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Abstract 
      Orthodontic relapse is the return of the tooth position, after orthodontic treatment, to the position 
of the last tooth at the end of treatment. Nannochloropsis oculata is one of the best marine products 
in Indonesia. It contains natural ingredients and various active ingredients such as EPA DHA, 
oxylipin, triterpene, vitamins, minerals, polysaccharides, flavonoids, and alkaloids, which can 
prevent an orthodontic relapse. This study aimed to determine the effect of 3% of Nannochloropsis 
oculata on Interleukin-17A (IL-17A) tumor necrosis factor (TNF) receptor-associated factor (TRAF-
6) expressions during the orthodontic relapse. The research was conducted with a Post-Test Only 
Group design. Twenty-four male Cavia Cobaya were divided into three groups: K(-) as a negative 
control group,  K(+) as a positive control group which was given orthodontic relapse, and P group 
which was given orthodontic mechanical pressure to get a relapse and 3% of Nannochloropsis 
oculata. The IL-17Aa and TRAF-6 expressions were examined with immunohistochemistry. The 
data were evaluated using One-way ANOVA and Tukey tests (p < 0.05).  
     The results of this study proved that the addition of 3% Nannochloropsis gel reduced TRAF-6 
expression in the Nanno group compared to the relapse group; and it increased the IL-17A 
expression in the Nanno group compared to the relapse group. 
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 Introduction 
 

Relapse occurs after orthodontic 
treatment. Relapse is a change in the position of 
the tooth back to the original position before 
moved by orthodontic appliances.1 Immediately 
after the orthodontic pressure is released, the 
tooth becomes unstable due to the 
reorganization of the gingival fibers and the 
periodontal ligament fibers influenced by an 
increase in mechanical stress.2 This stress is 
influenced by the trans-septal fibers; during teeth 
growth, especially mandibular growth, the 
condition of occlusal stability has not been 
achieved and the soft tissue pressure around the 
teeth muscles as well as induces alveolar bone 
resorption by osteoclasts.3,4 Due to this 
resorption, patients have to use retainers for a 

minimum of six months for retaining the balance 
and stability of the teeth.5 The 40% chance of a 
relapse may occur rapidly up to about 4-6 
months due to the movement of the previous 
teeth. In addition, it can also last up to 1 year 
after the orthodontic appliance is removed. Tooth 
relapse is still a problem that many clinicians 
encounter as it can hinder the success of 
orthodontic treatment. It is a physiological 
response of the periodontium to the orthodontic 
pressure received.6,7 

Orthodontic mechanical stress causes 
strain that affects periodontal ligament 
vascularization and blood flow resulting in local 
synthesis and release of neurotransmitter 
molecules, cytokines including IL-17A, growth 
factors, colony-stimulating factors, and 
arachidonic acid metabolites.8,9 Reorganization of 
the periodontal ligament after orthodontic tooth 
movement is very important to prevent the tooth 
from relapsing to its original position. The 
reorganization of the periodontal ligament is 
important for stability because the periodontium 
contributes to control tooth position.10 
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Interleukin 17 (IL-17A) is originally an 
antigen-8-linked cytotoxic T-lymphocyte, an 
inflammatory cytokine produced exclusively by 
activated T-cells (Th 17 cells). IL-17A is an 
important mediator of autoimmune diseases 
including rheumatoid arthritis, multiple sclerosis, 
and allergic respiratory infections.12 In the bones, 
IL-17A can stimulate RANKL on osteoblasts and 
support the expression of RANK, the receptor for 
RANKL on the surface of osteoclasts. Th17 cells 
can express RANKL but cannot activate 
osteoclasts through RANK-RANKL interaction.13 
IL-17A is also known to induce RANKL 
production by osteoblasts in periodontitis.12 The 
secretion of IL-17A by Th 17 cells and the 
induction of RANKL in osteoblasts can lead to 
activate osteoclasts in bone resorption.13 The 
large orthodontic pressure could induce IL-17A 
expression in the tooth roots of rats that were 
adsorbed on day 7. During the orthodontic tooth 
movement, the secretions of sRANKL and OPG 
from periodontal ligament cells were stimulated 
by IL-17A. The release of sRANKL increased 
according to the level of IL-17A and the release 
time, while the level of OPG decreased.12,13 

