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ABSTRACT : Female patients have the possibility of pregnancy in the course of fixed orthodontic treatment. Pregnant women
are often advised by physician to consume various kinds of nutritional support vitamins for the mother and fetus contained, one
of which is vitamin D. The outcome of this research is to examine the effectiveness of vitamin D provision on the fibroblast
growth factor-2 (FGF-2) expression during orthodontics mechanical stress (OMS) in pregnant wistar rats (Rattus Novergicus).
Healthy pregnant Wistar rats (R. novergicus) 16-20 weeks-old, 200-250 grams body weight then grouped randomly into 4
groups; control group: pregnant rats administered vitamin D without OTM (K7 and K14) and treatment group: pregnant rats
with OTM and vitamin D administration (P7 and P14). Nickel Titanium (NiTi) closed coil spring was installed among upper
central incisor to the upper first molar to induce OMS with 10g/mm? force. After 7 days or 14 days all animals were sacrificed
for pre-maxilla extraction. Immunohistochemically examination was carried out to examine FGF-2 expression in the tension
and compressed side. The lowest expression of FGF-2 was found in the P7 group in the tension side (4.7+2.39) and compression
side (4.31£1.7). There was nosignificant difference between groups in the FGF-2 expression on the tensionside (p=0.28;p>0.05)
and compression side (p=0.14; p>0.05). The vitamin D provision during OMS in pregnant wistar rats (R. novergicus) had no

significant effect on the expression of FGF-2.
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INTRODUCTION

Female patients have the possibility of pregnancy
during in the course of orthodontic treatment. Pregnancy
is a physiological state that brings various hormonal
changes in women. Pregnancy affects not only general
health, but also oral health (Narmada er al, 2019). During
orthodontic treatment with orthodontic mechanical stress
(OMS), there are changes in the periodontal ligaments
and alveolar bone cellular and biochemical activities,
which allows movement of tooth, one of which is
fibroblasts in the periodontal ligament (Nugraha er al,
2020; Sitasari et al, 2020; Rahmawati et al, 2020).

There are some vitamin supplements that physicians
recommend to consume as a nutritional support for
pregnant women, one of which is vitamin D. Vitamin D
provision during orthodontic tooth movement (OTM) in
the pregnant experimental animal models increases the
osteoclast number and receptor activator of nuclear
tactor kB ligand (RANKL) expression (Narmada et al,

2019). However, administration of vitamin D did not have
a significant effect on vascular endothelial growth factor
(VEGF) expression, angiogenesis, osteoblast number and
bone alkaline phosphatase (BALP) expression during the
OTM of pregnant wistar rats (Nareswari et al, 2019;
Hisham et al, 2019). FGF-2 is one of kind growth factors
that play an important role during wound healing and
remodeling of alveolar bone due to injuries (Inayati et al,
2020). Thus, the purpose of this research is to examine
the effectiveness of vitamin D provision on the FGF-2
expression during orthodontic mechanical stress (OMS)
in pregnant wistar rats (Ratfus novergicus).

MATERIALS AND METHODS

This study obtained ethical qualifications from the
ethical clearance committee, Faculty of Dental Medicine,
Universitas Airlangga, Surabaya, Indonesia with number:
733/HRECC.FODM/X1/2019. Female healthy Wistar
Rats (R. novergicus) 16-20 weeks-old, 200 grams-250
grams of body weight were randomly grouped into 4
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groups; control group: pregnant rats administered vitamin
D without OTM (K7 and K14) and treatment group:
pregnant rats with OTM and vitamin D administration
(P7 and P14).

Pregnancy is assisted with the injection of the
hormone Pregnant Mare Serum Gonadotropin (PMSG)
and Human Chorionic Gonadotropin (HCG) (Sigma
Aldrich, US). Female rats have been synchronized to their
mating cycle, then collected with one male each, to achieve
the same pregnancy period, with treatment less than 21
days after being declared pregnant (Hisham et al, 2019).
Nickel Titanium (NiTi) closed coil spring (American
Orthodontics Corporation, US) was installed among upper
central incisor to the upper first molar to induce OMS
with 10g / mm? force. Vitamin D was given at the dose
of 0.2 mg / kg every 3 days after appliance insertion to
the experimental groups. After 7 days or 14 days all
animals were sacrificed through cervical dislocation for
pre-maxilla extraction. Decalcification using EDTA
(OneMed, Indonesia) on extracted pre-maxilla.
Immunohistochemically examination was carried out to
examine the expression of FGF-2 (Monoclonal antibodies
anti-FGF-2, s¢c-365106, St. Cruz, US) in the tension side
and compression side. The observation of FGF-2
expression was done semi-quantitatively with a 400x
magnification by means of light microscope (Nikon H600L
microscope; DS Fi2 camera 300 megapixels). Positive
expression of FGF-2 is characterized by chromogen
brown color (Inayati et al, 2020). Descriptive statistics
are given as Mean + Standard Deviation (SD). One-way
Analysis of Variance (ANOVA) was done to compare
FGF-2 expressions between groups.

