reduce the density of 

the vector mosquito population to such an extent that it 

loses the potential to transmit the disease. Earlier 

intervention studies showed that transmission could be 

reduced by giving temephos in high-risk areas. 

However, long-term use will lead to adaptation, 

evolution and selection of mosquitoes resistant to 

insecticides (Chen et al., 2001; Ponlawat et al., 2005). 

The World Health Organization (WHO) recognizes that 

the continuous use of chemical insecticides for a long 

period of time and with high frequency may result in 

decreased susceptibility of the mosquito target (WHO, 

2009). Likewise, Sanchez et al. (2006) reported that the 

eradication of pests using chemical insecticides at fixed 

frequencies has resulted in side effects including 

resistance of the target pest and negative effects on 

nontarget organisms, such as natural predators and also 

causes environmental pollution. This situation requires 

research and development of vector control methods that 

are more environmentally friendly and less costly. One 

possible solution is the use of insecticides and larvicides 

derived from plants (Isman, 2006; 2015; 2017). Natural 

insecticides are relatively safe and more cost effective 

than chemical ones, because their residues are easily 

degraded and do not easily pollute the environment; 

however, this type of insecticide is less persistent in the 

environment. Natural insecticides have the potential for 

vector control because they are capable of killing larvae 

(Isman, 2006; 2013; Isman and Grieneisen, 2014). 
Makassar Fruit (Brucea javanica L. Merr) plants 

belongs to the family Simaroubaceae, which is known 

for being rich in quassinoid compounds such as 
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bruseantin, brusatol and bruceine (Takeya et al., 2006; 

Dong et al., 2013). So, far, 72 compounds have been 

identified from these plants, including 52 quassinoids, 

nine triterpenoids, five glycosides and one monoterpenoid 

(Liu et al., 2011). Bruceine A is isolated from the seeds 

and fruit of B. javanica (L.) Merr (Kim et al., 2004;  

Liu et al., 2012; Su et al., 2013; Ye et al., 2015; Du et al., 

2017) and has the molecular formula C26H34O11, a mass 

of 522.54 g/mol and a powder with bitter taste 

(NoorShahida et al., 2009; Liu et al., 2011). Bruceine A 

has insecticidal, antifeedant and growth inhibition 

activities against tobacco budworm (Heliothis virescens 

F), armyworm (Spodoptera frugiperda) (Klocke et al., 

1985) and fourth instar larvae of Mexican beetles 

(Epilachna varivestis Mulsant)(Leskinen et al., 1984). 

Syahputra (2008) and Lina et al. (2013) proved that the 

active materials contained in extracts of B. javanica (L.) 

Merr have larvicidal effects against Crocidolomia 

pavonana. Extracts of B. javanica (L.) Merr can inhibit 

feeding, decrease the rate of growth and inhibit nesting of 

imago C. pavonana (Lina et al., 2013). Zhang et al. (2013) 

demonstrated that brusatol isolated from B. javanica (L.) 

Merr has insecticidal and antifeedant effects against third 

instar larvae of Spodoptera exigua. Sutiningsih and 

Nurjazuli (2017) proved that brusatol isolated from the 

seeds of B. javanica (L.) Merr has larvicidal activity against 

Aedes aegypti at LC50 and LC90 of 0.669±0.106 ppm and 

8.331±0.060 ppm, respectively. Therefore, further studies 

are required to examine the larvicidal activity of bruceine A 

on the larvae of Aedes aegypti (A. aegypti) and its 

cytotoxicity in normal cells (Vero cells). Cytotoxicity 

testing of bruceine A must be carried out to determine its 

level of toxicity against normal cells and thus, its safety 

when used as a larvicidal drug from natural materials. 

