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ABSTRACT

Background. Gingivitis is an inflammation of the gums that is the initial cause of the
development of periodontal disease by the activity of Nuclear Factor-kappa B (NF-
kB), Interleukin-1f (IL-1f), Interleukin-6 (IL-6), p38, and Tumor Necrosis Factor-
o (TNF-a). Unaddressed chronic inflammation can lead to persistent disturbances in
other parts of the body. Brazilin is a naturally occurring plant chemical that may have
antibacterial and anti-inflammatory effects. Treatment based on the natural plant
compound, brazilin, is developed in the form of a topical cream for easy application.
Objective. The aim is to develop the natural compound brazilin in the form of a topi-
cal cream as an anti-inflammatory agent to reduce NF-kB expression through Imuno-
histochemistry (IHC) methods, and the expression of pro-inflammatory genes IL-1§,
IL-6, p38, and TNF-a.

Methods. Male Sprague-Dawley rats were induced with gingivitis using P. gingivalis
bacteria. The observed groups included rats treated with a single application

of brazilin cream and rats treated with two applications of brazilin cream. The
treatment was administered for 15 days. On days 3, 6, 9, 12, and 15, anatomical
wound observations and wound histology using hematoxylin-eosin and Masson’s
Trichrome staining were performed. NF-xB protein expression was analyzed using
the IHC method. Gingival inflammation gene expression of NF-kB, IL-1f3, IL-6, p38,
and TNF-a was measured using g-RTPCR.

Results. Single and double applications of brazilin cream increased angiogenesis and
decreased NF-xB protein expression, in addition to the IL-1f, IL-6, p38, and TNF-a
gene expressions.

Conclusion. In a rat gingivitis model, Brazilin cream may function as an anti-
inflammatory agent in the gingival tissue.
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INTRODUCTION

Periodontal disease (PD) is a condition characterized by inflammatory wounds with signs
of damage to the tissues supporting the teeth, including the gingival tissue and connective
tissue that attaches the teeth to the alveolar bone (periodontal ligament) (Paul et al., 2021).
A bad microbiome situation close to the gum line, called periodontal disease (Abusleme
et al., 2013), is marked by differences in the microbes that live there and how the body’s
immune system reacts to them. One of these disorders, gingivitis, is characterized by
gingival inflammation due to the cumulative influence of certain microbes. Gingivitis can
develop into periodontitis, a condition marked by the deterioration of tissues supporting
the teeth, if treatment is not received (Lde et al., 1986). Science acknowledges gingivitis as
the precursor of several periodontal illnesses, including periodontitis, even though some
cases of gingivitis are benign and treatable. Gingivitis is gum inflammation caused by

a buildup of dental plaque, characterized by redness and swelling of the gums without
loss of tooth attachment. If left uncontrolled, gingivitis can progress to more serious
periodontitis. Good control of gingivitis can prevent periodontal tissue damage (Trombelli
et al., 2018). The World Health Organization’s records indicate that periodontitis affects
approximately 35-50% of people worldwide, with gingivitis affecting 9-17%. During
puberty, this number rises to 70-90%, accounting for around 47% of the adult population
(Holm-Pedersen, Walls ¢» Ship, 2015; Eke et al., 2012). Other prevalences of gingivitis in the
records (Fan et al., 2021) ranged from 23 to 77% in young Latin American individuals and
28.58% in children aged 612 years in Jinzhou, China.

Several factors contribute to periodontal disease, including excessive and unrestricted
smoking, poor dental hygiene, unrecommended drug consumption, advanced age, and
disturbed mental conditions (stress) (Nazir, 2017). Risk factors for poor oral hygiene cause
more gingival crevicular fluid (GCF) to flow because more pathogen-associated molecular
patterns (PAMPs) cause bacterial plaque to form (Cekici et al., 2014). Inflammation of
cells close to the periodontal epithelium is caused by the growth of gram-negative bacteria,
which sets off the innate immune pathway (Fujita et al., 2018; Kumar, 2017). We know
that toll-like receptors (TLRs) cause inflammation and that they also cause inflammation
in the periodontal ligament, gingival fibroblasts, and dendritic cells (Song et al., 2017;
Behm et al., 2019). Some cytokines and chemokines that cause inflammation are Tumor
Necrosis Factor-a (TNF-a), Interleukin-13 (IL-1f), Interleukin 6 (IL-6), Interleukin 8
(IL-8), Interleukin 12 (IL-12), Interleukin 17 (IL-17), and receptor activator of nuclear
factor kappa f ligand (RANK-L). These chemicals are more commonly found in cells that
are close to each other in connective tissue and alveolar bone (Duka et al., 2019).

More than 70,000 people took part in the study by Da Silva et al. (2017), who looked
at genetic variations in genes like IL-1a, IL-1, IL-6, IL-10, and matrix metalloproteinase
(MMP-3). These variations were carefully looked over and compared to see how much
the genome was affected by periodontal genetic factors. The results showed that MMP-9
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is significantly linked to the risk of getting periodontitis. Also, nuclear factor kappa B
(NF-xB) is important for the swelling and irritation that affects the gums and alveolar
bone around teeth, especially when gum diseases like gingivitis and periodontitis are
present (Ghafouri-Fard et al., 2022). In certain conditions, elevated NF-kB expression can
exacerbate inflammation (Arabaci et al., 2014).

Southeast Asia is home to the plant Caesalpinia sappan L., also known as brazilian wood
or sappan wood, which belongs to the leguminous plant family. Natural compounds such as
brazilin, found in sappan wood, have resulted to its widespread use as food or a traditional
medicinal drink (Toegel et al., 2012). Studies have discovered the potential of the substance
known as brazilin to protect cells from oxidative stress, along with its anti-inflammatory,
antibacterial, hypoglycemic qualities, and its biological effects on a variety of pathologies
such as fibrillogenesis, osteoarthritis, Parkinson’s disease, Alzheimer’s disease, and others
(Nava-Tapia et al., 2022).

Topical creams and gels enable the targeted delivery of active ingredients to specific
areas, reducing the risk of impacting beneficial bacteria in the oral microbiome (Amiri et
al., 2021). The pharmaceutical industry has extensively explored the use of cream-based
applications on gums due to the biodegradable and biocompatible properties of these
creams. People widely use cream because it improves patient tolerance, has fewer side
effects, tends to be non-toxic, rarely causes allergies, doesn’t irritate the eyes or skin, and
has lower production costs (Deogade, Deshmukh ¢ Sakarkar, 2012). Calendula and aloe
vera, two anti-inflammatory creams and gels, have demonstrated their ability to reduce
inflammation and promote healing. Therefore, researchers came up with a new way to use
the active compound brazilin from C. sappan plants. They made an ointment cream and
tested it on an animal model of gingivitis by looking at gene expression of NF-«xB, IL-1f3,
IL-6, p38, and TNF-a. The results showed that the cream could help prevent gingivitis,
which leads to periodontal disease.

