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ARTICLE INFO ABSTRACT

Keywords: Oral exposure to alloys frequently leads to negative reactions, both in the immediate area and across the body.
P. gingivalis The usage of coffee extracts is anticipated to enhance cellular function by counteracting the effects of pro-
NiTi wire

inflammatory signals that are involved in chronic inflammatory responses triggered by inflammatory agents
like bacteria and metal ions. The objective is to develop a new approach using an extract obtained from Robusta
coffee beans as an anti-inflammatory substance, which may have therapeutic benefits in preventing bone loss in
Periodontitis Rat. The main cause is primarily attributed to the existence of metals and LPS P. gingivalis in the oral
cavity. Methods. A randomized controlled trial was conducted, enroling 35 male Wistar rats that were divided
into 7 groups and used as the experimental animals. Groups 1-4 consisted of rats that did not receive any
therapy, while groups 5-7 comprised rats that were treated with GRCBE. The rats were subjected to decapitation
after 14 days. The Green Robusta Coffee bean extract (GRCBE) was derived from the unprocessed green beans of
Javanese Robusta coffee. We discovered in prior experimental experiments that GRCBE at a concentration of 500
mg/ml can inhibit the progression of periodontitis in rats. The substances used to cause inflammation and im-
mune system impairment were NiTi wire and LPS P. gingivalis. Inmunohistochemistry was used to assess the
expressions of OCN, BMP2, and COX-2. Results. The simultaneous exposure of P. gingivalis lipopolysaccharide
(LPS) and NiTi wire in rats led to an upregulation of OCN and BMP2 expression, while the expression of COX-2
reduced. The administration of GRCBE resulted in a steady drop in pro-inflammatory biomarkers, specifically
OCN and BMP2, while the anti-inflammatory biomarker COX2 rose. In conclusion. In the field of dentistry, the
coexistence of P. gingivalis LPS and metallic biomaterials can influence the occurrence of alveolar bone resorption
in a rat model of periodontitis. GRCBE exhibits potential as an innovative approach for reducing periodontitis
induced by the simultaneous activation of metal and LPS P. gingivalis. In this setting, it has the potential to be
employed as an anti-inflammatory remedy.

Oral inflammation
Green Robusta coffee bean extract

1. Introduction

Inflammation of the oral cavity can be caused not only by lipopoly-
saccharides (LPS) but also by the presence of exposure to foreign sub-
stances in the oral cavity such as the presence of metals. Inflammatory
reactions associated with contact with nickel ions (Ni2+) are mediated
by transcription factor NF-kB and through signalling TLR-4, which is a

receptor that mediates the inflammatory process (Rachmawati et al.,
2016, 2017). Nickel Titanium (NiTi) is a metal mixture (alloy) often
used in biomedical applications, such as implants and orthodontic wires
due to its good corrosion resistance properties and biocompatibility.
However, its prolonged use is still controversial due to the release of ions
in the oral cavity (Sevéikova et al., 2018). NiTi is an alloy consisting of
55% nickel and 45% titanium, aluminium, silicon, and other materials

Abbreviations: AB, Alveolar bone; B, Buccal; BE, Basal Epithelial cells; BMP2, Bone Morphogenetic Protein 2; COX-2, Cyclooxygenase 2; EG, Gingival Epithelium;
JE, Junctional Epithelium; L, Lingual; M, Macrophages; M1, 1st Molar; NiTi, Nickel T itanium; OCN, Osteocalcin; IL, interleukin; LPS, lipopolysaccharide; PL,

Periodontal ligament; RCBE, Robusta Coffee Bean Extract; TLR, toll like receptor.

* Corresponding author at: Dept. of Dental Biomedical Science, Faculty of Dentistry, University of Jember, Jl Kalimantan 37, Jember, East Java 68121, Indonesia.
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(Briceno et al., 2013; Es-Souni et al., 2005). NiTi has a TiO5 layer which
functions to block the oxidation of nickel ions. However, several in
vitro/in vivo studies have shown that NiTi can still corrode (Sevécikova
et al., 2018). The corrosion processes may occur due to the wet envi-
ronment of the oral cavity and are mediated by the interaction between
the metal and saliva (Rachmawati et al., 2021). In addition, metal-based
alloys such as nickel (Ni) are known for their reactive properties in
triggering immunotoxicity and in causing sensitivity reactions (Rach-
mawati et al., 2013, 2015). Therefore, the use of NiTi wire is thought to
worsen periodontitis due to the interaction between the Ni** ions
release and LPS P. gingivalis. Our previous study shows that exposure to
some types of dental alloys combined with the addition of LPS can in-
crease the inflammatory response compared to that of without bacterial
endotoxins. This indicates the presence of synergy between metal
exposure and endotoxins characterized by the production of
pro-inflammatory cytokines (Rachmawati et al., 2017).

