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Abstract: Research to discover certain medicinal plants' antibacterial activity against Staphylococcus
aureus was mostly performed in vitro. The purpose of this research was to investigate the antibacterial
activity of ethanol extract of legundi leaves (EELL) against S. aureus using model organism Drosophila
melanogaster. The extract was prepared by the maceration method using 70% ethanol. The antibacterial
activities of EELL were determined by using fly survival assay and bacterial colony-forming assay. Fly
survival assay was conducted to investigate the extracts' ability to enhance the survival of D.
melanogaster (host) upon S. aureus infection. The results demonstrated that both EELL were able to
increase the survival rate of the S. aureus-infected Drosophila. Furthermore, a colony-forming assay
was carried out to determine the growth of bacteria in the host body that has been considered an
important pathogenic factor for the host. The result found that the number of bacteria recovered from
the EELL-treated infected flies was significantly lower than the ones obtained from the infected flies
without any treatments. Overall, EELL protects the S. aureus-infected hosts, suggesting the potential
antibacterial effect of EELL against S. aureus.
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1. Introduction

Infectious diseases are considered major health problems that continue to rise
worldwide [1, 2], including in Indonesia [3]. Infectious diseases can be caused by four major
groups of microorganisms; bacteria, fungi, viruses, and parasites [4]. One example of bacteria
that can cause infection is Staphylococcus aureus [5]. Almost everyone has experienced S.
aureus infections during life, from mild skin infections to life-threatening nosocomial
infections [5, 6]. Treatment of diseases caused by S. aureus infection was previously performed
using B-lactam group antibiotics, such as penicillin, cephalosporin, and their derivatives [7].
However, this pathogen rapidly becomes resistant to many antibiotics [8, 9], creating massive
problems worldwide. Increased resistance of S. aureus to different types of antibiotics
eventually remarks the urgent need for new antibiotics with novel mechanisms of action [10,
11]. Many efforts have been put at stake to discover antimicrobial drugs with such specific
modalities to achieve the purpose.

Antibiotics can be obtained from different sources, either isolated from natural
resources or by chemical synthesizing from available materials [12-14]. An example of natural
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sources prospective for antimicrobial activity is legundi (Vitex trifolia L.) [15]. Extract of
legundi (V. trifolia L.) leaves shown to have antibacterial properties against S. aureus [16, 17].
However, the result was obtained under the in vitro condition (agar diffusion method). In the
field of drug discovery, results obtained in the in vitro assay sometimes do not reflect the actual
condition that may happen when using animal models or even humans [18, 19]. For example,
some antimicrobial compounds undergo pharmacokinetic metabolism before exerting their
antibacterial effect [20]. In such cases, the original compounds may produce less antibacterial
inhibitory profiles in the in vitro setting. Therefore, we believed that it is necessary to carry out
further testing to determine the prospective antibacterial effect of Vitex trifolia leaves extract
in vivo (using animal test).

Currently, the fruit fly (Drosophila melanogaster) becomes one of the alternatives in
vivo platforms that are being developed internationally as a model organism to examine
physiological and pathological conditions of eukaryotic organ systems, sometimes
recapitulating human conditions [21-23]. Drosophila melanogaster has many advantages, such
as similar genetic makeup to humans (about 65%) [22], can be infected with human pathogenic
bacteria and amenable for antimicrobial treatments [24-29], faster reproduction, lower
maintenance, and testing costs, and do not require a code of ethics use of experimental animals
in the study [22, 30, 31]. In addition, drugs used to treat diseases in humans may have similar
therapeutic effects on D. melanogaster, such as celecoxib, doxorubicin, doxycycline, L-Dopa,
phenytoin, and some antibiotics such as tetracycline, rifampicin, and linezolid [32-34].

The application of the insect model system in the anti-infective drug discovery was
exemplified by Hamamoto et al. (2015) in the discovery of Lysosin E antibiotics with new
mechanisms of action [35]. The notion that insects, particularly D. melanogaster, can be used
as a model organism(s) at the initial stage of antimicrobials drug discovery has been supported
by published literature [24-27, 36, 37]. With the support of information availability and various
types of mutants, D. melanogaster is highly potential to be used as a model organism in the
preliminary testing of antimicrobial candidates [31] and the investigation of contributing
factors in the pathogenesis of emerging infectious diseases, including Coronavirus Disease
(COVID)-19 [38]. This research was conducted to determine the protective effect of ethanol
extract of legundi leaves (EELL) against S. aureus using model organism D. melanogaster.
The results obtained here will provide information on the prospective antibacterial effect of
EELL in the in vivo condition.