MATERIALS & METHODS

Preparation of brazilin cream sample

Brazilin isolation was obtained from Sappan (Caesalpinia sappan L.) wood powder through
a modified maceration process (Widowati ef al., 2019). Sappan wood was extracted using
96% ethanol for 24 h, which was soaked three times. While the extraction process took
place twice, the macerate was separated from the residue, which is then evaporated at
room temperature (25 °C). The macerete was washed with hot water and then dried. The
crude was added with methylene chloride 1:1, which was then stirred and filtered. The
residue that was separated from the filtrate was added to chloroform 1:2, which is then
used as filtrate after being separated from the residue. The filtrate was evaporated, and the
isolate was obtained. In the process of the separation and purification of brazilin, fractions
from sappan wood extract were isolated using vacuum column chromatography and
gravity column chromatography. The separated fractions were then further purified using
preparative thin-layer chromatography (KLT) (Sari, Widiyantoro & Alimuddin, 2018). The
resulting isolates were then tested for purity using one-dimensional and two-dimensional

Sugiaman et al. (2024), PeerJ, DOI 10.7717/peerj.17642 3119


https://peerj.com
http://dx.doi.org/10.7717/peerj.17642

Peer

KLT before elucidating the structure of brazilin using instrument analysis techniques such
as NMR-1H (Kim et al., 2015).

The brazilin isolate preparation that was owned will be used to make a cream that has
been modified from Ahmad et al. (2019). The production of the cream was carried out in a
two-stage process. Stage one was dissolving the formulation into 70 grams of pure coconut
oil (VCO), assisted by using a sonicator for 60 min at a maximum temperature of 60 °C.
The second stage was to dissolve the surfactant (sucrose monoester 1750) and cosurfactant
(glycerol) into a beaker and stir until cream was formed. Finally, the first and second stages
were mixed little by little while continuing to stir on a hot plate for 30 to 40 min (Widowati
et al., 2023; Ahmad et al., 2019).

Induction of gingivitis in rats

The experiment was conducted at the iRATco Animal Laboratory Services animal facility
in Bogor, Indonesia, with five animals in each group. All testing protocols described
have been approved by the Animal Ethics Committee of iRATco VLS with number
4.2.012-3/KEHI//1/2023. Gingivitis induction was performed following the notes (Harris,
2023) with slight modifications. This research was carried out on male Sprague Dawley rats
obtained from the animal facility, aged 18—20 weeks with a body weight of around 150-200
g. The animals selected were those that met the inclusion criteria (male, Sprague Dawley
breed, weighing 150-200 g, and 18-20 weeks old), and the non-inclusion criteria from this
study were rats that were deformed and diseased prior to testing. Animals were allowed to
acclimatize for a week in an Individually Ventilated Cage (IVC) measuring 30.5 x 20.5 x
15.5 cm and with a 2 cm high sawdust mattress that is replaced every 2-3 days (Hidayat et
al., 2022). The temperature provided was individually controlled and ventilated at 22 °C
and 40% relative humidity with a 12-hour light-dark cycle. Rats were given free access to
food containing 5% crude fiber, 18% crude protein, and 50% crude fat (PT Indoofeed)
and water ad libitum for acclimatization (Kurniati, Garmana ¢ Sakinah, 2021; Widowati
et al., 2022). There are six groups in this study, which are romanized as L, II, IIL, IV, V, and
VI in the table and figure. The description includes I; a negative control group (normal
rats); II; a positive control group (bacteria-induced rats); III; a vehicle control group (single
oral base cream); IV; drug control (single patent drug); V; test group 1 (single Brazilin
cream); and VI; test group 2 (double Brazilin cream). The drug used in the drug group is
triacinolone acetonide ointment 0.1% (DKL1124400130A1; Taisho) (Kumar et al., 2023).
The test, drug, and positive groups will be given local anesthesia to induce gingivitis using
P. gingivalis bacteria at a concentration of 2 x 10® per rat. The volume of bacteria injected
was 50 pl with a ratio of 1:1. Bacteria are injected into the gingiva using a Nichimate stepper.
The inducer was applied every 3 days for 14 days or until gingivitis occurred in all samples.
All groups received the same housing and feeding regimen. The treatment of animals in
this study group (I, II, III, IV, V, VI) implemented a protocol to induce experimental
periodontitis using incisor ligatures and gingival tissue taking. Taking gingival tissue is
intended to determine the extent of inflammation caused by bacteria and the effectiveness
of brazilin cream in reducing this macroscopically and microscopically at the next stage.
Gum inflammation, swelling, and unnatural redness are signs of gingivitis. After 14 days
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of induction, all groups of rats were euthanized using isoflurane overdose via inhalation
(Elhaieg et al., 2023). Then the rat’s jaw was removed and soaked in 10% formalin for two
days. The rat jaws were then soaked again in a weak acid solution of formic acid (EMSURE,
100264) for a decalcification process for 10 days before analysis. Rats that were sick, die, or
did not gain weight during acclimatization were executed. At the end of the probationary
period, those who were still alive were executed.

Wound histopathological examination

The Masson Trichome (MT) staining procedure entails immersing the tissue of all

test groups of rats in Weigert iron hematoxylin for 10 min, followed by rinsing with
distilled water and staining with Bieblich Scarlet Acid Fucin solution for 10-15 min.
After another rinse with distilled water, the slides were stained for 10-15 min using a
phosphomolybdenum-phosphotungstic acid solution. After being dyed for between 5 and
10 min with an aniline blue solution, the tissues were submerged in a 1% acetic acid and
95% absolute ethanol solution. The examination was carried out under a microscope
covered with glass. The parameters measured were the area of inflammation, angiogenesis,
and collagen tissue area using a polarized light microscope (Leica, Wetzlar, Germany)
(Laksmitawati et al., 2023; Suvik & Effendy, 2012).