Material and Methods 

Extraction and Isolation of Bruceine A 

Extraction and isolation of bruceine A was carried 

out at the Pharmaceutical Biology Laboratory, Faculty of 

Pharmacy, Gadjah Mada University. Brucea javanica 

(L.) Merr was purchased from a wholesaler of medicinal 

plants (Aneka Herbal Yogyakarta, Indonesia). The 

specimen was further identified in the Laboratory of 

Pharmaceutical Biology, Faculty of Pharmacy Gadjah 

Mada University, Yogyakarta, Indonesia to reconfirm 

the identity of the sample and to obtain relevant 

scientific information about it. Bruceine A isolation from 

B. javanica (L.) Merr seeds was undertaken based on the 

method described by Subeki et al. (2007). As many as 10 

kg of Makassar Fruit of soaked under 30 mL of ethanol 

(EtOH) 70% for 28 days, then filtrated using filter clothe 

and steamed using rotary evaporator until it reaches 1 L. 

Extract the thick filtrate using ethyl acetate (EtOAc), until 

water fraction and EtOAc are obtained. The EtOAc 

fraction are steamed until it dried and put inside silica gel 

of column chromatography and eluted with chloroform 

(CHCl3) (1 L), MeOH-CHCl3(3:97, 1 L) and MeOH-

CHCl3 (1:4, 1 L) respectively. Applying the same step, 

the drying is done inside the silica gel of column 

chromatography and eluted with hexane: EtOAc (3:7, 4 L) 

until 10 fractions are obtained. From the crystallization of 

fifth fraction using methanol (MeOH) solvent, bruceine A 

compound is obtained and analysis is conducted using 

High-Performance Liquid Chromatography (HPLC). All 

commercial reagents and other chemicals used in this 

study purchased from commercial suppliers and were of 

analytical quality with the highest purity available. 

Larvicidal Activity Test of Bruceine A 

A larvicidal activity test was conducted using a 

bioassay according to the standards of the WHO (2005) 

with a slight modification. The third instar larvae of A. 

aegypti up to the beginning of instar IV were acquired 

and allowed to develop at the Laboratory of 

Parasitology, Faculty of Medicine, University of Gadjah 

Mada. A preliminary test was conducted to determine the 

range of concentrations of bruceine A that could be 

deadly to larva of A. aegypti from instar III until the 

beginning of instar IV. In further tests, temephos was 

used as a positive control at a concentration of 1 ppm, 

whereas the negative control consisted of 100 mL of 

distilled water only. The selection of temephos dosage (1 

ppm) was based on lethal damage consideration used in 

the field. Larvae of A. aegypti from the end of instar III 

to the beginning of instar IV were used and 25 larvae 

were used in each treatment medium and control, 

replicated three times. After 24 h, the dead larvae of A. 

aegypti were counted. The temperature and pH of the 

media and humidity in the room were measured at the 

beginning and the end of the study.  

Bruceine A Cytotoxicity Test 

The bruceine A cytotoxicity test in Vero cells was 

conducted using the Micro-culture Tetrazolium assay 

(MTT) (Von Meerloo et al., 2011) with minor 

modifications. Vero cells were cultured using M199 

medium supplemented with 10% FBS, 2% penicillin-

streptomycin and 0.5-1% fungizone. Vero cells were 

removed from liquid nitrogen and warmed at 37°C until 

thawed. The thawed cell suspension was place in a conical 

tube and washed with M199 complete medium. The cell 

suspension was then transferred to a culture flask and 

incubated in a 37°C incubator with 5% CO2. Vero cell 

growth was observed by inverted microscopy every day 

until the cells neared 100% confluence, at which time the 

cells were harvested. Cells were washed with PBS and 

0.25% trypsin was added to detach the cells from the flask 

bottom. The cells were suspended in complete medium 

and counted in a hemocytometer. Cells were seeded in 
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96-well microplate at a density of 2×10
4
 cells/well in 100 

µL. Culture medium containing bruceine A at various 

concentrations (1000, 500, 250, 125, 62.5 and 31.25 

µg/mL) was added. Cell cultures were incubated for 24 h 

in an incubator at 37°C in 5% CO2. Cell growth was 

observed using MTT and treated cultures were compared 

with the untreated control culture. The medium was 

discarded after the incubation period and 100 µL of 

complete medium and 10 µL of MTT solution were 

added. The assay was incubated for 4 h in an incubator at 

37°C and 5% CO2. Then, 100 µL of 10% SDS in 0.01 M 

HCl was added to dissolve the formazan and incubated 

overnight at room temperature. The test result was read 

in an ELISA reader at a wavelength of 595 nm.  