Recently, research focusing on the use of natural materials has been
developed (Gosciniak et al., 2021). Research on alveolar bone regener-
ation using herbal plants as alternatives also continues to be developed.
One of the herbal plants used is Robusta coffee (Coffea canephora). The
Green Robusta coffee bean extract (GRCBE) has been used in vitro and in
vivo inflammatory research (Paur et al., 2010; Vamanu et al., 2020;
Weber et al., 2020). Coffee is one of the most popular beverages all over
the world. Besides its function for consumption, coffee also has benefi-
cial health properties. Robusta coffee contains phenolic compounds i.e.
caffeic acid, chlorogenic acid, ferulic acid and other phytochemicals
which have anti-inflammatory and antioxidant abilities (Cagliani et al.,
2013; Fischer et al., 2001; Kim et al., 2018; Martin et al., 1998; Panusa
etal., 2017). In previous experiments, we conducted a series of trials and
determined that a concentration of 500 mg/ml of GRCBE is beneficial in
treating periodontitis in rats. Based on this background, this study
investigated the stimulating effect of GRCBE in periodontal tissue
regeneration by measuring Osteocalcin (OCN), Bone Morphogenetic
Protein 2 (BMP2) and Cyclooxygenase (COX-2) in Wistar rats exposed to
a combination of LPS P. gingivalis and NiTi wire.

2. Materials and methods
2.1. Animals criteria

The study design was a randomized controlled trial (RCT). Thirty-
five Wistar rats (Rattus novergicus) with the following inclusion
criteria: white male Wistar rats, body weight of 180-200 gs, age + 2-3
months, healthy and good physical condition (clean, white fur colour
with normal red eyes) were used in this study. The PRIASE 2021
guidelines were developed in accordance with the recommendations
given in the Guidance for Developers of Health Research Reporting
Guidelines (Nagendrababu et al., 2021). The animals were acclimatized
for 1 week before the overall experimentation. The Wistar rats were
divided into 7 groups. Groups 1-4 were rats without therapy: 1) Control
rats (placebo), 2) rat periodontitis models (LPS), 3) NiTi wire-fitted rats
(NiTi), 4) rats periodontitis models with LPS and NiTi wire (LPS+NiTi);
Group 5-7 were rats treated with GRCBE; 5) LPS + GRCBE, 6) rats-fitted
NiTi wire + GRCBE, 7) LPS+ NiTi wire + GRCBE. The study obtained
approval from the Ethical Committee of Medical Research of the Faculty
of the Dentistry University of Jember, Indonesia for Experimental Ani-
mal Use Number 1337/UN.25.8/KEPK/DL/2021. All procedures were
made to minimize surgery-induced suffering and reduce the overall
number of animals used.

2.2. Exposure of LPS P.gingivalis

Male Wistar rats were induced with LPS P. gingivalis (LPS-PG Ultra-
pure, Invivo Gen-Sandiego USA) concentrations of 100 pg/mL in the
gingival sulcus lower left molar 1st (M1) in samples 2, 4, 5 and 7. The
injection was done in 0.05 ml using a needle with a size of 30 G. The
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injection was carried out once every 3 days for 14 days. The procedure
was proven effective in inducing periodontal inflammation (Dumitrescu
et al., 2004). After 14-day treatment, a rat model of periodontitis was
obtained with characteristics of sulcular epithelial damage, pocket for-
mation, and signs of inflammation: redness, swelling, and deep probing.
In addition, the X-ray photo was taken to ensure that the inflammation
was formed as characterized by the appearance of alveolar bone
resorption (Fig. 3).

2.3. NiTi wire installation

Rats were treated using ketamine at a dose of 0.04 — 0.08 mL which
was injected intramuscularly in the rat’s hamstrings muscles. NiTi wire
(Dentsply GAC Low Land 0.016", GAC International, Bohemia, NY, USA)
was attached gripping to the molar of the left lower jaw forming a C-like
shape that circles the buccal up to the palatal parts. Of note that during
the installation, NiTi wire needed to be adjusted to the shape of the
cervical dental arch (Fig. 1). We ensured that the wire grips attached
perfectly to prevent this from coming off easily when installed to the rat.
Wires were installed on groups 3, 4, 6 and 7 of the rats. Induction of a rat
model of periodontitis using LPS P. gingivalis, NiTi wire and combination
of LPS P. gingivalis and NiTi wire ligation was carried out for 14 days.

