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ABSTRACT

Background: Tooth extraction is a common dental procedure that results in an open socket,
creating a susceptible environment for microbial contamination. Such open wounds are
vulnerable to colonization by pathogenic microorganisms, which can impede the normal
wound-healing process. Among these pathogens, Fusobacterium nucleatum is of interest
and can contribute to postoperative infection. F. nucleatum is active in producing toxic
substances such as endotoxins and liposaccharides that can induce cellular events, such
as increasing osteoclast activity and decreasing osteoblast activity, which can cause
alveolar bone resorption. Alpha mangostin, which contains xanthone, is one of the potent
antibacterial substances found in the mangosteen plant and can be beneficial in treating
bacterial infections. Aim: To analyze the antibacterial activity of a-mangostin compound on
the growth of the bacterium Fusobacterium nucleatum.

Material and Methods: This study was an in vitro laboratory experimental study with three
groups: a positive control (amoxicillin), a negative control (distilled water), and treatment
groups with eight concentrations of a-mangostin. The data were collected and statistically
analyzed using SPSS.

Results: The inhibition zone varied across groups. The 100% a-mangostin treatment produced
the second largest zone after the positive control, with an average diameter of 15.94 + 0.35 mm
(range: 15.44-16.35 mm).

Conclusions: Alpha mangostin has antibacterial properties with the greatest antibacterial
activity at a concentration of 100%.
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RESUMEN

Introduccion: La extraccion dental es un procedimiento odontologico comin que produce un
alvéolo abierto, creando un ambiente susceptible a la contaminacion microbiana. Estas heridas
abiertas son vulnerables a la colonizacion por microorganismos patogenos, lo que puede dificultar
la cicatrizacion normal. Entre estos patdgenos, destaca Fusobacterium nucleatum, que puede
contribuir a la infeccion postoperatoria. Fusobacterium nucleatum produce sustancias toxicas
como endotoxinas y lipopolisacarido, que pueden inducir eventos celulares, como el aumento de
la actividad osteoclastica y la disminucion de la actividad osteoblastica, lo que puede causar la
resorcion 6sea alveolar. La alfa-mangostina, que contiene xantona, es una de las potentes sustancias
antibacterianas presentes en la planta del mangostan y puede ser beneficiosa en el tratamiento de
infecciones bacterianas. Objetivo: Analizar la actividad antibacteriana del compuesto a-mangostina
sobre el crecimiento de la bacteria Fusobacterium nucleatum.

Materiales y Métodos: Este estudio fue un experimento de laboratorio in vitro con tres grupos: un
control positivo (amoxicilina), un control negativo (agua destilada) y grupos de tratamiento con
ocho concentraciones de a-mangostina. Los datos se recopilaron y analizaron estadisticamente
mediante SPSS.

Resultados: La zona de inhibicidon vario entre los grupos. El tratamiento con 100 % de a-mangostina
produjo la segunda zona mas grande después del control positivo, con un diametro promedio de
15,94 + 0,35 mm (rango: 15,44-16,35 mm).

Conclusiones: La a-mangostina posee propiedades antibacterianas, con la mayor actividad
antibacteriana a una concentracion del 100%.

Palabras clave: Garcinia mangostana; Extractos vegetales; Antibacterianos; Pruebas antimicrobianas
de difusion por disco; Fusobacterium nucleatum; Extraccion dental.

INTRODUCTION play a significant role in oral diseases are
primarily Gram-negative anaerobic bacteria,

Dry socket is one of the complications that including Fusobacterium nucleatum.®

can occur after tooth extraction.! Dry socket

is a failure to maintain blood clot in the
socket, often caused by fibrinolysis from
anaerobic bacteria.' An open socket with a
sensitive condition can lead to pain and un-
pleasant mouth odor.2 The prevalence of dry
socket is approximately 5%, with a higher
occurrence in the mandible (75%) compared
to the maxilla (25%).3

The oral cavity harbors various types of bac-
teria such as Streptococcus mutans, Staphy-
lococcus aureus, Porphyromonas gingivalis,
and many others.*> The microorganisms that
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Fusobacterium nucleatum is a Gram-negative,
rod-shaped opportunistic bacterium that is
specific to and primarily inhabits the oral ca-
vity and gastrointestinal tract.” This bacte-
rium is closely associated with periodontal
diseases through the formation of biofilms,
host infections, and host responses.” In
the oral cavity, F. nucleatum can establish a
symbiotic relationship with the host in a
healthy state.”

