
Osteogenesis at Tension Site by Stichopus hermanii
Application as Relapse Orthodontic Prevention

Noengki Prameswari1*, Soetjipto2, Retno Pudji Rahayu3

1Faculty of Dentistry, Hang Tuah University, Surabaya, Indonesia
2Faculty of Medicine, Airlangga University, Surabaya, Indonesia
3Faculty of Dentistry, Airlangga University, Surabaya, Indonesia

Abstract: Objective : The aim of this study is to investigate osteogenesis at tension site by
Stichopus hermanii application as relapse orthodontic prevention.
Materials and Methods: The  experiment  was  held  by  Post  Test  Only  Group  design.  Thirty
two male Cavia Cobaya were divided into four groups. K(-) group as negative control group
(without treatment), K(+) group as positive control group which were applied with relaps
orthodontic forces, and the other groups P1, P2, were applied with relaps orthodontic forces and
Stichopus hermanii 2,5 % and 3 %. After treatment the cavia cobaya were sacrificed. Collagen
type1 and BMP-2 expression at tension site as osteogenesis marker were examined with
immunohistochemistry.
Results: This study showed collagen type 1 and BMP-2 expression especially in P2 increased
to show osteogenesis occured compare with K(-), K(+), and P1.
Conclusion : Osteogenesis occurred at tension site by Stichopus hermanii as relapse
orthodontic prevention. 3 % Stichopus hermanii is the effective dose for osteogenesis.
Keywords: Stichopus hermanii, Ostegenesis, relapse orthodontic prevention.

Introduction:.

Orthodontic treatment are potentially unstable although a number of factors can be cited as influencing
long term-result. It called relapse orthodontics. Relapse Orthodontic is the return, following correction, any
change from the final tooth position at the end of treatment relapse, could be a return to the original teeth
position, caused by periodontal, occlusal, soft tissue factor and growth. Orthodontic relapse is a complex
problem. 1,2  Studies have shown that stability and relapse following orthodontic treatment are unpredictable,
with a relapse tendency of 33–90 per cent after at least 10 years post-treatment.3

One major reasons is the gingival and periodontal tissues are affected by orthodontic tooth movement
and require time for reorganization when appliance are removed.1,2 Stretching of supraalveolar gingival fibres,
the transseptal fibres, in particular, has been suggested as the cause of relapse. 4 Orthodontic tooth movement  is
achieved following remodelling of the alveolar bone and a reaction of the periodontal ligament (PDL) to
mechanical stimuli. Tooth movement occurs in the direction of force when there is a multifaceted bone
remodelling response, with bone resorption on the compression side and bone apposition on the tension side of
the periodontal ligament and alveolar bone.5 The periodontal ligament reorganization and bone remodeling is
important for stability because of the periodontal contribution to the equilibrium that normally controls tooth
position. 1
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Relapse occurred in all appliance following the end of active orthodontic treatment. There was a rapid
relapse initially following appliance removal but after 3 days, both relapse rate and the percentage of relapse
began to gradually decrease. After appliance removal, the teeth began to relapse in the direction of their original
position; this reverse tooth movement being accompanied by an alteration in the number and distribution of
osteoclasts. The number of osteoclasts declined significantly in both mesial and distal roots of the first molar
within 3 days, most probably as a result of apoptosis and/or decreased blood vessel density.3

Instability or a tendency toward relapse should be anticipate. Patients should be advised of potential for
relapse prior treatment and the need to stay in long-term retention.2 Beside retention, fiberotomy is also known
for diminished relapse.6

Many  but there is no natural has been used for relapse orthodontics.Stichopus hermanii is one of the
best fishery commodities in Indonesia. It is natural and contain various active ingredient such as hyaluronic
acid, chondroitin sulphate, cell growth factor, EPA DHA, flavonoid7 that might  reduce relapse orthodontic.
Previous research showed that Stichopus hermanii modulated the inflammatory responses, stimulated the
activation and proliferation of fibroblasts, and enhanced rapid production of collagen fiber network with shorter
healing time. The level of proinflammatory cytokines; IL-1α, IL-1β, and IL-6, were significantly reduced in
Stichopus hermanii treated wounds and stimulation tissue regeneration.8  The other study show that studies have
shown that the extract of Stichopus species also affects viability or proliferation of human fibroblasts and
osteoclast cells in a negative manner.9 In this study, we would to investigate ostegenesis at tension site by
giving Stichopus hermanii in relapse orthodontic.

