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Objectives: The objective of this study was to examine the clinical and microbiological effects of
combining mangosteen peel extract (MPE) and demineralized freeze-dried bovine bone xenograft
(DFDBBX) on the expression of fibroblast growth factor-2 (FGF-2), the amount of osteoblast,
and the amount of osteoclast in the alveolar bone following Cavia cobaya tooth extraction. Tooth
extraction followed by alveolar ridge resorption is an unavoidable physiological process. The
combination of MPE and DFDBBX is expected to primarily provide osteoconductive properties
as well as strengthen the graft in order to stimulate new bone formation. Materials and Methods:
Fifty-six Cavia cobaya were divided into two groups for 7-day (group A) and 30-day (group B)
examinations, respectively. Each group consisted of twenty-eight animals that received four
treatments. In each treatment, seven Cavia cobaya were used. The bottom right incisor was
extracted. In groups Al and BI, tooth sockets were filled with 25 grams of polyethylene glycol
(PEG). Tooth sockets in groups AIl and BII were filled with 0.5 grams of DFDBBX and 24.5
grams of PEG. Tooth sockets in groups AIIl and BIII were filled with 0.5 grams of MPE and 24.5
grams of PEG. In groups AIV and BIV, tooth sockets were filled with a mixture of 0.5 grams of
DFDBBX, 0.5 grams of MPE, and 24 grams of PEG. Cavia cobaya's mandible was decalcified
with ethylene diamine tetraacetic acid (EDTA) at 7 and 30 days. During this time, histopathology
(HPA) and immunohistochemistry (IHC) tests were also performed. Statfistical analysis: The
calculated amounts of osteoblasts, osteoclasts, and FGF-2 expression data were used in the one-
way ANOVA test. Results: FGF2 expression and the number of osteoblasts increased
significantly after 7-day and 30-day of examination. On the other hand, the number of osteoclasts
decreased. Conclusion: The combination of MPE and DFDBBX effectively increases FGF-2
expression and the number of osteoblast cells while decreasing the number of osteoclast cells on
the alveolar ridge of Cavia cobaya.

Copyright©2023, : Maretaningtias Dwi Ariani et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

The loss of alveolar bone support compromises stability, support, and
or dental
maintaining the alveolar bone is carried out after tooth extraction to
minimize residual ridge resorption (Radoczy-Drajko, 2021).

comfort when placing prostheses

Alveolar bone loss can be caused by a variety of factors, including
pathological factors, root canal treatment (endodontic), periodontitis,
facial trauma, and aggressive actions during tooth extraction (Lin,
2019). The severity of the post-extraction healing assessment
influences dentists with respect to aesthetic design when creating
implant restorations or inserting conventional prostheses. However,
this problem can be overcome by a socket-preserving procedure using
graft material with or without a membrane barrier after tooth

implants. Thus,
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extraction. During the process of alveolar bone regeneration, natural
or synthetic graft materials are used to repair defects or deficiencies in
tissue by providing an extracellular matrix in the form of a scaffold
(Kang, 2019; Kim, 2020). Biomaterials used for bone regeneration
must be biocompatible, biodegradable, and effective. Integrating
biomaterials can improve strength and osteoconductive properties
while also controlling resorption time (Ogueri, 2019). Demineralized
freeze-dried bovine bone (DFDBBX) xenograft is one of the most
commonly used graft materials. DFDBBX is a mineralized bone graft
material that has been mineralized by immersing it in an acidic
solution to remove minerals from the bone (Mahyudin, 2017).
DFDBBX is commonly used as a graft in periodontal regenerative
procedures in which the bone matrix is treated with hydrochloric acid
to expose bone morphogenetic proteins (BMPs) capable of forming
new bone (Kader, 2017).