However, F. nucleatum can disrupt the balance
and transform into a pathogen, interacting
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with other pathogens and exacerbating oral
diseases.®® During the inflammatory stage of
wound healing, F. nucleatum remains active
in releasing its toxins, such as endotoxins or
lipopolysaccharides.* These toxin products can
induce cellular events, including stimulation
of alveolar bone, leading to the induction of
increased osteoclast activity and decreased
osteoblast activity, ultimately causing alveolar
bone resorption.*

Antibiotics are generally used as a therapy
for diseases that arise due to bacteria beca-
use of their ability to inhibit bacterial growth
and thereby lower inflammatory responses.’®
However, antibiotics when given at the wrong
dose can cause side effects, such as resis-
tance.™® Consequently, there is a demand for
alternative medicine made of natural or her-
bal substances that can be used as therapy.1°2
Several studies have been conducted to inves-
tigate the content and benefits of natural
substances with antibacterial properties that
can aid and expedite the wound healing pro-
cess, such as the components found in the
mangosteen plant.®

The mangosteen plant (Garcinia mangostana)
is a fruit that grows in tropical regions and
belongs to the Clusiaceae family. It is known
as the "queen of fruits" due to its delicious
taste® Mangosteen has been traditionally
used as a medicinal ingredient in various
countries such as Malaysia, Indonesia, and
Sri Lanka.™ One of its beneficial parts is the
peel, which contains compounds known as
xanthones.® Xanthones are active substances
in mangosteen peel that have been proven
to possess pharmacological activities such as
antibacterial, anti-inflammatory, antifungal,
antioxidant, antitumor, and anti-allergic pro-
perties.”

Xanthones isolated from the mangosteen peri-
carp include a-mangostin, p-mangostin, and
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Y- mangostin.® Among these derivatives,
a-mangostin is reported to be the xanthone
with the strongest pharmacological acti-
vity.® a-mangostin has demonstrated anti-
bacterial activity against microorganisms
by rapidly inducing damage to bacterial
membranes.®™ The antibacterial activity
of a-mangostin occurs through targeting
cyto-plasmic enzymes.” It has also been
shown to inhibit the activity of anaerobic
bacteria, including methicillin resistant
strains of S. aureus, through the targeting
of cytoplasmic enzymes.™

To demonstrate the effectiveness of the
antibacterial properties of a-mangostin
in inhibiting bacterial growth, a diffusion
test is employed.” Disk diffusion testing
is one of the methods used to determine
antibacterial activity.™ The test results are
determined by the presence or absence of
clear zones formed around the paper disks,
indicating the inhibition zone for bacterial
growth.™ Researchers employ disk diffu-
sion testing because it can be completed
more rapidly and allows for simpler measu-
rement of the extent of the inhibition zone
formed since bacteria are active not only
on the surface of the nutrient agar but also
penetrate deeper.™

Since a-mangostin has exhibited various
biological activities, researchers hypo-
thesize that the antibacterial potency of
a-mangostin can inhibit the growth of
Fusobacterium nucleatum. The primary ob-
jective of this research is to identify the
precise concentration percentage requi-
red to inhibit and eliminate the growth of
Fusobacterium nucleatum. It is hoped that
this study can serve as a reference for
scientists and practitioners in utilizing or
developing a-mangostin as an antibacterial
agent.

