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ABSTRACT

Orthodontic forces produce alveolar bone and periodontal ligament remodeling that cause tooth
movement. Diabetes can increase tissue damage and, therefore, contributes to the process of
orthodontic tooth movement. The aim of this study was to determine the effect of differently
orthodontic forces on the expression of MMP nine in rat diabetic model. Twenty four male Wistar rats
were divided into three groups of control and three groups of treatment streptozotocin-induced
diabetes with stratified doses. Application of orthodontic appliance was performed with different forces
(10, 20 and 30 grF). Orthodontic appliance was performed on both upper incisors. Immunohisto-
dlemxca.l (THC) analysis was used to observe the expression of MMP 9 and HE (Hematoxylen Eosin)
staining to observe the number of fibroblasts. Statistical analysis was carried out using t-test and
Spearman correlation analysis to determine the difference of MMP nine expression and number of
fibroblasts between groups, and determine the correlation of both. The results showed an increased
expression of MMP 9 and decreased of fibroblasts number in diabetic rats, along with increasing
magnitude of orthodontic forces. The different orthodontic forces given to diabetic rats affect the
expression of MMP 9 and the number of fibroblasts, in which the expression of MMP 9 increased
along with the increase of orthodontic forces, both at pressure and tension sides..

Keywords: Orthodontic force, diabetes, MMP 9, fibroblast, remodeling

INTRODUCTION

Application of orthodontic force causes the
formation of stress and tension side on the
peniodontal ligament [1]. Alveolar bone resorp-
won on the pressure side is played by osteoclasts
and opposition of alveolar bone in the tension
sade s played by osteoblasts [2, 3].

MMPs (matrix metalloproteinases) are a large
family of proteo-lytic enzymes Zn2*-dependent
which is responsible to the degradation of the
extracellular matrix. MMP nine is included in the
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class of gelatinase (gelatinase B, 92-kDa type IV
collagenase) that is expressed as a pro-enzyme, and
can be activated to be enzyme. The main substrate of
gelatinases is denatured collagen [4] and collagen
fragments generated by collagenases in bone. MMP 9
activity 1s associated with the mflammatory process
[5] and expressed in periodontal tissues on
orthodontic tooth movement [6].

Diabetes mellitus is a metabolic disease
characterized by high blood glucose levels
(hyperglycemia) due to disturbances in insulin
secretion, insulin action, or both. Diabetes can
increase periodontal tissue damage [7]. In diabetes
condition, there is an increased production of AGEs
(advanced glycation end products), ROS (reactive
oxygen species) and TNF, which affects the
development of periodontal disease [8].
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Metabolic changes (such as diabetes) can
mterfere with bone remodeling that can lead to
dafferences in the rate of tooth movement [9,10].
Dumbetes affects osteoblasts, fibroblasts, and
collagen expression, through the process of
mflammation and apoptosis [8]. Diabetes is also
believed to affect the expression of MMP nine in
the process of periodontal tissue remodeling in
orthodontic tooth movement.

The aim of this study was to determine the
effect of different orthodontic force application
m a rat diabetic model on the expression of MMP
9. the number of fibroblasts, as well as the
relationship between the expressions of MMP 9
with the number of fibroblasts.

MATERIALS AND METHODS

Experimental Animals

Twenty-four, four-month-old male Wistar rats
(Rattus norvegicus) with an average body weight
250-300 g, healthy and had no abnormalities were
used in this study. Experimental animals were
divided into six groups (consisting four rats in
each group). The division of groups consists of,
K1 (normal, without orthodontic appliances), K2
(diabetes, without orthodontic appliances), K3
‘normal, with orthodontic appliance 30 grF), K4
(diabetes, with orthodontic appliance 10 grF), K5
(diabetes, with orthodontic appliance 20 grF),
and K6 (diabetes, with orthodontic appliance 30
grF). All study procedures were conducted in
accordance with the guidelines approved by the
Ethics Committee of the Medical Faculty of
Brawijaya University, Malang, FEast Java,
Indonesia.