Tartrate Resistance Acid Phosphatase 6 
(TRAP 6) is a useful enzyme for osteoclast 
biomarkers, commonly used as a method to 
observe the distribution of osteoclast cells on 
tooth movement. Osteoclasts secrete large 
amounts of TRAP in the ruffled border, 
lysosomes, Golgi cisternae, and vesicles.14,15 
Osteoclasts undergo a serial differentiation stage 
to become resorptive mature cells. The 
intracellular signaling cascade of osteoclast-
specific gene transcription regulation is activated 
by M-CSF and RANKL, and during the 
differentiation process, osteoclast precursor cells 
express RANK which is the receptor for RANKL. 
The differentiation process occurs when the 
signal is transferred from RANKL through the 
transcription factors, AP-1 and NFƙB. Several 
proinflammatory cytokines including TNF-, IL-6, 
and IL-1 together enhance osteoclast genesis. 
TNF-α signaling occurs via NF-ƙB and MAPK, 
while IL-6 flows through the JAK-STAT pathway. 
Activation of osteoclasts with an inflammatory 
mechanism causes resorption with the release of 
bone resorption markers, one of which is 
TRAP.16-18 

Nannochloropsis oculata is a microalga 
with promising biological resources to be 
developed and applied as a new product. It has a 

high source of EPA and DHA, oxylipin, and 
turpentine, alkaloids, and flavonoids. Terpenoids 
function to stimulate the formation of collagen.19 
Alkaloids may affect the formation of collagen 
mediated by platelet aggregation. 11 Flavonoids 
function to limit the release of inflammatory 
mediators. The anti-inflammatory activity of 
flavonoids is carried out by inhibiting 
cyclooxygenase and lipoxygenase to limit the 
number of inflammatory cells that migrates to the 
tissue. If the inflammatory reaction is shorter, 
proliferation will occur immediately.19,20 This 
current study was conducted in vivo, which is 
research administering Nannochloropsis oculata 
extracts systemically to a body of living things to 
determine the effectiveness of the extracts. It 
investigated whether Nannochloropsis influenced 
orthodontic relapse through the expression of 
TRAF-6 as an osteoclast marker and IL-17A 
cytokine. 
   

Materials and methods 
 

This study was a true experimental 
laboratory study using a completely randomized 
control-group post-test design. Ethical permission 
for this study was obtained from the Ethics and 
Scientific Research Committee of Experimental 
Animal Use in the Faculty of Dental Health of 
Hang Tuah University. This study included 
laboratory experimental research. It involved 
calculations of sample size and possible number 
of experimental animals dying. It then resulted in 
8 Cavia Cobaya as a minimum number of 
samples in each group. The samples were 
selected using simple random sampling, and they 
were randomly divided into three groups: (K -) 
negative control group (no treatment was given), 
(K +) positive control group (orthodontic relapse 
was given) and (P) treatment group (Orthodontic 
relapse + 3% of Nannochloropsis oculata gel 
were given). 

When applying orthodontic appliances, an 
incisive band was glued together using GIC 
(Glass Ionomer Cement) and helical springs on 
the maxillary central incisors of Cavia Cobaya.  
The appliances were activated using coil pliers 
between the maxillary incisors with a pressure of 
0.62 N on Cavia Cobaya (equivalent to 20 N in 
humans) for 14 days and were removed for 7 
days for orthodontic relapse. 

Nannochloropsis oculata extract is 
obtained from the Situbondo Research Center for 
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Marine Aquaculture (Situbondo Balai Budidaya 
Air Payau) using the whole extract method in 
which 0.1 mg of Nannochloropsis oculata gel with 
a concentration of 3% in phosphate buffer saline 
(PBS) was administered to the gingival sulcus 
once a day. Administration of the extracts to the 
gingival sulcus with a blunt insulin syringe was 
done every day for 21 days. The gel dose given 
to Cavia Cobaya was 0.025 ml once a day. The 
gel was applied topically to the gingival sulcus of 
Cavia Cobaya in the area of tension. 

On the 22nd day, the three groups were 
sacrificed by anesthetizing with ketamine-
xylazine and decapitating them. Then, the 
maxillary of Cavia Cobaya and their teeth were 
taken. Network fixation was done to them with 
formalin buffer solution. Then, they were cut and 
stained by the immunohistochemical method to 
examine the expression parameters of TRAF-6 
and IL-17Aa in the pressure area of periodontal 
ligament viewed through a light microscope with 
a magnification of 1.000x. The results were 
analyzed using the ANOVA statistical analysis 
followed by multiple comparisons to determine 
differences between groups using the Tukey 
HSD test. 