Material and Method:

This study was performed on 32 male Cavia cobaya 2,5 months old with 200-300 g weight. Ethical
Approval for this research was obtained from Ethical committee of Dentistry Faculty Airlangga University in
April 2015. The 32 male Cavia cobaya was divided into 4 groups. K(-) group as negative control group (without
any treatment), K(+) group as positive control group which were applied with separator rubber for resulting
relaps orthodontic forces, and the treatment groups P1, P2, were applied with relaps orthodontic forces and
Stichopus hermanii 2,5 % and 3 %.

Preparation of Relapse orthodontic

Relaps orthodontic forces was produced with giving applied separator rubber by separating plier in
mesial left insisivus maxilla cavia cobaya 14 days and after day 15 separator was removed for 7 days for
becoming relapse orthodontic. Separator forces was 0,0474 kN,  measured by autograph.

Preparation of Powder Stichopus hermanii

Stichopus hermanii were used in this study from coastal regions around Sumenep, East Java Indonesia.
Stichopus hermanii was cleaned by making a longitudinal incision 3-5 cm on the ventral side of stichopus
hermanii without damaging the internal organs using scalpel. Stichopus hermanii was dried in oven 28°C for 7
days. After this, Stichopus hermanii was blender until get the powder.

Preparation and Applied Stichopus Hermanii gel

Stichopus hermanii gel 2,5% was made from 0,25 gr Stichopus hermanii powder was diluted with
NaCMC 2% in DMSO 5 % until 10 ml. Stichopus hermanii gel 3% was made from 0,3 gr Stichopus hermanii
powder was diluted with NaCMC 2% in DMSO 5 % until 10 ml. Stichopus hermanii gel was applied in
gingival sulcus with insulin syringe 0,025 ml twice per day.

The research was conducted in Biochemistry Laboratory Medical Faculty of Airlangga University.
After 21 days, the Cavia cobaya were  sacrificed.  The  jaw  was  sectioned.  Collagen  type  1  and  BMP-2
expression as osteogenesis marker were examined with immunohistochemistry method in tension side. The
research was analyzed by ANOVA test (analysis of varians) and LSD Test.
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Fig 1 : Stichopus hermanii gel was applied in gingival sulcus with insulin syringe

Results:

The aim of this study is to investigate osteogenesis at tension site relapse orthodontic by Stichopus
hermanii.  The  result  in  this  experiment  showed  collagen  type  I  expression  as  shown  as  fig  2  and  BMP-2
expression as shown as fig 3.

Fig 2 : Photomicrograph of collagen type 1 expression in K(-), K(+), P1, and P2

Fig 3 : Photomicrograph of BMP-2 expression in K(-), K(+), P1, and P2
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Table 1 : The Expression of  collagen type 1  in relaps orthodontics Cavia cobaya applied with Stichopus
hermanii

Group Mean± Standart Deviation
K(-) 16,70±2,54
K(+) 8±2,07
P1 21±1,00
P2 26,25±2,38

Table 2 : LSD Test expression of collagen type 1 in relaps orthodontics Cavia cobaya applied with
Stichopus hermanii

Group K(-) K(+) P1 P2
K(-) 0,000 0,000 0,000*
K(+) 0,000 0,000* 0,000*
P1 0,000 0,000* 0,000*
P2 0,000* 0,000* 0,000*