413



Mujiono KR, Pramudita E, Rizqiawan A, Pramono C, Rochmah YS, Rahman MZ, Humidat AKM. Effects of a-mangostin as an Oral
Antibacterial against Fusobacterium nucleatum. J Oral Res. 2025; 14(1): 411-423. https://doi.org/10.17126/joralres.2025.034

MATERIALS AND METHODS

This in-vitro experimental laboratory study
with a post-test only control group design was
conducted in June-July 2022 at the Research
Center of the Faculty of Dental Medicine
Airlangga University. Ethical clearance (762/
HRECC.FODM/XI/2022) was approved byZ
The Health Research Ethical Clearance Com-
mission (HRECC) Faculty of Dental Medicine,
Airlangga University. This study was carried
out on ten groups, consisting of a negative
control (K(-)) group with distilled water, a
positive control (K(+)) group with amoxicillin,
and eight a-mangostin treatment groups at
different concentrations.

The Federer formula was used to determine
the sample size where the minimum sample
required for each group was 2.6 replications.
To ensure the reliability of the findings, five
replicates were performed for each group.

Bacterial Strain and Antimicrobial Agents

Fusobacterium nucleatum ATCC 25586 (Pro-
duct number R4602010, Thermo) was obta-
ined from the Research Center of the Faculty
of Dental Medicine Airlangga University. Fur-
thermore, a-mangostin M3824 used in this
study was purchased from Sigma-Aldrich (St.
Louis, MO, USA) where each group requires
sample preparation of a-mangostin up to eight
concentrations namely 100%, 50%, 25%, 12.5%,

Figure 1. Flow diagram of the research method

©)

®
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6.25%, 3125%, 1.5625%, and 0.78125%.
Bacterial Preparation

Fusobacterium nucleatum bacteria were
cultured on tryptic soy broth (TSB) CM0129
(Oxoid) media in anaerobic condition for 48
hours at 37°C until turbidity was observed.
Following anaerobic incubation, the bacte-
rial suspension was standardized to a 0.5
McFarland standard. (0,5x108 CFU ml"). Then,
bacteria were cultured on solid Mueller-
Hinton agar (MHA) using swab technique.

Diffusion Method

Diffusion was carried out serially by adding
0.01mg/ml of a-mangostin into 0.01 ml of dis-
tilled water until a sample concentration of
100%, 50%, 25%, 12.50%, 6.25%, 3.12%, 1.56%,
0.78% was obtained. For sample prepa-
ration, 10 mg of amoxicillin powder (derived
from a 500 mg dose) was dissolved in 0.01
mL of distilled water. Susceptibility testing
requires sterile paper disks impregnated
with a-mangostin test samples from each
concentration, with 0.01 ml of amoxicillin on
the ones that served as a positive control,
and with 0.01 ml of distilled water on the
ones used as a negative control.

The paper disks were then placed on the
surface of Mueller-Hinton agar (MHA) follo-
wed by incubation for 48 hours anaerobi-
cally at 37°C. Then, the diameter of the inhi-
bition zone formed around the paper disc

Descripction:
a. Diamenter of the inhibition zone.
b. Diameter of the paper disc.
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was observed and measured using a vernier
caliper. The measurement of the inhibition
zone diameter is obtained using lines a, b, A,
and B. The calculation begins by subtracting
the horizontal diameter of the inhibition
zone from the horizontal diameter of the
disk (a - A) and the vertical diameter of the
inhibition zone from the vertical diameter of
the disk (b - B). The sum of these two results
is then divided by two. (Figure 1)

Statistical Analysis

IBM SPSS Statistics version 20.0 for Win-
dows was used for the statistical analysis.

Figure 2. Flow diagram of the research method

The Shapiro-Wilk and Levene test was used
to assess the data's homogeneity and
normality.

Analysis of variance (ANOVA) can be used
to evaluate hypotheses if the data satisfies
the preliminarily established assumptions.
If not, the Kruskal-Wallis test and the Mann-
Whitney advanced test were used to evalu-
ate the data using non-parametric analysis
in order to find the significant difference
between groups.