2.4. Green Robusta coffee bean extract preparation

Prior to the start of the study, identification of the Robusta Coffee
bean was obtained from the The Crop Laboratory, Department of Agri-
cultural Production Jember State Polytechnic’s. Indonesia (53/
PL17.3.1.02/LL/2018). The Robusta coffee beans were acquired from
the coffee and cocoa plantations managed by the Indonesian Coffee and
Cocoa Research Institute (ICCRI) in Jember, East Java, Indonesia. The
ingredients were dehydrated and subsequently pulverized using a
combination of crushing and mixing using a blender machine, resulting
in the formation of fine granules. Extraction of GRCBE was carried out
using maceration techniques. 250 g. GRCBE granules were macerated in
1500 mL, 96% ethanol solution for 72 h. The maceration results were
then filtered and subsequently evaporated using a rotary evaporator at a
temperature of 30-40 °C with a pressure of 880 mBar for 6 h to obtain
GRCBE concentration of 100%. The extract was stored in a sealed glass
container. Prior to the experiment, the extract was diluted using a d-PBS
solvent into a concentration needed (Dulbecco’s Phosphate Buffer Sa-
line, Gibco).

2.5. Green Robusta coffee bean extract application

GRCBE administration was started after treatment with LPS
P. gingivalis and/or NiTi wire for 14 days until obtaining a rat model of
periodontitis. GRCBE was applied with a final concentration of 500 mg/
mL to the rats in groups 5, 6, and 7. Application were done once a day for
14 days in the gingival sulcus area of mesial Molar 1st (M1) using a
tuberculin syringe size 16 gauge in total volume of 0.05 mL

2.6. Wire installation of the lower left jaw of rats

anaesthesia induction was performed with ketamine at a dosage of 1
ml until the rat became unconscious. Subsequently, the wire was posi-
tioned around the buccal to palatal region of the left mandibular molar
(M) teeth, generating a C-like shape. This was done to modify the cer-
vical arch on the tooth and ensure a secure grasp of the wire, minimizing
the risk of detachment when attached to the rat. The wires were posi-
tioned on the groups 3, 4, 6 and 7, cohorts of rats.

2.7. Rat lower left jaw sampling

At day 15 after treatment with GRCBE, rats were euthanized using
ketamine HCl at a dose of 0.2 mL/250 g. per body weight, intra-
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Fig. 1. NiTi wire position. Installation of NiTi wire on rat samples in the area M1 left lower jaw.

muscular in the hamstring muscles. The tissues taken included the three
teeth of M1, M2, and M3 lower mandible left along with their peri-
odontal tissue. Next, the tissues were immersed in a formalin solution for
24 h to avoid damage, and autolysis, to maintain cell morphology and
prevent the growth of bacteria and fungi. Paraffin blocks were created
particularly from the bone and tissue of the M1 left lower jaw.

2.8. Histological preparations

Tissues were immersed in 10% formaline solution for at least 24 h
and continued with the decalcification process using a 10% solution of
formic acid until the tissue was soft. The dehydration stage was done
using alcohol with a low to high concentration. Xylol was used in the
clearing stage. The tissue was wrapped in filter paper labelled with the
identity of the sample and put into the embedding material, i.e. paraffin
with a boiling point of 56-60°C for 2 h. Procedures were repeated 3
times. Next, the tissue was put into a block printing tool containing
liquid paraffin and was left until frozen. Cutting was done in mesiodistal
direction with a thickness of 6-7 pm using rotary microtome (Leica,
Chicago, USA). Staining was done with Haematoxylin Eosin (HE) fol-
lowed by Immunohistochemistry (IHC) staining. Sections were

incubated for 1 h at 37 °C with the primary antibodies anti-OCN,
(1:300), anti-BMP2 (1:300), and anti-Cox-2 (1:300) (Invitrogen,
Thermo Fisher Scientific, Eugene, OR, USA), followed by the secondary
antibody (Universal Excell Stain, Biogear Scientific). Observation was
done using an optical microscope (Olympus, Tokyo, Japan) with a
magnification of x40, x100 and x400.