Induction of Streptozotocin Stratified Dose
(STZ-SD) on Experimental Animals

Before the induction, the experimental
animals were acclimatized for seven days, and
then fasted for eight hours. Induction of
Streptozotocin (code 32238-91, Nacalai Tesque
Inc, Kyoto, Japan) was performed using
stratified doses (40, 35, 30, 25, and 20 mg/kgBB)
for five consecutive days in the morning through
‘mtraperitoneal.  Furthermore, experimental
amimals were incubated for seven days, and
observed for the blood glucose levels taken from
the tail vein using a digital glucometer (Nesco,

Japan). Rats with diabetes are characterized by
Blood Glucose > 300 mg/dl [11].

Orthodontic Appliances

Orthodontic appliance design used in this
study is 2 modification of some previous studies
[12,13]. Design and magnitude of orthodontic
force was confirmed with tool ANSYS ver. 14
software  (Ansys Inc, USA) and force
orthodontic ~ appliance  measurement  (The
Richmond Orthodontics Stress and Tension
Gauge, Ormco, USA). The magnitude of
orthodontic force applied was 10, 20 and 30 grF.

Under general anesthesia  induced by
intraperitoneal injection of 10 mg/kgWB
ketamine HCl (Anesject, Danpac Pharma,

Indonesia), the upper incisors were prepared with
metal strips (Biodinamica Quilm e - Farm. Ltda,
Brazil), then the orthodontic appliances were
perpendicularly bonded to the tooth axis with
glass ionomer cement Fuji IX (GC, Japan), and
then smeared with vaseline (Figure 1). The
duration of this orthodontic appliances
application was performed for seven days. After
that, all experimental animals were euthanized
using ether anesthesia and the distance between
the upper incisors was measured using a digital
caliper (SH, China).

Figure 1. Orthodontic appliances in experimental animals.
(1) Orthodontic appliances bonded both on
upper incisor (2). Fixed with glass ionomer
cement.

Histological preparations

The maxillary specimens were fixed in 10%
formalin for 24 hours. The upper incisor regions
were cut with a diamond bur disk (Hager &
Maisinger, Germany). These specimens were
decalcified in 14% EDTA solution (pH 7.4) for
30 days at 4°C. They were then exposed to
histological ~procedures and cut using a
microtome in serial five pm (HE staining) and
three pm (IHC procedure) longitudinal sections.
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IHC staining was performed used an Antibody
MMP 9 (sc-6840, SantaCruz Bio Technology,
Inc, USA) and THC kit (Starr Trek Universal
HRP Detection System, Biocare Medical, USA).
Determination of MMP nine expression was
performed using AxioVision Software Rel v
481. Quantification on the number of

fibroblasts was performed using Olympus
microscope BX-51 (New York Microscope
Company Inc., USA).
Statistical Analysis

MMP nine expression and the number of
fibroblasts on both stress and tension side among
each group were analyzed using an independent
t-test. To observe the correlation between MMP
9 expression and the number of fibroblasts, data
was subjected to Spearman correlation test and
followed by regression analysis with SPSS 20.0
software.

RESULTS AND DISCUSSION

Measurement of distance between upper
incisors

The purpose of this measurement was to
determine the distance between the upper
maisors due to use of orthodontic different
forces for 7 days in normal and diabetic rats.
Figure 2 shows that the distance between the
wpper incisors decreased in line with the
magnitude of orthodontic forces. The t-test
smalysis  showed mno statistically  significant
dufferences between K3 and K6 (p = 0.32).

) |I
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Figure 2. A chart of the distance between upper incisor
averages.

Expression of MMP 9 and Number of
Fibroblasts

Figures 3 and 4 present the expression of
MMP 9 and the number of fibroblasts in the
stress and tension side. Figure 5A shows the
expression of MMP 9 in diabetic rats was
increased along with the increase of orthodontic
force, both in the pressure and tension side.
Figure 5B showed that the average number of
fibroblast cells in diabetic rats decreased as a
large magnitude of orthodontic force, both in the
pressure and tension side.