RESULTS

The FGF-2 expression with brown chromogen was
detected from each group in the tension side (Fig. 1) and
compression side (Fig. 2). Expression of FGF-2 data in
each group was normally distributed and homogeneous
(p>0.05). The greatest of FGF-2 expression was detected
in K7 group, while the lowest was in the P7 group in the
tension side and compression side (Table 1). The
expression of FGF-2 in the compressed side (p = 0.14;
p> 0.05) and tension side (p = 0.28; p> 0.05) were
insignificantly different.

Table 1 : Mean +SD of FGF-2 expression in the compression and
tension side of each group.

Group Compression Side Tension Side
Mean = SD Mean = SD
K7 6.2286 + 1.59239 7.4429 + 2.35220
K14 7.9000 + 3.63272 7.2429 + 3.62485
T7 4.3143 £ 1.70434 4.7000 £2.38817
Ti4 6.5143 +3.76627 7.2286 + 3.25049
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Fig. 1 : Positive expression of FGF-2 in the tension side (red arrow)
of each group with 400x magnification.
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Fig. 2 : Positive expression of FGF-2 in the compression side (red
arrow) of each group with 400x magnification.

DISCUSSION

In this study, the greatest expression of FGF-2 was
detected in the K7 group, while the lowest was in the P7
group compression side and tension side. There was no
significant difference in the expression of FGF-2 in the
compression side and tension side between groups. During
embryological development, FGF-2 has a role inregulating
cell proliferation. FGF-2 is a homeostatic factor and
functions to improve tissue and injury response (Inayati
et al, 2020).

Vitamin D and calcitonin play a role in regulating the
amount of calcium and phosphate. Vitamin D is able to
stimulate the formation of osteoblasts. Vitamin D in the
bone may activate and regulate the transcription of a
number of RANKL target genes in osteoblasts that will
bind to the receptor activator of nuclear factor éB
(RANK) for osteoclastogenesis and osteoclast activation
that crucial for orthodontic tooth movement (Pramusita
et al, 2020). Excessive vitamin D levels will cause
osteoclasts to be more active than osteoblasts so that
bone resorption will increase and bone formation will be
disrupted (Okazaki er al, 2003). Provision of vitamin D
in pregnant mice with induction of OMS can increase




Effectiveness of vitamin D provision on the expression of fibroblast growth factor-2

RANKL expression and osteoclast numbers, but did not
have a significant effect on osteoblast numbers and BALP
expression (Narmada et al, 2019; Hisham et al, 2019).
FGF-2 has the effect of inhibiting calcification through a
decrease in serum calcium and phosphate. In other words,
FGF-2 can reduce calcification by inhibiting the activation
of vitamin D (Herlina er al, 2017). In a state of
hypercalcemia due to an overdose of vitamin D, namely
high levels of calcium in the blood due to increased
calcium from the digestive tract can lead to calcium
excretion in the urine to increase so that the process of
bone calcification decreases. This is supported by
previous research on hypervitaminosis D which states
that the administration of high doses of vitamin D to the
embryo causes delayed formation of bone trabeculae.
Hypervitaminosis D in pregnant mice can cause a
decrease in bone mass and minerals in mouse embryos
(Immanuel et al, 2017).

The OMS exerted during OTM causes pressure and
tensile in the periodontal ligament fibers and cells in the
periodontal ligament region in the area of compression
and tension. This complex process begins the recruitment
of osteoclast and osteoblast progenitors, such as the start
of extravasation and the chemoattractant of inflammatory
cells (Hernawan er al, 2020; Nugraha er al, 2019;
Rahmawati er al, 2020). The initial phase of orthodontic
tooth movement always involves an acute inflammatory
response characterized by capillary vasodilation and
leukocyte migration to capillaries. These migrated cells
produce various cytokines. These cytokines stimulate the
synthesis and secretion of various substances for target
cells such as prostaglandins, growth factors and various
cytokines (Puspitaningrum er al, 2020; Pramusita ef al,
2020; Krishnan and Davidovitch, 2006). Acute
inflammation that occurs is an initial phase and is
exudative. One to two days later the acute inflammatory
phase becomes chronic proliferative inflammation
involving fibroblasts, endothelial cells, osteoblasts and
alveolar bone cells (Meikle, 2006). During this period
leukocytes continue to migrate to the periodontal tissue
and regulate the process of alveolar bone remodeling.
During OMS, cytokines are secreted by mononuclear
cells such as Interleukin-1 (IL-1). IL-1 can increase the
synthesis and secretion of several substances including
prostaglandins or growth factor such as FGF-2
(Henneman et al, 2008; Inayati ef al, 2020).

CONCLUSION

The effectiveness of vitamin D provision during
orthodontic mechanical force in pregnant wistar rats (R.
novergicus) did not have a significant effect on FGF-2
expression in the tension and compression side.
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