2.9. Immunohistochemistry analysis of OCN, BMP2 and COX-2

The staining of OCN, BMP-2 and COX-2 were determined by calcu-
lating the number of osteoblasts/macrophages cells that developed
brownish colour. Biomarker expressions were calculated based on three
selected fields of view, particularly in the alveolar bone area of the
buccal part from coronal to apical. Three different examiners were
involved to observe the intensity of the colour expressed. Histological
images are presented in Fig. 2.

2.10. Statistical analysis

The statistical significance was analysed by using the non-parametric
test Kruskal-Wallis and Mann-Whitney, with the statistic program

Fig. 2. Represent histological images of the buccal-lingual direction of the 1st molar of the rats with Imnmunohistochemistry staining A: Control (magnification
x100); B: Rat Periodontitis (LPS) (magnification 40x); C: Rat Periodontitis (LPS) (magnification x100). (C: Cementum; M: Mucosa; P: Pulp; D: Dentin; AB: Alveolar
bone; PL: Periodontal ligament; B: Buccal Section; L: Lingual section; Red Box: Observed segment).
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GraphPad Prism Software version 9.0 (San Diego, CA, USA). p < 0.05
was considered statistically significant. All data were presented as mean
=+ SD.

3. Research results
3.1. Quantitative expression of OCN, BMP2 and COX-2

The immunohistochemistry staining (IHC) showed that most staining
of OCN was found in the control group (10 + 0.83), which gradually
decreased in the groups without therapy (groups 2-4). An increase in
OCN staining occurred in all GRCBE therapy groups (groups 6-7) and
the highest increase was found in group 7 (LPS + NiTi wire + therapy)
(10 £ 0.36). Similar trend was also present for BMP-2. The number of
BMP-2 positive cells was higher in the GRCBE therapy groups (groups
5-7). The largest number of BMP-2 cells was found in the group given
LPS + therapy (group 5: 10.5 + 1.73), followed by the NiTi wire +
therapy (group 6) and group 7: group with combination of LPS + NiTi
wire + therapy.

The COX-2 staining exhibited contrasting outcomes in comparison to
the staining of OCN and BMP2. The group with the highest COX-2
staining was group 4, which consisted of LPS Pg + wire NiTi (13.75 +
0.833). This was followed by group 3, which consisted of wire NiTi, and
group 2, which consisted of LPS P gingivalis. The administration of
GRCBE treatment resulted in a notable reduction in the quantity of COX-
2. The levels of OCN, BMP2, and COX-2 expression, as well as the impact
of GRCBE therapy, may be observed in Table 1 and Fig. 5.

In addition, the Mann-Whitney test was conducted to ascertain the
extent of the disparity in the number of OCN, BMP2, and COX-2 ex-
pressions between the groups. Fig. 5 demonstrates a notable disparity
between the therapy and non-therapy groups, with a p-value of < 0.05
indicating statistical significance. There was a notable difference be-
tween the control placebo group and the group exposed to LPS
P. gingivalis (group 1 vs group 2 (NiTi wire) and 3 (LPS P.gingivalis + wire
NiTi)).

3.2. Histological overview of OCN, BMP-2 and COX-2

Light microscope with a magnification of x400 was used. Histologi-
cal images of the representative immunohistochemistry sections of OCN,
BMP-2 and COX-2 in the gingival mucosa were observed from the
epithelium of the gingival sulcus to the connective tissue under the
junctional epithelium as shown in Fig. 6.

Histological images of OCN and BMP-2 (Figs. 6A and 6B) show
similar trends. Control rat (1A, 1B) showed the presence of OCN and
BMP-2 which were characterized by a brownish colour. This was
confirmed by the colour intensity and was classified as normal (Table 2).

Table. 1
Average Expressions of OCN, BMP2 and COX-2 in Rat Periodontitis After
Treatment For 14 Days (n = 5).

No. Group n X+SD
OCN BMP2 COX-2

1 Control 5 10 + 9+ 0.82 7.75 +
0.83 2,06

2 LPS P. gingivalis 5 6%+ 7 +1,15 10.67 +
0.83 1,44

3 NiTi wire 5 5+ 6 +1.15 12.00 +
0.72 1,05

4 LPS P. gingivalis + NiTi wire 5 5% 454058 1375+
0.88 0.83

5 LPS P. ginivalis + therapy 5 7%+ 10.5 + 8.25 +
0.37 1.73 0.87

6 NiTi wire + therapy 5 8% 10.25+ 8.67 +
0.62 1.26 0.82

7 LPS P. gingivalis + NiTi wire-+ 5 10+ 10 +1.41 10.33 +

therapy 0.36 0,72
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Table 2
Colour Intensity of Expression of OCN, BMP-2 and COX-2 Based on the Average
Number of cells expressing biomarker proteins.

