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Background: This study was performed to investigate the effect of local injection of asperosaponin VI (ASA VI) on the orthodon-
tic tooth movement in rats.

Material/Methods: A total of 64 healthy female Sprague-Dawley rats were selected and divided into 2 groups randomly: the ASA
VI group and the control group. For the ASA VI group, 10 mg/kg ASA VI solution was injected into buccal sub-
mucoperiosteal of bilaterally first maxillary molars, and the same volume of normal saline was given to the
control group. The orthodontic force was applied to the maxillary first molars. All rats were sacrificed on days
3,7, or 14. Tooth movement effects on the periodontium were analyzed through hematoxylin and eosin (H&E)
staining, tartrate-resistant acid phosphatase (TRAP) staining and immunohistochemistry analysis. Tooth move-
ment measurements and alveolar bone volumetric changes were analyzed using a micro-computed tomogra-
phy (CT) scan. Molecular changes were evaluated by quantitative real-time polymerase chain reaction (qRT-PCR)
and western blot.

Results: The ASA VI group presented with a significant increase of tooth movement, osteoclast number, and the expres-
sion of osteoclast differentiation factor (ODF) compared with the control group. ASA VI also induced a signifi-
cant decrease in bone volume and density and an increase in trabecular spacing and RANKL (receptor activa-
tor of nuclear factor kappa-B ligand) expression at the compression side. Furthermore, ASA VI stimulated bone
formation on the tension side by enhancing OCN (osteocalcin) expression and RUNX2 (runt-related transcrip-
tion factor 2) expression, increasing bone volume and density and decreasing in trabecular spacing.

Conclusions: Injection of ASA VI may accelerate tooth movement via increasing the activity of osteoclasts, stimulating bone
resorption at the compression side. Furthermore, ASA VI has a positive effect on bone formation at the ten-
sion side.
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Background

Generally speaking, the duration of orthodontic treatment is
24 to 36 months [1]. Some complicated or adult cases may re-
quire an even longer time to achieve the desired results [1,2].
Prolonged treatment time may increase the risk of side effects
such as dental decalcification, root resorption, gingivitis, and
periodontitis [3,4]. Therefore, how to accelerate tooth move-
ment is of great concern for orthodontists. Orthodontic tooth
movement is achieved through bone resorption mediated by
osteoclasts on the pressure side and new bone formation
mediated by osteoblasts on the tension side [5]. Therefore,
enhancing alveolar bone remodeling can accelerate orthodon-
tic tooth movement. Many methods have been tried to short-
en the treatment time, including physical therapy (such as la-
ser [6] and low-intensity pulsed ultrasound [7]), drug therapy
(such as local injection of 1,25-dihydroxy vitamin D and pros-
taglandin E, (PGE,) [8]) and surgical therapy [9]. The laser and
low-intensity pulsed ultrasound therapy are high cost. Local
injection of 1,25-dihydroxy vitamin D and PGE, has systemat-
ic effects on body metabolism. Surgical therapy has a harm-
ful effect on periodontal tissues and patient’s acceptance of
this procedure is low. Hence the researchers are always look-
ing for minimal side effects and low costing methods to en-
hance the orthodontic tooth movement.

Recently traditional Chinese medicine (TCM) has attracted wide-
spread concern of scholars for its low price, little side effects
and suitable for long time use. Dipsacus asper Wall (common-
ly known as Chuanxuduan) has been one of the most widely
used traditional herbal medicine for the therapy of rheumat-
ic arthritis, low back pain, bone fractures and bone strength-
ening [10]. It has been reported that Dipsacus asper Wall ex-
tract could increase bone mineral density and ameliorate bone
histomorphology in rats [11,12]. As the chemical constitu-
ents of Dipsacus asper Wall are complicated, the Dipsacus
asper Wall may act on multi-targets in clinical treatment. It
was difficult to detect the mechanism. Several chemical con-
stituents have been isolated from Dipsacus asper Wall [13].
ASA VI (asperosaponin VI, C,H. O, ; molecular weight: 929.10;
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molecular structure seen in Figure 1) is the main active ingre-
dient separated from Dipsacus asper Wall. In vitro studies re-
vealed that ASA VI enhanced osteogenesis and bone forma-
tion [14]. However, the effect of ASA VI on orthodontic tooth
movement has not been studied so far. The aim of this study
was to investigate the effects and mechanisms of ASA VI on
alveolar bone remodeling in orthodontic tooth movement and
consequently to provide a theoretical basis for accelerating
orthodontic tooth movement by application of TCM.