Data Analysis 

The percentages of larval mortality and viable 

Vero cells were expressed as mean ± Standard Error 

of the Mean (SEM). The ratio of LC50/LC90 of 

bruceine A on A. aegypti larvae was calculated using 

probit regression analysis using SPSS version 24. 

Vero cell viability after bruceine A treatment at each 

concentration was expressed as IC50 and analyzed by 

regression (Sutejo et al., 2016). Statistical analysis 

were performed using one-way ANOVA if the data were 

normally distributed and homogeneous; otherwise, the 

Kruskal–Wallis test was used. Statistically significant 

differences were indicated by p<0.05. 

Results 

Isolation of Bruceine A from B. javanica (L.) Merr 

Using the extraction and isolation method of Subeki et 

al. (2007), as much as 100 mg of isolated bruceine A 

compound was obtained from each 10 kg of B. javanica 

(L.) Merr. The purity levels of the amorphous powder 

were measured using two-dimensional chromatography 

with a stationary phase of silica gel 60 F254 on a TLC 

plate and a mobile phase of a mixed solvent of chloroform 

and ethyl acetate in a ratio of 1: 2 to produce a single 

purple spot observed under UV light at 366 nm with an 

Retardation factor (Rf) value of 0.88. The result of 

calculation based on the area under the graph of high 

performance liquid chromatography of bruceine A isolates 

showed the presence of compounds with as much as 

92.976% purity and a Retention time (Rt) of 4.633 min. 

Larvicidal Activity of Bruceine A 

The environment considered in this study was the pH 

of the media, media temperature and humidity. These 

were measured at the beginning and end of the study as 

pH 7, 25°C and 70-71%, respectively. The larvicidal 

activity test of bruceine A on A.aegypti larvae was 

performed in triplicate. The average percentage mortality 

of A. aegypti larvae after 24 h of observation is presented 

in Table 1. The highest average lethality in A. aegypti 

larvae (99.33%) was achieved at a bruceine A 

concentration of 16 ppm, whereas at the lowest 

concentration of bruceine A 0.25 ppm, the percentage 

lethality was 34.33%. The toxicity of bruceine A on A. 

aegypti larvae was reflected in the LC50 and LC90, which 

were determined by probit analysis using SPSS version 

24. The average values of LC50 and LC90 of bruceine A 

against larvae of A. aegypti in the three larvicidal tests 

were 0.453 ppm and 4.962 ppm (Table 2). Results of the 

Kolmogorov–Smirnov test for normality showed that the 

average mortality of A. aegypti larvae was normally 

distributed (p = 0.137), while the results of the test for 

homogeneity showed that the average number of deaths 

of A. aegypti larvae was homogeneous (p = 0.086); 

therefore, to test for differences in the average number of 

deaths of A. aegypti larvae, one-way ANOVA was used.  

 
Table 1: The average of percent mortality of A. aegypti larvae in the group treated with bruceine A in a wide range of 

concentrations, temephos at a concentration of 1 ppm and control after 24 h of observation 

Bruceine A concentration (ppm) No. of larvae Mortality of A. aegypti on each test (%) Mean ± SEM (%) 

0.25 25 38 36 29 34.33±1.42* 
0.5 25 59 53 59 57.00±1.04* 
1 25 68 58 83 69.67±3.79* 
2 25 79 72 84 78.33±1.82* 
4 25 84 82 90 85.33±1.26* 
8 25 92 93 97 94.00±0.80* 
16 25 100 98 100 99.33±0.35* 
Temephos 1 ppm 25 100 100 100  100±0.00 
Control 25 0 0 0  0±0.00 

*p<0.05 with one-way ANOVA test, SEM: Standard Error of the Mean, ppm: part per million 

 
Table 2: The average of value of Lethal Concentration 50 and 90 (LC50 and LC90) of bruceine A on A. aegypti larvae in each test 

Value of LC Concentration of bruceine A (ppm) on each test  Mean ± SEM (ppm) 