Immunohistochemistry assay (IHC) for NF-xB expression

The gingival tissue of all test groups of rats to be fixed began with preservation in paraffin.
Deparaffinization was carried out for 15 min at a temperature of 56 °C, and then the glass
object was rinsed with xylene. Once the paraffin was removed, the sample was rehydrated
using different ethanols (absolute, 90%, and 70%), and soaked for an extra 30 min after
being rinsed with phosphate buffered saline (PBS). At a temperature of 121 °C for 10 min,
antigen retrieval was carried out in citrate buffer (pH 6; Abcam ab208572). To block
endogenous peroxidase, samples were treated in methanol (Merck, 106009) with 3%
H202 (Merck, 107209). After incubating with 5% bovine serum albumin for 10 min, we
carried out primary antibody reactions overnight at room temperature. Visualization of
target proteins was using the HRP/DAB detection rabbit-specific IHC Kit (ABC) (Abcam,
ab64261). After making a hematoxylin counterstain, the stained tissue was examined under
a Primostar microscope (Zeiss). A photograph was obtained by Lumenera Infinity 1-3c.
A qualitative comparison of IHC results was based on the intensity of expression to be
depicted in graphical form. Image] software was utilized for quantification of the positive
index on immunohistochemistry slides (Rosni et al., 2021; Widowati et al., 2022).

Quantification of gingival tissue TNF-a, IL-1§, IL-6, and p38 by
q-RTPCR

Total rat gingival RNA tissues from all test groups of rats were extracted and purified
using the Direct-zol RNA Miniprep Plus Kit (R2073; Zymo) in accordance with the
manufacturer’s instructions. Utilizing iScript Reverse Transcription Supermix for RT-PCR
(170-8841; Bio-Rad, Hercules, CA, USA), complementary DNA synthesis was performed.
We used the Agilent AriaMx 3000 real-time PCR technology to evaluate gene expression
quantitatively. Evagreen Master Mix (1725200; Bio-Rad, Hercules, CA, USA) was the qPCR
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Table 1 Primer sequences used in qRT-PCR.
Gene Forward (5'-3') Reverse (5'-3') Product Annealing temperature  Reference
Length (bp)  (C)
IL-1B AGAATACCACTTGTTGGCT GTGTGATGTTCCCATTAGAC 134 55 NM_031512.2
IL-6 GAGCATTGGAAGTTGGGGTA  TGATGGATGCTTCCAAACTG 230 53 NM_012589.2
TNF-a GAAGACAATAACTGCACCCA AACCCAAGTAACCCTTAAAGTC 138 54 NM_012675.3
P-38 AGATAATGCGTCTGACGGG AGGGGATTGGCACCAATAAA 139 58 NM_031020.3

Table 2 Purity of gingival RNA treated with brazilin cream.

No. Sample Concentration (ng/jLl) Purity (A260/1.280 nm)
1 I 47.8 2.211
2 11 54.875 2.204
3 III 60.65 2.441
4 v 16.225 2.045
5 \Y% 90.525 2.203
6 VI 41.375 2.219
Notes.

I: Negative control (normal rat), IT: Positive control (bacterial induction rat), III: Vehicle control (1 x oral base cream), IV:
Drug control (1 x patent medicine), V: II + 1 x brazilin cream, VI: II + 2 x brazilin cream.

reaction mix used (Widowati et al., 2020; Widowati et al., 2021). Table 1 displays the primer
sequences (Macrogen), and the Table 2 displays the RNA’s concentration and purity, which
were measured spectrophotometrically at 260/280 nm.

Statistical analysis
Statistical analysis was carried out with the help of SPSS 22.0 software. One-way analysis of
variance (ANOVA) and post-hoc Tukey dam value *(p < 0.05) to be considered significant.

RESULTS

Macrogingiva

We check the gingival tissue of rats given induced gingivitis after 15 days to qualitatively
assess the effect of the given treatment. Rat gingival tissue (Table 3) using P. gingivalis
bacterial induction began to appear on day 3, producing a rat model of gingivitis. The
resulting signs are the buildup of dental plaque and tooth decay due to tartar until the 15th
day. The brazilin cream (V and VI) treatment group demonstrated (Fig. 1) that there was
a gradual macro-improvement from day to day in the gingival condition of the gingivitis
model rats. This indicates that the treatment with brazilin cream (V and VI) improved the
gingiva condition.

Histopathology of inflammation and angiogenesis of gingival tissue
in rat gingival model by HE method

HE staining allows for the histopathological evaluation of inflammation and angiogenesis
in rat gingival tissue. According to Fig. 2A, the inflammation score graph shows that groups
V and VI experienced a decrease in inflammation and had a significant difference (p < 0.05)
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Table 3 Macrogingival results in gingivitis model rats with brazilin cream treatment group. I: Nega-
tive control (normal rat), II: Positive control (bacterial induction rat), ITI: Vehicle control (1 x oral base
cream), IV: Drug control (1 x patent medicine), V: II + 1 x brazilin cream, VI: II + 2 x brazilin cream.

Group of Day to-

Treatment
1

I

1T

v

d ¥
1 o

with the positive control group caused by bacteria. Furthermore, the angiogenesis score in

Fig. 2B shows that giving brazilin (groups V and VI) raises the angiogenesis score compared
to group II (the positive control). Putting brazilin cream on the rat gingiva increases the

number of fibroblast cells, new blood vessels, and the inflammatory process, which helps

the rat gingival wound heal as shown in Fig. 3.

Gingival NF-xB protein expression in gingivitis rat model using IHC
methods

Evaluation of NF-xB expression using the IHC method in Fig. 4 shows that there is a
significant effect of using brazilin cream on rat gingival tissue. All treatment groups were
able to reduce NF-kB expression levels compared to the positive group (group II). The
most effective application of brazilin cream in reducing Nf-KB expression levels is two
applications of brazilin cream (group VI).
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Figure 1 Effect of brazilin cream toward inflammation and angiogenesis of gingival tissue in gingivi-
tis model rats using HE method (40x magnification). I: Negative control (normal rat), II: Positive control
(bacterial-induced rat), III: Vehicle control (1 x oral base cream), IV: Drug control (1 x patent medicine),
V:1I + 1 x brazilin cream, VI: II + 2 x brazilin cream.

Full-size Gal DOL: 10.7717/peerj.17642/fig-1
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! I n v v vi 1 I n v v vi
Treatment Treatment

Figure 2 Effect brazilin cream toward histopathology of gingival tissue gingivitis rats model. (A) Infla-
mation. (B) Angiogenesis. Data are presented as mean = standard deviation. For each treatment, the assay
was performed in four repetitions I: Negative control (normal rat), II: Positive control (bacterial induction
rat), III: Vehicle control (1 x oral base cream), IV: Drug control (1 x patent medicine), V: IT + 1 x brazilin
cream, VI: I + 2 x brazilin cream. Different lowercase letters (a, ab, b, ¢) for inflammation score and dif-
ferent lowercase letters (a, bc, ¢) mark significant differences among treatment groups based on Kruskal
Wallis and Mann—Whitney tests (P < 0.05).

