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Purpose: The aim of this study was to investigate the effects of triptolide on the tooth
movement and root resorption in rats during orthodontic treatment.

Material and methods: A total of 48 male Wistar rats were divided into three groups of 16
each. The right maxillary first molars of rats were drawn mesially by closed coil nickel—
titanium spring with a force of 50 g. The two experimental groups received intraperitoneal
injections of triptolide for 14 days at a dose of 15 pg/kg/day and 30 pg/kg/day, respectively.
The control group received vehicle injections. After 14 days, the rats were humanely killed.
The amount of tooth movement was measured. Eight rats from each group were randomly
chosen for analysis of the percentage of root resorption area by scanning electron micro-
scopy. For the remaining eight rats in each group, the H&E staining, tartrate-resistant acid
phosphatase (TRAP) staining and immunohistochemistry analysis were performed.
Results: The amount of tooth movement and the ratio of root resorption area were sig-
nificantly decreased in the triptolide-treated rats. The number of TRAP-positive cells was
significantly lower in triptolide-treated groups. Moreover, the expression of nuclear factor
kappa B ligand (RANKL) was reduced. In contrast, the expression of osteoprotegerin was
significantly up-regulated. In the tension side, the expressions of runt-related transcription
factor 2 and osteocalcin were significantly enhanced by triptolide injection.

Conclusion: Triptolide injection could arrest orthodontic tooth movement and reduce root
resorption in rats via inhibition of osteoclastogenesis. In addition, triptolide may exert
a positive effect on osteoblastogenesis.

Keywords: triptolide, osteoclast, scanning electron microscope, tooth movement, bone

formation

Introduction

Orthodontic tooth movement (OTM) is achieved by the remodeling of alveolar
bone and periodontal ligament (PDL) with the application of sustained mechanical
force exerted on teeth. During the orthodontic treatment, alveolar bone is resorbed
at the pressure side while it is formed at the tension side. Bone resorption and bone
formation are tightly coupled via the linkage between osteoclast and osteoblast. The
force-induced strains alter the periodontal microenvironment releasing various
cytokines, chemokines and inflammatory factors such as nuclear factor
kappa B ligand (RANKL), osteoprotegerin (OPG), and tissue necrosis factor-a
(TNF-a)."? These molecules participate in the regulation of this complex bone
remodeling process. Several studies have been conducted to investigate the effect of
pharmacological agents on OTM.? A recent study found clodronate can arrest tooth

movement following the dose- and time-dependent manners.* Another study found
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parathyroid hormone could facilitate bone remodeling and
accelerate tooth movement.”

Orthodontically induced inflammatory root resorption
(OIRR) is one of the most common but unpredictable
sequela of orthodontic treatment, which will lead to the
permanent loss of tooth structure. Previous studies showed
that approximately 90% of the patients who underwent
orthodontic treatment presented a different extent of root
resorption, and 3% of the patients had severe root
resorption.™® The etiology of OIRR is multifactorial,
including individual susceptibility, orthodontic force, type
of OTM, and duration of orthodontic treatment.” A recent
study also found vitamin D may be associated with the
pathology of root resorption.® Although the exact mechan-
ism of OIRR remains unclear, the process is considered as
a part of hyaline elimination. During the removal of hya-
linized tissues, the cementum and dentin are removed,
resulting in root resorption.”'® The local sterile inflamma-
tory process induced by mechanical force is essential for
OTM and it is also responsible for OIRR.? The methods to
predict and prevent root resorption are needed now.

Triptolide, a diterpenoid trioxide isolated from the ancient
Chinese herb Tripterygium wilfordii Hook F (TWHF), has
been widely used to treat autoimmune and inflammatory dis-
eases in China.'"*'? As the most active and promising compo-
nent of TWHE, triptolide exhibits a wide range of biological
and pharmacological activities, such as antitumor, antioxidant,
anti-inflammatory, and immunosuppressive properties.'> ¢
Researches have found triptolide could inhibit bone loss and
up-regulate the bone mineral density.'” However, the under-
lying molecular and cellular mechanisms are not fully under-
stood. Therefore, we hypothesized that triptolide may have
a potential efficacy on the bone remodeling and root resorption
in orthodontic treatment.

To the best of our knowledge, there is no study demon-
strating if triptolide exhibits possible benefits or side
effects on orthodontic treatment. Thus, in the present
study, we investigated the effects of triptolide on tooth
movement and root resorption during orthodontic treat-
ment in rats and explored the underlying mechanisms.