 
Results 
 
This study involved two variables. The 

first one was observation and examination results 
of the expression of Tartrate Resistance Acid 
Phosphatase 6 (TRAF 6) using the 
immunohistochemical method and specific 
antibodies against TRAF - 6 (monoclonal anti-
TRAF-6). Expression of TRAF-6 was the enzyme 
secretion by osteoclast cells, which played a role 
in the bone resorption process, and it gave a 
positive reaction to anti-TRAF-6 monoclonal 
antibodies characterized by the presence of 
brown color with 1,000x magnification as shown 
in Figure 1. 

The second variable in this study was 
observation and examination results of the 
expression of Interleukin 17 (IL-17A) using the 
immunohistochemical method and specific 
antibodies against IL-17 (monoclonal anti-IL-17A). 
Expression of IL-17A is the production of 
inflammatory cytokine by macrophage cells, 
which gave a positive reaction to anti-IL-17A 
monoclonal antibodies characterized by the 
presence of brown color in the area of attraction 
for tooth movement with 1,000x magnification as 

shown in Figure 2. The mean value and standard 
deviation of TRAF-6 and IL-17A expressions in 
the area of attraction in each study group shown 
in Table  1. From the results of the homogeneity 
test in Table 2, the significance values of the 
TRAF-6 and IL-17A expressions were more than 
0.05 (p > 0.05), so it can be concluded that the 
research data are homogeneous. From the 
results of the normality test in Table 3, the 
significance values of Shapiro Wilk on the TRAF-
6 and IL-17A expressions were more than 0.05 
(p > 0.05). It can be concluded that the research 
data were normally distributed. The data were 
then analyzed using the One-way ANOVA test to 
determine the differences in TRAF-6 and IL-17 
expressions (Table 4). The examination obtained 
significance values of 0.000 both in TRAF-6 and 
IL-17A expressions (p < 0.05). This indicates a 
significant difference in the expressions between 
the negative group and the positive group with 
the treatment group. Based on this, the data 
were continued to proceed with the Tukey HSD 
test to find out which groups had differences 
(Table 5). 

 
Figure 1 .The positive TRAF-6 expression in the 
relapse treatment group than in the Nano group. 
The negative control group, however, gave a 
negative reaction, and it did not give a color 
reaction. 
 

 
Figure 2. brown color positive IL-17A expression 
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in the Nano treatment group than in the relapse 
group. While the negative control group gave a 
negative reaction and did not give a color 
reaction. 
 

 
Table 1. The mean and standard deviation (SD) 
of TRAF-6 and IL-17A expressions. 
 
 

 
Table 2. Levene’s test results. 
 
 

 
Table 3. Shapiro Wilk test results. 
 
 

 
Table 4. One-way ANOVA Test results. 
 

 
Table 5. Tukey HSD results. 
 

This test is a follow-up test that is used 
after it is known that there are significant 
differences in the One-way ANOVA test results of 
TRAF-6 and IL-17A expressions. The HSD test 
was performed to find any significant differences 
in the number of blood vessels between groups. 
The two treatments are significantly different if 
the significant values of the HSD test results are 
less than the research error rate of 0.05 (5%). 
Conversely, if the significant values of the HSD 
test results are greater than 0.05 (5%), then the 
two treatments are not significantly different. 
According to the TRAF-6 expression data, the 
TRAF-6 expression in positive control group was 
significantly different from that in the negative 
control group and the treatment group. 
Meanwhile, the negative control group was not 
significantly different from the treatment group. In 
addition, the IL-17A expression in the negative 
control group was significantly different from that 
in the treatment group; the positive control group 
was significantly different from the treatment 
group but not significantly different from the 
negative control group. 
 

Discussion 
 

Orthodontic relapse is the return of the 
tooth position, after orthodontic treatment, to the 
position of the last treated tooth. The position of 
the teeth could return to their original tooth 
position because of some factors such as 
periodontal tissue remodeling, appliance 
pressure and so on. Nannochloropsis oculata is 
one of the best marine products in Indonesia 
which contains natural ingredients and various 
active ingredients such as EPA DHA, oxylipin, 
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triterpene, vitamins, minerals, polysaccharides, 
flavonoids, and alkaloid. It is considered able to 
prevent orthodontic relapse. To determine the 
effect of Nannochloropsis oculata, this current 
study had observered and examined IL-17Aa and 
TRAF-6 expressions during orthodontic relapse. 