2. Materials and Methods
2.1. Bacterial strains, fly stocks, and preparation of fly infection model.

Staphylococcus aureus ATCC 29213 strain was used in all infection experiments
conducted in this study. Preparation of S. aureus infection model using adult male w!!® D.
melanogaster at the age of 4-7 days old was carried in this study, using previously established
procedure [26, 27]. Briefly, S. aureus was cultured in Nutrient Broth (NB) medium for 1x24
hours at 37°C, collected, and washed several times with PBS followed by resuspension in PBS
before use. The in vivo infection model was prepared by needle pricking method, piercing the
fly thorax with a special needle that has been previously dipped into the S. aureus suspension.
Before the injection process, flies were anesthetized with CO2. After pricking, flies were
transferred into vials containing standard fly food. Subsequently, they were observed for
several minutes until all flies recovered from anesthesia (+ 15 - 20 minutes). At this stage, dead
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flies were excluded for further process. After recovery, flies were finally transferred to new
vials corresponds to their intended treatments (in the presence or absence of antibiotics or
EELL at certain concentrations), followed by subsequent experiments. All flies were
maintained in standard laboratory conditions (12 hours light and 12 hours dark cycle, standard
cornmeal-agar food, 25°C).

2.2. Plant extract preparation.

Legundi (V. trifolia L.) leaves were collected from some of the areas in Makassar, South
Sulawesi, Indonesia. Samples were processed through wet sortation and subsequently dried in
an oven at 40°C. The legundi leaves were then extracted by maceration with ethanol 70% for
1x24 hours followed by 2 times re-maceration processes. The solvent of the filtrate was
evaporated with a rotary evaporator to obtain the suitable thickened ethanol extract of legundi
leaves (EELL). Finally, the extract was dissolved in distilled water before incorporation into
fly food until intended concentrations of EELL (1%; 5%; and 25%) were achieved.

2.3. Survival assay.

Five groups of S. aureus-infected Drosophila and one group of mock-infected
Drosophila (healthy control) were prepared. Thirty adult males of The w8 flies were assigned
randomly into each group. Of five groups of S. aureus-infected Drosophila, one group was
assigned as the negative control group (fed only with standard fly food), and one group was
assigned as the positive control group (fed with fly food containing tetracycline 200 pg/g). The
remaining three groups of S. aureus-infected Drosophila were allocated as treatment groups
(fed with fly food containing either 1%, 5%, or 25% of EELL). All fly groups were incubated
at 29°C and monitored daily for survivorship by observing the number of dead flies every day
until no live flies were observed in the negative control group (Fig. 1). Results were recorded
and processed using GraphPad Prism®8, and data is prepared as a Kaplan-Meier curve and
statistically analyzed with the Log-Rank Test.
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Figure 1. Timeline for fly preparation and observation of survival rate in the infection experiment. Adult males
of the “*118 D, melanogaster at 4-7 days old age were assigned into six groups. All flies, except those in the healthy
control group, were subjected to a pricking procedure with S. aureus inoculum and then transferred into vials
containing intended treatments. Flies in the positive control group were treated with tetracycline, and the ones in
the negative control group received no additional treatment other than standard fly food. The remaining three
groups of S. aureus-infected flies were separately subjected to EELL treatment at a concentration of either 1%,
5%, or 25%. Survival rates were observed daily after bacterial injection. The observation was ended on day 7 post
pricking. EELL: ethanol extract of legundi leaves.
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2.4. Colony-forming assay.

Three groups of S. aureus-infected Drosophila and one group of mock-infected
Drosophila (healthy control) were prepared as described in section 2.3. All groups (with 10
flies in each group) were maintained at 29°C, then observed daily until 72 hours post-infection.
Five live flies of each group were then separately transferred into a Treff tube then manually
crushed using a micropestle. During that process, 100ul PBS (Phosphate Buffer Saline) was
added to the tube to obtain a homogeneous concentrate liquid. The homogenate was then
subjected to centrifugation at 5,000 rpm for 3 minutes until the supernatant was separated from
the precipitate. To reduce the bacterial cells' density, a serial dilution of the obtained
supernatant was carried out by a 10-fold serial dilution (10ul into 90 ul PBS and up to 10-3
dilution was obtained). After that, 50uL from each dilution was dispersed in a Petri dish
containing Vogel-Johnson Agar (VJA) medium with 1% potassium tellurite. The number of
viable S. aureus colonies grown after overnight incubation at 37°C was counted and expressed
as cfu/ml. The results were processed and analyzed using the GraphPad Prism® 8. All data were
reported as mean + S.D, and statistical analysis by one-way ANOVA was performed. A
simplified timeline for this procedure can be seen in Fig. 2.
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Figure 2. Timeline for colony-forming assay. Adult males of “'8 D, melanogaster at 4-7 days old of age were
assigned into four groups. All flies, except those in the healthy control group, were subjected to a pricking
procedure with S. aureus inoculum and then transferred into vials containing intended treatments. Flies in the
positive control group were treated with tetracycline, and the ones in the negative control group received no
additional treatment other than standard fly food. The EELL-treated group was given EELL treatment at a
concentration of 5%. Survival rates were observed daily after bacterial injection until 72 hours post-infection.
EELL: ethanol extract of legundi leaves.

