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TLR2 Signaling Pathway in Alveolar
Bone Osteogenesis Induced by
Aloe vera and Xenograft (XCB)

Utari Kresnoadi’, Retno Pudji Rahayu?, M Rubianto®, Subijanto Marto
Sudarmo*, Hendrik Setia Budi®

The aim of this study was to find the role of TLR2 signaling pathway in reducing osteoclast
activity and promoting osteoblast growth by inducing a combination of Aloe vera and
cancellous bovine xenograft (XCB) into dental extraction socket. Forty-eight Cavia cobayas
were used. They were divided into eight groups (n=6). For control group, their mandibular
incisors were extracted and filled with PEG. For treatment groups, they were extracted and
filled with XCB, Aloe vera and the combination of Aloe vera and XCB. The first four groups
were sacrificed after 7 days and the other groups after 30 days. Inmunohistochemistry and
histopathology examination were conducted to examine TLR2, TNFa, OPG, collagen-1, and
the osteoblast and osteoclast expressions. The expressions of TLR2, OPG and Collagen-1, as
well as the number of osteoblast were increased. Meanwhile, the expressions of TNFo and
osteoclast were decreased. The study finding was that TLR2 signaling pathway influenced
alveolar bone osteogenesis process by reducing osteoclast activity and stimulating osteoblast
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growth induced by the combination of Aloe vera and XCB.

Introduction

Adequate alveolar bone is required to achieve a stable
denture. Thus, prevention of residual ridge resorption is
important during dental extraction, order to limit the
progressive bone resorption, since the trauma caused by
extraction can trigger inflammation that may stimulate
alveolus bone resorption. In other words, if the socket
is not preserved, the residual ridge resorption may
occur progressively (1-3). Therefore, interim denture is
commonly made after dental extraction for aesthetic
reasons before the definitive denture. This method has
been recognized as one of the factors that may induce a
rapid alveolar bone resorption. The presence of denture in
fresh extraction wound can cause trauma and subsequently
triggerinflammatory process of the alveolar wound, so the
effectiveness of wound healing will be reduced. As a result,
this denture becomes irretentive and ultimately requires
repeated relining (4).

Bone grafting procedure is a technique often used
to repair either bone defects or ridge augmentation (5).
However, failure of the procedure has been reported
with various results. Graft materials used should have
osteoconductive ability that potentially can stimulate the
growth of new bone (6). Development of a new material is
necessary to stimulate or accelerate bone growth activity.

Aloe vera is a natural material known as a biogenic
stimulator and hormonal activity modulator during the
wound healing. Fluid derived from Aloe vera may even

bone, osteogenesis, TLR2, XCB.

prevent development of scar tissue after skin incision (7).
The chemical composition of Aloe vera consists of aloin,
aloe-emodin, barbaloin, amino acids and anthraquinones.
Anthraquinones has several beneficial properties as anti-
inflammatory, analgesic, anti-microbial effect, as well as
anesthetic and laxative effects (8). It is also known that
another material found in Aloe vera, aloe-emodin, can
both promote tissue healing and recovery processes and
minimize pain (9).

TLR (Toll Like Receptor) is a protein that plays an
important role in initiation of immune system. TLR, which
has a specific molecular pattern found in a variety of
microbial pathogens, such as bacteria and viruses, can
also trigger inflammatory and antiviral responses as well
as dendritic cell maturation to eliminate pathogenic
agents (10). In addition, signaling pathway of botanical
components can be identified by signaling marker derived
from TLR-2 (11).

For those reasons, this study aimed to explore the role of
acombination of Aloe veraand cancellous bovine xenograft
material in stimulating alveolar bone growth and preventing
alveolar bone resorption after tooth extraction. The effects
of Aloe vera and XCB in activating TLR2 and increasing
osteoblast, OPG, TNFa and colagen-1 levels might become
the key properties contributing to the positive result since
these substances are known to play important roles to
promote the positive effect of osteoblast and suppress the
negative effect of osteoclast during bone growth.
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Material and Methods
Research Design and Animal Model

This study was conducted on forty-eight healthy
male guinea pigs (Cavia cobayas) aged 3-3.5 months
and weighing around 300 to 350 g. The use of those
experimental animals was approved by the Ethical Clearance
of Animal Care and Use Committee (ACUC) of Veterinary
Faculty, Universitas Airlangga No. 003-KE / TE, May 1,2012.
This research was conducted in the Biochemical Laboratory
of the Medical Faculty, Universitas Airlangga.

