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ABSTRACT : The aim of this study is to determine the effect of mangosteen pericarp mucoadhesive gingival patch on the MDA
levels and the number of micronuclei in gingival tissues due to panoramic radiography radiation. 35 Rattus norvegicus samples
were divided into 7 groups and were given mucoadhesive gingival patches. Then, the rats were exposed to x-ray radiation. The
gingival tissues were taken for histopathological examination to determine the micronuclei number and TBARS Test for the
MDA levels. There were differences in MDA levels and micronuclei number between rats treated with mangosteen gingival
patches and those did not. Application of mangosteen pericarp mucoadhesive patches can reduce the MDA levels and the number

of micronuclei in rat’s gingival tissues due to panoramic radiography radiation.

Key words : Herbal medicine, malondialdehyde, micronuclei, mucoadhesive gingival patch, Garcinia mangostana L.

INTRODUCTION

Radiographic examination is an important
examination to support the diagnosis and appropriate
treatment, especially in the field of dentistry (Gupta et
al, 2014). Panoramic radiography is a low-dose x-ray
radiography technique, which has a dose of 9-14 uSv
(White and Pharoah, 2014). Although, it is low-dose
radiation, the use of ionizing radiation still has a negative
effect on human cells cannot be fully protected from the
effects of radiation (Zhang et al, 2014; Yusuf et al, 2018).
Panoramic radiography produces ionizing radiation, which
can cause the formation of free radicals in the exposed
area. Free radicals have very reactive properties and
can cause changes to important molecules in cells,
especially DNA (Hasan and Djakaria, 2013).

X-ray radiation produces free radical products in the
form of ROS (Reactive Oxygen Species), which can
trigger oxidative stress and cause cell damage and death
(Kumar et al, 2012). Oxidative stress is an imbalance
ratio between free radicals and antioxidants. Oxidative
stress can cause damage to DNA, RNA, protein and
lipids. ROS will react with unsaturated lipids in cell
membranes and plasma and cause the formation of lipid

peroxide or MDA (Malondialdehyde) (Freitinger et al,
2012; Narmada et al, 2020).

ROS that binds to unsaturated fat molecules or PUFA
(Poly Unsaturated Fatty Acid) will initiate the lipid
peroxidation process. This is a process of oxidative
damage to unsaturated fatty acids that can produce
secondary products in the form of MDA compounds
(malondialdehyde), which are 3-carbon low molecular
weight and are often used as lipid peroxidation markers.
Increased levels of MDA can be interpreted as an
increase in the number of free radicals in the body
(Spirlandeli et al, 2014; Aulia et al, 2017; Nugraha et al,
2020).

The formation of free radicals due to X-ray exposure
can trigger oxidative stress. This can cause DNA damage
due to nucleus anomalies that cause the formation of
micronuclei (Xotlanihua-Gervacio et al, 2018).
Micronuclei are often used as biomarkers of chromosomal
damage that contribute to carcinogenesis (Kesidi et al,
2017) and an increased number of micronuclei
demonstrates the increased frequency of chromosomal
damage and changes in cell nuclei (Shantiningsih and Diba,
2015). Micronuclei are extra-small nuclei formations
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separated from the nucleus. Micronuclei are formed due
to chromosome fragmentation in the nucleus at the
anaphase stage during the process of cell mitosis (Luzhna
et al, 2013).

The human body can suppress the number of free
radicals in the presence of antioxidants. Various studies
have demonstrated that mangosteen peel has several
benefits such as antioxidants, anti-tumor, anti-allergic, anti-
inflammatory, anti-bacterial, anti-diabetes and anti-viral
(Ighodaro and Akinloye, 2018; Ansori et al, 2020).
Mangosteen rind contains high levels of complex
antioxidants, especially phenolic compounds or
polyphenols, including xanthones and epicatechins (Yu et
al, 2007). The xanthone bioactive substance contained
in mangosteen peel extract has the ability to control the
production of cisplatin as a second line antioxidant defense,
inhibiting the chain initiation or breaking the free radical
chain propagation reaction (EL-Meghawry EL-Kenawy
etal,2019).