With a significance threshold p<0.05, a pro-
bability method can serve as a basis for de-

Fusobacterium nucleatum on tryptic soy broth (TSB) media

Incubated for 48 hours

bacterial suspension standardized with McFarland 0.5

anaerobically al 37°C,

Fusobacterium nucleatum cultured on
Mueller-Hinton agar (MHA) media using swab technique

Paper disc dripper with sample of

Control Group

Treatment Group

Negative control
(K) aquades
o.0o1ml

Positive control

1 (K" Amoxicillin

0.001ml

a-mangostin 0.01 mg/ml
at 8 different concentration

[
100% 50% 25% 12.5%
6.25% 312% 156% 0.78%

Paper discs placed on the surface of Mueller-Hinton agar (MHA) media

Incubated for 48 hpurs anacrobically al 37°C

Measurements of the inhibition zone diamenter formed
around the paper dises using vernier caliper

Data Analysis
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Figure 3. The formation of inhibition zones of Fusobacterium nucleatum by a-mangostin

Table 1
Characteristics of the inhibition zones induced by of a-mangostin on the growth of
Fusobacterium nucleatum

Variable Concentration of Minimum Maximum Mean + SD
a-mangostin (mm) (mm) (mm)
Inhibitory Zone K(-) 0.00 0.00 0.00+0.00
K (+) 18.4 20.51 19.57+0.99
100% 15.44 16.35 15.94+0.35
50% 12.22 12.80 12.55+0.24
25% 10.4 10.95 10.69+0.21
12.5% 6.6 178 715+0.51
6.25% 0.00 0.00 0.00+0.00
3.125% 0.00 0.00 0.00+0.00
1.56% 0.00 0.00 0.00+0.00
0.78% 0.00 0.00 0.00+0.00
Table 2

Results of the normality test of the Fusobacterium nucleatum growth inhibition zones.

Group [\ Significance
K (+) 5 0.105
100% 5 0.900
50% 5 0.586
25% 5 0.875
2.5% 5 0.396
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Table 3

Significance result of growth Inhibition Zone of Fusobacterium nucleatum

Group Average
K (+) 19.57
100% 15.95
50% 12.56
25% 10.69
12.5% 71

Table 4

p-value

0.01

Putative classification of the minimum and maximum diameters of the four concentrations of the

control group and the positive control group

a-Mangostin

Concentration

Inhibition
Zone Diameter

Results

(+) Control Group 18.4 mm Sensitive (S)
20.5T mm Sensitive (S)
100% 15.44 mm Moderately sensitive (MS)
16.35 mm Moderately sensitive (MS)
50% 12.22 mm Resistant (R)
12.80 mm Resistant (R)
25% 10.4 mm Resistant (R)
10.95 mm Resistant (R)
12.5% 6.6 mm Resistant (R)
778 mm Resistant (R)

cision-making. (Figure 2)
RESULTS

Ten treatment groups were used in this
study, with distilled water serving as the
negative control and amoxicillin as the po-
sitive control, and eight concentrations of
a-mangostin: 100%, 50%, 25%, 12.5%, 6.25%,
3.12%, 1.56%, and 0.78%, (Figure 3).

In Table 1, it was found that the positive con-
trol group had the largest average diameter
of the inhibition zone for the growth of Fuso-
bacterium nucleatum (19.57+0.99 mm), with a
minimum diameter of 18.4 mm and a maximum
diameter of 20.51.

The a-mangostin group with a concentration
of 100% showed the second-best inhibition
zone growth for Fusobacterium nucleatum
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bacteria after the positive control, with an
average diameter of 15.94+0.35 mm, a minimum
diameter of 15.44 mm, and a maximum dia-
meter of 16.35 mm.

The a-mangostin group with a concentration
of 50% also exhibited the third-best inhibi-
tion zone growth for Fusobacterium nuclea-
tum bacteria after the positive control, with an
average diameter of 12.55 + 0.24 mm, a mini-
mum diameter of 12.76 mm, and a maximum
diameter of 12.22 mm. The a-mangostin group
with a concentration of 25% had an average
diameter of 10.69 + 0.21 mm, a minimum
diameter of 10.95 mm, and a maximum dia-
meter of 10.40 mm.