Aloe vera used in this research was identified in the
Biological Laboratory of the Faculty of Sciences and
Technology, Universitas Airlangga on March 23, 2011. The
identification process showed that Aloe vera kingdom is
Plantae, Magnoliophyta division, class Liliopsida, order
Liliales, family Liliaceae, Aloe genus and Aloe vera species.
The used Aloe vera was extracted and freeze-dried in the
Biological Laboratory.

The other used materials were sterile aquadest,
cancellous bovine xenograft (XCB) (produced by the
Bank of Tissues in Dr. Soetomo Hospital, Surabaya),
absolute alcohol, 70% alcohol, anti collagen 1, anti TLR-
2, anti osteoprotegerin (OPG) and anti-tumor necrosis
factor o (TNF-a) reagent (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA) monoclonal antibodies. In
addition, immunostaining kit reagent (Leica Biosystems,
Wetzlar, Germany) was used. Hematoxylin-eosin reagent,
micropipette, tip (yellow, white, blue), light microscopy,
object glass with polylysin coating and cover glass were
also used for analysis of the specimen.

A randomized research design and post-test design
were conducted for all the groups. Four different solutions
were used as treatment for each group, namely solution
containing polyethylene glycol (PEG) only, combination of
XCB and PEG, a combination of Aloe vera and PEG, and a
mixture of 29 active substance containing Aloe vera, XCB
and PEG. PEG was used as a carrier so that the mixture
becomes a gel to facilitate filling into the socket.

Independent variables in this research were the mixture
of Aloe vera 0.5 g, XCB 0.5 g and 24 g PEG (PEG 4000+ PEG
400, with ratio 1:1). The mixture of Aloe vera and XCB and
PEG was manufactured in the Physical Chemistry Laboratory
of Pharmacy Faculty, Universitas Airlangga. The dependent
variables were TLR2, TNFa, OPG, Collagen1 and expressions
of osteoblast and osteoclast. The controlled variable was
Cavia cobayas (guinea pig) with body weight of 300-350
g at the age of 3-3.5 months. The animals were fed with
corn, carrots and distilled water.

Research Procedure
The guinea pigs (Cavia cobaya) were divided into
eight different groups based on the treatment and the
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time of examination after the treatment, whether it was
7 or 30 days after the extraction. Before their lower right
incisors were extracted by using special pliers, they were
anaesthetized intravenously with ketamin 0.2 cc/300 g
body weight (12). The examination conducted 7 days after
dental extraction, according to Werner and Grose (13), is
because after 7 days the wound is healed and a new tissue
is formed, called granulation tissue. Osteoid can also be
seen at the bottom and periphery of the socket (14). The
examination conducted 30 days after dental extraction is
because after the fourth week the activity of osteoblast
is maximal (14).

Next, the first two groups filled with PEG solution
were classified as Group | which result was examined 7
days after the extraction and as Group Il, which result was
examined 30 days after. The second two groups filled with
the combination of XCB and PEG solution were classified
as Group Il which result was examined 7 days after and
as Group IV which result was examined 30 days after.
The third two groups filled with the combination of Aloe
vera and PEG were classified as Group V which result was
examined 7 days after and as Group VI which result was
examined 30 days after. Finally, the last two groups filled
with the combination of Aloe vera, XCB and PEG solution
were classified as Group VII which result was examined 7
days after, and as Group VIII which result was examined
30 days after. The amount of solution poured into each
of the post dental extraction sockets in the lower incisor
was 0.1 cm?® and they were sutured.

Histopathological Specimen Preparation

The guinea pigs were decapitated and their jaw was
exposed for decalcification procedure using 2% nitric acid
for approximately 14 days. Paraffin block preparation was
made. Paraffin blocks about 4-um-thick were cut with rotary
microtom and placed on glass object. The examination of
specimen was conducted by making slide preparation used
for eosin staining and immunohistochemical staining.
TLR-2, TNF-a, Osteoprotegerin (OPG), and collagen-1
were identified by immune histochemical examination.
Indirect immunohistochemical examination could be
conducted using primary and secondary antibodies.
Histological examination was conducted to identify and
quantify the number of osteoclasts and osteoblasts in the
specimen. The tissue preparation used in this research was
performed in Anatomical Pathology of Dr Soetomo Hospital.
Immunohistochemistry was conducted in Biochemistry and
Biomolecular Enginering Laboratory of Medical Faculty,
Brawijaya University. The quantification of the expressions
of TLR2, TNFa, OPG, collagen 1, osteoblast and osteoclast
was conducted by making each slide in the field of view
enlarged with 1000x magnification as many as 10 field



of view. The results of the calculations were entered in
a worksheet and the means of the field of view were
calculated.