Table 1 showed means and SD in K(-), K(+), P1,and P2 are 16,70±2,54; 8±2,07; 21,1±1,0 and
26,25±2,38.Then the data were tested with normality test, homogenity test and show the data was homogen and
have a normal distribution. ANOVA test (p=0.05)  for the expression of collagen type 1 activity in relaps
orthodontics Cavia Cobaya applied with Stichopus hermanii showed  significantly  differences.  With  the  LSD
test as seen as table 2, showed that P1 and P2 showed increased collagen type 1 expression whether P2 has the
best expression. So, the expression of collagen type 1 was significantly increased in P2 compare to K(+),  K(-)
and P1.

Table 3 : The Expression BMP-2 as osteoblast activity in relaps orthodontics Cavia Cobaya applied with
Stichopus hermanii

Group Mean± Standart Deviation
K(-) 7,13±2,17
K(+) 3,75±1,98
P1 13,38±2,5
P2 21±1,3

Table 4 : LSD Test expression BMP-2 as osteoblast activity in relaps orthodontics Cavia Cobaya applied
with Stichopus hermanii

Group K(-) K(+) P1 P2
K(-) 0,019 0,003 0,000*
K(+) 0,019 0,000* 0,000*
P1 0,003 0,000* 0,000*
P2 0,000* 0,000* 0,000*

*Significantly different

Table 3 showed means and SD in K(-), K(+), P1,and P2 are 7,13±2,17; 3,75±1,98; 13,38±2,5 and
21±1,3.Then the data were tested with normality test, homogenity test and show the data was homogen and
have a normal distribution. ANOVA test (p=0.05)  for the expression of BMP-2 as osteoblast activity in relaps
orthodontics Cavia Cobaya applied with Stichopus hermanii showed significantly differences. With the LSD
test as seen as table 4, showed that P1 and P2 showed increased BMP-2 expression whether P2 has the best
expression. So, the expression of BMP-2 was significantly increased in P2 compare to K(+),  K(-)  and P1.
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Discussion

The aim of this study is to investigate osteogenesis at tension site by applying Stichopus hermanii in
relapse orthodontic. In relapse orthodontic, there are decreasing collagen type 1 expression as marker of bone
matrix compare to K (-), P1 and P2. By applying Stichopus hermanii 2,5 % and 3 % in gingival sulcus tension
site, collagen type 1 was increased. P1 and P2 showed increased collagen expression whether P2 (stichopus
hermanii 3 %) has the best expression in osteogenesis as seen as fig 2.

The means and standar deviations of BMP-2 as marker of osteoblast in relapse orthodontic showed that
there are decreasing BMP-2 expression compare to K (-), P1 and P2. By giving Stichopus hermanii 2,5 % and 3
% in gingival sulcus tension site, BMP-2 was increased. P1 and P2 showed increased BMP-2 expression
whether P2 (Stichopus hermanii 3 %) has the best expression as seen as fig 3.

Relapse in cavia cobaya models occurs rapidly. The left first insisivus compressed towards the distal
side during 14 days orthodontic tooth movement and relapsed toward the mesial side. There was a rapid relapse
initially following 2 days appliance removal. Osteogenesis is needed for preventing orthodontic relapsed
movement to the original position before orthodontic treatment. BMP-2 as marker osteoblast activity showed
increasing by applying Stichopus hermanii. Osteoblast activity was increased proved that there are bone
apposition. In Bone remodeling theory, increasing osteoblast activity begins when osteoclast activity was
decreased.