Over the past several decades, various natural ingredients have been
developed to support the bone formation process. Many tropical
plants have interesting bioactivities with potential therapeutic
applications. One of the most popular tropical plants is the
mangosteen. Mangosteen (Garcinia mangostana L.) is a native fruit
tree of Indonesia that grows easily in Southeast Asian countries such
as Malaysia, Thailand, and Myanmar. According to phytochemical
research, mangosteen peel extract (MPE) contains active ingredients
such as xanthones, flavonoids, saponins, and tannins. Xanthones have
been shown to have pharmacological effects such as antibacterial,
antifungal, and anti-inflammatory properties (Aizat, 2019). MPE can
also inhibit Staphylococcus aureus strains with a minimum inhibitory
concentration (MIC) of 3.125 g/ml. Another study also showed that
an 80% ethanol extract from MPE could inhibit the growth of
Porphyromonas gingivalis W50, a major periodontal bacterium with a
MIC of 3.91 mg/ml (Manjunatha, 2022). Bone regeneration is a
complex biological process governed by cell-growth factor
interactions. Blood vessels, osteoblasts, cementoblasts, and
fibroblasts are among the cells involved in this regenerative process.
Growth factors play an important role in all cellular functions,
suggesting that exogenous agents could be used to repair bone tissue
as an alternative therapeutic approach to bone repair.'’ Growth factors
are active polypeptides that influence epithelial, bone, and connective
tissue cell proliferation, chemotaxis, and differentiation. Fibroblast
growth factor (FGF), platelet-derived growth factor (PDGF),
transforming growth factor (TGF), osteoprotegerin (OPG), bone
morphogenetic protein (BMP), and proteins found in cells and tissues
are examples of polypeptides. nuclear factor kappa B ligand receptor
activator (RANKL) in both soft and hard tissues. Including nuclear
factor kappa B ligand receptor activator (RANKL) in soft and hard
tissues involved in bone regeneration (Kresnoadi, 2017). Among
these polypeptides, FGFs are thought to be potential regulators of cell
proliferation and wound healing, as well as having mitogenic
properties. The best FGF group is FGF-2, which is important in the
regulation of bone healing (Kigami, 2014). The purpose of this study,
as stated above, is to investigate the clinical and microbiological
effects of combining mangosteen peel extract (MPE) and
demineralized freeze-dried bovine bone xenograft (DFDBBX) on the
expression of fibroblast growth factor-2 (FGF-2), the amount of
osteoblast, and the amount of osteoclast in the alveolar bone
following Cavia cobaya tooth extraction. As a result, the combination
of MPE and DFDBBX in the tooth extraction socket is expected to
provide adequate bone graft strength, promote alveolar bone
formation, and allow for proper denture and dental implant
installation in the future.

MATERIALS AND METHODS

A randomized post-test control group design was used for the
research. Sterile distilled water, MPE, DFDBBX, absolute alcohol,
70% alcohol, monoclonal antibody FGF-2 (Santa Cruz), immune
staining kit reagent (Novocastra Leica), and a reagent for hematoxylin
and eosin (HE) coloring were used in this research. The experimental
animals were 56 male Cavia cobaya weighing 300-350 grams and
aged 3-3.5 months. These samples were divided into two groups for

7-day (group A) and 30-day (group B) examinations, respectively.
Each group consisted of twenty-eight animals that received four
treatments. In each treatment, seven Cavia cobaya were used. The
bottom right incisor was extracted. In group I, tooth sockets were
filled with 25 grams of polyethylene glycol (PEG). Tooth sockets in
group II were filled with 0.5 grams of DFDBBX and 24.5 grams of
PEG. Tooth sockets in group III were filled with 0.5 grams of MPE
and 24.5 grams of PEG. In group, tooth sockets were filled with a
combination of 0.5 grams of DFDBBX, 0.5 grams of MPE, and 24
grams of PEG. Cavia cobaya's mandible was decalcified with
ethylene diamine tetraacetic acid (EDTA) at 7 and 30 days. During
this time, histopathology (HPA) and immunohistochemistry (IHC)
tests were also performed.The results of the calculations are recorded
and then tabulated. In addition, a statistical analysis was performed
using the ANOVA test (analysis of multiple variances) from the
calculated amount of osteoblast, osteoclasts, and FGF-2 expression
data. While to compare the amount of data between different groups,
multiple comparisons were performed using the Tukey HSD test.