Statistical Analysis

All results were written in the worksheet and calculated.
The calculation results were tabulated. The resulting data
were tested by Kolmogorov-Smirnov test and ANOVA. The
data then were tested with Tuckey's HSD to compare the
data among the groups, since the aim of this study is to find
the role of TLR2 signaling pathway in reducing osteoclast
activity and promoting osteoblast growth.

Results

The expressions of TLR2 and collagen-1 as markers of
osteoblasts increased, while the expressions of TNFa and
osteoclasts as markers of bone resorption decreased. OPG
was decreased (Fig. 1) in both examinations, at 7 days and

Table 1. Significantly treatment group after 7 days
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30 days. Statistical calculation results of ANOVA on the
expressions of TLR2, TNFa, OPG and collagen 1 in 7 days
are in Table 1, while those in 30 days are in Table 2.

Based on the results of ANOVA on TLR2 after 7 and 30
days, there were significant differences in the expression of
TLR2 between the control group and the treatment groups,
each one induced with XCB, Aloe vera or the combination
of Aloe vera and XCB, with p<0.05 significance. Based on
the results of HSD test, there were significant differences
between the group induced with XCB, the group induced
with Aloe vera, and the group induced with the combination
of Aloe vera and XCB with p<0.05.

Based on the results of ANOVA test on OPG after 7 and
30days, there were significant differences in the expression
of OPG between the control group and the treatment groups
each one induced with XCB, Aloe vera or the combination
of Aloe vera and XCB, with p<0.05 significance. Based on
the results of HSD test, there were significant differences

Table 2. Significantly treatment group after 30 days

Groups F p Groups F p
TLR2 52.853 .000 TLR2 117.686 .000
OPG 258.145 .000 OPG 29.930 .000
Collagen1 49.115 .000 Collagen1 110.084 .000
TNF-a 252.190 .000 TNF-a 19.878 .000
Osteoclast 67.571 .000 Osteoclast 79.455 .000
Osteoblast 47.600 .000 Osteoblast 51.543 .000
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Figure 1. Mean and standard deviation of expression of each treatment group after 7 and 30 days.
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between the group induced with XCB, the group induced
with Aloe vera, and the group induced with the combination
of Aloe vera and XCB, with p<0.05.

Based on the results of ANOVA on TNF-a after 7 and 30
days, there were significant differences in the expression of
TNF-a between the control group and the treatment groups
each one induced with XCB, Aloe vera or the combination of
Aloe vera and XCB, with p<0.05 significance. Based on the
results of HSD test, it is known that there were significant
differences between the group induced with XCB, the group
induced with Aloe vera and the group induced with the
combination of Aloe vera and XCB, with p<0.05.

Based on the results of ANOVA on collagen 1 after
7 and 30 days, there were significant differences in the
expression of collagen 1 between the control group and
the treatment groups, each one induced with XCB, Aloe
vera or the combination of Aloe vera and XCB, with p<0.05
significance Based on the results of HSD test, there were
significant differences between the group induced with XCB,
the group induced with Aloe vera and the group induced
with the combination of Aloe vera and XCB, with p<0.05.

The results of ANOVA on osteoblasts and osteoclasts
after 7 and 30 days, show significant differences in the
expressions of osteoblasts and osteoclasts between the
control group and the treatment groups each one induced
with XCB, Aloe vera or the combination of Aloe vera and
XCB, with p<0.05 significance The results of HSD test
showed significant differences between the group induced

with XCB, the group induced with Aloe vera and the group
induced with the combination of Aloe vera and XCB, with
p<0.05. On day 30, the number of osteoclasts decreased to
its lowest level, while the number of osteoblasts increased
to the highest level.

Discussion

TLR2 as signaling mediator has an important role.
The expression of TLR2 in the control group as well as in
those three treatment groups filled with XCB, Aloe vera
or the combination of Aloe vera and XCB was increased.
This indicates that TLR-2 is an important receptor for filler
materials, since the induction of these materials increased
the number of TLR2 receptors. This increase may be caused
by the fact that Aloe vera does not only contain protein in
the form of lectin compounds, such as saponin, but also
contains alkaline phosphatase. Therefore, it can serve as
ligand binding to TLR2 as Lewis base is a compound that
is able to provide a pair of electrons to bind to receptor
(15,16). However, the TLR2 increase was possibly not caused
by the migration of other bacteria, but by the decrease of
TNF-a as proinflammatory cytokines, which could reduce
inflammation as the body's response to the migration of
pathogens. Similarly, Agarry et al. (17) showed that Aloe
vera can be considered as effective antimicrobial against
Streptococcus aureus, Trichophytonmentagraphytes P
aeruginosa and Candida albicans.