Materials And Methods

Reagents

Triptolide was obtained from Solarbio Science &
Technology (Beijing, China). The polyclonal anti-rabbit
RANKL, anti-rabbit runt-related transcription factor 2

(RUNX2), anti-rabbit osteocalcin (OCN) were purchased

from Proteintech (Wuhan, China). The polyclonal anti-
rabbit OPG was obtained from Solarbio Science &
Technology. The H&E staining kit and tartrate-resistant
acid phosphatase (TRAP) staining kit were both purchased
from Solarbio Science & Technology. The Biotin—
Streptavidin HRP detection system is acquired from ZSGB-
BIO (Beijing, China).

Ethical Statement

The animal experiments in this study were performed accord-
ing to the Guide for the Care and Use of Laboratory Animals of
the National Institutes of Health and approved by the
Institutional Animal Care and Use Committee of Shandong
University.

Experimental Animals And Groups
Forty-eight 6-week-old male Wistar rats (260—280 g) were
purchased from SPF Biotechnology (Beijing, China). The
rats were pair-housed in standard plastic cages under spe-
cific pathogen-free conditions with controlled temperature
(22£1°C), humidity (55+10%) and a 12-h light/dark cycle.
The interior noise was controlled below 60 dB. They were
provided with a powder diet and water ad libitum. The
general condition and weight of each animal in this study
were monitored during the experiment. All the animals
were acclimated for 1 week before the start of the
experiment.

The animals were randomly divided into three groups of
16 rats each as follows: one control group and two triptolide-
treated groups (high-dose and low-dose groups). Triptolide
was solubilized in 0.05% dimethyl sulfoxide then diluted in
saline. The rats in the high-dose group were administrated with
triptolide at a dose of 30 ug/kg/day by intraperitoneal injection
for 14 days. The rats in the low-dose group were administrated
with triptolide at a dose of 15 pg/kg/day by intraperitoneal
injection for 14 days. The control group received the same
volume of saline according to the same protocol.

Animal Model Establishment

All the rats in three groups received orthodontic treatment.
Induction of tooth movement was performed as described
previously.'® The animals were anesthetized with 3% pheno-
barbital sodium at a dose of 35 mg/kg by intraperitoneal
injection. After anaesthetization, the closed coil nickel-tita-
nium spring (GRIMED Medical, Beijing, China) was inserted
between the right maxillary first molar and incisors.
A 0.5-mm-deep groove was prepared around the neck of the
maxillary incisors. The closed coil nickel-titanium spring was
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fixed with a 0.20 mm stainless wire around the neck of teeth
and the stainless wire was embedded into the groove to pre-
vent the orthodontic appliance detaching from the incisors. In
addition, two maxillary incisors were bonded together as
a whole by light-curing composite resin (Charisma, Heraeus
Kulzer, Germany) to enhance the anchorage. The force of the
coil spring after activation is approximately 50 g verified by an
ergometer (Westlake Biomaterial, Hangzhou, China). The
right maxillary first molar was drawn mesially with the two
incisors as anchorage and the anchorage loss was neglected.
Figure 1 shows the orthodontic appliance used in this study.
The monitoring of appliance breakage was performed daily.

Amount Of OTM

On the 14th day after orthodontic treatment, the distance
between first and second molars as the amount of tooth
movement was measured with a caliper (accuracy of
0.02 mm) (Measuring & Cutting Tool Works, Shanghai,
China) from the distal contact area of the first molar to the

A

Ligature wire ~ NiTi coil spring

50 g force

Figure | Model of orthodontic treatment.

Notes: (A) The sagittal diagram of orthodontic appliance. The arrow indicates the
direction of mechanical force. (B) The horizontal diagram of orthodontic appliance.
(C) The intraoral photograph of the orthodontic appliance. The closed coil nickel-
titanium spring was inserted between the right maxillary first molar and incisors to
draw the first molar mesially.

Abbreviation: NiTi, nickel-titanium.

mesial contact area of the second molar. All measurements
were repeated three times by the same operator to ensure
the consistency of our method.