This study used mangosteen peel extract in a paste
preparation applied in the form of a mucoadhesive gingival
patch. Along with the development of pharmaceutical
technology, the use of drugs in the mucosal area has
developed into mucoadhesive drugs, which is a system
designed to attach to the mucosal layer and has the ability
to extend the contact time of drugs at the application site
(Shan et al, 2011). Patch-shaped drug preparations have
various advantages such as flexible, fast start, easier use
and storage and better accuracy in comparison to other
preparations such as syrup (Silva et al, 2015). This
motivates the authors to study the effect of mangosteen
gingival patch (Garcinia mangostana L.) on MDA levels
and the number of gingival tissue micronuclei in rats
(Rattus norvegicus) due to exposure to panoramic
radiographic radiation.

MATERIALS AND METHODS

This research was an experimental laboratory analytic
study with a randomized post-test only control group
design. The samples of this study were rats (Rattus
norvegicus) weighted 200-250 grams, male, at least 3
months old and in good health. The 35 samples of Rattus
norvegicus were then divided into 7 with 5 rats per group.
The study was conducted after obtaining a certificate of
Ethical Clearance (number: 354 / HRECC.FODM / VI/
2019) issued by the Health Research Ethical Clearance
Commission, Faculty of Dentistry, Airlangga University.

Production mangosteen skin extract

Mangosteen peels were cut into small pieces and
dried for 1 day. The dried peels were then blended and
sieved to obtain a yellowish-brown powder. 250 gr
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mangosteen peel powder was macerated using 96%
ethanol as much as 1000 ml for 2 days and then filtered
with filter paper so as to obtain as much as 600 ml of
liquid. The liquid was evaporated with a Rotary Vacuum
Evaporator at 40°C. The final product was mangosteen
peel paste (Loegito, 2018).

Making the patch gingival mucoadhesive
mangosteen peel extract is made using a solvent
casting technique

Stage 1 : A total of 1.5 grams of CMC-Na was
dissolved in 30 mL distilled water and allowed to stand
for 15 minutes. The mixture was then crushed using a
mortar and stampler to form a gel mass and add 60.3 g
of hot distilled water little by little to the gel base. Stage
II: Dissolve 0.5 grams menthol with enough ethanol and
mix with 0.5 grams of mangosteen peel extract until
homogeneous. Add 2.5 grams of propylene glycol to the
solution until homogeneous. The stage I formula was
mixed in the stage II formula and stirred until
homogeneously weighed 70gr for stage III preparations
into a petri dish and dried in an oven at 45°. Patch resulting
in a gel preparation with elastic properties, not easily torn,
did not affect the results of radiographic examination
(Tiensi et al, 2018).

Application of mangosteen patch in experimental
animals

The gingival patch was applied in all parts of the
maxillary and mandibular of anesthetized rats. The
anesthesia involved 0.2 cc for = 60 minutes. The patches
were cut into small pieces and adjusted to the size of the
gingival mucosa in the rats’ jaw. The patch was applied
by opening the rat’s jaw using a needle holder and
positioned using dental tweezers.

X-Ray irradiation

Radiation exposure was carried out using Asahi
Hyper-X CM digital panoramic dental radiography (power
supply 220V; 1.2; 1.5 kVA; 50/60 Hz). Anesthetized
Rattus norvegicus were arranged in such a way on a
wooden board with a height parallel to the chinrest
panoramic radiographic machine (Pramitasari, 2014).

The research group

The research group was divided based on the
presence or absence of patches and panoramic radiation.
There were 7 groups. The positive control group (KP)
was not irradiated and not treated, negative control group
1 (KN1) was irradiated, not treated and observed on day
1, negative control group 2 (KN2) was irradiated, not
treated, and observed on day 5, negative control group 3
(KN3) was irradiated, not treated and observed on day
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7, treatment group 1 (P1) was irradiated, treated, and
observed on day 1, treatment group 2 (P2) was irradiated,
treated, and observed on day 5 and treatment group 3
(P3) was irradiated, treated and observed on day 7.

Retrieval of animal tissue

Retrieval of the tissue began with ketamine anesthesia
at lethal doses. Half of the maxilla and mandible were
then retrieved. The retrieved tissue was stored in a
physiological NaCl solution for MDA samples and in 10%
formalin for 24 hours for micronuclei samples.