This study showed that the decrease of Osteoprotegerin

Figure 2. Microscopic image of TLR2, 30 days after examination. A: Control. B: Filling with xenograft. C. Filling with Aloe Vera. D: Filling with
a combination of Aloe vera and Xenograft. The arrows indicate TLR2 expression.
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(OPG) expression occurred because OPG bound to the
Receptor Activator of Nuclear factor-xf ligand (RANKL)
played arole, and then the rest of the OPG bound to RANKL
was non-detectable monoclonal anti-OPG and OPG was
decreased. OPG stimulated by fibroblast usually stimulates
the transformation of RANKL into RANK (18). During the
inflammation process, fibroblast tissue stimulates OPG
which inhibits the binding of RANKL-RANK and triggers the
activities of FGF-2. FGF-2 is a family of growth factors that
control proliferation and differentiation of osteoblast cells
and has a potential mitogenic effect in osteoprogenitor cells
thataffect bone metabolism and regulation of proliferation
and differentiation of osteoblast cells (19).

Osteoclast Activating Factor (OAF) also plays an
important role during the bone resorption process. OAF
plays an important role in the mechanism of continuous
resorption series and a series of prostaglandin synthesis
will also exacerbate the resorption process . This condition
will inhibit the osteoblast activity and bone formation
process. The identification process of IL-1 (Interleukin-1)
on its activity in bone resorption stimulation as well as
TNF-o and IL-6 activities were also found in this study.
TNF-a and IL-1 were marked as two cytokines playing
important roles in inflammatory responses. TNF-a. activity
was involved in inducing RANKL activity. TNFa and IL1p
known as proinflammatory cytokines have an effect in
reducing periodontal bone regulated by the expressions
of RANKL and OPG (1,2).

Healing phase after dental extraction, in addition,
occurs both in mucosal tissue and alveolar bone tissue.
The sequence of wound healing after tooth extraction,
according to Werner and Grose (13) is as follows: on the
first day, the wound will be filled with clotted blood and
followed by the invasion of neutrophils cell into the blood
clot. Three to seven days after tooth extraction, apoptosis
process can be seen in neutrophil cells and then followed
by abundant macrophage cellsin wound tissues. Endothelial
cells migrate into the clot; they proliferate and form new
blood vessels. Fibroblasts migrate into the wound tissue,
where they proliferate and deposit extracellular matrix.
The new tissue is called granulation tissue. Keratinocytes
proliferate at the wound edge and migrate down the
injured dermis and above the provisional matrix. One to
two weeks after dental extraction the wound is completely
filled with granulation tissue. Fibroblasts were transformed
into myofibroblasts, leading to wound contraction and
collagen deposition. The wound is completely covered with
a neoepidermis (13).

In this study the treatment groups induced with
Aloe vera had higher expressions of TLR2, collagen 1
and osteoblasts than those induced with XCB. A possible
explanation is that there are some components in Aloe
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vera, namely aloin, aloe emodin and barbaloin which have
anti-inflammatory, antibacterial and anti-virus properties
that can reduce inflammation caused by dental extraction
trauma and subsequently induce the wound healing
process. It can also trigger the stimulation of fibroblast
and osteoblast tissues growth (8,15-17). This phenomenon
could also be triggered by aloeride, as polysaccharides found
in Aloe vera have high molecular weight, as well as a very
strong immunostimulator activity (20).

Thus, induction of the combination of Aloe vera
and XCB produced the best results as indicated by the
expressions of TLR2, collagen 1, osteoblasts, during 7 to
30 days of the healing process. As a result, the increased
expressions will accelerate wound healing revocation,
prevent inflammation and induce new bone growth. Aloe
vera has anti-inflammatory effects because it contains
carbohydrates: pure mannan, acetyl glukomanan, alkaline
phosphatase enzyme and bradikinase, which has an anti-
inflammatory effect. In addition, it also contains auxin
hormone, gibberellin and saponins, which function as
both hormone stimulating healing and proteins, which
can accelerate healing process, stimulate the growth of
tissue, or increase in bone growth (7,21). Thus, when Aloe
vera is combined with cancellous bovine xenograft (XCB),
it will function as an osteoinduction that will accelerate
the healing process and new bone growth (6,22).