Scanning Electron Microscope

The eight rats in each group were sacrificed under anesthesia
on the 14th day. For evaluating root resorption, the right max-
illary first molars were extracted in toto. The teeth were soaked
in 1% hypochlorite solution for 15 mins. Then, the PDL was
carefully removed. Both distobuccal and distopalatal roots
were exposed completely. Then, the teeth were dried and
scanned under a scanning electron microscope (SEM,
SU8010, HITACHI, Tokyo, Japan) at the same orientation
and distance. The data of mesial surfaces of distobuccal and
distopalatal roots were obtained and saved as digital photo-
graphs. The resorption areas on the two-thirds of the cervical
side of both distobuccal and distopalatal roots were measured
by ImageJ software. The resorption craters on the apical third
region were ignored because the root apices of rats which
covered by cellular cementum changed incessantly in shape
and dimension by secondary cementum. We evaluated the root
resorption by the percentage of the resorption area
on the mesial side of distobuccal and distopalatal roots

(Figure 2).

Tissue Preparation

The remaining eight rats of each group were generally
anesthetized and perfused transcardially with 4% paraformal-
dehyde (pH 7.2-7.6) for fixation. Then, the maxilla of each rat

Figure 2 Analysis of root resorption area.

Notes: (A) The representative scanning electron micrograph of the compression
side of distopalatal root of maxillary right first molar of rat. (B) Diagram indicating
the root resorption area (black), compared with the total area of root surface
(gray). The ratio of root resorption was calculated by dividing the resorption area
by the total root surface area (the ratio of root resorption = black area/gray area).
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including the first and second molars was carefully dissected
and fixed in 10% buffered formalin (pH 7.2-7.6). Then, the
specimens were decalcified in 10% ethylene diamine tetraace-
tic acidat 4°C for 8 weeks. Afterward, the samples were
dehydrated through the ethanol series, rendered transparent
by xylene, and embedded in paraffin wax. Serial sections
with a thickness of 5 um in a mesiodistal direction parallel to
the long axis of the distopalatal root were cut.

Histological Evaluation

The sections were routinely stained with H&E to examine
the remodeling of periodontal tissues and root resorption.
To identify the osteoclastogenesis, the TRAP staining was
performed according to the manufacturer’s instruction.
The sections were counterstained with hematoxylin. The
region of interest was the distopalatal root and adjacent
alveolar bone, as the structure of distopalatal root was
stable. The multinucleated TRAP-positive cells located
around the alveolar bone were considered as osteoclasts
and those located on root surface were considered as
odontoclasts. Under high magnification (x200), the TRAP-
positive cells within the periodontal area in the mesial side
of distopalatal root were counted. The process was per-
formed in five sections per animal, and the mean values
were calculated.

Immunohistochemistry

Sections were deparaffinized and treated with 3% hydrogen
peroxidase in methanol for 15 mins at room temperature to
inhibit endogenous peroxidase activity. After washing in
phosphate buffer solution (PBS), sections were preincu-
bated in goat serum for 35 mins. Then, the sections were
incubated with the polyclonal anti-rabbit RANKL (working
dilution, 1:300), polyclonal anti-rabbit OPG (working dilu-
tion, 1:50), polyclonal anti-rabbit RUNX2 (working dilu-
tion, 1:400), and polyclonal anti-rabbit OCN (working
dilution, 1:400) in a humid chamber for 16 hrs at 4°C.
Sections were rinsed in PBS and stained with Biotin—
Streptavidin HRP detection system according to the manu-
facturer’s instruction. All sections were counterstained with
hematoxylin. The negative control was submitted to the
same procedure as described above but incubated with
PBS instead of primary antibodies.

Statistical Analysis

Normality was assessed with Shapiro-Wilk test, and as data
were found to be normally distributed, they were expressed as
mean+SD and parametric statistical tests were used. One-way

ANOVA followed by the Newman—Keuls' multiple compar-
ison test was performed to analyze the statistical differences in
the amount of tooth movement, number of TRAP-positive
cells, the ratio of root resorption, and the mean optical density
(MOD) values of RANKL, OPG, OCN, RUNX2 among the
control and triptolide-treated groups using the SPSS software
(22.0). The p value<0.05 was considered statistically
significant.

Results

General Condition

No animals died during the experiment. No differences
were observed in the body weights among different groups
at the end of the experiment.

Distance Of Tooth Movement

After 14 days, the amounts of tooth movement were 0.51
+0.04 mm and 0.40+0.10 mm in the 15 pg/kg and 30 pg/kg
triptolide injection groups, respectively, which were signifi-
cantly lower than the control group (0.7140.04 mm) (Figure 3).
The amount of tooth movement in the 30 pg/kg group was
decreased significantly, compared with the 15 pg/kg group.