50 0.408 0.535 0.415 0.453±0,022 
90 4.923 7.240 2.724 4.962±0,681 

SEM: Standard Error of the Mean, LC: Lethal Concentration, ppm: part per million 



Dwi Sutiningsih et al. / OnLine Journal of Biological Sciences 2018, 18 (3): 323.331 

DOI: 10.3844/ojbsci.2018.323.331 

 

326 

 
 
Fig. 1:  Morphology of Vero cell controls (untreated) and cells treated with bruceine A (400x). A. Vero cells control, B. Vero cells   

treated 31.25 µg/mL, C. Vero cells treated 1000 µg/mL; (  : viable cells;  : non viable cells) 
 
Table 3: The average number of live Vero cells and the percentage of viable cells after bruceine A administration and in the control 

 Replication 
Bruceine A ------------------------------------------------------------------------------------------- Viable cell 
conc. (µg/mL) I II III IV Mean ± SEM (%) 

1000 0.24 0.33 0.36 0.71 0.41 51.88±0.06 
500 0.68 0.34 0.65 0.74 0.60 77.90±0.05 
250 0.68 0.79 0.44 0.71 0.65 85.27±0.05 
125 0.63 0.84 0.79 0.44 0.67 87.85±0.05 
62.5 0.74 0.84 0.77 0.61 0.74 97.14±0.03 
31.25 0.73 0.75 0.83 0.73 0.76 99.79±0.01 
Cell control  0.71 0.76 0.77 0.81 0.76 100±0.01 
Media control 0.04 0.03 0.03 0.03 0.03 0±0.00 

SEM: Standard Error of the Mean 

 

Bruceine A Cytotoxicity on Vero Cell 

The average number of live Vero cells observed and 

the percentage of viable cells after exposure to bruceine 

A and in the control can be seen in Table 3. Figure 1 

shows the morphology of Vero cells in the control and 

after treatment with bruceine A observed by 

microscopy. On the morphological profile of control 

Vero cells (Fig. 1A), there are no mortality compared 

with bruceine A treatment at concentrations of 31.25 

µg/mL (Fig. 1B) and 1000 µg/mL (Fig. 1C). The 

survived (viable) Vero cells look bright because of the 

cytoplasm liquid that transmit the light from inverted 

microscope. On the other hand, Vero cells that are dead 

after treatment with bruceine A look blackish (dark), 

shrinked and rounded because the cells lost the cytoplasm 

liquid in accordance with the damage on cell membranes. 

The percentage of viable Vero cells reached 

99.79±0.01% at the lowest concentration of bruceine A 

(31.25 µg/mL), whereas at the highest concentration 

(1000 µg/mL), the percentage of viable cells was 

51.88±0.06%. Results of probit analysis using SPSS 

version 24 obtained an IC50 value of bruceine A in Vero 

cells of 1251.32±0.16 µg/mL. The Kolmogorov-

Smirnov test results showed that Vero cell viability was 

normally distributed (p = 0.119), while the homogeneity 

test results showed that Vero cell viability in the 

different groups did not have the same variance (p = 

0.001); therefore, to test for differences in average Vero 

cell variability at various concentrations of bruceine A, 

a Kruskal–Wallis test was performed. The results of 

this test showed no difference in the average percentage 

of viable Vero cells at various concentrations of 

bruceine A (p = 0.153).  

Discussion 

Larvicidal Activity of Bruceine A againts A. aegypti  

The A. aegypti larvae used in this study are of instar 

III until early instar IV. Larvae of instar III and IV 

already have perfectly shaped organs, so death after 

treatment could not be attributed to the organs not being 

fully formed. The pH and temperature of the media and 

humidity of the environment at the time of the study 

were 7, 25°C and 70-71%. The levels of pH, temperature 

and room humidity in the media were still within the 

optimal pH range (6.5-7), temperature (25-27°C) and air 
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humidity (60-80%) for the development of A. aegypti 

larvae in bioassay research (WHO, 2005). Therefore, it 

can be concluded that the pH, temperature and humidity 

of the media at the time of the study did not interfere 

with the development of A. aegypti larvae. The death 

of A. aegypti larvae was not caused by these 

environmental factors. The growth and development of 

larvae were influenced by the adequacy of food sources, 

the temperature and the presence or absence of predators 

(Dharmagadda et al., 2005). 