No. Group OCN BMP2 COX-2
1 Control ++ ++ ++

2 LPS P.gingivalis + + +4++

3 Wire NiTi. + + 4+

4 LPS P.gingivalis+wire NiTi + + 44+
5 LPS P.gingivalis+therapy +4 +4++ ++

6 NiTi Wire+therapy ++ +4++ ++

7 LPS P.gingivalis+NiTi wire+therapy +++ +++ 4+

Description of the Intensity of OCN, BMP2, COX-2 Expressions in the cytoplasm
of the cells that are brown.

[+]: Low; the average of the expressed cells OCN, BMP-2, COX-2 (3.1 - 6).
[++]: Normal; the average expressed cells OCN, BMP-2, COX-2 (6.1 - 10).
[+++]1: Medium; the average of the expressed cells OCN, BMP-2, COX-2 (10.1 —
13).

[++++]1: High; the average of the expressed cells OCN, BMP-2, COX-2 (13.1 -
16).

These indicated that in a healthy state, the periodontal tissue is already
expressing OCN and BMP-2 in normal quantity and intensity. In
contrast, rats that were not treated with GRCBE (Figs. 6A and 6B, 2, 3, 4)
showed less staining for OCN and BMP-2 than those in the control group
(1). Furthermore, rats treated with GRCBE (5, 6, 7) clearly showed an
increase in the number of positive cells for OCN and BMP-2 as charac-
terized by a brownish colour with normal (++) to moderate (+++)
intensity (Table 2) compared to a normal histological image. The
staining of OCN and BMP-2 was widely found along the alveolar bone
region. This shows that in rats treated with GRCBE, there was a process
of alveolar bone regeneration visible by an increase in OCN and BMP-2.

Whereas Fig. 6C shows that COX-2 staining had an inverse trend
compared to the staining of OCN and BMP-2. The histological images
show that there was a stronger staining of COX-2 in the untreated rats
(Figs. 6C, 2, 3, 4) compared to the treated groups with GRCBE (5, 6, 7).
COX-2 staining with normal intensity was present in the control group
(Fig. 6C (1)). The intensity gradually increased (+++) in the state of
periodontitis (LPS P. gingivalis (Fig. 6C (2)), NiTi wire (Fig. 6C (3)).
Fig. 6C (4)). Robust COX-2 staining with the highest intensity (++-++)
was found when rats were exposure to the combination of LPS+NiTi
wire. Overall, the colour intensity of COX-2 decreased in all groups after
treated with GRCBE (Groups 5, 6 and 7) which showed COX-2 with
normal intensity (++).

4. Discussion

Our study confirms that OCN, BMP-2 and COX-2 were present in the
control rats (Table 1 and Fig. 5). Expressions with normal intensity
shown in Table 2 strengthen these findings. This was due to the osteo-
blast activity that secretes OCN and BMP-2 as a natural bone remodel-
ling process due to the absence of pathogen. Moreover, a combination of
LPS P. gingivalis + NiTi wire a decrease in the number of osteocalcin and
BMP-2 positive cells in group 2 and 3, and an increase in the number of
COX-2 positive cells was found. This proves that exposure to LPS
P. gingivalis and/or NiTi wire alone can trigger the inflammation as
confirmed by radiographic images that there was resorption of alveolar
bones up to 1/3 apical part (Fig. 2). Robust inflammation signs were
even detected in the combination between LPS Pg and NiTi wire (group
4). This occurs due to an imbalance in bone remodelling between os-
teoclasts and osteoblasts, triggering inflammation of the periodontal
tissue.

The use of a wire is at risk in combination with poor oral hygiene
resulting in plaque accumulation in the oral cavity. This can lower the
pH of the oral cavity (Ripamonti and Renton, 2006). In accordance with
the case studies founded, patients undergoing fixed orthodontic treat-
ment may find it more difficult to maintain the oral cavity hygiene since
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Fig. 3. Represent radiological images of molar 1st left mandibular rat (A: Control; B: LPS P. gingivalis; C: NiTi wire; D: LPS P. gingivalis + NiTi wire; white arrow:

resorption of the alveolar bone).
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Fig. 4. Represents histological image of the buccal-lingual direction of the M1 teeth in periodontitis rat with exposure to LPS P. gingivalis 100 pg/ml (magnification
of 40) with Immunohistochemistry staining (A: Picture showing loss of attachment to the junctional epithelium; Buccal (B); Lingual (L); Gingival (Red Circle G);