Lastly, the a-mangostin group with a con-
centration of 12.5% had an average diameter of
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714 + 0.51 mm, a minimum diameter of 7.78 mm,
and a maximum diameter of 6.6 mm. The
normality test used in this study used the
Shapiro-Wilk test with a significant p=0.05.
Based on Table 2, it was found that all data
groups were p>0.05 which can be concluded
that the normality test was fulfilled.

Table 3 with the Kruskal-Wallis test (p<0.05)
or HO is rejected. This means that there was
a significant decrease in the average activity
of Fusobacterium nucleatum bacteria in teh
presence of a-mangostin.

This study has put the clinical laboratory
standards for inhibition zone diameter ac-
cording to the National Committee for Cli-
nical Laboratory Standards, (Table 4).

DISCUSSION

Mangosteen peel extract (Garcinia mangos-
tana) has been reported to exhibit broad-
spectrum antibacterial activity against Gra-
mpositive and Gram-negative bacteria.®"®
Additionally, xanthone compounds have been
shown in numerous investigations to exhibit
outstanding pharmacological properties as
an antibacterial agent,®" and a-mangostin, as
one of its main active compounds, has been
shown to possess various bioactivities and re-
ported to have inhibitory effects against pu-
tative periodontopathogens.®

For that reason, this study attempts to make
use of these natural compounds in the hope
that this study can serve as a referen-ce
in utilizing or developing a-mangostin as
an antibacterial agent for use in the field
of dentistry. The study was carried out
to determine the antibacterial efficacy of
a-mangostin against the growth of Fuso-
bacterium nucleatum bacteria utilizing the
disc diffusion method. The use of the disc
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diffusion method has the advantage that
the test is relatively easy, fast, and can be
tested with a large number of samples in a
single trial.”

In this study, distilled water was used as
a negative control and amoxicillin was
used as a positive control. The choice of
distilled water as the negative control is
because it is the solvent used to dilute
the material being tested, and it is proven
that the addition of distilled water has no
effect on the outcome or results.?® The
study’s findings demonstrated an absence
of an inhibitory zone in the negative control
group, indicating that the distilled water did
not contain antibacterials.

Amoxicillin was used as a positive control
because amoxicillin is a broad-spectrum
penicillin antibiotic and is frequently pres-
cribed as the antibiotic of choice for mild to
moderate odontogenic infections due to
its effectiveness against various facultative
anaerobic bacteria, its low level of toxicity,
and long half-life.® The study’s findings
showed that the positive control group
produce the largest diameter of inhibition
zone with an average diameter 0f 19.57 + 0.99
mm, a maximum diameter of 20.51 mm, and
a minimum diameter of 18.4 mm.

According to the average number of Fuso-
bacterium nucleatum bacterial colonies
(Table 1) among the eight a-mangostin con-
centration, the growth of bacterial colo-
nies was found with the average calculation
results decreasing as the concentration
of a-mangostin increased. This was in line
with a study by Tangsuksan et al.,'”® where
the fungicidal and bactericidal mechanisms
of their a-mangostin soluble film were
shown to be concentration-dependent and
increased in a dose-dependent manner.
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Another study by Nguyen et al.,?® reported
that the addition of a-mangostin concen-
trations could increase antibacterial pro-
perties because substances with large mo-
lecules and weights could not penetrate the
bacteria so they were rejected by the oral
coatings present in the bacterial cells.

The present study revealed that the minimum
inhibitory concentration (MIC) of a-mangostin
against F. nucleatum colonies was 12.5%. Ac-
cording to previous research, the MIC of a-
mangostin against A. actinomycetemcomitans
bacteria is 0.01953%.2* Our observation demo-
nstrated that the minimum bactericidal con-
centration (MBC) which results in microbial
death was obtained at a concentration of 25%.
The bactericidal effect follows a previous in
vitro test of a-mangostin against S. aureus
which is the rapid bactericidal activity of
a-mangostin against S. aureus persister cells
and found that o-mangostin proficiently
suppresses the gene involved in S. aureus
persister formation.?