Larval mortality of A. aegypti was observed after 24 

h, based on the provisions of the Commission on 

Pesticides (Pesticide Committee, 1995), which states that 

a larvicide is said to be effective if the percentage of 

dead larvae reaches at least 90% within 24 h. The results 

of a 24 h observation showed no larval mortality in the 

control group; therefore, the number of dead larvae of A. 

aegypti in the treatment group did not require correction 

by the Abbott’s formula (Abbott, 1987). The 

percentage of dead larvae of A. aegypti was more than 

90% after a 24 h observation with bruceine A at a 

concentration of 8 ppm (Table 1). The higher the 

concentration of bruceine A applied, the higher 

the average percentage of death of A. aegypti larvae 

observed. This means that bruceine A is effective as a 

natural larvicide on the larvae of A. aegypti, which is 

in accordance with the provisions of the Pesticide 

Committee (1995). According to Sharma et al. (2015), 

the interaction of toxic substances in a biological 

system is determined by the concentration and duration 

of the test. One-way ANOVA test results showed that 

the average number of deaths of A. aegypti larvae at 

various concentrations of bruceine A was significantly 

different (p<0.05). Differences in larval mortality of A. 

aegypti are likely to be influenced by several factors, 

namely the instar stage of the larvae and differences in 

the sensitivity of each test larva. The differences in instar 

stage of the larvae are influenced by the age of each test 

larva. Although we used larvae of instar III to early instar 

IV, there was still variation in the age of larvae. Early 

instar III larvae are more susceptible to insecticides than 

early instar IV larvae. In addition, differences in larval 

mortality are influenced by differences in the sensitivity of 

each test larvae. Even when larvae with the same instar 

and age are used, each larva has a different level of 

vulnerability (Paulraj et al., 2011).
  

The death of A. aegypti larvae in the current study 

was due to the toxic activity of bruceine A compound. 

The toxicity of bruceine A to A. aegypti larvae reflected 

by the LC50 and LC90 were 0.453±0.022 ppm and 

4.962±0.681 ppm. Meanwhile, studies by Sutiningsih 

and Nurjazuli (2017) reported values of LC50 and LC90 

for brusatol on larvae of A. aegypti of 0.669±0.106 ppm 

and 8.331±0.060 ppm, respectively. The smaller the 

value of lethal concentration, the more toxic the 

compound (Paulraj et al., 2011).
 

This means that 

bruceine A isolated from the Makassar Fruit (B. 

javanica L. Merr) is more toxic than brusatol in A. 

aegypti larvae. Bruceine A is one of quassinoids that 

is isolated from the seeds of B. javanica (L.) Merr 

(Bawn et al., 2008). As seen from the structure, 

bruceine A consists of five fused rings containing a 

heterocyclic oxygen ring and a methylenedioxy bridge 

on ring C and lactone rings in ring D, demonstrating 

that bruceine A has larvicide/insecticide and 

antifeedant activities. According to Feng et al. (2010) 

a partial structure of a compound has antifeedant and 

insecticidal activity if it has a carbonyl group on ring A; 

an α, β unsaturated carbonyl or a methylenedioxy bridge 

on ring C; and a θ-lactone group on ring D. 
 

Bruceine A was also shown to have insecticidal 

activity and antifeedant and growth inhibitory effects 

against Heliothis virescens and Spodoptera frugiperda 

and strong antifeedant activity on instar III larvae of 

migratory Locusta migratorioides and instar IV larvae of 

the Mexican bean beetle (Epilachna varivestis Mulsant) 

(Bhattacharjee et al., 2009). Bruceine A enters the larvae 

body through the mouth of larvae (eaten by larvae). 

These compounds are expected to decrease the activity 

of the protease enzyme and the absorption of food and 

inhibit the taste receptors in the mouth, which will lead 

to the larvae failing to perceive a taste stimulus, so that 

the larvae cannot recognize food in its surroundings 

(Chaithong et al., 2006). The low feeding activity of the 

larvae reduces their energy so that the growth process is 

also hampered and they eventually die. In addition, the 

bitter taste of the bruceine A compound also acts to 

inhibit eating in larvae. The bitter taste causes the larvae 

to not want to eat, so the larvae starve and eventually die. 