Material and Methods

Reagents

ASA VI was obtained from Shanghai Baoman Biotechnology
Co., Ltd., purity (HPLC) 98% (China). The hematoxylin and eo-
sin (H&E) staining kit and tartrate-resistant acid phospha-
tase (TRAP) staining kit were purchased from Solarbio Science
Technology (China). Primary antibodies against ODF (osteo-
clast differentiation factor) and tissue total protein lysis buf-
fer were obtained from Boster Biotech (China). RNA extract
kit was purchased from Axygen Scientific Inc. (USA). Reverse
Transcriptase kit and SYBR Green Premix Ex Taq were ob-
tained from TaKaRa Biotech (Tokyo, Japan). Primary antibod-
ies against OCN (osteocalcin) and RANKL (receptor activator
of nuclear factor kappa-B ligand) were purchased from Abcam
Inc. (Cambridge, UK). Primary antibodies against RUNX2 (runt-
related transcription factor 2) and B-actin was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA. USA). ASA VI solution
was dissolved in 0.9% normal saline, stored at 4°C in the dark.

Experimental animals

All animal experiments were performed according to the guide-
lines for animal research of National Institutes of Health (NIH)
and approved by the Shandong University Animal Care and
Use Committee (201302065).
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Sixty-four healthy female 8-week-old Sprague-Dawley (SD)
rats weighing 180 to 200 g were chosen from Experimental
Animal Center of Shandong University. All rats were raised in
individually ventilated cages (IVC), at 25°C, the humidity of
56%, with a 12-hour artificial light/dark cycle, regular ultravio-
let (UV) disinfection and ventilation, indoor noise control below
60 dB. They were fed with sterilized solid diet (0.1% calcium,
0.4% phosphorus, 2000 1U/kg vitamin D) and sterilized water.

The rats were divided into 2 groups randomly after adaptive
feed for 1 week, designated as the control group and ASA VI
group. Rats in the ASA VI group were treated with 10 mg/kg
ASA VI solution through injection into the buccal submucoperi-
osteal of bilaterally first maxillary molars every day during the
orthodontic tooth movement period, the control group received
the same volume of normal saline followed the same protocol.

Tooth movement

The animals were anesthetized by intraperitoneal injection
of 10% chloral hydrate (3.3 mL/kg) and supplemented as
needed. After anesthesia, the rats were immobilized on the
operation table in the supine position. Head and extremities
were fixed, respectively. A nickel titanium (Ni-Ti) closed-coil
spring (0.012 inch in diameter and 4 mm in length) was set
between both sides of the first maxillary molar and the max-
illary incisors to move the first molar mesially. The maxillary
incisors on both sides of all animals were connected togeth-
er with a self-made individual band as a whole to strengthen
the anchorage force and stabilize orthodontic force direction.
The Ni-Ti coil was fixed with 0.20 mm stainless steel wire li-
gation, one head was attached around the first maxillary mo-
lar, and the other head was fixed to the incisors band. The coil
spring produced a force of 40 g on the molar teeth after acti-
vation. (Figure 2 shows the orthodontic appliance employed
in this study.) The force magnitude was measured three times
with an orthodontic stress and tension gauge (3M 807-006
model, USA, accurate to g) in the mouth. Since the appliances
were activated, the food was replaced with powder in order
to reduce the drop-off rate of orthodontic appliances. The ap-
pliances were checked every day and re-secured if needed.

Micro computed tomography (micro-CT) scanning

Four rats were selected randomly from each group on days 0,
3, 7, and 14 of tooth movement. The rats were anesthetized
with excess 10% chloral hydrate (4 mL/kg) and transcardially
perfused with 200 mL 0.9% normal saline followed by 300 mL
4% paraformaldehyde. The soft tissue and muscle surrounding
the maxillae were removed. Subsequently, the isolated maxil-
lae containing teeth were fixed in 4% paraformaldehyde and
stored in 70% alcohol solution at room temperature. These
samples were scanned using a micro computed tomography
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Figure 2. Experimental tooth movement model of rat.