Root Resorption Analysis Via SEM

The compression side of distobuccal and distopalatal
roots was observed under a SEM (Figure 4). The root
surface of the control group was smoother than that of
triptolide-treated groups (Figure 4A and B). There were
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Figure 3 Amount of tooth movement.
Notes: After 14-day orthodontic treatment, the tooth movement was significantly
inhibited by triptolide injection. Data are expressed as mean+SD (** P<0.01).
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Figure 4 Scanning electron microscope micrograph of the compression side of
distal root of maxillary first molar.

Notes: (A) The rats treated with triptolide at a dose of 30 pg/kg. (B) The rats treated
with triptolide at a dose of |15 pg/kg. (C) The rats in the control group. The root surface of
the control group was rougher than that of triptolide-treated groups. There were more
resorption craters showed in the control group. And the extent of root resorption was
greatly reduced in the rats treated with triptolide. The white arrows indicate the root
resorption craters.

more resorption pits showed in the control group and the

extent of root resorption was more severe in the control

group (Figure 4C). The percentage of resorption area was
calculated. The mean root resorption area ratios were
statistically reduced in triptolide-treated groups compared
to the control group (Figure 5). The mean root resorption
area ratio of the 30 pg/kg group was slightly lower than
the 15 pg/kg group, but the difference was not significant
(Figure 5).

Histologic Examination By H&E Staining
After 14-day tooth movement, resorption craters were
detected on the surface of root and alveolar bone among
different groups (Figure 6). The disorientation of PDL
fibers was observed in the pressure side. There were
more resorption pits detected on the root surface in the
control group (Figure 6E). And the extent of resorption
craters was decreased with increasing dose of triptolide
(Figure 6B, D, F).

TRAP Staining Observation

In the control group, numerous TRAP-positive multinuc-
lear cells were observed in the pressure side of root surface
and alveolar bone after 14 days of OTM (Figure 7). In the
triptolide-treated groups, the TRAP-positive multinuclear
cells were sparsely located on the alveolar bone and occa-
sionally found on the root surface (Figure 7A and B).
The number of TRAP-positive cells within the com-
pression area was significantly lower in rats treated with

% %k

0.06-

0.04

0.02-

Ratio of root resorption

0.00-

30 pg’kg 15 ug/’kg Control

Figure 5 Ratio of root resorption area.

Notes: The mean root resorption area ratio of the control group was statistically
reduced in triptolide-treated groups compared to the control group. The mean
root resorption area ratio of the 30 pg/kg group was slightly lower than the 15 pg/
kg group, but the difference was not significant. Data are expressed as mean+SD
(*%P<0.01).
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Figure 6 Histologic observation of the compression side of distopalatal root of the maxillary first molar (H&E staining).

Notes: (A) The rats treated with triptolide at a dose of 30 pg/kg. (C) The rats treated with triptolide at a dose of 15 pg/kg. (E) The rats in the control group. The root
surface of rats in the high-dose group showed less resorption craters than the low-dose group and control group (magnification, x100). (B), (D) and (F) represent the high
power field of root surface in (A), (C), and (E), respectively (magnification, X200). The extent of root resorption was decreased with increasing dose of triptolide.

Abbreviations: AB, alveolar bone; PDL, periodontal ligament; R, root.

triptolide compared to the control group (Figure 8).
Moreover, the number of TRAP-positive cells was statis-
tically reduced in the 30 pg/kg group compared with the

15 pg/kg group (Figure 8).

Immunohistochemistry Analysis

The immunoreactivity of RANKL was mainly observed
within the compression side of periodontal area. The
expression of RANKL was significantly higher in the

submit your manuscript | www.dovepress.com
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Figure 7 TRAP staining of the compression side of distopalatal root of maxillary
first molar.

Notes: (A) The rats treated with triptolide at a dose of 30 pg/kg. (B) The rats
treated with triptolide at a dose of 15 pg/kg. (C) The rats in the control group.
In the control group, numerous TRAP-positive multinuclear cells were observed
on the pressure side of root surface and alveolar bone after 14-day OTM. In the
triptolide-treated groups, the TRAP-positive multinuclear cells were sparsely
located on the alveolar bone and hardly found on the root surface. The number
of TRAP-positive cells within the compression area was significantly lower in
rats treated with triptolide. The arrows indicate the positive cells (magnification,
%200).