The toxic compounds of bruceine A consumed by larvae 

will affect the amount and rate of eating, resulting in 

reduced growth and survival. Some of the energy 

consumed in food is used for detoxification of toxic 

compounds (Sharma et al., 2015). Sublethal dosage of 

bruceine A can inhibit the growth and development of 

A. aegypti larvae by promoting damage to the 

gastrointestinal tract/midgut and cuticles as well as 

necrosis of the gastrointestinal epithelial cells in the 

midgut (Sutiningsih et al., 2017). 

Sanjaya and Safaria (2006) explained that the toxic 

compounds that enter the body can cause a four-stage 

response in larvae: Excitation, convulsions, paralysis and 

death. The toxic compounds of bruceine A will affect and 

disrupt the physiological system, causing the larvae of A. 

aegypti to die. Bruceine A is a toxic substance that can kill 

larvae of A. aegypti, entering the body of larvae through 

the pores of the skin, gastrointestinal tract and respiratory 

tract/siphon. Toxic compounds cause disruption of the 

digestive, respiratory and nervous systems of larvae 

(Choochote et al., 2004; Dharmagadda et al., 2005; 
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Chaithong et al., 2006; Warikoo and Kumar, 2013). 

Bruceine A is suspected to enter through the larval skin 

membrane by diffusion facilitated by a carrier protein such 

as hemoglobin (Lu and Kacew, 2002). The number of 

toxic compounds that enter causes damage to skin 

cells. This toxic compound hydrolyzes the skin cell 

membrane by breaking down the skin protein (collagen) 

into several parts (Krieger, 2010). The destruction of skin 

cell membranes causes loss of the impermeable barrier of 

the skin, so other toxic compounds are free to enter the 

body of the larvae. The large number of toxic compounds 

that enter cause the protein in the skin membranes to be 

damaged, so that the function of the skin as a body 

protector is disturbed (Lu and Kacew, 2002). 

In addition, bruceine A is estimated to enter through 
the digestive tract. The gastrointestinal tract of mosquito 
larvae consists of three parts, namely the digestive tract 
at the front, middle and back. The process of digestion 

and absorption of food occurs in the central 
gastrointestinal tract (Farnesi et al., 2012). The 
middle digestive tract is coated with epithelial 
tissue. Toxic substances enter through the mouth of 
the larvae and continue into the midgut/middle 
digestive tract. This toxic substance causes epithelial 

cells to undergo lysis resulting in a decrease in stress 
on the surface of the membrane coat of the central 
gastrointestinal tract so that digestion and absorption 
of food do not occur (Lu and Kacew, 2002). 

Another suspected way bruceine A enters the larval 

body is through the respiratory tract. Air enters through a 

siphon affixed to the water surface. This toxic substance 

is thought to cover the surface of the medium, thus 

blocking the siphon from obtaining oxygen from the 

surface of the medium (Lu and Kacew, 2002). Neural 

tissues of the larvae are very sensitive to a lack of 

oxygen, which causes wilting of the nerves and damage 

to siphon so that the larvae have difficulty breathing and 

eventually die (Krieger, 2010).  

Bruceine A Cytotoxicity on Vero Cell 

The cytotoxic effect of bruceine A on Vero cell lines 

was evaluated through the Micro-culture Tetrazolium 

assay (MTT). The MTT reagent is reduced to formazan 

salts by the succinate dehydrogenase enzyme present in 

the mitochondria of living cells. The formazan salts 

formed are measured as absorbance. The higher the 

absorbance, the more cells are alive (high cell viability) 