Figure 3. Immunohistochemical image of MMP nine
expressions. Yellow darts show expression of
MMP nine in the cell and matnx, a. Pressure
side, b. Tension side, AB: alveolar bone, T: teeth,
PDL: periodontal ligament.

Figure 4. Histological images of fibroblast cells. White

arrows show fibroblast in the perodontal
ligament, a. Pressure side, b. tension is side. AB:
alveolar bone, T: teeth, PDL: perodontal
ligament

The results of t-test analysis of MMP nine
expression and the number of fibroblasts showed
statistically significant difference in all groups
both in the stress and tension side (p = 0.00).

Table 1 shows that there is a strong negative
relationship between MMP 9 expression and
number of fibroblasts in diabetic rats, in the
pressure side (r = -0.768), and in the tension side
(r = -0.910). The results of regression analysis
(Table 1) show that in diabetic rats, the
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expression of MMP 9 affects the number of
fibroblasts. Based on the coefficient of
determination, expression of MMP nine affects

18
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the number of fibroblasts as much as 59% in
pressure side, and 82.9% in the tension side, and
the rest of that was influenced by other factors.
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Fagure 5. A. Histogram status, expression of MMP 9, shows an increase in line with the development of diabetes and a large
magnitude of orthodontic forces; B. Histogram status, a number of fibroblasts decreased with the development of
diabetes and a large magnitude of orthodontic forces.

Table 1. Correlation and regression analysis of MMP 9 expression over the amount of fibroblasts on diabetes conditions on

the pressure and tension side

Pressure side

Tension side

¢

R2

Coefficient Determination
p Value

-0.768 -0.910
0,590 0,829
59% 82,9%

0,000* 0,000*

Orthodontic tooth movement is achieved by
the application of orthodontic appliances on
teeth that are characterized by remodeling
changes in the teeth and periodontal tissues [2].
In this research, orthodontic applances with
different force was applied to the teeth for 7 days
o produce properly movement of the maxillary
maisor. In the orthodontic tooth movement, an
mitial compression of the periodontal ligament
occur from day 0 to 1. A lag phase with no tooth
movement was noted thereafter from day 1 to 5.
That is the period where necrotic tissue accumu-
lated in the compressed area is elimi-nated.
Finally, orthodontic tooth movement occurs
from day 5 to 10. But in day 7 achieved an
optimum orthodontic toth movement [14]. So,
from his statement we decided to designed 7 days
experiment. Different orthodontic force which
given on the condition of diabetes for seven

days, resulted the distance between upper inci-
sors which tend to get smaller as the large
magnitude of orthodontic force applied and there
was no statistically significant difference (p =
.32). Tt showed that the magnitude of given
orthodontic force (10, 20 and 30 grF) was not
directly proportional to the large of distance
between upper incisor in the diabetic condition.
The correlation between magnitude of
orthodontic force and rate of tooth movement
during active treatment is now considered to be a
practical tool in identifying optimal forces on an
individual basis. An optimal orthodontic force
moves teeth efficiently into their desired
position, without causing discomfort or tissue
damage to the patient, whereas light forces are
preferable, because of their ability to evoke
frontal resorption of bone. When the force was
increased above optimum, the rate of tooth
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movement was decreased and finally approached
zero within a week [15]. One of the long-term
manifestations of diabetes is periodontitis [16],
which can cause great loss of periodontal bone,
thus increasing the risk of tooth loss [17]. This is
comsistent with the statement of Ryan, et al
1999), that diabetes can improve periodontal
mssue damage [7]. Meanwhile, according to
Graves, et al. (2006), diabetes causes alveolar
bone loss by damaging cycle of bone formation
that occurs after the process of bone resorption
[18]. The orthodontic force which is given to
the rat diabetic models may produce under-
mming resorption at the pressure side, which
cawsed the decrease of tooth movement.