RESULTS

A combination of MPE and DFDBBX was applied to the alveolar
bone of Cavia cobaya extracted tooth sockets, with 56 Cavia cobaya
divided into two groups, 7-day (group A) and 30-day (group B)
examinations, respectively. Table 1 shows the results obtained. There
was an increase in the expression of FGF-2 and the number of
osteoblast cells after filling the Cavia cobaya tooth extraction socket
with DFDBBX, MPE, or a combination of MPE and DFDBBX on the
7-day and 30-day Examination. While the number of osteoclasts
decreased after control was achieved by filling the Cavia cobaya tooth
extraction socket with DFDBBX, MPE, or a combination of MPE and
DFDBBX on the 7-day and 30-day examination. Figure 1. shows the
graph of mean and standard deviation of FGF-2 expression, the
number of osteoblast cells, and the number of osteoclast cells in each
treatment on the 7-day examination. On the seventh day of
examination, it appeared that the treatment group with the
combination of MPE and DFDBBX in the Cavia cobaya tooth
extraction socket had the highest average of FGF-2 expression and
the number of osteoblast cells and the lowest average number of
osteoclast cells (Group IV). Figure 2. demonstrates the mean and
standard deviation of FGF-2 expression, the number of osteoblast
cells, and the number of osteoclast cells in each treatment group on
the 30-day examination,. The treatment group with the combination
of MPE and DFDBBX in the Cavia cobaya tooth extraction socket
had the highest average of FGF-2 expression and the number of
osteoblast cells and the lowest average number of osteoclast cells
(Group IV) at thirty days of examination. Figures 3 and 4 show
microscopic features of FGF-2, osteoblasts, and osteoclasts
expression in each treatment group on the 7th and 30th days of
examination. The normality test yields P = 0.000<0.05, indicating that
there are significant differences between the groups. A homogeneity
test performed prior to the ANOVA test yielded P = 0.167>0.05 on
the Levene test, indicating that we can proceed with the ANOVA test.

DISCUSSION

As the research progresses, a gel scaffold containing MPE and
DFDBBX is applied to Cavia cobaya bone defects. A scaffold is a
matrix or artificial structure that is used to promote cell invasion and
physical support, resulting in cell proliferation and differentiation into
functional tissues or organs of an organism (Vaidyanathan, 2021;
Isola, 2022). Scaffold functions are coordinated to modify cell
attachment and migration by transporting and defending cells from
biochemical factors, activating nutrient diffusion into vital cells, and
exerting certain mechanical and biological effects to modify cell
phase behavior. ' Furthermore, scaffolds can provide structural
integrity in the body before rupturing and leaving neo tissue (newly
formed tissue subjected to mechanical stress). > In vivo testing with
DFDBBX, MPE, or both MPE and DFDBBX has been shown to
increase FGF-2 and osteoblast activity.
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Table 1.
Group Number  of | FGF-2 Expression (%) _ Osteoblast cell number _ Osteoclast cell number _
samples Mean Standard Deviation Mean Standard Deviation Mean Standard Deviation
1 7 3 0,79 4,5 1,13 19,29 2,88
A 11 7 5,86 1,16 6,3 1,90 14,86 4,02
111 7 7,29 1,46 8,43 2,44 14,71 1,50
v 7 10,71 1,77 9 2,45 13,71 2,43
1 7 7,29 2,22 12,43 1,62 10,43 2,23
B 11 7 10,71 2,29 13,27 2,22 8,57 1,72
111 7 13,71 2,43 15,71 0,98 6,57 1,62
I\ 7 16,29 1,80 16 1,83 5,14 1,46
25 FGF-2 exprassion, the number of osizoblast c2lk and the number of asiockst
FGF-2 expression, the number of osteoblast cells and the number of osteoclast cells on the 30" dayof exasminatiom

cells on the 7th day of examination
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Figure 1. Graph of FGF-2 expression, number of osteoblast and Figure 2. Graph of FGF-2 expression, number of osteoblast and
osteoclast cells on the 7th day of xamination osteoclast cells on the 30th day of examination

Figure 3. Microscopic picture on the 7th (left) and 30th (right) day of examinationin each treatment group (I) PEG; (II) DFDBBX + PEG;
(IIT) MPE + PEG; (IV) MPE + DFDBBX + PEG. Black arrow indicates of FGF-2 expression