(Mahto et al., 2010). The result of statistical analysis 

using the Kruskal–Wallis test showed that there was no 

difference in the percentage of viable Vero cells at 

various concentrations of bruceine A (p>0.05). At low 

concentrations of bruceine A, Vero cell viability was 

higher (Table 3). The results of this study showed that 

bruceine A affects the viability of Vero cells. Vero cells 

are normal polygonal and flat monolayer cells isolated 

from kidney cells of African green monkey by Yasumura 

and Kawakita at Chiba University, Japan (Yasumura and 

Kawakita, 1963). This cell is a type of immortal, non-

tumorigenic fibroblast (Goncalves et al., 2006). Vero 

cells attach very strongly to polystyrene-based substrates 

by forming covalent bonds. These cells are homologous 

to human body cells and are easily cultured. A healthy 

Vero cell is triangular and will take on a “rounded-off” 

shape when interacting with a compound with cytotoxic 

activity (Liao et al., 2010). The potential for bruceine A 

cytotoxicity can be seen from the IC50. The value of IC50 

of bruceine A against Vero cells is 1251.32±0.16 

µg/mL. The results of test seem to indicate that bruceine 

A is not toxic to Vero cells because it has an IC50 value 

> 100 µg/mL (Vijayarathna and Sasidharan, 2012) The 

IC50 value obtained from this research is lower than 

the value of IC50 reported by Mangungsong (2012) 

(1366.55±53.43 µg/mL) and the IC50 of brusatol on Vero 

cells (14.03±0.16 µg/mL) (Sutiningsih and Nurjazuli, 

2017). However, the IC50 value of bruceine A in Vero 

cells is higher than the IC50 of ethanol extract of 

Makassar Fruit (395.5±4.21 µg/mL)(Sutejo et al., 2016). 

The higher value of IC50 against Vero cells means the 

compounds are less toxic to normal cells (Badisa et al., 

2011). This means that bruceine A and brusatol, 

which are active isolates of the Makassar Fruit seeds, 

have lower toxicity to normal cells than Makassar Fruit 

extract. The differences in IC50 value may have been due 

to the different characteristics of the test cells used at the 

time of the study. In addition, the active substances 

contained in Makassar Fruit, such as bruceine A and 

brusatol, are thought to play an active role in the 

cytotoxicity of Vero cells. Treatment with bruceine A at 

various concentrations causes morphological changes in 

Vero cells (Fig. 1). Bruceine A at a concentration 

of 1000 µg/mL causes many changes in the morphology 

of Vero cells compared with a concentration of 

31.25 µg/mL. Morphological changes of Vero cells 

expected to be the result from the protein that has a role 

on cells attachment did not polimerate so the cells 

detached dan lipid membrane became rounded and 

cytoskeleton were cut (Prayong et al., 2008). The 

decrease on cells viability and density appeared on 

higher dosage used, along with the morphological 

changes that was shrinking which was indication of 

mortified cells (Mathivadani et al., 2007; Sasayama et al., 

2007). Morphological changes in Vero cells are 

characterized by physical changes such as the size and 

shape of the cell becoming smaller and rounder 

(Sutejo et al., 2016). Changes in cellular morphology 

can be caused by the mechanism of apoptosis in 

cells. Vero cells treated with bruceine A are suspected to 

undergo apoptosis resulting in morphological changes in 

the cells. Cellular morphological changes due to the 

mechanism of apoptosis can occur through several 
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stages, such as the shrinking of cell density, 

condensation and fragmentation of cell chromatin and 

cell nucleus fragmentation (Elmore, 2007). Bruceine A 

seems to be effective as a natural larvicide against A. 

aegypti and has a low cytotoxic effect on Vero cells. The 

limitation of this research is bruciene A from the seeds 

of Makassar Fruit (B. javanica L. Merr) only performed 

by examining the larvacide on A.aegypti larvae and its in 

vitro toxicity. It is necessary to conduct further research 

on potentials of bruceine A as natural larvicide and 

insecticide on other species of mosquitoes, formulation 

of larvicide or insecticide preparation from bruceine A 

and the toxicity of bruceine A by in vivo. 

Conclusion 

Bruceine A isolated from seeds of the Makassar 

Fruit (B. javanica L. Merr) has the potential to be 

developed as a natural larvicide for the control of disease 

vectors, especially A. aegypti. Bruceine A seems to be 

effective and safe in normal cells (Vero cells). 
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