(micro-CT) scanner (Quantum GX2 micro-CT, PerKinElmer, USA).
The scanning condition was 70 kV, 142 pA, the layer thickness
was 18 pm. Reconstruction of the raw image data was done
using the built-in software. The measured parameters contain
the amount of tooth movement, bone mineral density (BMD),
bone volume/total volume (BV/TV) and trabecular separation
(Th.Sp), according to previous studies [15,16]. The nearest dis-
tance between the first molar crown and the second molar
crown was measured in a 2-dimensional transverse section as
the amount of tooth movement (Figure 3A). We selected 2 rect-
angular volumes 200x400x1400 pm (widthxthicknessxheight)
of the alveolar bone adjacent to the mesiobuccal and disto-
buccal roots as the region of interest (ROI, Figure 3B, 3C) [17].
The measured parameters in the tension sites and compres-
sion sites were measured, respectively. During the analysis, all
samples were randomly named and assigned to ensure the
blindness of the experiment.

Structural and morphometric analysis

After micro-CT scanning, the 8 maxillae of each group on days
3,7, and 14 were then decalcified in 10% EDTA solution for 3
months, washed in buffer, dehydrated in a series of different
ethanol concentrations, embedded in paraffin molds. Slices
of 5 um thickness were cut parallel to the first maxillary mo-
lar axis in the sagittal direction. Hematoxylin and eosin (H&E)
staining, tartrate-resistant acid phosphatase (TRAP) staining
and immunohistochemical analysis were performed on each
sectioned slice and were observed under a light microscope.
Images were taken and the number of osteoclasts was observed.

Real-time polymerase chain reaction (RT-PCR) and western
blot analysis

Six rats in each group were sacrificed by cervical dislocation
for quantitative real-time polymerase chain reaction (GRT-PCR)
and western blot detection on days 3, 7, and 14. Bone and
root tissue removed from the mesial and distal aspect of the
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Figure 3. (A) Tooth movement measurement using micro-computed tomography (CT). (B) Rectangles delimiting the region of
interest (ROI) of alveolar bone analysis (red arrows). (C) ROl in horizontal view. M — mesial root; Mid-B — mid-buccal;
MP — mesiopalatal; DB — distobuccal; DP — distopalatal.

Table 1. The primer sequences for the real-time polymerase
chain reaction.

Gene Primer sequence (5’-3°)

F-GACAACTTTGGCATCGTGGA

GRRIH oo
R-ATGCAGGGATGATGTTCTGG
F-TCCCATAAAGTGAGTCTGTCCTC

RARIAL e
R-GCTTCCTCCTTTCATCAGGGTAT
F-CACGAATGCACTATCCAGCC

RULGEL oo e
R-GGGAACTGATAGGACGCTGA
F-CACCGTTTAGGGCATGTGTT

EE e e

R-ACTTTCGAGGCAGAGAGAGG

F — forward; R — reverse; GAPDH — glyceraldehyde 3-phosphate
dehydrogenase; RANKL — receptor activator of nuclear factor
kappa-B ligand; RUNX2 — runt-related transcription factor 2;
OCN - osteocalcin.

first maxillary molars were taken as the compression side and
tension side. Then tissues were washed in pre-chilled normal
saline and crushed in liquid nitrogen.

Total RNA was isolated from tissues using RNA extract kit
(Axygen Scientific Inc., USA), quantified at 260 nm by the
NanoDrop (Thermo Scientific, USA) and reversely transcript
into cDNA using reverse transcriptase kit (TakaRa, Japan), then
quantitative gRT-PCR was performed using SYBR Green Premix
Ex Taq (TaKaRa, Japan). GAPDH (glyceraldehyde 3-phosphate
dehydrogenase) was used as an internal control, 2-2*Ct meth-
od was used for data processed. The primer sequences for the
RT-PCR are listed in Table 1.