The results of this study showed that the
average expression of MMP 9, which was further
mcreased in diabetic conditions, both on the
pressure and tension side along with increase of
magnitude force applied. These results are
consistent with previous research, that there is
mcreasing of MMP expression during ortho-
dontic tooth movement on both the pressure and
tension side [6, 19-21]. Maxwell, et al. (2001)
stated that the condition of diabetes is often
associated with the presence of infla-mmation,
the formation of ROS and increasing of MMP 9
[22]. According to Rajagopalan, et al. (1996),
MMP 9 can be activ-ated by ROS through post-
manslational modifi-cation [23]. In perio-dontal
mssue inflammation, the number of cells that
express MMP were increased compared with in
healthy tissue [24-26]. Activity of MMPs is
regulated at multiple levels, including trans-
coption, activation and inhibition. The most of
MMPs are not constitutively expressed by many
cells, but its expression is induced by exogenous
signals, for example, cytokines (TNF-a, IL-1),
growth factors (EGF, BFGF, and PDGF) or
changes in matrix cells and contacts between cells
[27-28]. Expressions of several MMPs (MMP 1,
MMP 3, MMP 7, MMP 9, MMP 10, MMP 12,
MMP 13 and MMP 19) were induced at
tmanscriptional level [28].

The results of quantification (Fig. 5 B)
showed that the number of fibroblast cells in the
dmbetic condition decreased as the magnitude of
orthodontic force. According Melsen (1999),
orthodontic force causes periodontal ligament
eongated in the tension side, whereas retracted
at the pressure side [29]. Spearman correlation
amalysis (Table 1) showed that there is a very

strong negative correlation between the ex-
pression of MMP 9 with the number of fibro-
blasts in both the ressure and tension side.
Whereas the regression analysis showed that
MMP 9 affects the number of fibroblasts in both
the pressure and tension side.

In diabetes condition, AGE was accumulated
in periodontal tissues, which can cause changes
in the cells and ECM components. The produc-
tions of collagen by fibroblasts in diabetes are
particularly vulnerable to rapidly degraded by
MMP, which significantly increases in diabetes
condition [7]. In diabetics, there 1s a risk affected
periodontal disease, two to five times higher
than normal, but will be reduced in a controlled
hyperglycemia.

Fibroblast function becomes impaired due to
elevated levels of glucose and reduced availability
of collagen. Reduced function of fibroblasts and
collagen can alter the availability of healing
reaction in diabetic patients [30]. This is
supported by Koulouri, et al. (1999) which states
that there are high levels of fibroblast apoptosis
in diabetic patients with periodontitis [31].
Diabetes is associated with the production of
pro-apoptotic factors, such as the formation of
AGEs, TNF and ROS. AGEs can affect the
connective tissue and bone by increasing
apoptosis of matrix-producing cells, so the
number of cells that producing matrix will be
reduced. TNF can induce apoptosis by triggering
the occurrence of early apoptosis and stimulates
the expression of pro-apoptotic genes [32-33].
ROS is strong inducer of apoptosis [34].

According to Chapple and Matthews (2000),
the effects of ROS in periodontal tissues and its
components cause periodontal tissue damage
through degradation the basic 6 substances,
directly or indirectly collagenolisis, or by pro-
teases oxidation [35]. Fibroblasts in perio-dontal
ligament respond to mechanical stress by produ-
cing inflammatory mediators such as prostaglan-
dins and MMP that stimulates ECM degradation
[36]. On the pressure side, the compression of
periodontal ligament causes ligament fibers
sagging, and fiber degradation appears to be
increasing [37]. Periodontal ligament remodeling
requires regulation of MMPs and TIMPs [21],
and the expressions of TIMP 1 on the tension
side were increased in osteoblasts during bone
formation [38].
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CONCLUSIONS
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