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ABSTRACT:

Heat shock protein (HSP)-70 expressed in the fibroblast of periodontal ligament after orthodontic tooth
movement (OTM) was applied. Bifidobacterium probiotics regulate the number of osteoclasts through
controlling the inflammation via Nuclear Factor Kappa Beta (NFKB) and increased cytoprotection by HSP
induction. This study aimed to examine the effect of Bifidobacterium probiotic on HSP-70 expression and
osteoclast number during OTM in the compression side of Wistar rats (Rattus novergicus). This research was a
true experimental study which used post-test only group design. 42-healthy-Wistar rats (R. novergicus) were
blind randomly divided into 6 groups; K1: OTM for 3 days; K2: OTM for 7 days; K3: OTM for 14 days; KP1:
OTM and administration of Bifidobacterium probiotic for 3 days; KP2: OTM and administration of
Bifidobacterium probiotic for 7 days; KP3: OTM and administration of Bifidobacterium probiotic for 14 days.
OTM model was made by installed closed-coil spring with 10g/mm? force. Bifidobacterium probiotic was orally
administered with 10mL/day by means of oral gavage at 1.5 x 10® CFU/mL dose every day.
Immunohistochemical analyses were performed in all study groups. One-way ANOVA and LSD test (p<0.05)
were performed to compare between groups. The highest HSP-70 expression was discovered in K3 control group
and the greatest osteoclast number was found in KP1 control group. The lowest HSP-70 expression and
osteoclast number were found in KP3 group with significant between groups. Bifidobacterium probiotic
decreased the expression of HSP-70 and osteoclast number during the orthodontic tooth movement in 14 days in
the compression side.
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INTRODUCTION:

Malocclusion is one problem in dentistry that has effect
on oral condition and is able to cause problems in
mastication, articulation, and arch development.! The
prevalence of malocclusion in Indonesia remains high, at
approximately 80% of the population.? Orthodontic
treatment was recommended for patient with
malocclusion.® The existence of malocclusion numerous
oral health issues as it disturbs the functional needs as
well as jeopardizes a person’s dentofacial esthetics,
speech, mandibular function and psychological state.*
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The movement of tooth by deposition and resorption of
alveolar bone, also called as remodeling, is resulted from
the application of orthodontic force on the structure of
the tooth. Bone remodeling is an essential process for
tooth movement during orthodontic treatment.> The
intercourse that takes place between bone component
cells which are osteoclast, osteoblast and osteocyte
strictly influences bone remodeling.® Osteoclast bone
resorption antecedes osteoblast bone formation during
the bone remodeling course.” Heat Shock Protein (HSP)-
70 was expressed in the fibroblast of periodontal
ligament when orthodontic force was applied. HSP are
molecular guardian or protein protector which maintain
the dynamic balance of protein folding and interactions
as well as equilibrium within cell, and hinder the
aggregation  of  protein.3®  Since  dysregulated
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inflammation damages tissue and causes root resorption
and periodontal disease, the inflammation that happens
during orthodontic tooth movement (OTM) shall be
under strict control.*° However, some tissue damage is
unavoidable during OTM, and is actually beneficial,
because it evokes inflammation that lead to activation of
Nuclear factor of activated T-cells (NFATC) and
Sclerostin  (SOST) in the osteoclast.)! Previous
epidemiological study showed that all patients with
inclusive orthodontic treatment suffered from root
shortening, while a small percentage of the patients (3%)
suffered from severe root resorption. Various
constituents determine the severity of root resorption,
such as the applied force magnitude, orthodontic
appliance type, tooth movement type, force application
time, local and systemic disease, the person’s age,
hereditary factors affiliated to root anomaly, trauma and
ethnicity.'? fibroblast growth factor (FGF) and vascular
endothelial growth factor (VEGF) play important role as
growth factor to main the homeostasis of bone
remodeling during OTM to minimize the side effect of
orthodontic treatment.*3

Probiotics are considered as functional food which is
defined as living microorganisms which will provide the
host with health benefits if administered in appropriate
amount.'*%> In regards to food, this definition is
modifiable by highlighting that these favorable effects
come from the microorganisms “when consumed in
appropriate amount as part of food”.*® Probiotics are
commonly claimed to decrease the potentially-
pathogenic gastrointestinal microorganisms, to improve
bowel regularity, to lessen flatulence and bloating, to
defend DNA, to keep protein and lipid from oxidative
damage, as well as to maintain individual intestinal
microbiota in those consuming antibiotics.” Probiotic is
likely able to change oral microbiota and it is currently
under research to either prevent or treat oral cavity
diseases, such as dental caries and periodontal diseases,
that are related with a change in microbial composition
and biofilm activity, and the host’s resulting reaction.
The most common investigations are aimed to
Lactobacillus, Streptococcus and Bifidobacterium strains
as probiotics.'® Probiotic is generally immersed in the
modulation of pathogenic bacterial adhesion to the
intestinal epithelium and its reputation has received
growing attention due to their performance in systemic
and oral health promotion. Several investigations have
found it to have some effects on inflammation, including
alveolar bone resorption.?® Oral Supplementation with
probiotic affected osteoclasts amount adjoining to the
root during orthodontic movement in rats.?® The
beneficial effects of some probiotics on the gut mucosa
may be due to a combination of decreased inflammation
via blockade of nuclear factor-kappa p (NFKp) activity
and increased cytoprotection through HSP induction.