Gingival Epithelium (GE); Junctional Epithelium (JE).

the food is easily trapped on the wire. They are more susceptible to
periodontal disease which enhance gingival recession and plaque
retention (Atassi and Awartani, 2010). Of note, the plaque index and
orthodontic plaque index are high in patients undergoing orthodontic
treatment. In addition, nickel ions (Ni%hH) composition in the NiTi wire
can be released at acidic pH conditions caused by organic acids formed
by the decomposition of food residues attached to the wire and the
metabolic results of bacteria that multiply on plaques inside the oral
cavity (Rachmawati et al., 2021).

The oral cavity is an ideal environment for metal biodegradation due
to its temperature, the quality and pH of saliva which can affect the
stability of metal ions (Azizi et al., 2016; Fors and Persson, 2006;
Rachmawati et al., 2021). Fors and Persson (36) conclude that Ni%**ions
can be released due to plaque and saliva in orthodontic patients with
NiTi wire. The biological effects of metals to cause increased inflam-
mation in the oral cavity are caused by the influence of the body’s
response to the release of Ni?*ions from corroded NiTi (Pataijindachote
et al., 2018). A case report shows that a patient experiences an inflam-
matory reaction in the tissues of his oral cavity after 3 days of using
nickel-containing wire. In addition, nickel is the most common metal
that causes contact dermatitis. Reports indicate that a nickel concen-
tration of about 30 mg/L can cause contact dermatitis (Noble et al.,
2008). Additionally, the release of Ni%*ions in the use of NiTi wire can
cause a gingival recession, up to the resorption of the alveolar bone
through increase the biosynthesis of prostaglandins E2 (PGE2) and IL-1
which is characterized by the increased expression of COX-2

(Branco-de-Almeida et al., 2020).

Our study confirms that the increased expression of OCN, BMP-2 and
the decrease of COX-2 were significantly potent in the group of peri-
odontitis rat model with a combination of LPS + wire NiTi induction
(group 4) compared to the group of rats that were injected with LPS
(group 2) or NiTi wire-installed only (group 3). This explains that there
is an adequate increase of inflammation occurring in combination of
periodontitis (LPS) with the installation of NiTi wires. Heavy metals
cannot be metabolized by the body hence they will merge and bind to a
single atomic molecule of ROS from the inflammatory response, which
will cause the existing inflammation worsened. In a state of oxidative
stress, an increase in lipopolysaccharides (LPS) are some of the factors
that can decreasing OCN and BMP2 and an increase in anti-
inflammatory cytokines such as COX-2 (Latvala et al., 2016). Such sit-
uation was proven in vitro in the research of Rachmawati et al. (2017)
that exposure to several types of alloys after immersion with the addi-
tion of LPS P. gingivalis increased the innate immune response to the
presence of pathogens compared to exposure without bacterial endo-
toxins. This indicates a synergy between metal exposure and endotoxins
as characterized by the production of pro-inflammatory cytokines
(Rachmawati et al., 2016).

This study aimed to determine the effect of administering GRCBE
(C. canephora) on the amount of OCN, BMP-2 and COX-2 in a rat peri-
odontitis model with and/or without therapy. The study shows that
there was a significant decrease in the average number of positive cells
stained for OCN and BMP-2 of the LPS exposure group, NiTi wire and the
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Fig. 5. Graph of Average Expression of OCN (A), BMP2 (B) and COX-2 (C) In the presence and absence of GRCBE Therapy. Graphical bars (Fig 5) and
numerical expression count (Table 1), the data represent mean + SD from five samples (nn = = 5). Asterisks specify statistically significant (Kruskal-Wallis and
Mann-Whitney, (non-parametric) differences with and without therapy and amongst the groups as compared to the control group, p<0.05 (*), p<0.01 (**) and

p<0.001 (***).