Full-size Gal DOI: 10.7717/peerj.17642/fig-2
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Figure 3 Effect of brazilin cream toward gingival NF-«B protein expression using IHC methods (40x
magnification). I: Negative control (normal rat), II: Positive control (bacterial induction rat), III: Vehicle
control (1 x oral base cream), IV: Drug control (1 x patent medicine), V: II + 1 x brazilin cream, VI: II + 2

x brazilin cream.
Full-size & DOLI: 10.7717/peerj.17642/fig-3

Histopathology of collagen scores in rat gingival models using
Masson trichome (MT) method

The Masson trichome (MT) method (Fig. 5) from Suvik ¢ Effendy (2012) determined the
collagen value. Treatment with 1 and 2 times the application of brazilin cream was able
to increase the collagen score, although visually there wasn’t much difference. However,
the twice-applied brazilin cream group (group VI) was more effective in increasing the
collagen score (Fig. 6) (Suvik & Effendy, 2012).

The effect of brazilin cream on IL-1, IL-6, p-38, and TNF-a gene
expression

The impact of using brazilin cream on the levels of p-38, TNF-a, IL-1f, and IL-6 gene
expression in the gingival tissue of rats suffering from gingivitis is displayed in Fig. 7 (A, B,
C,D). In comparison to the positive control group (Group II), the levels of p-38, TNF-a,
IL-1P, and IL-6 went down when the brazilin cream was used (p < 0.05). Brazilin cream
applied twice a day (group VI) is the most effective therapy to reduce TNF-a, p-38, IL-1§,
and IL-6 levels.

DISCUSSION

The main reason for tooth loss is periodontitis, an inflammatory condition brought on
by bacterial infections in the mouth (Chen et al., 2021). Inflammation caused by a lack
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Figure 4 Effect of brazilin cream toward gingival NF-«B protein expression in gingivitis rats model.
Data are presented as mean = standard deviation. For each treatment, the assay was performed in four
repetitions. I: Negative control (normal rat), II: Positive control (bacterial induction rat), III: Vehicle con-
trol (1 x oral base cream), IV: Drug control (1 x patent medicine), V: II + 1 x brazilin cream, VI: IT + 2 x
brazilin cream. Different lowercase letters (a, b, ¢, d, €) mark significant differences between treatment
groups (P < 0.05, One way ANOVA and Tukey HSD test).

Full-size &l DOI: 10.7717/peerj.17642/fig-4

v v VI

Figure 5 Effect of brazilin cream toward collagen scores in rat gingival with MT methods (40x magni-
fication). I: Negative control (normal rat), II: Positive control (bacterial induction rat), III: Vehicle con-
trol (1 x oral base cream), IV: Drug control (1 x patent medicine), V: II + 1 x brazilin cream, VLI IT + 2 x

brazilin cream.
Full-size & DOTI: 10.7717/peerj.17642/fig-5
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Figure 6 Effect of brazilin cream toward collagen in gingivitis rats model. Data are presented as mean
= standard deviation. For each treatment, the assay was performed in four repetitions. I: Negative control
(normal rat), II: Positive control (bacterial induction rat), III: Vehicle control (1 x oral base cream), IV:
Drug control (1 x patent medicine), V: IT + 1 x brazilin cream, VI: II + 2 x brazilin cream. Different low-
ercase letters (a, ab, abc, bc) mark significant differences between treatment groups (P < 0.05, one way
ANOVA and Tukey HSD test).

Full-size Gl DOI: 10.7717/peerj.17642/fig-6

of antioxidants results in an overactive inflammatory response (Arulselvan et al., 2016).
Antioxidant-containing natural or synthetic ingredients can treat inflammation. In this
case, we administered therapy using the natural compound brazilin. In this case, we
employed brazilin, a formulated natural compound, as a treatment. We administered
brazilin cream as a treatment because it reportedly has antioxidant, anti-inflammatory,
and antibacterial properties that reduce proinflammatory gene expression (Nirmal et al.,
2015). The research evaluation began with an examination of the gingival tissue of rats that
had been induced by bacteria. After 15 days of bacteria-induced inflammation in the rats’
gingival tissue, the results emerged (Fig. 1). Previous studies reported that plaque bacteria
such as P. gingivalis caused the swelling and inflammation of the gingival tissue (Rani et
al,, 2022).

Macrogingiva in rats refers to observable outcomes or changes at a gross or macroscopic
level in the gingival tissue of rats (Table 3). This entails observing changes that are visible on
alarger scale, such as changes in color, swelling, or bleeding in the rat’s gums. Macrogingival
outcomes in rats often serve as the initial basis for assessing gum health and identifying
early signs of periodontal issues.

Our study highlights the application of brazilin cream on rats’ gingiva, which shows
a decrease in the inflammatory process, the creation of new blood vessels, and a rise in
fibroblast cells. This phenomenon proves beneficial in facilitating the healing process of
gingival wounds in rats. Research by Baru et al. (2021) aligns with this result, suggesting
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that the emergence of new blood vessels during gingivitis therapy could serve as a sign of
gingivitis healing. According to Smith et al. (2015), the development of these blood vessels
occurs due to reduced inflammation, which, in turn, supplies oxygen and nutrients to
promote tissue regeneration. Another study also reported that the use of pomegranate gel
can reduce gum inflammation and promote tissue regeneration (Somu et al., 2012).

In research carried out by Song et al. (2018), gingivitis inflammation is associated with
some regulatory T cells and CD4+ T cells that produce the bone-resorptive cytokine
receptor activator of nuclear factor-kB (NF-kB), which causes alveolar bone resorption.
Patients affected by gingivitis and periodontitis will have proinflammatory cytokines like
TNEF-0 and IL-1f in their gingival tissue and gingival crevicular fluid (Papathanasiou et al.,
2020). When IL-1f3 and TNF-a are present, gingival fibroblasts will make more IL-6 and
p-38, which will help gingivitis get worse (Giindogar ¢» Uzunkaya et al., 2021; Cavalli et al.,
2021). On the other hand, Stadler et al. (2016) observed a decrease in IL-1f in patients
with periodontitis, which is a sign of healing. However, if the opposite occurs, such as an
increase in IL-1f, it will worsen the condition in patients, causing oral mucositis.