Total protein was extracted using lysis buffer (Boster Biotech,
China), supplemented with a phosphatase inhibitor cocktail
kit and a protease inhibitor cocktail kit. Protein concentration

determination by the bicinchoninic acid (BCA) method.
The protein extracts were size-fractionated by sodium dodec-
yl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to the polyvinylidene fluoride (PVDF) membrane.
After blocking, the PVDF membrane was incubated with the pri-
mary antibodies against OCN, RANKL (Abcam, USA) and RUNX2
(Santa Cruz, CA, USA) and rabbit anti-B-actin (Proteintech,
China), followed by horseradish peroxidase-conjugated anti-
rabbit secondary antibodies. Enhanced chemiluminescence
(ECL) technique was performed to identify protein expression.
Densitometry analysis of western blots was performed using
the NIH-Image) program (NIH, USA).

Statistical analysis

All measurements were performed at least 3 times. Experimental
data were presented as meansstandard deviation (SD). Shapiro
Wilk test was applied to investigate normal distribution.
Student-t-test and 2-way analysis of variance (2-way ANOVA)
were applied to the data. For all the comparisons, the statisti-
cal significance of the difference was set as P<0.05.

Results

There was no difference in the body weight among the experi-
ment group and the control group, and there were no adverse
reactions observed during the experiment period.

Tooth movement measurements (Figure 4)

The ASA VI group and the control group exhibited similar tooth
movement. A phase of rapid tooth movement was detected
during the first 3 days, and then tooth movement decreased
from day 3 to 7, followed by a linear phase of tooth move-
ment after day 7. However, the amount of tooth movement
in the ASA VI group was greater than the control group from
the beginning to 14 days, which was approximately 1.2 times
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Figure 4. Amount of tooth movement at different studied time
points in the asperosaponin VI (ASA VI) and control
group. Statistically significant differences between
the ASA VI and control groups were found on day 7
and day 14. Data are expressed as mean+standard
deviation (SD);* P<0.05.

greater at day 3, 1.44 times greater at day 7, and 1.54 times
greater at day 14. A significant difference was found between
the ASA VI group and the control group on day 7 and day 14
(P<0.05). These results indicated that ASA VI is an effective
drug for promoting tooth movement.

H&E staining

Light microscopic findings of the periodontal tissue showed
no pathologic alveolar bone resorption or necrosis associated
with tooth movement was found in each group. On the tension
side, the periodontal ligament width increased, telangiectasia,
osteoblast appearance, and new bone formed. Besides, con-
siderable new bone formation in the ASA VI group compared
with the control group. On the compression side, the peri-
odontal ligament width decreased, absorption of the alveo-
lar bone and hyaline degeneration were confirmed, more evi-
dent bone resorption lacunae on the alveolar bone surface of
the compression side in the experimental group than in the
control group in Figure 5. Furthermore, we observed increased
dilatation of the blood vessels and proliferation of the fibro-
blasts in the periodontal ligament in the ASA VI group than
the control group.

Quantification of TRAP-positive cells

Changes in TRAP positive osteoclasts of the periodontal liga-
ment in the compression side are shown in Figure 6A. TRAP
positive osteoclasts identified as red-stained cells along the
loaded root surface were observed. We next investigated the
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number of osteoclasts. Comparisons in the number of osteo-
clasts are shown in Figure 6B. From day 3, osteoclasts emerged
along the border of alveolar bone in all groups. The number of
osteoclasts gradually increased with the extension of time and
peaked on day 14. From the beginning to 14 days, the ASA VI
group had significantly more TRAP-positive osteoclasts on the
compression side compared with the control group (P<0.05).

Immunohistochemical staining

ODF is a ligand for osteoclastogenesis-inhibitory factor, which
is an import signal for osteoclast progenitors differentiate into
osteoclasts. In order to quantitatively determine bone resorp-
tion on the compression side, we performed immunohisto-
chemical staining to observe the expression of ODF (Figure 7A).
The expression of ODF gradually increased with the extension
of time, peaked on day 14 (Figure 7B). The expression of ODF
in the experimental group was significantly higher than the
control group on day 7 and day 14 (P<0.05).

