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Abstract: A comprehensive investigation regarding insecticides' mechanism of action on agriculture- 

and medically-important insects is an important issue to consider. This study aimed to investigate the 

insecticidal activity of essential oil of Syzygium aromaticum flower (EOSF) using Drosophila 

melanogaster as an in vivo insect model platform. EOSF was used as a proof-of-concept natural product 

since it has been reported to exert insecticide activity on certain harmful insects. EOSF was prepared 

by the water distillation method, and the essential oil is then used to identify its effects on the mortality 

rate and the locomotor activity of Drosophila. Our results demonstrated that both males and females of 

D. melanogaster were succumbed immediately, in a dose-response manner, upon EOSF exposure. A 

slight discrepancy was evident in the effect of EOSF on the mortality rate of males compared to their 

females' counterparts, thus delineating the possible sex-dependent effect of EOSF on D. melanogaster. 

Further, decreased locomotor activity was observed on both male and female Drosophila upon EOSF 

exposure. Overall, it was concluded that EOSF (10 μl, 100 μl, and 1000 μl concentrations) produced 

insecticidal activity in D. melanogaster.  
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1. Introduction 

Insects are one of the largest and one of the most diverse invertebrates that can be found 

in all types of environments [1]. This group has been suggested to comprise more than two-

thirds of the total organisms present on Earth. Some insects, such as bees, butterflies, and ants, 

have been shown to have beneficial meanings in humans' life [2,3]. These insects play an 

important role in pollinating certain flowering plants, a process that is critical in the agriculture 

field [2]. However, many insects have been considered pests by humans as they can damage 

certain structures (for example, termites) or even transmit certain diseases to humans (for 

example, mosquitoes and flies) [4-6]. Horribly, some insects (such as locusts and weevils) 

sometimes lead to economic losses as they can cause heavy losses in agricultural products [7]. 

The use of insecticides is introduced as a popular approach to eradicate those pest insects [8,9]. 

In general, insecticides are formulated to exert their effects once entering insects' bodies and 

by doing so, they can kill one or more species of insects [8]. At present, synthetic insecticides 

are still familiar on the market because they can be applied easily in large areas, and the results 

can be felt quickly [8]. However, extensive and long-term exposure to synthetic insecticides 
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has been reported to cause adverse effects to humans and ecosystems [8]. Moreover, their 

residues have been found in food, milk, water, soil, and other environments [10]. Therefore, 

several studies were developed to find chemical compounds from plants that can be used as 

alternative insecticides without harming animals and humans [11-13].  

Currently, essential oils have been widely reported as one of the alternative insecticides 

[14,15]. The essential oil of Syzygium aromaticum flower (EOSF) is one of the essential oils 

obtained from the Myrtaceae family [16]. Eugenol, one of the components of EOSF, and its 

derivatives have been reported to yield insecticidal effects in vitro [17] and also on several 

insects such as Aedes aegypti [18], Sitophilus zeamais [19], and Reticulitermes speratus Kolbe 

[20]. Essential oils have been shown to exert multiple bioactivities, including as an insecticide, 

mosquito repellent, and oviposition agent to control various types of insects [6,15,21,22]. 

Essential oils can be obtained from suitable plant samples using the distillation method that is 

immersed in water and boiled by direct heating [23]. In addition, the use of EOSF has great 

advantages, such as mild side effects on non-targeted organisms and low persistence in the soil 

compared to insecticides on the market [24].  

A detailed investigation regarding insecticides' mechanism of action on agriculture- and 

medically-important insects is one of the most important issues to consider nowadays [14,25]. 

However, due to limitations in the established procedures and inadequate availability of proper 

transgenic/mutant genotypes required for such experiments [26,27], this issue presents a huge 

hurdle to researchers from developing the most effective insecticides. Theoretically, 

insecticides shall exert their maximum killing effect on the targeted insects but yield less or no 

effect on other non-targeted organisms, including humans [8,26]. To tackle this problem, 

studies to investigate pharmacodynamics, pharmacokinetics, and mechanistic basis of 

insecticides can be performed using an insect model that has been widely known to have similar 

physiology as mosquitoes and other harmful insects [27]. The fruit fly Drosophila 

melanogaster has been suggested as a good model for this particular purpose [27]. 