It has been reported that compression of 
the complex PDL vascular causes ischemia 
resulting in tissue necrosis. Thus, the presence 
of immune cells in an environment devoid of 
bacteria is likely related to the presence of 
damaged host cells and the need to recruit 
inflammatory cells. IL-17 is part of relatively 
recently identified cytokine groups that play a key 
role in bone remodeling and mediate switches in 
cell-mediated immune responses. Upregulated 
IL-17 induces local inflammation, produces 
inflammatory and osteoclastogenic mediators, 
such as tumor necrosis factor-a, and promotes 
the expression of nuclear factor ligand-receptor 
activator kB (RANKL). It has recently been 
shown that IL-17 upregulates IL-6 and MMP-1 
expression in human periodontal ligament cells, 
leading to collagen degradation associated with 
orthodontic tooth movement.21 

Although several biochemical cascades 
regulate bone homeostasis, one of the most 
dominant pathways involves the interleukin 1 (IL-
1) cytokine family as signal transducers. 
Interleukin17 (IL-17) is a T cell-derived cytokine 
that plays a role in osteoclast development. 
Studies have shown that IL-17 is expressed in 
the early stages of the immune response and 
acts on osteoblasts resulting in the expression of 
osteoclast differentiation factor, also known as 
RANKL. This factor induces osteoclast 
progenitors to differentiate into mature 
osteoclasts. IL-17 promotes the production of 
cytokines and chemokines to attract neutrophils 
and macrophages to move to sites of 
inflammation. The IL-17 receptor is commonly 
expressed in fibroblasts and epithelial cells, and 
innate immune cells, such as macrophages and 
neutrophils.22 Takahashi et al. (2005) reviewed 
the IL-17 receptor’s role in the immunopathology 
of periodontal disease and concluded that IL-17 
is produced locally at the site of periodontal 
lesions from activated gingival T-cells. In 
periodontal lesions, IL-17 induces the production 
of IL-6, RANK, and RANKL. All of these factors 
are cytokines that promote bone resorption.23 

In addition to bone resorption, IL-17 also 
plays a role in bone formation. IL-17 is a growth 

factor for mesenchymal stem cells by stimulating 
the formation of colony-forming units-fibroblasts 
in marrow stromal cells. In another study, IL-17 
was shown to switch the differentiation of the 
C2C12 (a myoblast cell line) into the osteoblastic 
pathway. Both studies concluded that IL-17 is 
capable of directing the differentiation of 
mesenchymal stem cells into osteogenic 
lineages.24,25 

Previous studies have shown that 
compressive forces increase the production of IL-
17 and its receptors by osteoblast-like cells, 
influencing osteoclast genesis. In addition, IL-
17A has been shown to induce cancer cell 
invasion through up-regulating MMP-2 and MMP-
9 expressions.26 A previous study also found that 
IL-17 expression was positively correlated with 
MMP-1, MMP-2, MMP-3, MMP-8, MMP-9, and 
MMP-13. Therefore, previous researchers 
hypothesized that IL-17 could promote MMP 
expression during OTM.27 Moreover, IL-17 
regulates the RANKL signaling pathway by 
inducing up-regulation of the RANK receptor 
expressed by osteoclast precursor cells. It is 
confirmed that IL-17 promotes osteoclast 
differentiation via RANKL signaling pathway from 
fibroblast-like synoviocytes.28 

The TRAF-6 signaling pathway plays an 
important role in the RANK-mediated stage of 
osteoclast activation. Although the signaling 
pathways for cell differentiation and osteoclast 
activation are unclear, M-CSF and RANKL 
produced by matrix cells are consistently 
important factors produced by osteoclasts. After 
RANKL integrates with osteoclasts and RANK, 
TRAF-6 in the endochylema integrates certain 
structural domains of RANK. There are five 
classic TRAF-6 pathways: the NF-B pathway, the 
MAPK pathway (JNK iter, p38MAPK pathway, 
and EPK pathway), and the Src pathway.29 