Micro-CT analysis

Evaluation of trabecular bone in the compression side and ten-
sion side at different time points are showed in Figure 8. On
the compression side, the bone mineral density (BMD) in the
ASA VI group was significantly lower than the control group
on day 7 and day 14 (P<0.05). The ASA VI group also showed
lower bone volume to total volume ratio (BV/TV) compared
to the control group on day 7 (P<0.05). However, there was
no significant difference in BV/TV between the groups on day
14. Increased trabecular separation (Th.Sp) was observed in
the ASA VI group at day 7 and day 14 (P<0.05). Greater os-
teoclast activity was observed in the compressed side of ASA
VI after day 7.

On the tension side, BMD in the ASA VI group was greater than
the control group at day 7 and day 14 (P<0.05). BV/TV ratio was
significantly higher in the ASA VI group at day 7 and day 14
(P<0.05). The ASA VI group showed less trabecular separation
and larger trabecular thickness at day 7 and day 14 (P<0.05).
No significant difference was found for BMD, BV/TV and Tb.Sp
between the 2 groups on day 3. ASA VI group showed signif-
icantly increased BMD and BV/TV but significantly decreased
Tb.Sp at the tension side of alveolar bone than the control at
day 7 and day 14.

ASA VI increased RANKL expression on the compression
side

At the mesial aspect of the first maxillary molar, the gqRT-PCR
(Figure 9A) and western blot data (Figure 9B-9D) showed that
ASA VI significantly increased RANKL expression on days 3, 7,
and 14 compared to the control group. And the expression
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Control ASAVI

Day3

Day 14

Figure 5. Histological changes at the mesial periodontium of the first maxillary molar; hematoxylin and eosin (H&E) staining, 400x.
a — alveolar bone; p — periodontal space; r — root. Black arrows indicate bone resorption lacunae. Bar20 pym.

of RANKL mRNA was upregulated at all time points and in- ASA VI increased OCN, RUNX2 expression on the tension

creased with treatment time with the highest level occurred side

on day 14. (The original western blot images are shown in

Supplementary Figure 1A-1C). At the distal aspect of the first maxillary molar, the gRT-PCR
(Figure 10A, 10B) and western blot data (Figure 10C-10E)
showed that ASA VI significantly increased OCN and RUNX2
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Figure 6. (A) Tartrate-resistant acid phosphatase (TRAP) staining at the mesial periodontium of the first maxillary molar (400x).
a —alveolar bone; p — periodontal space; r — root. Black arrows indicate TRAP-positive osteoclasts. Bar=20 um. (B) The number
of TRAP-positive osteoclasts on the compression side. Data are expressed as mean+standard deviation (SD); * P<0.05).
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Figure 7. (A) Photomicrography of the osteoclast differentiation factor (ODF) immunostaining at the mesial periodontium of the first
maxillary molar (400x). p — periodontal space; r — root. Bar=20 pm. (B) Graphical representation of the ODF expression on the
compression side of all studied groups. Data are expressed as mean#standard deviations (SD); * P<0.05.
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Figure 8. BMD (bone mineral density), BV/TV (bone volume and total volume ratio), Th.Sp (trabecular separation) at the compression
side and tension side. Data are expressed as mean+standard deviation (SD); * P<0.05.

expression on days 3, 7, and 14 compared to the control
group. And the expression of OCN mRNA and RUNX2 mRNA
of the ASA VI group were upregulated at all time points and
increased with treatment time with the highest level occurred
on day 14. (The original western blot images are shown in
Supplementary Figure 1D-1F).
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Discussion

Dipsacus asper Wall has long been used as an anti-osteopo-
rosis, analgesic, and anti-aging agent for the therapy of rheu-
matic arthritis, low back pain, traumatic hematoma, and bone
fractures [10]. The chemical constituents of Dipsacus asper Wall
are complicated. According to its chemical structures, it can
be classified into 5 categories. The representative compound
of Dipsacus asper Wall is ASA VI which enhanced osteogen-
esis and bone formation [14]. However, the effect and mech-
anism of ASA VI promoting orthodontic tooth movement is
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Figure 9. (A) mRNA expression levels of RANKL (receptor activator of nuclear factor kappa-B ligand) at different time points in the
compression side. (B) Protein expression levels of RANKL in the compression side on day 3. (C) Protein expression levels of
RANKL in the compression side on day 7. (D) Protein expression levels of RANKL in the compression side on day 14. Data are

expressed as meanzstandard deviation (SD); * P<0.05.

unknown. In the present study, we investigated the effects of
ASA VI on orthodontic tooth movement in rats and explored
the possible mechanism involved. The therapy dose we chose
was 10 mg/kg, a dose proven efficient in protecting the heart
from ischemia injury [18].