We found that using brazilin cream twice could lower NF-xB levels and the activity
of genes that cause inflammation (IL-1f, IL-6, p38, TNF-a, and NF-xB) (Figs. 7A, 7B,
7C, 7D). This result is consistent with studies done by Kircheis et al. (2020), who reported
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that partial inhibition of NF-xB expression can inhibit highly pro-inflammatory cytokines
and chemokines. Nirmal et al. (2015) also stated that brazilin can inhibit the primary
regulator of pro-inflammatory cytokine production, the NF-xB signaling pathway. The
pro-inflammatory cytokines IL-1f3, IL-6, and TNF-a can be inhibited by brazilin through
the NF-xB signaling pathway. This is further supported by Lee et al. (2012) in their research
showing that brazilin showed a protective effect against the loss of fibroblast cell viability
caused by UVB and significantly blocked ROS in UVB by inhibiting MMP-1/3 expression,
which is a side effect of suppressing NF-kB activation.

Gingivitis is characterized by an inflammatory response involving immune cell
infiltration, such as neutrophils, triggered by the presence of bacteria and byproducts from
their metabolic processes, leading to disruptions in blood flow and increased collagenolytic
activity resulting in extracellular matrix degradation, particularly collagen (Chandran
et al., 2021). Studies have linked brazilin to a decrease in the expression of genes that
promote inflammation. Brazilin has several biological effects, including antibacterial
and anti-inflammatory properties (Olanwanit & Rojanakorn, 2019). According to Vij et
al. (2023), brazilin’s anti-inflammatory qualities can counteract reactive oxygen species
(ROS), which lowers oxidative stress and inflammation. Gingivitis regulates VEGF, one of
the numerous growth factors that mediate the whole angiogenesis process. Research has
proven that concentrated growth factors and human gingival fibroblasts enhance gingival
regeneration through angiogenesis (Roi et al., 2022; Wang ¢» Yang, 2022). This fits with
what Ghosh & Gaba (2013) wrote about how the main effects of active compounds in
plant extracts can help with healing and reducing inflammation because they kill germs,
are antioxidants, and have active parts that can boost cell growth, blood vessel formation,
and collagen production. Apart from that, there are limitations in this study, specifically
the limited number of samples and the length of the process, which sometimes fail to
fully capture the expected disease development, making it challenging to measure gingival
inflammation.

CONCLUSIONS

Brazilin cream treatment holds promise for gingival tissue repair by mitigating
inflammation, promoting angiogenesis, a positive indicator of improved blood vessel
formation, and subsequently boosting collagen activity. In addition, it helps lower pro-
inflammatory cytokines such as IL-1f3, IL-6, p-38, TNF-a, and NF-xB, indicating that the
brazilin cream application is effective.

ACKNOWLEDGEMENTS

We are thankful to the iRATco Veterinary Laboratory Services in Bogor, West Java,
Indonesia, and AMUBBRC in Bandung, West Java, Indonesia, for providing laboratory
facilities.

Sugiaman et al. (2024), PeerJ, DOI 10.7717/peerj.17642 13/19


https://peerj.com
http://dx.doi.org/10.7717/peerj.17642

Peer

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the Maranatha Christian University which provided fund
for this research (Skema Percepatan Guru Besar) with research grant Number 007/PR]J-
GB/UKM/1/2023. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

The Maranatha Christian University which provided fund for this research (Skema
Percepatan Guru Besar): 007/PR]J-GB/UKM/1/2023.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Vinna Kurniawati Sugiaman conceived and designed the experiments, analyzed the data,
authored or reviewed drafts of the article, and approved the final draft.

o Jeffrey Jeffrey conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

e Silvia Naliani conceived and designed the experiments, performed the experiments,
prepared figures and/or tables, and approved the final draft.

e Natallia Pranata conceived and designed the experiments, authored or reviewed drafts
of the article, and approved the final draft.

e Shelly Lelyana conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the article, and approved the final draft.

e Wahyu Widowati conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, authored or reviewed drafts of the article, and approved the final
draft.

e Rival Ferdiansyah performed the experiments, analyzed the data, prepared figures and/or
tables, and approved the final draft.

e Dhanar Septyawan Hadiprasetyo performed the experiments, prepared figures and/or
tables, and approved the final draft.

e Vini Ayuni performed the experiments, prepared figures and/or tables, and approved
the final draft.

Ethics

The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):
Animals Ethics Committee of iRATco VLS.

Data Availability

The following information was supplied regarding data availability:

Sugiaman et al. (2024), PeerJ, DOI 10.7717/peerj.17642 14/19


https://peerj.com
http://dx.doi.org/10.7717/peerj.17642

Peer

Measurements of inflammatory gingivitis are available in Fig. 1. The data showed changes
in the gingival tissue that became wounds. The injured tissue is used for histopathological,
angiogeneic, inflammatory and collagen analysis.

Supplemental Information
Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj.17642#supplemental-information.

REFERENCES

Abusleme L, Dupuy AK, Dutzan N, Silva N, Burleson JA, Strausbaugh LD, Diaz P1.
2013. The subgingival microbiome in health and periodontitis and its relationship
with community biomass and inflammation. The ISME Journal 7(5):1016-1025
DOI 10.1038/ismej.2012.174.

Ahmad N, Ahmad R, Al-Qudaihi A, Alaseel SE, Fita I1Z, Khalid MS, Pottoo FH. 2019.
Preparation of a novel curcumin nanoemulsion by ultrasonication and its compar-
ative effects in wound healing and the treatment of inflammation. RSC Advances
9(35):20192-20206 DOI 10.1039/c9ra03102b.

Amiri MS, Mohammadzadeh V, Yazdi MET, Barani M, Rahdar A, Kyzas GZ. 2021.
Plant-based gums and mucilages applications in pharmacology and nanomedicine:
a review. Molecules 26(6):1770 DOI 10.3390/molecules26061770.

Arabaci T, Kose O, Kizildag A, Albayrak M, Cicek Y, Kara A. 2014. Role of nuclear fac-
tor kappa-B in phenytoin-induced gingival overgrowth. Oral Diseases 20(3):294-300
DOI'10.1111/0di.12111.

Arulselvan P, Fard MT, Tan WS, Gothai S, Fakurazi S, Norhaizan ME, Kumar SS. 2016.
Role of antioxidants and natural products in inflammation. Oxidative Medicine and
Cellular Longevity 2016:5276130 DOI 10.1155/2016/5276130.