combination of LPS + wire NiTi (groups 2-4) compared to the group
given GRCBE therapy (5-7). The positive cells stained of OCN and BMP-
2 in the group with a combination of LPS Pg + NiTi wire were signifi-
cantly smaller than those of the group receiving GRCBE therapy (Fig 5).
This proves that GRCBE can increase the amount of OCN, BMP2 and
therefore increase alveolar bone regeneration due to the anti-
inflammatory and antioxidant properties of Robusta coffee compo-
nents such as caffeine, ferulic acid, chlorogenic acid, and caffeic acid.
Deterioration of the cell in inflammation triggers the release of
lysosome enzymes from leukocytes through their action on cell mem-
branes and secreting substances endogenously known as inflammatory
mediators. In addition, arachidonic acid is also released from the cell
membrane by the enzyme phospholipase (Ezzo and Cutler, 2003).
Arachidonic acid is one of the inflammatory mediators that play a
crucial role in the biosynthesis of prostaglandins through the cyclo-
oxygenase (COX) pathway. Cyclooxygenase first catalyzes 2 stages of
prostaglandin biosynthesis and is present in 2 forms, namely COX-1 and
COX-2. Cyclooxygenase 1 plays a role in homoeostasis, while cyclo-
oxygenase 2 increases when inflammation occurs and plays a role in the

synthesis of prostaglandins, especially PGE2 which causes increased
infiltration of inflammatory cells (Cekici et al., 2014). COX-2 is an
enzyme of which presence is influenced by the presence of inflammation
in the tissues, one of which is periodontitis caused by the tissue response
to the presence of LPS P.gingivalis (Ribeiro-Santos et al., 2019). This is
supported by a study conducted by Lazar (2015) which reports that the
amount of COX-2 expression is higher in periodontitis patients
compared to patients who have a healthy periodontal tissue condition
(Morton and Dongari-Bagtzoglou, 2001).

Robusta coffee bean contains active compounds with pharmacolog-
ical effects as anti-inflammatories with inhibition of cyclooxygenase
pathways, such as flavonoids, polyphenols, and chlorogenic acid, thus
play arole in reducing inflammatory symptoms (Song et al., 2022; Tsou
etal., 2019). In the injured tissues, there will be a healing process which
begins with the formation of blood vessels and subsequently followed by
the inflammatory phase on the 1st to 3rd day. Likewise, followed by the
proliferation phase on the 3rd to 7th days and remodelling on the 7th to
14th days after pathogenic exposures.

The results show that the average expression of OCN and BMP-2
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Fig. 6. Represent histological images with a magnification of x400 expression of OCN (A), BMP2 (B) and COX-2 (C) by immunohistochemistry staining of gingival
mucosa region 1st molar showed a distribution of brown colour around the gingival sulcus extending to the junctional epithelium (JE) marked with a white arrow (1)
Control; (2) LPS; (3) NiTi wire; (4) LPS+NiTi Wire; (5) LPS + therapy; (6) NiTi Wire + therapy; (7) LPS + NiTi wire + therapy. EG: Gingival Epithelium; JE:
Junctional Epithelium; AB: Alveolar bone; PL: Periodontal ligament M: Macrophages; BE: Basal Epithelial cells; The White Arrow shows the brown-coloured cell area

in the gingival epithelium and extracts the biomarker.

increased while COX-2 decreased in the inflammatory due to GRCBE
therapy concentration of 500 mg/mL. Decreased expression of COX-2 is
effective in all groups of inflammatory therapy due to LPS (group 5),
NiTi wire (group 6) and combination of LPS + NiTi wire. Therefore,
therapy by utilizing GRCBE containing anti-inflammatory compounds

accelerates healing as characterized by a decrease in COX-2 expression.

GRCBE contains flavonoids that can inhibit the occurrence of
inflammation in two ways, particularly by inhibiting capillary perme-
ability, metabolism of arachidonic acid and the secretion of lysosome
enzymes. Flavonoid compounds can inhibit the release of arachidonic
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acid and the secretion of lysosome enzymes from cell membranes by
blocking the cyclooxygenase pathway. The cyclooxygenase expressed at
the time of inflammation is COX-2. Inhibition in the synthesis of COX-2
can decrease the metabolism of arachidonic acid in the cell membranes
so that prostaglandin biosynthesis is reduced, and the inflammatory
response decreases due to inhibition of NFkB activation, thus inhibiting
the synthesis of IL-1 and TNF-a.