62873 Maretaningtias Dwi Ariani et al., Mangosteen peel extract (mpe) and dfdbbx applied to cavia cobaya
tooth extraction sockets for euided bone regeneration

Figure 4. Microscopic picture on the 7™ (left) and 30" (right) day of examinationin each treatment group (I) PEG; (II) DFDBBX +
PEG; (IIT) MPE + PEG; (IV) MPE + DFDBBX + PEG. Red arrow indicates of osteoblast cells and black arrow indicates of osteoclast
cells
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On the 7th and 30th days of examination, in vivo testing with
DFDBBX, MPE, or both MPE and DFDBBX can increase FGF-2 and
osteoblast cell numbers. Examinations were performed on day 7,
when the osteoblast cells began to attach to the surface of the
scaffolds (Motamedian, 2015). After scaffolds were added to animal
tests, osteoblasts increased significantly during the first 20 days, and
blood vessels formed by day 14, with examinations continuing until
day 30 of the study (Kaniuk, 2020; Salim, 2015). The results of the
study, which were observed on days 7 and 30, revealed that the
DFDBBX, MPE, or combined MPE and DFDBBX treatment groups
increased FGF-2 expression and the number of osteoblasts in
comparison to the control group. The outcome was improved because
it was transformed into an artificial structure for infiltration and bone
replacement cells. An artificial structure that can maintain the
mechanical stability of the tissue and restore the bone defect to its
original shape is required as the tissue growth site for bone tissue
regeneration (Kresnoadi, 2020). Conversely, the composition of the
socket filling material can increase cell interaction and thus cell
proliferation (Abate, 2022).

Various tests on the number of osteoblasts and FGF-2 expression at
days 7 and 30 revealed an increase with all treatments. MPE and
DFDBBX contain reactive amino and hydroxyl chains that can
stimulate fibroblasts to proliferate, migrate, and produce interleukin,
resulting in a decrease in osteoblasts in both the treated and control
groups. Because the process began after the seventh day, the
examination on day 30 revealed a significant increase over day 7.
DFDBBX is a xenograft with excellent biocompatibility and
bioactivity. Furthermore, DFDBBX has crystallographic and
chemical properties that are similar to the structure of bones and
teeth. Xenografts promote the growth of osteoblasts, fibroblasts, and
endothelial cells (Jeong, 2019). Furthermore, because the inner
surface, porosity, calcium ratio, hydroxyapatite, and other mineral
factors of bovine bones are similar to those of human bone minerals,
xenografts are known to have the ability to regenerate tissue through
osteoconduction (Cunniffe, 2016). According to this study, the
average FGF-2 expression and osteoblast cell numbers in post-
extracted socket fillings using DFDBBX or MPE were lower than the
combined MPE and DFDBBX group. The combination of MPE and
DFDBBX is more stable because the composition of MPE can act as
a bridge to enhance the binding efficiency between the amino acid
molecules of MPE and DFDBBX in the tissue (Abate, 2022).
According to the study's findings, after applying DFDBBX, MPE, or
a combination of MPE and DFDBBX on the days 7 and 30, the
number of osteoclast cells that were initially higher in the control
group appears to have decreased. This is because DFDBBX, MPE, or
a combination of MPE and DFDBBX play an important role in
preventing inflammation, accelerating tissue wound healing, and
decreasing the number of osteoclast cells.

The results show that the combination of MPE and DFDBBX
promotes bone growth, particularly in extracted tooth sockets. The
reason for this is that DFDBBX acts more as an osteoconductor in
bone regeneration by providing an extracellular matrix in the form of
a scaffold. MPE, on the other hand. According to the study's findings,
the number of osteoclast cells that were initially higher in the control
group appears to have decreased after applying DFDBBX, MPE, or a
combination of MPE and DFDBBX on the 7-day and 30-day
examination. This is due to the fact that DFDBBX, MPE, or a
combination of MPE and DFDBBX play an important role in
preventing inflammation, stimulating faster tissue wound healing, and
decreasing the number of osteoclast cells. The findings show that the
combination of MPE and DFDBBX had a synergistic effect on bone
growth, particularly in extracted tooth sockets. The reason for this is
that DFDBBX acts more as an osteoconductor in bone regeneration
by providing an extracellular matrix in the form of a scaffold. The
reason for this is that DFDBBX acts more as an osteoconductor in
bone regeneration by providing an extracellular matrix in the form of
a scaffold. MPE, on the other hand, has an osteoconductive effect
because it stimulates FGF-2 and osteoblast proliferation.