Drosophila melanogaster has been used as a powerful insect model system to 

investigate various stressors (for example, pathogens, endogenous molecules, or even chemical 

entities) on certain important biochemical and physiological processes that are highly similar 

to humans [28-32]. In addition to that, D. melanogaster has also been used to address questions 

related to insect physiology and toxicology [33]. With physiological and genetic similarities 

with mosquitoes, the application of Drosophila as an insect model system has been proposed 

to provide a good understanding in the field of insect toxicology, including efforts to support 

the screening of effective insecticides [27,33]. With its long-standing history as a model 

organism, Drosophila offers the feasibility of cutting-edge experimental approaches that have 

been suggested to be difficult to perform in other insect model systems [27,34]. The discovery 

of several unique mutations in Drosophila that result in different types of physiological 

resistance against insecticides [35-39] further emphasizes the potential use of D. melanogaster 

in the field of insect toxicology. Following that, we carried out experiments to explore the 

insecticidal effect of EOSF using D. melanogaster as the insect model. In this study, we 

established the insecticidal effect of EOSF on D. melanogaster with the long aim to elucidate 

the mechanistic basis of action of EOSF chemical components and to reflect our findings to 

other medically important insects.  
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2. Materials and Methods 

2.1. Sample preparation. 

Syzygium aromaticum flower was obtained from Bima Regency, West Nusa Tenggara 

Province (NTB), Indonesia. A total of 5 kg of dried samples were prepared by the water 

distillation method. The distillation process was carried out for 8 hours. The essential oil of 

Syzygium aromaticum flower (EOSF) was further processed using 1% of sodium sulfate 

anhydride (Na2SO4) in a separating funnel and mixed for 10 minutes. A layer of Na2SO4 was 

removed and poured into a new container. The obtained EOSF was stored for further testing. 

2.2. Fly stock. 

The w1118 Drosophila melanogaster line used in this study was generously provided by 

the Host and Response Laboratory of Kanazawa University, Japan. Male and female flies at 

the age of 4-7 days were used in the entire experiment. These flies were placed in a culture vial 

containing standard cornmeal-agar food and maintained in standard conditions (25°C, 12 hours 

light cycle, and 12 hours dark cycle). 

2.3. Mortality rate assay.  

All fly groups were monitored for their mortality rates (Figure 1) based on the following 

procedure. Briefly, males and females of D. melanogaster were separately assigned into five 

groups. Each group consisted of ten male/female flies at the age of 4-7 days determined from 

their pupal case's first day of emergence. All flies were fed with standard food prior to mortality 

assay testing.  One group of flies was exposed to 1000 µl (13.16 mg/ml) of prallethrin, a 

pyrethroid insecticide, and this group was designated as the positive control group. Three 

groups, designated as treatment groups, were subjected to EOSF exposure at different volumes: 

10, 100, and 1000 µL. All groups were treated for 30 minutes with the assigned treatments and 

were subsequently transferred to separate vials containing standard fly food and maintained 

until the end of observation. 

2.4. Locomotor assay. 

All fly groups were monitored for locomotor (Figure 1) based on the negative geotaxis 

method, as previously described [40] with slight modifications. Briefly, flies at the age of 4-7 

days old were separated based on their male-female orientations and were further placed in a 

marked empty vial, designated as the locomotor testing vial. The testing vial was placed in an 

upright standing position in front of a climbing wall. In this assay, the testing vial (containing 

flies to be tested) was firmly tapped at the start of the experiment to ensure all flies start their 

climbing movement from the bottom of the vial at the same time. We observed and recorded 

events that happened in the testing vial for up to 30 seconds to obtain the data. Flies were 

assigned based on their position on the climbing wall, and the data were further analyzed using 

a custom-made Excel spreadsheet as used in [40]. 

2.5. Data processing.  

Data obtained from the mortality rate assay were visualized based on the Kaplan-Meier 

method and analyzed statistically using the Log-Rank approach, whereas data obtained from 

https://doi.org/10.33263/BRIAC122.26692677
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.26692677  

 https://biointerfaceresearch.com/ 2672 

the locomotor experiments were processed and statistically analyzed by a One-Way ANOVA 

approach followed by post hoc analysis. Data were presented as mean ± S.D., and p values of 

less than 0.05 were considered significant. All data were processed and visualized using 

GraphPad Prism® 8.  

 
Figure 1. Experimental design was used in this study. Adult flies were prepared in vials containing standard fly 

food until the age of 4-7 days old and subsequently followed by male-female separation. Male and female flies 

were separately assigned into five different groups and tested for their locomotor activities (based on the negative 

geotaxis assay, red arrow) as well as their mortality rates (based on the survival assay). EOSF, essential oil of 

Syzygium aromaticum flower. 

3. Results and Discussion 

3.1. Insecticidal effect of essential oil of Syzygium aromaticum flower on Drosophila. 

In general, the insecticidal effect of certain chemical entities culminates in the death of 

targeted insects [8,25]. Therefore, mortality rate assay shall serve as a simple and direct 

approach to investigating potential insecticidal agents' insecticidal effect. This study first 

carried out a mortality rate assay to determine whether EOSF can kill D. melanogaster.  

Figure 2. Mortality rate of males (A) and females (B) of w1118 D. melanogaster after exposure to the essential 

oil of Syzygium aromaticum flower (EOSF). Adult flies at the age of 4-7 days were divided into five groups, and 

the assigned groups were then exposed to either prallethrin (13.16 mg) or EOSF at volumes of 10 μl, 100 μl or 

1000 μl. One group maintained in the absence of any treatments was used as the healthy control. EOSF, essential 

oil of Syzygium aromaticum flower. 