Stichopus hermanii have high commercial value with increasing global production and trade.
Therapeutic properties and medicinal benefits of Stichopus hermanii can be linked to the presence of a wide
array of bioactives. Stichopus hermanii contain nutrients such as Vitamin A, Vitamin B1 (thiamine), Vitamin
B2 (riboflavin), Vitamin B3 (niacin), and minerals, especially calcium, magnesium, iron and zinc. A number of
unique biological and pharmacological activities including anti-angiogenic, anticancer, anticoagulant, anti-
hypertension, anti-inflammatory, antimicrobial, antioxidant, antithrombotic, antitumor and wound healing have
been ascribed to various species of Stichopus. Therapeutic properties and medicinal benefits of Stichopus
hermanii can be linked to the presence of a wide array of bioactives especially triterpene glycosides (saponins),
chondroitin sulfates, glycosaminoglycan (GAGs), sulfated polysaccharides, sterols (glycosides and sulfates),
phenolics, cerberosides, lectins, peptides, glycoprotein, glycosphingolipids and essential fatty acids. 10

Stichopus hermanii contain various active ingredient that usefull in bone remodelling such as hyaluronic acid,
chondroitin sulphate, cell growth factor, EPA DHA, flavonoid.7 Stichopus hermanii propose a potent anti-
osteoclastogenic effect because hyaluronan. Chondroitin sulphate also has potent antiosteoclastogenic effect.
Condroitin Sulphate on the surface of osteoblasts or bone matrix binds to cell adhesion molecule such as
integrin on the pre-osteoclastic cells and inhibits the differentiation into osteoclasts. 11,12 EPA  DHA  also  a
potent inhibitor osteoclastogenesis. EPA DHA was found to inhibit osteoclast differentiation, activation and
function. EPA DHA inhibit osteoclast-specific genes like tartrate resistant acid phosphatase. 13 Flavonoid in
previous study was also decreases osteoclastic differentiation, by inhibiting RANKL-induced nuclear factor kB
(NF kappa B) and activator protein 1 (AP-1) activation. NF kappa B and AP-1 are transcription factors highly
involved in osteoclastic differentiation and their inhibition could play an important role in the decrease of
osteoclastogenesis and osteogenesis begins.14 Flavonoid inhibited osteoclastogenic factors and osteoclast
formation in bone marrow-derived macrophages and osteoblast co-cultured cells, and increased osteoprotegerin
(OPG) levels in osteoblasts.15

Osteoclast reduction induced bone formation with osteopontin is required to convey the effect of
mechanical stress to osteoblast. Osteopontin directly modulates bone formation in the response to mechanical
stress independent of its effect of osteoclast.16  Bone formation could be resistant to resorption and countered
the relaps orthodontic. Osteogenesis consist of osteoblast proliferation, differentiation, and collagen have role in
bone matrix filling and mineralization.17 Collagen type I is the resulting expression of the highest collagen
(90%) of osteoblasts.18

Stichopus hermanii also contain various active ingredient such as collagen, hyaluronic acid, chondroitin
sulphate, cell growth factor, EPA DHA, flavonoid. 7 Previous studies showed that the water extract of Stichopus
contains high amino acid concentrations (37%), 34% as well as calcium, magnesium, iron and zinc. Collagen
itself have function to modulate the formation of bone matrix in osteogenesis.9 The effect of glycosaminoglycan
(GAG) such as chondroitin sulphate, oral administration had been shown to increase the total calcium pool and
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intestinal absorption of calcium, which may lead to an increased capacity for injured bone to regenerate during
osteogenesis.9 Chondroitin Sulphate (CS) is an unbranched long chained-heteropolysacharide called
glycosaminoglycans (GAGs). GAGs is a heteropolysacharide possessing negative edge binding protein called
mucopolysacharide. CS is major component of the extracellular matrix which plays a role in maintaining the
structural integrity of the tissue.19 Condroitin Sulphate on the surface of bone matrix binds to cell adhesion
molecule such as integrin.12