CONCLUSION

Based on the findings, it can be concluded that the combination of
MPE and DFDBBX effectively increases FGF-2 expression and the
number of osteoblast cells while decreasing the number of osteoclast
cells on the alveolar ridge of Cavia cobaya. More research is needed
on biochemical markers of osteogenesis such as alkaline phosphate,
osteocalcin, osteopontin, and fibronectin. This research is expected to
be widely developed in the dental field, leading to the development of
biotechnology and the production of patented products.

REFERENCES

Abate M, Pagano C, Masullo M, et al., 2022. Mangostanin, a
xanthone derived from garcinia mangostana fruit, exerts
protective and reparative effects on oxidative damage in human
keratinocytes. Pharmaceuticals (Basel).15(1):84. Published 2022
Jan 11. doi:10.3390/ph15010084.

Aizat WM, Ahmad-Hashim FH, Syed Jaafar SN. 2019. Valorization
of mangosteen, "The Queen of Fruits," and new advances in
postharvest and in food and engineering applications: A review. J
Adv  Res.,  20:61-70.  Published 2019 May  29.
doi:10.1016/j.jare.2019.05.005.

Chan C, Liu X, Wang L, Bardwell L, Nie Q, Enciso G. 2012. Protein
scaffolds can enhance the bistability of multisite phosphorylation
systems. PLoS Comput Biol.;8(6):¢1002551.
doi:10.1371/journal.pcbi.1002551.

Cunniffe GM, Curtin CM, Thompson EM, Dickson GR, O'Brien FJ.
2016. Content-dependent osteogenic response of
nanohydroxyapatite: An in vitro and in vivo assessment within
collagen-based scaffolds. ACS Applied Materials and Interfaces.,
8(36): 23477-23488.

Isola G, Lombardi T. 2022. Advances in clinical and molecular
research of biomaterials in dentistry: The new era for dental
applications. J Clin Med. 2022;11(15):4512. Published Aug 2.
doi:10.3390/jcm11154512.

Jeong J, Kim JH, Shim JH, Hwang NS, Heo CY. 2019. Bioactive
calcium phosphate materials and applications in bone
regeneration. Biomater Res., 23:4. Published 2019 Jan 14.
doi:10.1186/s40824-018-0149-3.

Kader L, Elbokle N. 2017. Recombinant human bone morphogenetic
protein-2 versus autogenous bone graft in the reconstruction of
maxillary anterior alveolar ridge defects. Egyptian Dental
Journal. 63(Issue 4-October (Oral Surgery)): 3077-3092. doi:
10.21608/edj.2017.76103.

Kang PL, Huang HH, Chen T, Ju KC, Kuo SM. 2019. Angiogenesis-
promoting effect of LIPUS on hADSCs and HUVECs cultured on
collagen/hyaluronan scaffolds. Mater Sci Eng C Mater Biol Appl.
2019 Sep;102:22-33. doi: 10.1016/j.msec.2019.04.045. Epub Apr
13. PMID: 31146993.

Kaniuk L, Krysiak ZJ, Metwally S, Stachewicz U. 2020. Osteoblasts
and fibroblasts attachment to poly(3-hydroxybutyric acid-co-3-
hydrovaleric acid) (PHBV) film and electrospun scaffolds. Mater
Sci Eng C, 110:110668. ISSN 0928-4931.
https://doi.org/10.1016/j.msec.2020.110668.

Kigami R, Sato S, Tsuchiya N, et al., 2014. Effect of basic fibroblast
growth factor on angiogenesis and bone regeneration in non-
critical-size bone defects in rat calvaria. J Oral Sci., 56(1):17-22.
doi:10.2334/josnusd.56.17.