TRAF, more importantly TRAF6, is key to 
understanding how the RANK ligand (RANKL) 
links cytoplasmic signaling to the nuclear 
transcriptional program. Tang et al. reported that 
the expression level of TRAF6 in hPDLC is 
markedly upregulated upon activation of Toll-like 
receptors and nucleotide-binding oligomerization 
domains. Meanwhile, this research group also 
found that TRAF6 was a major signaling 
molecule for IL-17- hPDLC-dependent regulation 
of RANKL. TRAF-6 interference inhibits IκBα and 
JNK phosphorylation and suppresses IL-17-
mediated RANKL expression, thereby regulating 
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inflammatory bone destruction.30 A previous 
study investigated whether TRAF6 was required 
for TNF-induced osteoclast formation using 
osteoclast precursors on TRAF6-deficient mice. 
The results showed that TNF- could not induce 
osteoclast formation and suggested that TRAF6 
was required for in vitro TNF-induced osteoclast 
formation. However, TRAF6 is not a common 
adapter protein for TNFR. While TNF- 
synergistically enhances RANKL-induced 
osteoclast formation.31 

Furthermore, osteoclast differentiation 
demands the presence of TNF family receptors, 
for example, RANK, which specifically 
exacerbates biochemical signaling through 
intracellular recruitment of TNF receptor-
associated factors (TRAFs). The recruitment 
follows the ligand binding and receptor 
oligomerization. Also, TNF-associated apoptosis-
inducing ligand (TRAIL) is associated with the 
induction of osteoclast differentiation via a 
TRAF6-dependent signaling pathway, leading to 
consequent inhibition of RANK-ligand-induced 
osteoclast differentiation (RANKL). Besides that, 
TRAF6, as an important adapter molecule, is 
involved in downstream RANKL/RANK, TLR, IL-
1βR, and other classical pathways. It is a key 
factor for activating the NF-kB pathway to 
promote the release of proinflammatory cytokines 
and osteoclast-associated factors. It was 
reported that the suppression of TRAF6 inhibited 
p38 phosphorylation to decrease 
proinflammatory cytokine expression.32 

 
Conclusions 
 
The analysis results in this study showed 

that the addition of 3% of Nannochloropsis gel 
reduced TRAF-6 expression in the Nanno group 
compared to the relapse group. It also increased 
IL-17A expression in the Nanno group compared 
to the relapse group. 
 

Acknowledgments 
  
This study was funded by Hang Tuah 

University Center of Research and Community 
Service 
 
 Declaration of Interest 
 
 The authors report no conflict of interest. 
 

 References 
 
1. Nugraha AP, Rezkita F, Putra KG, Narmada IB, Ernawati DS, 

Rantam FA. Triad Tissue Engineering: Gingival Mesenchymal 
Stem Cells, Platelet Rich Fibrin and Hydroxyapatite Scaffold to 
ameliorate Relapse Post Orthodontic Treatment. Biochem. Cell. 
Arch. 2019; 19(2):3689-3693. 

2. Puspitaningrum MS, Rahmadahani D, Rizqianti Y, Ridwan RD, 
Ansori ANM, Fadholly A, Susilo RJK, Narmada IB, Ramadhani 
NF, Nugraha AP. Freeze-Dried Epigallocatechin-3-Gallate And 
Stem-Cells from Human Exfoliated Deciduous-Teeth Scaffold 
as The Biocompatible Anti-Relapse Material Post-Orthodontic 
Treatment: A Review. Biochem. Cell. Arch. 2020; 20 
(Supplement 1): 2935-2942. 

3. Pramusita A, Nugraha AP, Yuliyanasari N, Ardani IGAW, 
Triwardhani A. The Potential Capability of Melatonin To 
Anticipate Postorthodontic Treatment Relapse: A Literature 
Review. Biochem. Cell. Arch. 2020; 20(Supplement 1):3061-
3066. 

4. Ernawati DS, Nugraha AP, Narmada IB, Ardani IGAW, Hamid 
T, Triwardhani A et al. The Number of Osteoblast and 
Osteoclast during Orthodontic Tooth Movement after 
Preconditioned Gingiva Mesenchymal Stem Cell Allogeneic 
Transplantation in vivo. Journal of International Dental and 
Medical Research. 2022;15(3):1069-1077. 