Gingival tissue sample processing for MDA
observation

A total of 0.5 grams of gingival tissue, was mixed in
quartz sand and added 2 ml of 1.15% KCl then crushed
using a mortar until smooth. Insert the softened tissue
into a polypropylene tube and then add 3 ml of 20% Acetic
Acid and 0.4 ml of SDS 8.1%. Add 3 ml of 1%
Thiobarbituric Acid (TBA) and 0.5 ml of HC1 0.1 N, then
homogenize using a vortex mixer. The mixture was
centrifuged at 3000 rpm for 1 minute. The mixture was
heated in a 100°C water bath for 135 minutes and cooled
at room temperature (Shaikh et al, 2011).

Processing samples of gingival tissue for
micronuclear observation

Began with ketamine anesthesia at lethal doses. Half
of the mandibles were then taken. The mandible was
fixed in 10% formalin for 24 hours. Then, the mandible
was transferred to decalcification fluid (pure EDTA) until
the bone has softened (30 days) and ready for the tissue
cutting stage. Once the mandible is soft, the best one
was then chosen according to the location for examination.
The tissue was cut into approximately 2—-3 mm thickness
and put into tapes and coded according to the group. The
tissue was then processed with the Automatic Tissue Tex
Processor for 90 minutes. The tissue was then removed
from the device and blocked with paraffin per tissue code,
cut with a microtome with a thickness of 3—5 microns,
placed in an oven for 30 minutes at 70—800°C, put into 2
tubes of xylol solution for 20 minutes each, put into four
alcoholic tubes (99%, 95%, 90%, 70%) for 3 minutes
each (Hydration) and the last, put in running water for
15 minutes. To make preparations by painting HE
(Hematoxylin Eosin), the solution was Mayer
Hematoxylin carried out for 10 minutes then rinsed with
water. Painting with eosin solution for 30 seconds, then
washed with 70% alcohol, 80%, 90% 95%, 99% each
for 2 minutes and then given xylol for 4 minutes. Then
the mounting process by means of the preparation is
closed with a glass covered balsam canada or entelen
(Indrawati, 2017).

4879

MDA level measurement

Color changes that occur in the solution were
observed using a spectrophotometer at a wavelength of
532 nm and the MDA levels were calculated using a
regression line from the standard curve of solution 1.1.3.3
tetrameter propane.

Measurement of the number of micronuclei

Was done by observing the anatomic histopathological
preparations that have been stained HE under a light
microscope at 400x magnification. The number of
micronuclei was determined by calculating the number
of micronuclei visible on the 5 field of view.

RESULTS

The effect of mangosteen peel gingival patch
(Garcinia mangostana L.) on malondialdehyde (MDA)
levels was examined using a T-BARS test and then
averaged. Measurement of the number of micronuclei
was performed by observing the anatomic
histopathological preparations by staining HE
(Haematoxylin Eosin). Mangosteen peel extract used has
been tested High Performances Liquid Chromatography
(HPLC) using a standard curve dissolved in ethanol to
determine the 4&-mangosteen content and obtained a result
of 1.128%. The average number of MDA levels and
micronuclei are presented in Table 1. Results of the
Kruskal-Wallis of MDA levels and the number of
micronuclei among the study groups are presented in
Table 2.

Table 1 : Average results of MDA test levels and average number of

micronuclei.
No Groups MDA Micronuclei
Levels
1 Positive control groups 0.23135822 0.44
(KP)
2 Negative control groups 1 | 0.24358264 1.76
(KN1)
3 Negative control groups 2 | 0.2681765 4.92
(KN2)
4 Negative control groups 3 | 0.2833073 5.24
(KN3)
5 Treatment group 1 (P1) 0.14507812 1.76
6 Treatment group 2 (P2) 0.14469236 1.87
7 Treatment group 3 (P3) 0.2147984 3.35

Table 2 : Results of the Kruskal-Wallis of MDA levels and the
number of micronuclei among the study groups.

Statistic Test Groups Asym. Sig
Kruskal-Wallis MDA 0.245
One-way Anova Mikronuklei 0.014
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Fig. 1 : Graph of average MDA levels between groups.
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Fig. 2 : Graph of the average number of micronuclei between positive control groups, negative control 1, negative control 2, negative control

3, treatment 1, treatment 2, and treatment 3.

Fig. 1 shows that irradiation can increase MDA levels
on irradiated gingival tissue compared to non-irradiated
samples. The graph shows that the patch reduced the
MDA levels that untreated samples demonstrated higher
MDA levels.

Fig. 2 shows that MDA levels found highest in
negative control group 3 and found lowest at positive
control groups.