Baru O, Nutu A, Braicu C, Cismaru C, Berindan-Neagoe I, Buduru S, Badea M. 2021.
Angiogenesis in regenerative dentistry: are we far enough for therapy? International
Journal of Molecular Sciences 22(2):929 DOT 10.3390/ijms22020929.

Behm C, Blufstein A, Gahn J, Noroozkhan N, Moritz A, Rausch-Fan X, Andrukhov
0. 2019. Soluble CD14 enhances the response of periodontal ligament stem
cells to toll-like receptor 2 agonists. Mediators of Inflammation 2019:8127301
DOI10.1155/2019/8127301.

Cavalli G, Colafrancesco S, Emmi G, Imazio M, Lopalco G, Maggio MC, Dinarello CA.
2021. Interleukin 1 o : a comprehensive review on the role of IL-1 a in the patho-
genesis and treatment of autoimmune and inflammatory diseases. Autoimmunity
Reviews 20(3):102763 DOI 10.1016/j.autrev.2021.102763.

Cekici A, Kantarci A, Hasturk H, Van Dyke TE. 2014. Inflammatory and immune
pathways in the pathogenesis of periodontal disease. Periodontology 2000:57—80
DOI 10.1111/prd.12002.

Chandran A, Bhandary R, Shenoy N, Shetty UA. 2021. Analysis of collagen fibers in hu-
man gingival tissues using picrosirius red stain under polarized microscope. Journal
of Indian Society of Periodontology 25(2):106—-111 DOT 10.4103/jisp.jisp_152_20.

Sugiaman et al. (2024), PeerJ, DOI 10.7717/peerj.17642 15/19


https://peerj.com
http://dx.doi.org/10.7717/peerj.17642#supplemental-information
http://dx.doi.org/10.7717/peerj.17642#supplemental-information
http://dx.doi.org/10.1038/ismej.2012.174
http://dx.doi.org/10.1039/c9ra03102b
http://dx.doi.org/10.3390/molecules26061770
http://dx.doi.org/10.1111/odi.12111
http://dx.doi.org/10.1155/2016/5276130
http://dx.doi.org/10.3390/ijms22020929
http://dx.doi.org/10.1155/2019/8127301
http://dx.doi.org/10.1016/j.autrev.2021.102763
http://dx.doi.org/10.1111/prd.12002
http://dx.doi.org/10.4103/jisp.jisp_152_20
http://dx.doi.org/10.7717/peerj.17642

Peer

Chen W, Su J, Cai S, Shi C. 2021. Cullin3 aggravates the inflammatory response of peri-
odontal ligament stem cells via regulation of SHH signaling and Nrf2. Bioengineered
12(1):3089-3100 DOI 10.1080/21655979.2021.1943603.

Da Silva MK, De Carvalho ACG, Alves EHP, da Silva FRP, Pessoa LDS, Vasconcelos
DFP. 2017. Genetic factors and the risk of periodontitis development: findings from
a systematic review composed of 13 studies of meta-analysis with 71,531 participants.
International Journal of Dentistry 2017:1914073 DOI 10.1155/2017/1914073.

Deogade UM, Deshmukh VN, Sakarkar DM. 2012. Natural gums and mucilage’s in
NDDS: applications and recent approaches. International Journal of PharmTech
Research 4:799-814.

Duka M, Erakovi¢ M, Dolicanin Z, Stefanovic D, Coli¢ M. 2019. Production of soluble
receptor activator of nuclear factor kappa-B ligand and osteoprotegerin by apical
periodontitis cells in culture and their modulation by cytokines. Mediators of
Inflammation 2019:8325380 DOI 10.1155/2019/8325380.

Eke PI, Dye BA, Wei L, Thornton-Evans GO, Genco RJ. 2012. Prevalence of peri-
odontitis in adults in the United States: 2009 and 2010. Journal of Dental Research
86(5):611-622 DOI 10.1902/jop.2015.140520.

Elhaieg A, Farag A, Elfadadny A, Yokoi A, Hendawy H, Mandour AS, Tanaka R. 2023.
Effect of experimental periodontitis on cardiac functions: a comprehensive study
using echocardiography, hemodynamic analysis, and histopathological evaluation in
a rat model. Frontiers in Veterinary Science 10:1327484.

Fan W, Liu C, Zhang Y, Yang Z, Li J, Huang S. 2021. Epidemiology and associated
factors of gingivitis in adolescents in Guangdong Province, Southern China: a cross-
sectional study. BMC Oral Health 21:311 DOI 10.1186/s12903-021-01666-1.

Fujita T, Yoshimoto T, Kajiya M, Ouhara K, Matsuda S, Takemura T, Kuri-
hara H. 2018. Regulation of defensive function on gingival epithelial cells
can prevent periodontal disease. Japanese Dental Science Review 54(2):66—75
DOI 10.1016/j.jdsr.2017.11.003.

Ghafouri-Fard S, Gholami L, Nazer N, Hussen BM, Shadnoush M, Sayad A, Taheri
M. 2022. Assessment of expression of NF-kB-related genes in periodontitis. Gene
Reports 26:101454 DOI 10.1016/j.genrep.2021.101454.

Ghosh PK, Gaba A. 2013. Phyto-extracts in wound healing. Journal Pharmacy and
Pharmaceutical Sciences 16(5):760-820 DOI 10.18433/j383 1v.

Giindogar H, Uzunkaya M. 2021. The effect of periodontal and peri-implanter health
on IL-1f and TNF-a levels in gingival crevicular and peri-implanter Sulcus Fluid: a
cross-sectional study. Odovtos-International Journal of Dental Sciences 23(1):168—177
DOI 10.15517/ijds.2021.44071.

Harris JJ. 2023. Comparasion of ocimum sanctum gel & chlorohexidine gel in the
treatment of experimentally induced gingivitis- an animal study. Journal of Clinical
Otorhinolaryngology, Head, and Neck Surgery 27:1.

Hidayat M, Prahastuti S, Rakasiwi AS, Prisilia S, Hasan K. 2022. Subchronic toxicity
study of green peas protein hydrolysate in rats. Toxicology Reports 9(2022):735-742.