Experimental tooth movement was achieved according to the
methods of previous studies, which were proven to be fea-
sible and effective [19-21]. Our appliance differed from prior
studies in that the maxillary incisors were connected togeth-
er with a self-made individual band as a whole, to strengthen
the anchorage force and stabilize orthodontic force direction.
By using this procedure, a fully controlled and reproducible
force can be applied. A mesial directed force of 40 g to the
first maxillary molar was applied in our experiment based on
previous studies [22,23].

Our results showed the amount of tooth movement in the
ASA VI group was significantly greater than the control group
on day 7 (1.44-fold) and day 14 (1.54-fold). Thus, ASA VI
had an effective role to play in promoting tooth movement.
Orthodontic tooth movement velocity depends on the abili-
ty of bone remodeling, i.e., bone absorptive capacity of os-
teoclasts on the compression side and osteogenic capacity of
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osteoblasts on the tension side. The first step in bone remod-
eling is resorption by osteoclasts [24]. In addition, the rate of
a tooth moves through the bone is primarily restricted by the
number and activity of the osteoclasts [25]. TRAP is usually
found in osteoclasts, and has been regarded as a marker of
bone remodeling because it can promote intracellular colla-
gen degradation in osteoclasts, and accelerate the adhesion
and migration of osteoclasts when secreted in the extracellu-
lar matrix [26]. TRAP staining has been used as histochemical
labeling for osteoclasts. ODF, a ligand for osteoclastogenesis-
inhibitory factor, is an import signal for osteoclast progenitors
differentiate into osteoclasts [27]. In order to further elucidate
the effect of ASA VI on osteoclast genesis during orthodontic
tooth movement, we used immunohistochemistry analysis to
examine the expression of ODF. The number of TRAP-positive
cells and the expression of ODF in the ASA VI group was sig-
nificantly higher compared to the control group from day 7
to day 14. The observed significant increase of the orthodon-
tic tooth movement rate in the ASA VI group corresponded to
the influence on the increased osteoclast number and osteo-
clast differentiation.

Considering that orthodontic tooth movement creates both
a tension side and a compression side in the periodontium,
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Figure 10. (A) mRNA expression levels of RUNX2 (runt-related transcription factor 2) at different time points in the tension side.

(B) mRNA expression levels of OCN (osteocalcin) at different time points in the tension side. (C) Protein expression levels
of RUNX2 and OCN in the tension side on day 3. (D) Protein expression levels of RUNX2 and OCN in the tension side on
day 7. (E) Protein expression levels of RUNX2 and OCN in the tension side on day 14. Data are expressed as meansstandard

deviation (SD) * P<0.05.