This examination aimed to figure out the effect of
Bifidobacterium on HSP-70 expression and osteoclast
number during OTM in the compression side of Wistar
rats (Rattus novergicus).

MATERIAL AND METHODS:

Ethical Clearance and Study Design:

This research was an experimental and observational
analytic research which used post-test only control group
design. The samples were selected using simple random
sampling method. This study’s animal experimental
protocol had been recognized by the Animal
Experiments Ethics Committee of Airlangga University
in Surabaya (acceptance number:
624/HRECC.FODM/X/2019).

Orthodontic Tooth Movement Animal Model:

42, healthy,16-20-weeks of age, male, Wistar strain mice
of 200-250g weight were selected for the animal study.
All of the rats were placed in the animal center of
Veterinary Medicine, Universitas Airlangga, Surabaya. It
was in compliance with in vivo experiments guidelines to
lighten the animals pain. All of the rats were placed
distinctively in a poly carbonate cage for one week on a
12 hours light/dark cycle at a regular temperature of
25°C and humidity of 50% for the acclimatization to
negate their distinctive origins. The mice were consumed
a standard pellet diet with faucet and regularly monitored
for food usage and feces attributes.> The samples were
blind randomly divided into 6 groups; K1: OTM for 3
days; K2: OTM for 7 days; K3: OTM for 14 days; KP1:
OTM and intake of Bifidobacterium probiotic for 3 days;
KP2: OTM and administration of Bifidobacterium
probiotic for 7 days; KP3: OTM and administration of
Bifidobacterium probiotic for 14 days.

The orthodontic tooth movement was performed by 6
mm long NiTi coil spring (Ortho technology, China)
which located among the first incisor and first maxillary
molars and fixed by utilizing 0.07 stainless steel ligature
wire over the maxillary incisor with 10g/mm? strength
calculated by a tension gauge (Figure 1). Rodent
anesthesia (60mg/body weight of ketamine and xylazine
3mg/weight) was used on the animals. The rats’
premaxilla was anatomized and drowned in 10%
concentration of formalin for four days. One month of
premaxilla decalcification with ethylenediaminetetra
acetic acid (EDTA) was then conducted.38

Bifidobacterium Probiotic preparation:

Bifidobacterium probiotic was made from Food and
Nutrition Center in Gadjah Mada University,
Yogyakarta, Indonesia. The strain was Bifidobacterium
bifidum BRL 130 with certificate confirmation number
PSPG/0309/1V/19. Animals of probiotic group were
orally administered with 10mL/day of Bifidobacterium
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in drinking water at 1.5 x 108 CFU/mL dose every day.
HSP-70 expression and Osteoclast staining:

The Immunohistochemistry staining was done at
Molecular Biochemistry Department, Faculty of
Medicine, Brawijaya University, Malang, Indonesia. The
samples were inspected by immunohistochemical
staining by utilizing a 3.3'-diaminobenzidine stain kit
(Pierce™  DAB  Substrate Paint Kit 34002,
Thermofisher™, Waltham, Massachusetts, US) and
monoclonal antibodies (Santa Cruz Biotechnology™,
US) anti-HSP 70 (no cat. Sc-24) in the alveolar bone was

Fig. 1: Wistar Rat (R. novergicus) with OTM appliance.

The number of HSP-70 increased in control group and
the highest expression was discovered in K3 control
group (Table 1). The highest osteoclast was found in
KP1 probiotic group (Table 2). The lowest HSP and
osteoclast expression found in KP3 group. There was
found a considerable reduction of HSP-70 and osteoclast
number in probiotic group contrasted to control groups

(p=0.001; p < 0.05) (Table 1 and Table 2).

Table 1: The outcome of ANOVA and LSD in HSP-70 expression

among groups

ready for microscopy elucidation. Osteoclast was | Group HSP-70 p-value
examined by means of its morphology which is Mean + SD

multinucleated giant cells near the bone resorption area E; Egggeiffgge

by mean of hematoxylin eosin (HE) staining The —= 162517 0.001*
inspection was performed by 2 observers in 5 different [kp1 13.714 + 1.604

sight points and used Nikon H600L light microscope | Kp2 9.429 + 1.397

(Japan) at 400x magnification with a 300 megapixels Fi2 | KP3 5+2.708

DS digital camera and image processing software Nikon
Image System (Nikon, Japan).