Sugiaman et al. (2024), PeerJ, DOI 10.7717/peerj.17642 16/19


https://peerj.com
http://dx.doi.org/10.1080/21655979.2021.1943603
http://dx.doi.org/10.1155/2017/1914073
http://dx.doi.org/10.1155/2019/8325380
http://dx.doi.org/10.1902/jop.2015.140520
http://dx.doi.org/10.1186/s12903-021-01666-1
http://dx.doi.org/10.1016/j.jdsr.2017.11.003
http://dx.doi.org/10.1016/j.genrep.2021.101454
http://dx.doi.org/10.18433/j3831v
http://dx.doi.org/10.15517/ijds.2021.44071
http://dx.doi.org/10.7717/peerj.17642

Peer

Holm-Pedersen P, Walls AW, Ship JA (eds.) 2015. Textbook of geriatric dentistry.
Chichester: John Wiley & Sons.

Kim SH, Lyu HN, Kim YS§, Jeon YH, Kim W, Kim S, Lim JK, Lee HW, Baek NI, Choi
KY, Lee J, Kim KT. 2015. Brazilin Isolated from Caesalpinia sappan suppresses
nuclear envelope reassembly by inhibiting barrier-to-autointegration factor phos-
phorylation. Journal of Pharmacology and Experimental Therapeutics 352(1):175—184
DOI10.1124/jpet.114.218792.

Kircheis R, Haasbach E, Lueftenegger D, Heyken WT, Ocker M, Planz O. 2020. NF-xB
pathway sebagai target potensial Perawatan Pasien Tahap Kritis COVID-19. Imunol
Depan 11:3446.

Kumar PS. 2017. From focal sepsis to periodontal medicine: a century of exploring
the role of the oral microbiome in systemic disease. The Journal of Physiology
595(2):465-476 DOI 10.1113/JP272427.

Kumar V, Singh CK, Arvind A, Ahsan A, Kumar S, Das D, Kumari S. 2023. A com-
parative study of dexamethasone ointment along with triamcinolone acetonide
in treatment of recurrent aphthous stomatitis. Journal of Pharmacy and Bioallied
Sciences 15(Suppl 2):S1325-51328 DOI 10.4103/jpbs.jpbs_102_23.

Kurniati NF, Garmana AN, Sakinah LN. 2021. The effect of ethanol extract of punica
granatum linn. leaves on lipid profiles of dyslipidemic rat. Pharmaceutical Sciences
and Research 8(2):4.

Laksmitawati DR, Marwati U, Widowati W, Noverina R, Suciati T, Faried A. 2023.
Combined treatment effect of topical CM-hWJMSCs and oral moringa oleifera
extract on wound healing of diabetic rat. Open Access Macedonian Journal of Medical
Sciences 11(A):23-30 DOI 10.3889/0amjms.2023.7551.

Lee YR, Noh EM, Han JH, Kim JM, Hwang JK, Hwang BM, Kim JS. 2012. Brazilin
inhibits UVB-induced MMP-1/3 expressions and secretions by suppressing the NF-
kB pathway in human dermal fibroblasts. European Journal of Pharmacology 674(2—
3):80-86 DOI 10.1016/j.ejphar.2011.

Lée H, Anerud A, Boysen H, Morrison E. 1986. Natural history of periodontal disease in
man. Journal of Clinical Periodontology 13(5):431-440
DOI10.1111/j.1600-051X.1986.tb01487 .x.

Nava-Tapia DA, Cayetano-Salazar L, Herrera-Zuniga LD, Bello-Martinez J, Mendoza-
Catalan MA, Navarro-Tito N. 2022. Brazilin: biological activities and therapeutic
potential in chronic degenerative diseases and cancer. Pharmacological Research
175:106023 DOI 10.1016/j.phrs.106023.

Nazir MA. 2017. Prevalence of periodontal disease, its association with systemic diseases
and prevention. International Journal of Health Sciences 11(2):72-380.

Nirmal NP, Rajput MS, Prasad RG, Ahmad M. 2015. Brazilin from Caesalpinia sappan
heartwood and its pharmacological activities: a review. Asian Pacific Journal of
Tropical Medicine 8(6):421-430 DOI 10.1016/j.apjtm.2015.05.014.

Olanwanit W, Rojanakorn T. 2019. Effect of hydrolysed collagen and mansao powder
mixture asa fat replacer on quality of vienna sausages. International Food Research
Journal 26(5):1525-1533.

Sugiaman et al. (2024), PeerJ, DOI 10.7717/peerj.17642 17119


https://peerj.com
http://dx.doi.org/10.1124/jpet.114.218792
http://dx.doi.org/10.1113/JP272427
http://dx.doi.org/10.4103/jpbs.jpbs_102_23
http://dx.doi.org/10.3889/oamjms.2023.7551
http://dx.doi.org/10.1016/j.ejphar.2011
http://dx.doi.org/10.1111/j.1600-051X.1986.tb01487.x
http://dx.doi.org/10.1016/j.phrs.106023
http://dx.doi.org/10.1016/j.apjtm.2015.05.014
http://dx.doi.org/10.7717/peerj.17642

Peer

Papathanasiou E, Conti P, Carinci F, Lauritano D, Theoharides TC. 2020. IL-

1 superfamily members and periodontal diseases. Journal of Dental Research
99(13):1425-1434 DOI 10.1177/00220345209452009.

Paul O, Arora P, Mayer M, Chatterjee S. 2021. Inflammation in periodontal
disease: possible link to vascular disease. Frontiers in Physiology 11:609614
DOI 10.3389/fphys.2020.609614.

Rani N, Singla RK, Narwal S, Tanushree Kumar N, Rahman MM. 2022. Medicinal
plants used as an alternative to treat gingivitis and periodontitis. Evidence-Based
Complementary and Alternative Medicine 2022(1):2327641.

Roi C, Gaje PN, Ceausu RA, Roi A, Rusu LC, Boia ER, Boia S, Luca RE, Rivis M. 2022.
Heterogeneity of blood vessels and assessment of microvessel density-MVD in
Gingivitis. Journal of Clinical Medicine 11(10):2758 DOI 10.3390/jcm11102758.

Rosni R, Lister INE, Fachrial E, Ginting SF, Widowati W, Wahyuni CD. 2021. Potential
of Gnetum gnemon L. seed extract against insulin levels and PDX-1 expression
in diabetes mellitus rats model. In: 2021 IEEE international conference on health,
instrumentation & measurement, and natural sciences (InHeNce). Pisataway: IEEE,
1-5 DOI 10.1109/InHeNce52833.2021.9537215.