Abbreviations: AB, alveolar bone; PDL, periodontal ligament; R, root.
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Figure 8 Number of TRAP-positive cells.

Notes: The number of TRAP-positive cells was significantly lower in the rats
treated with triptolide, compared with the control group. The number of TRAP-
positive cells was decreased with increasing dose of triptolide. Data are expressed
as mean+SD (*¥P<0.01).

control group than that of triptolide-treated groups (Figure
9). And the expression of RANKL in the 30 pg/kg group
was statistically lower than that of the 15 pg/kg group
(Figure 9D). Conversely, greater immunoreactivity of
OPG was observed in the rats treated with triptolide
(Figure 10). The MOD value of OPG was increased sig-
nificantly in the rats administrated with triptolide (Figure
10D). Moreover, the expression of OPG in the 30 ug/kg
group was higher than the 15 pg/kg group, but the differ-
ence was not significant (Figure 10D).

The immunoreactivities of RUNX2 and OCN were
apparently observed in the PDL area and on the surface
of alveolar bone of the tension side (Figures 11 and 12).
The expression of RUNX2 was remarkably higher in the
triptolide-treated group compared to the control group
(Figure 11). Besides, the expression of OCN was signifi-
cantly enhanced by the injection of triptolide (Figure 12).
The expressions of both RUNX2 and OCN were increased
with increasing dose of triptolide, but the difference in the
expression of OCN between the 15 pg/kg and 30 ng/kg
groups was not significant (Figures 11 and 12).

Discussion

In the present study, Wistar rats were used to establish the
orthodontic model, which are considered as an adequate
model with translational potential and widely used in the
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Figure 9 Expression of RANKL in the compression side of distopalatal root of maxillary molar.

Notes: (A) The rats treated with triptolide at a dose of 30 ug/kg. (B) The rats treated with triptolide at a dose of |5 pg/kg. (C) The rats in the control group. (D) Mean
optical values of RANKL. The immunoreactivity of RANKL was mainly observed within the compression side of periodontal area. The expression of RANKL was significantly
higher in the control group than that of triptolide-treated groups (magnification, x400). The arrows indicate the positive cells. The MOD values of RANKL were significantly

inhibited by triptolide injection. Data are expressed as meanSD (* P<0.05, **P<0.01).

Abbreviations: AB, alveolar bone; PDL, periodontal ligament; R, root.

study of OTM and pharmacology.'® 2! In order to exclude
the influence of estrogen, only male rats were chosen. The
optimum force for the tooth movement of rats may be less
than 10 g as previously suggested.”> And it is believed that
the heavy force would aggravate the root resorption.” In
this study, 50 g force was applied to move the first molar
of rat mesially for 14 days to induce the tooth movement
and root resorption.

The OTM results from the bone resorption at the
compression side induced by osteoclast under mechanical
stimuli. Osteoclast, the only cell with bone resorption
function in vivo, plays a critical role in bone remodeling.
Triptolide was found to exhibit a regulatory effect on
bone turnover. A previous study showed triptolide had
a protective effect on age-related bone loss,”® and it was

demonstrated to attenuate titanium-induced osteolysis and
osteoclast formation.”* In the present study, the TRAP-
positive cells were observed on the surface of alveolar
bone and the root of compression side after 14 days
under orthodontic force. The number of TRAP-positive
cells including osteoclasts and odontoclasts was signifi-
cantly decreased in the triptolide-treated groups. In the
triptolide-treated groups, the TRAP-positive cells were
hardly detected. Our findings provided further evidence
on the inhibitory effect of triptolide on osteoclast activity.
As a result of that, the OTM of rats administrated with
triptolide was arrested. This result could raise a clinical
concern. As triptolide was widely used to treat a variety
of diseases, the tooth movement would be hindered in
patients who take triptolide.
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Figure 10 Expression of OPG in the compression side of distopalatal root of maxillary molar.

Notes: (A) The rats treated with triptolide at a dose of 30 pg/kg. (B) The rats treated with triptolide at a dose of |5 pg/kg. (C) The rats in the control group. (D) Mean
optical values of OPG. Greater immunoreactivity of OPG was observed in the rats treated with triptolide (magnification, x400). The arrows indicate the positive cells. The
MOD values of OPG were increased significantly in the rat administrated with triptolide. Moreover, the expression of OPG in the 30 ug/kg group was higher than the 15 pg/
kg group, but the difference was not significant. Data are expressed as mean+SD (**P<0.01).