The assay was carried out on both males and females of D. melanogaster using three 

different volumes of EOSF: 10 µl, 100 µl, and 1000 µl. Prallethrin, an insecticide of the 

pyrethroid group, was used as the positive control. As shown in Figure 2, continuous exposure 

of both males (Fig. 2A) and females (Fig. 2B) of D. melanogaster to prallethrin (1000 µl; 13,15 
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mg/ml) resulted in the increased mortality of flies in a dose-dependent manner, suggesting that 

prallethrin yielded insecticidal effect on D. melanogaster. Prallethrin stimulates insects' central 

nervous system activity via competitive interference with cationic conductance of nerve cells' 

lipid layer leading to its insecticidal effect [41], and apparently, this insecticidal effect was also 

evident in Drosophila. However, whether the same mechanism of action is also true in 

Drosophila remains an issue to be investigated.  

EOSF exposure at all concentrations increased the mortality rate of male and female 

flies (Figure 2). However, the insecticidal effect shown by the EOSF to male Drosophila was 

not related to the amount of EOSF given to the tested flies. As we can see in Figure 2, male 

flies succumbed earlier than female flies, suggesting the possible existence of the sex-

dependent effect of EOSF to Drosophila. Moreover, the insecticidal effect of EOSF on the 

female flies occurred in a dose-dependent manner, and interestingly this trend was not observed 

entirely in their male counterparts. How this discrepancy occurred is not known yet, but we 

believe further exploration on this issue shall have its merit. Further observations of EOSF 

exposure showed that D. melanogaster experienced convulsions in the legs and back before 

dying. That is due to the possibility of competitive inhibition of the acetylcholinesterase 

(AChE) enzyme by the compounds contained in the EOSF, as reported in the standardized 

extract of Syzygium aromaticum [42]. In addition, insecticidal activity of EOSF might be 

achieved via mechanism(s) related to competitive interference in the activities of the 

dopaminergic, the cholinergic, and/or the octopaminergic system of insects [43].  

3.2. Impaired fly locomotor prior to death upon treatment with essential oil of Syzygium 

aromaticum flower. 

Upon exposure to exogenous substances or infection, fly locomotor is negatively 

impaired prior to death [44]. To examine whether such a trend was also observable in our study, 

we carried out a locomotor test based on the protocol of negative geotaxis assay, as described 

previously [40].  

 

Figure 3. Locomotor of males (A) and females (B) of w1118 D. melanogaster after exposure to the essential oil of 

Syzygium aromaticum flower (EOSF). Adult flies at the age of 4-7 days were divided into three groups, and the 

assigned groups were then exposed to either prallethrin (13.16 mg) or EOSF at volumes of 100 μl for 30 minutes. 

One group maintained in the absence of any treatments was used as the healthy control. EOSF, essential oil of 

Syzygium aromaticum flower. 
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As can be seen in Figure 3, the locomotor of both male (Figure 3A) and female (Figure 

3B) flies was reduced in the presence of EOSF, further suggesting the effect of EOSF on 

Drosophila locomotor. Fly locomotor can be affected by alteration in the nervous system's 

activity in D. melanogaster [45]. Hence, it would be interesting to investigate whether ESOF 

can alter the activity of the fly nervous system (as well as explore potential mechanisms 

responsible for such events). Furthermore, based on results presented in Figure 3, it is apparent 

that fruit flies D. melanogaster experienced reduced locomotor activity after being exposed to 

either pralethrin and EOSF, and such a trend was evident in both males and female flies. 

However, a slight discrepancy in male and female flies' locomotor responses to prallethrin was 

observable, whereas such a trend was not seen in the EOSF-treated flies (locomotor reduction 

occurred almost simultaneously in male and female Drosophila upon EOSF treatment). While 

the reasons on why such a trend was observed remain elusive, this result might suggest the 

possible sex-dependent effect of prallethrin on Drosophila locomotor activity. It is tempting to 

speculate that such difference might occur due to differences in the targets of pralethrin and 

EOSF. In general, results obtained in the fruit fly D. melanogaster can provide information 

about insecticides' activities in three ways, such as basic understanding of insecticides 

mechanism of action, the mechanism of insect resistance against particular insecticides, and 

novel host factors (receptors or enzymes) that can be used as new targets for insecticidal 

compounds [27]. Considering our results were profoundly related to the phenotypical effect of 

EOSF on insects, it would be really interesting to explore the mode(s) of action of EOSF 

components using Drosophila as an insect model and whether the resultant findings are 

translatable to other agriculture- and medically-important insects. 

4. Conclusions 

 This study demonstrated the insecticidal effect of essential oil of Syzygium aromaticum 

flower (EOSF) on males and females of D. melanogaster and observed impaired locomotor 

activity of the affected flies before death. Our findings further clarify the potential use of D. 

melanogaster to investigate insecticide candidates in the future. 
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