Sari DY, Widiyantoro A, Alimuddin AH. 2018. Isolasi brazilin dari kayu secang
(Caesalpinia sappan L.) dan formulasinya untuk lipstik batang. Jurnal Ilmu Dan
Terapan Kimia 3(1):1-15.

Smith PC, Caceres M, Martinez C, Oyarzin A, Martinez J. 2015. Gingival wound
healing: an essential response disturbed by aging? Journal of Dental Research
94(3):395-402 DOI 10.1177/0022034514563750.

Somu CA, Ravindra S, Ajith S, Ahamed MG. 2012. Efficacy of a herbal extract gel in the
treatment of gingivitis: a clinical study. Journal of Ayurveda and Integrative Medicine
3(2):85-90 DOI 10.4103/0975-9476.96525.

Song L, Dong G, Guo L, Graves DT. 2018. The function of dendritic cells in modulating
the host response. Molecular Oral Microbiology 33(1):13-21 DOI 10.1111/omi.12195.

Song B, Zhang YL, Chen L], Zhou T, Huang WK, Zhou X, Shao LQ. 2017. The
role of Toll-like receptors in periodontitis. Oral Diseases 23(2):168—180
DOI10.1111/0di.12468.

Stadler AF, Angst PDM, Arce RM, Gomes SC, Oppermann RV, Susin C. 2016. Gingival
crevicular fluid levels of cytokines/chemokines in chronic periodontitis: a meta-
analysis. Journal of Clinical Periodontology 23(2):168—180 DOI 10.1111/0di.12468.

Suvik A, Effendy AWM. 2012. The use of modified Masson’s trichrome staining in
collagen evaluation in wound healing study. Malaysian Journal of Veterinary Research
3(1):39-47 DOI 10.1111/0di.12468.

Toegel S, Wu SQ, Otero M, Goldring MB, Leelapornpisid P, Chiari C, Viernstein
H. 2012. Caesalpinia sappan extract inhibits IL1f3 -mediated overexpression of
matrix metalloproteinases in human chondrocytes. Genes & Nutrition 7(2):307-318
DOI 10.1007/s12263-011-0244-8.

Sugiaman et al. (2024), PeerJ, DOI 10.7717/peerj.17642 18/19


https://peerj.com
http://dx.doi.org/10.1177/0022034520945209
http://dx.doi.org/10.3389/fphys.2020.609614
http://dx.doi.org/10.3390/jcm11102758
http://dx.doi.org/10.1109/InHeNce52833.2021.9537215
http://dx.doi.org/10.1177/0022034514563750
http://dx.doi.org/10.4103/0975-9476.96525
http://dx.doi.org/10.1111/omi.12195
http://dx.doi.org/10.1111/odi.12468
http://dx.doi.org/10.1111/odi.12468
http://dx.doi.org/10.1111/odi.12468
http://dx.doi.org/10.1007/s12263-011-0244-8
http://dx.doi.org/10.7717/peerj.17642

Peer

Trombelli L, Farina R, Silva CO, Tatakis DN. 2018. Plaque-induced gingivitis:
case definition and diagnostic considerations. Journal of Clinical Periodontology
45(20):544-S67 DOI 10.1111/jcpe.12939.

Vij T, Anil PP, Shams R, Dash KK, Kalsi R, Pandey VK, Harsanyi E, Kovacs B, Shaikh
AM. 2023. A comprehensive review on bioactive compounds found in Caesalpinia
sappan. Molecules 28(17):6247 DOI 10.3390/molecules28176247.

Wang Y, Yang C. 2022. Enhanced VEGEF-A expression and mediated angiogenic
differentiation in human gingival fibroblasts by stimulating with TNF- a in vitro.
Journal of Dental Sciences 17(2):876—881 DOI 10.1016/j.jds.2021.09.022.

Widowati W, Jasaputra DK, Wargasetia TL, Eltania TF, Aziah AM, Subangkit M,
Faried A. 2020. Apoptotic potential of secretome from interleukin-induced natural
killer cells toward breast cancer cell line by transwell assay. HAYATTI: Journal of
Biosciences 27(3) DOI 10.4308/hjb.27.3.186.

Widowati W, Murti H, Widyastuti H, Laksmitawati DR, Rizal R, Kusuma HS, Sumitro
SB, Widodo MA, Bachtiar I. 2021. Decreased inhibition of proliferation and induc-
tion of apoptosis in breast cancer cell lines (T47D and MCF7) from treatment with
conditioned medium derived from hypoxia-treated wharton’s jelly mscs compared
with normoxia-treated MSCs. International Journal of Hematology-Oncology and
Stem Cell Research 15(2):77 DOI 10.18502/ijhoscr.v15i2.6038.

Widowati W, Prahastuti S, Ekayanti NLW, Munshy UZ, Kusuma HSW, Wibowo SHB,
Rizal R. 2019. Anti-inflammation assay of black soybean extract and its compounds
on lipopolysaccharide-induced RAW 264.7 cell. In Journal of Physics: Conference
1374(1):012052 DOI 10.1088/1742-6596/1374/1/012052.

Widowati W, Prahastuti S, Hidayat M, Hasianna ST, Wahyudianingsih R, Eltania
TF, Kusuma HSW. 2022. Detam 1 black soybean against cisplatin-induced acute
ren failure on rat model via antioxidant, antiinflammatory and antiapoptosis
potential. Journal of Traditional and Complementary Medicine 12(4):426—435
DOI10.1016/j.jtcme.2022.01.004.

Widowati W, Wargasetia TL, Kurniawati V, Rachmaniar R, Yuninda VA, Sabrina
AHN, Suci AA, Priyo LW, Ferdiansyah R. 2023. In-vitro study of potential
antioxidant activities of mangosteen and its nanoemulsions. Medicinal Plants-
International Journal of Phytomedicines and Related Industries 15(3):534-542
DOI 10.5958/0975-6892.2023.00053.9.

Sugiaman et al. (2024), PeerJ, DOI 10.7717/peerj.17642 19/19


https://peerj.com
http://dx.doi.org/10.1111/jcpe.12939
http://dx.doi.org/10.3390/molecules28176247
http://dx.doi.org/10.1016/j.jds.2021.09.022
http://dx.doi.org/10.4308/hjb.27.3.186
http://dx.doi.org/10.18502/ijhoscr.v15i2.6038
http://dx.doi.org/10.1088/1742-6596/1374/1/012052
http://dx.doi.org/10.1016/j.jtcme.2022.01.004
http://dx.doi.org/10.5958/0975-6892.2023.00053.9
http://dx.doi.org/10.7717/peerj.17642