Young-Kyung Ko (23) also finds that osteoprotegerin
(OPG) is secreted as glycoprotein and one of TNF-a. family by
fibroblast cells with its function to suppress bone resorption
and to inhibit osteoclastogenesis. Therefore, osteoprogerin
does not directly relate to osteoblast cells. It is also known
that OPG also acts as a decoy receptor that inhibits RANKL
activity of osteoclast cells (18,21).

TNFa is a proinflammatory cytokine that is requlated
by the expression of RANKL and OPG. Therefore, OPG is
a decoy receptor that inhibits RANKL binding to RANK.
As a result there is no direct relation between TNFa and
osteoclast cells since osteoclast cells do not have receptors
with TNFa. Similarly, Nancy and Bosshardt (24) also indicate
that TNFa and IL 1 are two proinflammatory cytokines
that have important roles in decreasing periodontal bone
regulated by the expression of RANKL and OPG.

Steiner et al. (25) found that a week after dental
extraction, the tissue composes fibrin, so early degeneration
of granulation tissue occurs. The development of fibrin
tissue then will change into granulation tissue containing
blood vessels, fibroblast cells and chronic inflammatory
cells. Thus, 8 days after dental extraction, new bone
formation is observed throughout the alveolar bone, some
of which is not on the wall socket, but on the surface of
the socket trace revocation. At 12 days revocation, a new
bone is formed along the wall socket and trabecular spaces

285

TLR2 signaling in alveolar bone osteogenesis



U. Kresnoadi et al.

Braz Dent J 28(3) 2017

around revocation area. Then, there will be bone trabeculae
woven in socket rim. Osteoprogenitor cells, osteoblast cells
and preosteoblast cells are surrounded by the trabeculae.
Figure 2 shows that collagen 1 was increased, followed
by the increase of osteoblasts. It means that there was a
significant relation between osteoblast cells and collagen
1. In other words, collagen 1 could be considered as the
product of osteoblasts since most of the results of osteoblast
cellswere collagen type-1, which then would form collagen
fibrils. Besides that, osteoblast cells can also synthesize
other proteins in bone matrix, such as osteocalcyn and
osteonectin as 40-50% non-collagen proteinsin bone (26).

There was an inverse relation between osteoblast and
osteoclast. In other words, if osteoclast cells increased,
the growth of osteoblast cells would decrease due to the
homeostasis of bone cells. Similarly, some researchers
also state that osteoclast cells are responsible for bone
resorption, while osteoblast cells form new bone (18,27).
Thus, it can be said that the preservation of socket after
dental extraction by using the combination of Aloe veraand
XCB is necessary for the preparation of oral rehabilitation
in order to get a prominent ridge.

In summary, the role of TLR-2 can be considered as
good signaling pathway in reducing osteoclasts during
the process of alveolar bone osteogenesis, in preventing
bone resorption, as well as in stimulating the growth of
osteoblasts as a new bone by using the combination of
Aloe vera and XCB.

Resumo

O objetivo deste estudo foi investigar o papel da via de sinalizacdo de
TLR2 na reducao da atividade osteoclastica e na promogéo do crescimento
de osteoblastos, induzindo uma combinacao de Aloe vera e enxerto de
0ss0 esponjoso bovino (EOEB) em alvéolo de extracio dentaria. Quarenta
e oito Cavia cobayas foram utilizados e divididos em 8 grupos (n = 6).
Para o grupo de controle, seus incisivos mandibulares foram extraidos e
preenchidos com polietilenoglicol (PEG). Para grupos de tratamento, os
dentes foram extraidos e preenchidos com EOEB, Aloe verae a combinacao
de Aloe vera e EOEB. Os primeiros quatro grupos foram sacrificados apds 7
dias e os outros grupos apos 30 dias. As analises de imunohistoquimica e
histopatologia foram realizada para examinar TLR2, TNFo. OPG, coldgeno-1
e as expressoes de osteoblastos e osteoclastos. Houve maior expressdo de
TLR2, FGF2, OPG e colédgeno-1, bem como maior niumero de osteoblastos.
Enquanto isso, a expressdo de TNFa e osteoclastos estava diminuida. O
principal achado do estudo foi que a via de sinalizagdo de TLR2 influenciou
0 processo de osteogénese do osso alveolar, reduzindo a atividade dos
osteoclastos e estimulando o crescimento de osteoblastos induzido pela
combinacdo de Aloe vera e EOEB.
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