The ability of a-mangostin to inhibit and kill
bacteria comes from xanthone compounds
which have quite high cytotoxic activity
against bacteria.® Xanthones are capable
of coagulating proteins that cause the bac-
terial cytoplasmic membrane to become
lysis due to the leakage of the intracellular
components of bacteria.2® Anti-microbial
activity may involve three mechanisms of
action. Firstly, the potential effects of cy-
toplasmic membrane disruption and in-
creased permeability. Secondly, inhibits B-
lactamase activity. Finally, also damages the
peptidoglycan structure.?

These mechanisms can reduce the perme-
ability of bacterial cell walls, which will
cause the bacteria to experience nutritional
deficiency, which will ultimately cause the
bacteria to die.® It was found that a-man-
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gostin test groups with concentrations of
6.25%, 3.12%, 1.56%, and 0.78% did not affect
bacterial growth. Meanwhile, the positive
control group and other test groups with
higher concentrations (100%, 50%, 25% and
12.50%) responded by forming an inhibition
zone around the paper disc. The inhibition
zone indicates that a-mangostin contains
anti-bacterial properties against the growth
of Fusobacterium nucleatum. The diameters
of the zones of inhibition were measured
using vernier calipers to the nearest whole
millimeter as recommended by the Natio-
nal Committee for Clinical Laboratory Stan-
dards.?>%

The sensitivity status of bacteria was deter-
mined according to the specifications of the
Clinical and Laboratory Standards Institute
(CLSI) which divided into 3 categories, namely
sensitive (218 mm), moderately sensitive (14 -
17 mm), and resistant (< 13mm).2+28

According to the results of this study, paper
disc with 100% o-mangostin concentra-
tion droplets produce the second largest
inhibition zone after the positive control
group with an average diameter of 15.94 +
0.35 mm, @ maximum diameter size of 16.35
mm, and a minimum diameter size of 15.44
mm. In the range of minimum and maximum
diameter values formed, the results are
moderately sensitive, which means that
the therapeutic response of the bacteria is
low and there is a possibility of failure to
achieve this response. When compared with
the concentrations of the other treatment
groups, concentrations of 50%, 25% and
12.5% showed resistant results where the
bacteria did not respond to the antibiotics
given and therefore were included in the
failure of the therapeutic response.

Thus, our observation demonstrated that
a-mangostin exhibits concentration-depen-
dent bactericidal activity, whereby increasing
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the dose will maximize the rate and extent
of bactericidal activity.?*3° Dosing regimens
such as raising the dose or the frequency of
drug administration, or both, are required to
intensify drug exposure to a bacterium and
possibly enable equivalent effi-cacy at greater
convenience.

This approach represents a novel strategy to
mitigate the emergence of antibiotic resis-tance.
There are several limitations to this study, in-
cluding a wide gap in the range of a-mangostin
concentration used, leading to less precise
minimum concentrations that can be classified
within the sensitivity categories.

Another disadvantage was the fact that this
study was carried out in vitro and was res-
tricted to a single species of bacterium, so it
could not be generalized to clinical settings.

In the meantime, the normal flora of the oral
cavity is highly complex and does not consist
of a single type of bacteria, hence testing of
a-mangostin activities on multispecies of dental
biofilms should be carried out to mimic the oral
cavity in vivo. Further, mechanisms involved in
the antimicrobial activity of the a-mangostin
should be determined in future studies.
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CONCLUSIONS

According to the findings of the study,
a-mangostin can inhibit the growth of the
bacterium Fusobacterium nucleatum in vitro
with the strongest antibacterial power at a
concentration of 100%.

However, failure to achieve a therapeutic res-
ponse is still possible even at the maximum
dose. Further in vivo studies regarding toxi-
city, pharmacokinetic profiles, and bioavaila-
bility in normal subjects and those with other
pathogenic bacteria still need to be explored.
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