micro-CT analysis, mRNA expression, protein expression, bone
resorption, and deposition markers were analyzed separately.
Micro-CT analysis showed that on the compression side BMD
and BV/TV decreased with the increase of tooth movement
while Th.Sp increased in the 2 groups. BMD and BV/TV were
lower while Tb.Sp was higher in the ASA VI group compared
to the control group on day 7 and day 14. These results sug-
gested that in the ASA VI group greater osteoclast activity en-
hanced bone metabolism, reducing the bone density of the
compression side and promoting tooth movement. This hy-
pothesis was also confirmed by the increase of RANKL expres-
sion at the compression side for the ASA VI group on day 7 and
day 14. RANKL is an essential cytokine for osteoclast differ-
entiation [28]. The role of RANKL is to promote the activation,
differentiation, and formation of osteoclasts, thus increasing
bone absorption. On the tension side, BMD and BV/TV were
higher while Th.Sp was lower in the ASA VI group compared
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to the control group on day 7 and day 14, indicating stimula-
tion of osteoanabolic activity and increased new bone forma-
tion, which was in accordance with higher expression of OCN
and RUNX2. As an important transcription factor, RUNX2 has
a profound impact on the differentiation of osteoblasts in the
bone microenvironment [29]. The expression of RUNX2 in-
creased with the degree of osteogenic differentiation. OCN is
considered to be a terminal marker of bone regeneration and
plays a very important role in bone mineralization [30,31]. It is
present study, the expression of RUNX2 and OCN in the tension
side increased with the increase of tooth movement, and the
expression level was also significantly higher than that in the
control group. These results indicated that ASA VI can modu-
late the bone metabolism state in rats, leading to the appear-
ance of osteoblast markers, increasing osteoblast activity, and
activating osteogenesis.
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In this study, it was found that local injection of ASA VI in-
creased osteoclastogenesis on the compression side and os-
teoblast activity on the tension side during orthodontic tooth
movement. A previous study reported ASA VI could promote
angiogenesis and accelerate wound healing by upregulating
the HIF-10/VEGF pathway in rats [32]. Park et al. showed that
overexpression of HIF-1a significantly increased the activity of
RANKL promoter and enhanced osteoclastogenesis in the com-
pression side of orthodontic tooth movement [33]. Vascular
endothelial growth factor (VEGF) is the primary mediator of
angiogenesis, which can increase vascular permeability, plays
an important role in periodontal ligament remodeling and par-
ticipates in bone absorption and formation during orthodontic
tooth movement [34]. Several studies reported that VEGF was
involved in the recruitment of osteoclasts and bone resorp-
tion in the compression side during orthodontic tooth move-
ment [35-37]. In the presence of osteoblasts, hypoxia induces
PBMNC to differentiate into osteoclasts via upregulated HIF-10,
which will occur on the compression side under orthodontic
loading [38]. VEGF expression was also detected in osteoblasts
on the tension side during orthodontic tooth movement [37].
Under mechanical stress, osteoblasts released VEGF, which
stimulated bone remodeling, and osteogenesis [39]. The pres-
ent study showed that a significant increase of RANKL expres-
sion was seen at the compression side and a significant in-
crease of RUNX2 and OCN expression were seen at the tension
side. We hypothesize that ASA VI increases levels of HIF-1a
and VEGF and that increases RANKL expression, osteoclast
numbers, osteoclastogenesis in the compression side and os-
teogenesis in the tension side. On the other hand, the upreg-
ulating of VEGF activates endothelial cells, increases vascular
permeability. Interestingly, increased dilatation of the blood
vessels and proliferation of the fibroblasts in the periodontal

ANIMAL STUDY

ligament in the ASA VI group than the control group was ob-
served in this study. The increased angiogenesis brings bone-
forming progenitors, osteoclast progenitors as well as oxygen,
nutrition, and minerals necessary for mineralization and ab-
sorption. In addition, osteogenic factors such as BMP2 and os-
teoclast differentiation factors such as RANKL, released from
blood vessels, promote osteoclastogenesis in the compression
side and osteogenesis in the tension side.

Conclusions

Injection of ASA VI accelerated orthodontic tooth movement in
our experiment. ASA VI induced a significant decrease in bone
volume and density and an increase in trabecular spacing and
RANKL expression at the compression side. Furthermore, ASA
VI stimulated bone formation on the tension side by enhanc-
ing OCN and RUNX2 expression, increasing bone volume and
density and decreasing in trabecular spacing. Taken together,
our results suggest that ASA VI can accelerate tooth movement
via increasing the activity of osteoclasts, stimulating bone re-
sorption at the compression side. Furthermore, ASA VI has a
positive effect on bone formation at the tension side. The lim-
itation of our study was that we only studied the short-term
effect of ASA VI on orthodontic tooth movement in rats. But
orthodontic tooth movement is a complex process. The long-
term effect of ASA VI on orthodontic tooth movement needs
further evaluation.
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Supplementary Figure 1. (A) Original western images of the compression side on day 3. (B) Original western images of the
compression side on day 7. (C) Original western images of the compression side on day 14. (D) Original
western images of the tension side on day 3. (E) Original western images of the tension side on day 7.
(F) Original western images of the tension side on day 14.
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