DISCUSSION

Panoramic radiography produces ionizing radiation
that can initiate free radical formation in the exposed area
and cause changes to important molecules in cells,
especially DNA (Hasan and Djakaria, 2013). Free
radicals can also cause peroxidation processes that

produce MDA, which is a marker of free radical activity
in the body. Increased levels of MDA can be interpreted
as an increase in the number of free radicals in the body
(Spirlandeli et al, 2014; Aulia et al, 2017). This study
found insignificant differences of MDA levels for samples
treated with a gingival patch containing mangosteen peel.
The results were insignificant in data analysis (Table 1)
and statistical analysis (Table 2). Table 2 shows an
increased mean of micronuclei between the positive
control group and the negative group, and there were
significant differences based on statistics (p <0.05). There
was an increase in the mean micronuclei in negative
control groups onday 1, 5 and 7.

Increased levels of MDA and micronuclei are
consistent with the theory, stating that panoramic
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radiographic radiation exposure has a biological effect in
the form of cell damage through oxidation reactions that
produce free radicals which trigger lipid peroxidation and
micronuclei formation. Sheikh et al (2012) on the
genotoxic effects of panoramic radiographic irradiation
in gingival epithelial cells found a significant increase of
micronuclei in gingival epithelial cells before and after
exposure (Sheikh et al, 2012).

The mean of MDA levels in the treatment groups
was lower than the non-treated groups. This was because
the mucoadhesive gingival patch tract contains xanthone,
which has an antioxidant property (Gutierrez-Orozco and
Failla, 2013). Derivate xanthone, 4-mangostin acts as an
antioxidant that can reduce MDA levels, and it works by
eliminating ROS; therefore, preventing lipid peroxidation
and reducing MDA levels and ROS formed during
oxidative stress processes (Patil and Masand, 2019). We
also use ethanol on dried mangosteen peel extract to
maximize the antioxidant property.

The average number of micronuclei between groups
observed on day 1 was the same. This was possibly due
to the mitosis process that micronuclei formation could
not be observed histopathologically. On observation day
5 and 7, the average number of micronuclei of the
treatment group was not significantly lower than the non-
treatment (p> 0.05).

Radiation-induced tissue changes depend on the dose
and duration of radiation (Dungir et al/, 2012). This study
utilized digital panoramic radiography, which produces a
lower radiation effect compared to conventional
panoramic radiography. The panoramic radiography was
the Asahi Hyper X panoramic, which was according to
Matsuda et al (2009), has a parameter of 12.76 uSv,
whereas conventional panoramic according to Mettler et
al (2008) has a parameter of 0.1 (0.03-0.22) mSv. This
confirms that the digital panoramic radiography used in
the study had a very low radiation dose that could not
cause significant cell changes.

Another factor that might influence was the level of
radiosensitivity of the tissue, which was relatively low
(Saputra et al, 2012). Microscopic examination revealed
that the gingival tissue consists of layered squamous
epithelium and the central core underlying connective
tissue (Okano and Sur, 2010). Squamous epithelial cells
have a low level of radiosensitivity compared to other
cells such as basal cells found in the oral mucous
membrane, and endothelial cells of the vascular system.
Oral mucous membranes consist of a basal layer
consisting of radiosensitive stem cells that are able to
divide and replicate quickly. Radiosensitivity of a tissue
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or organ can be measured by its response to irradiation,
one of which is cell death, which can be caused by the
presence of free radicals in the body (Newman et al,
2019).

Another possibility was the duration of the gingival
patches application. In this study, the timing of patch
removal from the gingival tissue mucosa was uncertain.
The patches removal was quite short considering rats’
small mouth and possibly swallowed as the anesthetic
effect ended in 30 minutes to 2 hours after injection.
Another possible cause was that the patches did not use
ethyl cellulose for backing layer to prevent the entry of
saliva into the patch and cause a swelling process which
can prolong the attachment of the patch and the diffusion
process of active ingredients in the tissue so that the
antioxidant content can work in a maximum level. Previous
studies conducted by Shantiningsih in 2014 on gingival
patch attached to the gingival mucosa New Zealand
rabbit, which lasted up to 6 hours, showed a significant
result (Shantiningsih and Diba, 2015).

CONCLUSION

Application of mangosteen pericarp mucoadhesive
patches can reduce the MDA levels and the number of
micronuclei in rats’ gingival tissues due to panoramic
radiography radiation.
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