3. Results and Discussion

3.1. Enhancement of S. aureus-infected flies survival in the presence of EELL.

Based on the results of survival assay analysis (Fig. 3), it can be seen that around 60%
of flies in the negative control group were succumbed on the third days after being pricked
with S. aureus. In comparison, 90% population of the healthy control group survived until the
end of the study. Such discrepancy of survival between these two groups indicated the negative
effect of S. aureus on the fly lifespan, possibly due to infection, as suggested in our previous
studies [24, 27]. Furthermore, around 80% of flies in the positive control group (which were
treated with tetracycline 200 pg/g contained in their fly food) could survive at three days post
pricking with S. aureus. As shown in Fig. 3, the survival rate of tetracycline-treated flies was
positively improved, indicating that tetracycline administration can yield a protective effect on
S. aureus-infected D. melanogaster. In addition to that, results of the survival assay shown by
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all control groups used in this study were similar to our previous publications [24, 27]. This
was important to reassure that our infection procedure was performed properly manner.

The survival rates of EELL-treated flies at a concentration of 5% and 25% were
positively improved compared to the S. aureus-infected Drosophila in the negative control
group. However, the flies treated with 1% of EELL demonstrated no improvement in the
survival rate upon S. aureus infection, suggesting that at 1% concentration, the amount of
antibacterial compound(s) in the EELL might be insufficient to overcome bacterial infections.
Nevertheless, it is important to note that the survival rate of flies shown in Fig. 3 signifies the
importance of EELL improving the likelihood of S. aureus-infected D. melanogaster to survive
during the course of infection. In addition to that, since 5% and 25% of EELL yielded a similar
survival profile, we believed that 5% of EELL would be sufficient to be used in the next
experiment.
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Figure 3. Survival rate of S. aureus-infected flies in the presence or absence of EELL. Adult male w8 flies at
4-7 days after eclosion were infected with S. aureus by pricking followed by subsequent treatment with fly food
containing either tetracycline (positive control) or EELL at a concentration of 1%, 5% or 25%. Healthy flies were
given normal fly food (healthy control) and S. aureus-infected flies in the absence of any treatments (negative
control) were also included in the assay. All groups were subjected to survival assay. EELL: ethanol extract of
legundi leaves.

3.2. Inhibition of S. aureus growth in infected flies upon EELL treatment.

We have shown that improvement of fly survival, as seen in Fig. 3 can be achieved by
reducing bacterial propagation in the infected flies irrespective of bacterial species [24-27]. To
examine whether this notion is true in this particular study, we performed a colony-forming
assay. In this assay, we calculated the number of S. aureus (that can be recovered from the
infected flies) after serial dilution and incubation on VJA. As can be in Fig. 4, the number of
S. aureus colonies recovered from the flies in the positive control group was significantly lower
than the ones obtained from the negative control group, further supporting the notion that
increased fly survival (Fig. 3) was linearly correlated to bacterial propagation (Fig. 4).
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Figure 4. Reduction of bacterial propagation in S. aureus-infected flies in the presence EELL. Adult male w8
flies at 4-7 days after eclosion were infected with S. aureus by pricking followed by subsequent treatment with
fly food containing either tetracycline (positive control) or EELL at a concentration of 5%. Healthy flies given
normal fly food (healthy control) and S. aureus-infected flies in the absence of any treatments (negative control)
were also included in the assay. All groups were subjected to colony-forming assay. EELL: ethanol extract of
legundi leaves.
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To examine the effect of EELL on bacterial propagation, we carried out a similar
colony-forming assay experiment. Our result (Fig. 4) showed that the treatment of 5% EELL
to S. aureus-infected flies could reduce the number of recovered bacteria, reported as CFU/mL,
demonstrating the significance of EELL to negatively affect the growth of S. aureus in
Drosophila model of infection in vivo.

4. Conclusions

Ethanol extract of legundi (V. trifolia L.) leaves (EELL) yielded in vivo antibacterial
activity against S. aureus in the Drosophila model of infection. While the results presented
here could not provide detailed explanations on the anti-staphylococcal mechanism of action
of EELL, we could at least demonstrate for the first time the antibacterial effect of legundi (V.
trifolia L.) leaves against S. aureus in an in vivo insect platform. Future studies to elucidate the
prospective antibacterial candidates before pharmacological and toxicological assays in higher
eukaryotes, including non-human primates, are highly encouraged.
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