5. English J. 2009. Orthodontic Review. 1st edition. Mosby 
Elsevier.Missouri. 60-99. 

6. Brahmanta A, Prameswari N. Peranan Jaringan Periodonsium 
Terhadap Relaps Gigi Setelah Perawatan Ortodontik. Majalah 
Kedokteran Gigi/ Dental Journal Edis Khusus Temu Ilmiah 
Nasional. 2005;IV: 77-80. 

7. Prameswari N, Brahmanta A. The role of active ingredients 
nanopowder Stichopus hermanii gel to bone resorption in 
tension area of orthodontic tooth movement. Dent. J. (Majalah 
Kedokt. Gigi) [Internet]. 2022;50(4):188-93. Available from: 
https://e-journal.unair.ac.id/MKG/article/view/6766 

8. Narmada IB, Husodo KRD, Ardani IGAW, Rahmawati D, 
Nugraha AP, Iskandar RPD. Effect of Vitamin D during 
Orthodontic Tooth Movement on Receptor Activator of Nuclear 
Factor Kappa-B Ligand Expression and Osteoclast Number in 
Pregnant Wistar Rat (Rattus novergicus). JKIMSU 2019;8(1): 
38-42. 

9. Krishnan V, Davidovitch Z. 2006. Cellular, Molecular, and 
Tissue-level reactions to Orthodontic Force. American Journal 
of Orthodontics and Dentofacial Orthopedics. 129(4): 469 

10. Pudyani PS, Asmara W, Ana ID, Utari TR. Alkaline 
phosphatase expression during relapse after orthodontic tooth 
movement. Dent. J. (Majalah Kedokt. Gigi) [Internet]. 
2014;47(1):25-30. Available from: https://e-
journal.unair.ac.id/MKG/article/view/746 

11. Krishnan V, Davidovitch Z. Cellular, Molecular, and Tissue-level 
reactions to Orthodontic Force. American Journal of 
Orthodontics and Dentofacial Orthopedics.2006;129(4): 469 

12. Aihara N, Yamaguchi M, Yamada K, Yoshino T, Goseki T, 
Kasai K. Levels of IL-17A, RANKand OPG in Gingival 
Crevicular Fluid Obtained from Patients with Severe 
Orthodontic Root Resorption. Int J Oral-Med Sci. 2013; 12(1): 
54-60. 

13. Miossec P, Korn T, Kuchroo VK. Interleukin-17 and type 17 
helper T cells. N Engl J Med. 2009;361(9):888-98. doi: 
10.1056/NEJMra0707449. PMID: 19710487. 

14. Wahab RMA, Dasor MM, Senafi S, Abdullah AAA, Jemain AA, 
Kasim NA, Yamamoto Z, Ariffin SHZ. Crevicular Tartrate 
Resistant Acid Phosphatase Activity and Rate  of Tooth 
Movement under Different Continuous Force Applications. 
African Journal  of Pharmacy and Pharmacology.2011;5(20): 
2213-2219. 

15. Hermawan RW, Narmada IB, Djaharu’ddin I, Nugraha AP, 
Rahmawati D. The Influence of Epigallocatechin Gallate on the 
Nuclear Factor Associated T Cell-1 and Sclerostin Expression 
in Wistar Rats (Rattus novergicus) during the Orthodontic Tooth 
Movement. Research J. Pharm. and Tech. 2020; 13(4):1730-



 
Journal of International Dental and Medical Research ISSN 1309-100X         Interleukin-17a and Tumor Necrosis Factor Receptor 
http://www.jidmr.com                                                                                                                                          Arya Brahmanta and et al 

 

  Volume ∙ 15 ∙ Number ∙ 4 ∙ 2022 
                            

Page 1586 

1734. 
16. Osta B, Benedetti G, Miossec P. Classical and paradoxical 

effects of TNF-α on Bone Homeostasis. Front Immunol. 2014;5: 
48. 

17. Triwardhani A, Oktaviona I, Narmada IB, Nugraha AP, Riawan 
W, The Effect of Bifidobacterium Probiotic on Heat Shock 
Protein-70 Expression and Osteoclast Number during 
Orthodontic Tooth Movement in Rats (Rattus novergicus) 
Research J. Pharm. and Tech 2021; 14(3):1477-1481. 