Kim YK, Ku JK. 2020. Extraction socket preservation.J Korean
Assoc  Oral Maxillofac Surg. 46(6):435-439. doi:10.5125/
jkaoms.2020.46.6.435.

Kresnoadi U, Ariani MD, Djulacha E, Hendrijantini N. 2017. The
potential of mangosteen (Garcinia mangostana) peel extract,
combined with demineralized freeze-dried bovine bone xenograft,
to reduce ridge resorption and alveolar bone regeneration in
preserving the tooth extraction socket. J Indian Prosthodont Soc.,
17(3):282-288. doi:10.4103/jips.jips_64 17.

Kresnoadi U, Rahayu RP, Ariani MD, Soesanto S. 2020. The
potential of natural propolis extract combined with bovine bone



62875

Maretaningtias Dwi Ariani et al., Mangosteen peel extract (mpe) and dfdbbx applied to cavia cobaya

tooth extraction sockets for euided bone regeneration

graft in increasing heat shock protein 70 and osteocalcin on
socket preservation. Eur J Dent., Feb;14(01):031-7.

Lin HK, Pan YH, Salamanca E, Lin YT, Chang WJ. 2019. Prevention
of bone resorption by HA/B-TCP + collagen composite after tooth
extraction: A case series. Int J Environ Res Public Health. Nov
21;16(23):4616. doi: 10.3390/ijerph16234616. PMID: 31766327,
PMCID: PMC6926561.

Mahyudin F, Utomo DN, Suroto H, Martanto TW, Edward M, Gaol
IL. 2017. Comparative effectiveness of bone grafting using
xenograft freeze-dried cortical bovine, allograft freeze-dried
cortical New Zealand white rabbit, xenograft hydroxyapatite
bovine, and xenograft demineralized bone matrix bovine in bone
defect of femoral diaphysis of white rabbit: Experimental study in
vivo. Int J Biomater. 2017:7571523. doi: 10.1155/2017/7571523.
Epub 2017 Sep 28. PMID: 29093738; PMCID: PMC5637838.

Manjunatha VA, Vemanaradhya GG, Gowda TM. 2022. Clinical and
antioxidant efficacy of 4% mangosteen gel as a local drug
delivery in the treatment of chronic periodontitis: A placebo
controlled, split-mouth trial. Dent Med Probl., 59(1):111-119.
doi:10.17219/dmp/139198.

Mohd Roslan MR, Mohd Kamal NL, Abdul Khalid MF, et al., 2021.
The State of Starch/Hydroxyapatite Composite Scaffold in Bone
Tissue Engineering with Consideration for Dielectric
Measurement as an Alternative Characterization
Technique. Materials (Basel).14(8):1960. Published 2021 Apr 14.
doi:10.3390/ma14081960.

Motamedian SR, Hosseinpour S, Ahsaie MG, Khojasteh A. 2015.
Smart scaffolds in bone tissue engineering: A systematic review
of  literature. World J  Stem Cells., 7(3):657-668.
doi:10.4252/wjsc.v7.i3.657.

Ogueri KS, Jafari T, Escobar Ivirico JL, Laurencin CT. 2019.
Polymeric biomaterials for scaffold-based bone regenerative
engineering. Regen  Eng  Transl  Med.,  5(2):128-154.
doi:10.1007/s40883-018-0072-0.

Radoczy-Drajko Z, Windisch P, Svidro E, Tajti P, Molnar B, Gerber
G. 2021. Clinical, radiographical and histological evaluation of
alveolar ridge preservation with an autogenous tooth derived
particulate graft in EDS class 3-4 defects. BMC Oral Health. Feb
11;21(1):63.  doi: 10.1186/512903-021-01429-y.  PMID:
33573644; PMCID: PMC7879529.

Salim S, Ariani MD. 2015. In vitro and in vivo evaluation of
carbonate apatite-collagen scaffolds with some cytokines for bone
tissue engineering. J Indian Prosthodont Soc., 15(4):349-355.
doi:10.4103/0972-4052.171821.

Vaidyanathan L. 2021. Growth factors in wound healing-A review.
Biomed Pharmacol J 14(3). doi https://dx.doi.org/ 10.13005/
bpj/2249.

skeoskeoskoskoskoskosk