The bone morphogenetic proteins (BMPs) included BMP-2, is the second family of growth factors,
unique: these are the growth factors involved in the process of osteoblast differentiation that drive the process of
bone formation and mineralization. Since the late 1980s, BMPs have been known to stimulate osteogenesis.
BMPs represent molecular targets used to identify and develop new agents to simulate the bone-forming
process. Much is understood about the signal transduction pathway for the BMPs. BMP-2 stimulates the
differentiation of mesenchymal cells into osteoblasts and chondrocytes. BMP-2 binds to its receptor, a Ser/Thr
kinase, which phosphorylates and activates the intracellular signaling molecules Smad 1 and Smad 5. This in
turn leads to the expression of the transcription factor Cbfa1 (Runx2), which results in the expression of several
proteins  critical  for  bone  formation.  Wnt/LRP5  pathway  is  also  linked  to  the  BMP pathway  by  a  cascade  of
anabolic transcriptional events. The signal starts at the Hedgehog signaling pathway, moving through the BMPs
and Wnt/LRP5, and ultimately leads to expression of the critical genes involved in osteoblast differentiation.
This pathway provides multiple potential molecular targets that may be manipulated in the process of bone
formation in osteogenesis. 20 The process that been needed to prevent orthodontic relapsing

Stichopus hermanii contain various active ingredient such as collagen, hyaluronic acid, chondroitin
sulphate, cell growth factor, EPA DHA, flavonoid.7 In  a  previous  in-vitro  study  showed  that  there  was  a
positive promoting effect of stichopus hermanii water extract on osteoblast functional activity when 1.6mg/ml,
3.1mg/ml, 6.3mg/ml, 12.5mg/ml, and 25mg/ml of stichopus hermanii concentrations were used. Microscopic
examination showed adequate cell confluency in the wells with stichopus hermanii concentration from 1.6
mg/ml up to 25mg/ml. Previous studies showed that the water extract of Stichopus contains high amino acid
concentrations (37%) as well as calcium, magnesium, iron and zinc that may play an important role in
osteoblast molecular activities. 9 Calcium in sufficient amount are very effective, especially prior to achieve
bone formation and maximum density of bone.21,22 Vitamis influencing early regeneration of all connective
tissues involved in the healing and quicker mineralization.23

The effect of glycosaminoglycan (GAG) such as chondroitin sulphate, oral administration had been
shown to increase the total calcium pool and intestinal absorption of calcium, which may lead to an increased
capacity for injured bone to regenerate during osteogenesis.9 Condroitin Sulphate on the surface of osteoblasts
or bone matrix binds to cell adhesion molecule such as integrin on the pre-osteoclastic cells and inhibits the
differentiation into osteoclasts so bone formation can occurred.12

Stichopus hermanii also has flavonoid as its content. Flavonoid has been reported to have some
biological activities such as anti-inflammatory, antibacterial, antiviral, anti-allergic, antitumor,
neurodegenerative and vasodilatory effect.24 Flavonoid as antioxidant can protect cell from damage. One that
caused cell damage is mechanical stress from relaps orthodontic. 25  Its have function Flavonoid  stimulates
human osteoblast differentiation. In vivo, flavonoid increases bone mass in immobilized rats and also the
biomechanical properties of rat bone.20  Flavonoid treatment resulted in a significant elevation of alkaline
phosphatase (ALP) activity, collagen contents and osteoblast differentiation genes [ALP, collagen, osteopontin
(OPN), osteoprotegerin (OPG) and osteocalcin (OC)] and bone morphogenetic protein (BMP) genes (BMP2,
BMP4 and BMP7).26, 27 Flavonoid activated BMP signaling by inducing Smad1, 5 phosphorylation, as well as
Id1 and Id2 protein expression in a dose-dependent manner. 26 Osteogenesis could be resistant to resorption and
countered the relaps orthodontic.17

Conclusion:

· Stichopus hermanii 3 % can increase osteogenesis at tension site relapse orthodontic that could be
resistant to resorption and countered the relapse orthodontic.
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· Stichopus hermanii 3% application have active ingredients such as collagen, hyaluronic acid,
chondroitin sulphate, cell growth factor, EPA DHA, flavonoid that can increase expression of BMP-2,
Collagen type 1 that have role in osteogenesis as relapse orthodontic prevention .
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