18. Nugraha AP, Kitaura H, Ohori F, Pramusita A, Ogawa S, 
Noguchi T et al. C-X-C receptor 7 agonist acts as a C-X-C motif 
chemokine ligand 12 inhibitor to ameliorate osteoclastogenesis 
and bone resorption. Molecular Medicine Reports. 2022;25(3). 
78. https://doi.org/10.3892/mmr.2022.12594 

19.  Im JH, Jin YR, Lee JJ, Yu JY, Yun YP. Antiplatelet  Activity of 
Beta-carboline Alkaloids from Perganum Harmala : A Possible 
Mechanism  through inhibiting PLCγ2 Phosphorylation. 
Vascular Pharmacology 2009;50: 147-152 

20. Indraswary R. Efek konsentrasi buah Adas (Foeniculum vulgare 
Mill) Topikal pada Epitelisasi Penyembuhan Luka Gingiva 
Labial Tikus Sprague Dawley In Vivo.  Unissula. 2011. 
Available from 
http://unissula.ac.id/newver/images/jurnal/Juli/recita%20-
ekstrak%20adas-.pdf.  

21. Allgayer S, de Menezes LM, Batista Jr.EL. Interleukin 17 (IL-17) 
and interleukin 23 (IL-23) levels are modulated by compressive 
orthodontic forces in humans. Journal of the world federation of 
orthodontic. 2019;(8): 148-152.  

22. Suzanne W. Levels of Interleukin-1β and Interleukin-17 in the 
Tension and Compression Sites of Teeth during Orthodontic 
Movement. UNLV Theses, Dissertations, Professional Papers, 
and Capstones. 2018;3340. 

23. Takahashi N, Vanlaere I, Rycke R, Cauwels A, Joosten L AB. 
IL-17 produced by Paneth cells drives TNF- Induced shock. J 
Exp Med. 2008;205(8): 1755-61. 

24. Huang H, Kim HJ, Chang EJ, Lee ZH, Hwang SJ, Kim HM, Lee 
Y, Kim HH. IL 17 stimulates the proliferation and differentiation 
of human mesenchymal stem cells: implication for bone 
remodelling. Cell death & Differentiation 2009;16:1332-1343. 

25. Zhao N, Lin J, Kanzaki H, Ni J, Chen Z, Liang W, Liu Y. Local 
Osteoprotegerin Gene Transfer Inhibits Relapse of Orthodontic 
Tooth Movement. American Journal of Orthodontics and 
Dentofacial Orthopedics. 2012;141(1): 1. 

26. Lin T, Yang L, Zheng W, Zhang B. Matrix metalloproteinases 
and Th17 cytokines in the gingival crevicular fluid during 
orthodontic tooth movement. European journal of paediatric 
dentistry. 2021;22(2): 135-138. 

27. Lin T, Yang Li, Zheng W, Zhang B. The Changes of Th17 
cytokines expression and its correlation with receptor activator 
of nuclear factor kappa B ligand during orthodontic tooth 
movement. 2020; 17(2): 137 – 143. 

28. Zhang G, Nakano K, Honda Y, Wang X, Wang M, Xu Y, 
Kawakami T. Expression of Traf 6 mRNA on the resorbed 
surface of deciduous teeth root. Journal of Hard Tissue Biology. 
2011;20(3): 177-184. 

29. Liao HJ, Tsai HF, Wu CS, Chyuan IT, Hsu PN. TRAIL inhibits 
RANK signalling and suppresses osteoclast activation via 
inhibiting lipid raft assembly and TRAF6 recruitment.Cell Death 
& Disease. 2019;10(7):1-11. 

30. Kitaura H, Marahleh A, Ohori F, Noguchi T, Nara Y, Pramusita 
A, Kinjo R, Ma J, Kanou K, Mizoguchi I. Role of the Interaction 
of Tumor Necrosis Factor a and Tumor Necrosis factor 
Receptors1 and 2 in bone related Cells.Int J Mol Sci. 2022;23 
(3):1481. 

31. Prameswari N, Revianti S, Ajeng C, Azania H, Leona C. 
Osteogenesis and  osteoclastogenesis regulation of the 
midpalatal area after maxillary suture expansion induced by 
hyperbaric oxygen therapy (HBOT). Malaysian Journal of 
medicine and health sciences. 2020;16(supp4): 52-59. 

32. Yang K, Wu C, Ye Y, Li L, Wang X, He W, Ren S, Xu Y. A20 
inhibits osteoclastogenesis via TRAF-6 dependent autophagy in 
human periodontal ligament celss under hypoxia. Cell 
Proliferation 2020;53(e12778):1- 10. 

33.  