*Information: significant at p<0.05

Table 2: The outcome of ANOVA and LSD in osteoclast number

among groups

Statistical Analysis: Group Osteoclast p value
The information material was analysed using Statistical Mean + SD

Package for Social Science (SPSS) 20.0 software (for Eg iizltsifilgis

Windows, SPSS, Chicago, USA). Descrlptl_ve_ statistics 3 9+ 1633 0.001*
were presented as means + Standard Deviation (SD). [kp1 14.143 + 2.610

ANOVA and LSD (p < 0.05) were performed to examine | KP2 10.143 + 1.864

the HSP-70 expression and osteoclast number between [ KP3 6.857 + 1.864

groups.

*Information: significant at p<0.05
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Fig. 1: The HSP 70 expression and osteoclast number in
compression side of OTM animal model.

400x KP1 1000x 400x KP2 1000x 400x KP3 1000
Fig. 2: Positive expressions of HSP-70 were found in the fibroblast in the periodontal ligament during OTM (compression side) with 400x
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and 1000x magnification accordingly observed by means of light microscope.

400 K1_1000x _

400x

400x KP1 1000x 400X

Bone remodeling is an active action needed for bone
stability and organized by producing bone by osteoblast,
resorbing bone by osteoclast and their molecular
signal.?> HSPs molecules play an important role in
facilitation folding of proteins, they have cytoprotection
role in cells exposed to stress, which is considered as
hazard signaling biomarkers and implicated in pro-
inflammatory and anti-inflammatory responses.? In this
research, we have found that, in the compression side,
there was a heightened expression of HSP 70 in the
control groups compared to treatment groups. OTM was
performed using 10g/mm? orthodontic force via
application of Nickel Titanium coil spring located
among the first incisor and first maxillary molars.
Previous study mentioned that 10g of a light force
administration of OTM can produce incomparably
bigger tooth movement with much less root
resorption.>®23 Oxidative stress in PDL might be induced
due to this force, which activates Heat Shock Factor-1
(HSF-1) and later increases HSP-70 inside cytoplasm.
The rise expression of HSP-70 expression in the cell
trigger extracellular HSP-70 production.®% In other
study, section of early pulpal reaction to trauma was
formed by the expression of HSP-70. HSP-70 mRNA
expense in dental pulp through orthodontic tooth
movement was discovered become bigger on day 3,7,14
and 28 after being inserted with elastic rubber blocks.
This indicates that orthodontic tooth movement leads to
degenerative alteration and apoptosis in pulp cells, whilst
pulp homeostasis is preserved at the genetic grade.?
There was a considerable reduction in HSP-70
expression in the Bifidobacterium probiotic groups
contrasted with control groups in the compression side,
which validated that Bifidobacterium could influence the
HSP of periodontal tissue applied with orthodontic force.
The result is in accordance with previous study with
Lactobacilus casei probiotic on days 7-21 showed the

‘K2 1000x 400x K3 1000X

KP2 1000x

400x KP3 1000x

Fig. 3: The multinucleated giant cell surrounded by bone resorption was osteoclast which is found in the alveolar bone during OTM
(compression side) with 400x and 1000x magnification accordingly observed by means of light microscope.

effect of probiotic can be seen in day 7 and decrease in
HSP 70 expression.?® A daily intake of probiotic strains
may help to recover or preserve diversity and stability of
the host’s oral biofilm as well as modulate immune
responses.?® Probiotics are able to adjust the immune
reaction with decreasing the output of pro-inflammatory
cytokines and raising the output of anti-inflammatory
cytokines.?” Thus, we can assume that the intake of
products that are enriched with probiotics could give a
lot of advantages (for patients who suffer from
osteoporosis in particular), however it may hinder
orthodontic treatment.'® Osteoclast on day 7 in control
group was higher than day 14 in control groups. The
research outcome is parallel to previous study which
argued that the tooth movement reached a maximal
restrict on day 8 via coil spring disposition. The number
of osteoclasts raised significantly in the compression
side of the periodontal ligament with a maximal
enhancement on day 8. Osteoclast in probiotic groups
also decreased compared to control groups in this study.
The result is in accordance with the preceding study
which argued that the probiotic therapy for 12 days was
able to reduce the number of osteoclasts in the
periodontal tissues in the compression area of teeth with
mechanic load in mice.??4

CONCLUSION:

Based on the result of the molecular aspect can be
concluded that Bifidobacterium probiotic has effect to
decrease the expression of HSP-70 and osteoclast
number during the orthodontic tooth movement in 14
days on compression side in Wistar Rats (R. novergicus).
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