Anti-inflammatory and antioxidant compounds of chlorogenic acid
compounds, according to research conducted by Park (2022) are
described through the interaction of chlorogenic acid with amino acid
residues that are divided into several proteins that form hydrogen bonds.
The bond allows for a strong bond, with energy of —198.95 cal/mol.
Hence, it has the potential to inhibit the performance of COX-2 in pro-
ducing prostaglandins during inflammation. In addition, Robusta coffee
also contains an anti-inflammatory agent which has an inhibitory power
against the activity of the cyclooxygenase (COX) enzyme in vitro (Park
and Yoon, 2022). The reduction of inflammatory reactions carried out
by inhibiting the COX-2 pathway has been proven by Landete’s in vitro
research (2012) showing that polyphenol extract from the content of
Robusta coffee beans can reduce the inflammatory response as charac-
terized by a decrease in COX-2 expression. This is in line with the results
of Chul Lee et al. (2019), that Robusta coffee bean is more effective for
reducing the degree of inflammation which is characterized by
decreased secretion of tumor Necrosis Factor-o (TNF-a). The decrease in
TNF-a as a pro-inflammatory cytokine can decrease the amount of
COX-2 expression (Lee et al., 2019).

GRCBE can increase the amount of expression of OCN and BMP-2
which are biomarkers for the regeneration of alveolar bones. Caffeine
has anti-inflammatory properties that can inhibit the production of TNF-
a stimulated by LPS P. gingivalis, thus it can reduce the inflammation
(Hall et al, 2015). Chlorogenic acids are reported to have
anti-inflammatory properties that function to anchor proinflammation
cytokines, i.e. TNF- o, IL-1, PGE-2, and IL-6 in macrophage cells that can
inhibit osteoclasts (Hall et al., 2015; Hienz et al., 2015; Xu et al., 2014).
aFerulic acid can reduce the production of TNF- so that it can repair
osteoblasts and regenerate alveolar bones (Shen et al., 2012). Caffeic
acid has the potential as a powerful antioxidant and anti-inflammatory.
Caffeic acid can suppress the activation of NF-kp, which is important in
inflammatory processes (Hall et al., 2015). Decreased bone resorption
activity by osteoclasts, providing an opportunity for the process of
osteoblast differentiation through the activation of TGF-beta by regu-
lating the synthesis of BMP-2 through core binding factor-1 (C-bfal), is a
transcription factor in progenitor cells into osteoblasts. These osteoblast
precursors will explore and differentiate to form pre osteoblasts and then
will become mature osteoblast (Hienz et al., 2015).

It is in line with the results of a study showing that inhibition of pro-
inflammatory cytokine products will result in the decreased formation of
osteoclasts, and osteoblasts increase (Farah and de Paula Lima, 2019).
The increase in osteoblasts is also followed by osteocalcin expression.
This research is supported by Shu-jem’s (2013) study showing that
Robusta coffee with 0.1 mM of caffeine can effectively improve OCN
regulation (Su et al., 2013). Bone is a complex tissue that will change
throughout the life span through the process of bone formation by os-
teoblasts and osteoclasts (Gruber, 2019). In a normal alveolar bone, the
number of osteoblasts and osteoclasts are balanced, but the
non-balanced bone formation will result in the alveolar bone resorption
(Kapinas and Delany, 2011). Therefore, therapy with the administration
of GRCBE in a rat periodontitis model induced by a combination of LPS
P. gingivalis and installed NiTi wire is effective in increasing the regen-
eration of alveolar bones. The bioactive components in the GRCBE have
shown to have a great potential as immunomodulatory substances in the
treatment and prevention of periodontal disease. Further, in vitro, and in
vivo studies are required to show the efficacy of GRCBE as the future
alternative in the periodontitis therapy.

A limitation of our study is that we solely assessed tissue inflam-
mation using immunohistochemical staining, without considering the
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overall antioxidant capacity. To gain more insights, the anti-
inflammatory properties of GRCBE can be elucidated through future
investigations utilising techniques such as Western blot, PCR, immu-
nohistochemistry, or ELISA. Based on the constraints of this animal
investigation, it may be inferred that the administration of 500 mg/mL
GRCBE promoted bone growth and inhibited inflammation. Additional
research focusing on the examination of other biomarkers, such as the
TNF-a-dependant signalling system or the Wnt/} catenin pathway, can
provide insight into the mechanism by which GRCBE affects periodontal
disease. Our investigation demonstrated that administering GRCBE can
effectively prevent bone destruction in periodontitis, especially when
caused by the combination of LPS P. gingivalis and NiTi wire.

5. Conclusion

In conclusion, our study revealed a new possible therapeutic agent
for periodontal inflammation using GRCBE. Our novel findings highlight
the antiinflammation efficacy of GRCBE at 500 mg/mL which is effective
in improving alveolar bone regeneration in rat periodontitis models
induced by a combination of LPS P. gingivalis and NiTi wire.
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