Abbreviations: AB, alveolar bone; PDL, periodontal ligament; R, root.

In general, what both patient and orthodontist pursue is
to accelerate OTM and diminish the duration of orthodon-
tic treatment. Several studies had been performed on these
purposes.”>’Whereas the inhibition of tooth movement
may also imply its clinical use. The study showed stron-
tium ranelate can improve tooth anchorage and inhibit root
resorption in the orthodontic treatment of rats.® Another
study found that aspirin can inhibit tooth movement and
block orthodontic relapse.?’ The present study was per-
formed as an explorative experiment. Our result indicated
triptolide may have the potential to be used for these aims.
The correlative studies would be performed in the future.

The mechanism of OIRR is similar to that of osteoclast-
induced bone resorption. Several effector cells are impli-

cated in the root resorption process — specifically, the

odontoclast, the morphologic and functional characteristics
of which are extremely similar to those of the osteoclast. '’
In order to evaluate the root resorption, the pressure sides of
distobuccal and distopalatal roots were scanned by SEM.
The clear micrographs of the surface of distobuccal and
distopalatal roots were obtained. There were more resorp-
tion pits located on the surface of distobuccal and distopa-
latal roots in the control group. The amount of root
resorption area was significantly reduced in the triptolide-
treated groups. Our finding indicated triptolide injection
may be able to inhibit root resorption during orthodontic
treatment.

RANKL is a crucial factor for osteoclast and odontoclast
formation and activation. It exerts its effect by binding to the

RANK receptor expressed on osteoclast lineage cells. This
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Figure |1 Expression of RUNX2 in the tension side of distopalatal root of maxillary molar.

Notes: (A) The rats treated with triptolide at a dose of 30 ug/kg. (B) The rats treated with triptolide at a dose of |5 pg/kg. (C) The rats in the control group. (D) Mean
optical values of RUNX2. The immunoreactivity of RUNX2 was detected in the tension side after 14-day OTM (magnification, x400). The arrows indicate the positive cells.
The expression of RUNX-2 was remarkably higher in the triptolide-treated group compared to the control group. Data are expressed as meanSD (*P<0.05, ** P<0.01).

Abbreviations: AB, alveolar bone; PDL, periodontal ligament; R, root.

binding initiates the rapid differentiation of hematopoietic
osteoclast precursors to mature osteoclasts. OPG acts as the
decoy receptor and competes with RANK for RANKL bind-
ing, resulting in inhibition of terminal stages of osteoclast
differentiation, suppression of activation of matrix osteoclasts,
and induction of apoptosis. The multifunctional roles of
RANK, OPG, and RANKL may provide an important link
between bone remodeling, OTM, and root resorption.*
Osteoclast and odontoclast differentiations in root resorption
areas are critically regulated by RANKL, which is produced as
a local factor by PDL cells in response to heavy orthodontic
force.’! In addition, the deletion of RANKL in PDL and bone
lining cells greatly reduces osteoclastogenesis in response to
mechanical force.** Therefore, we examined the expression of
RANKL and OPG to further elucidate the underlying mechan-
ism of inhibitory effect of triptolide on osteoclastgenesis. After

14-day tooth movement, the RANKL was observed in the
compressive side of PDL around the alveolar bone and root.
The expression of RANKL was significantly decreased in rats
injected with triptolide. The finding was in agreement with the
previous study that demonstrated triptolide inhibited osteoclas-
suppressing RANKL-induced NF-«kB
activation.”® On the other hand, the OPG expression was

togenesis by

greatly up-regulated in the triptolide-treated groups, which
could contribute to the inhibition of osteoclastogenesis. The
suppression of tooth movement and root resorption in rats
administrated with triptolide could result from the decreasing
expression of RANKL and increasing expression of OPG.
Furthermore, another in vitro study showed triptolide inhibited
osteoclast differentiation by promoting the production of IL-10
and TGF-p.>* The further study of the molecular mechanism of
triptolide on osteoclast is needed.
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Figure 12 Expression of OCN in the tension side of distopalatal root of maxillary molar.

Notes: (A) The rats treated with triptolide at a dose of 30 pg/kg. (B) The rats treated with triptolide at a dose of |5 pg/kg. (C) The rats in the control group. (D) Mean
optical values of OCN. The positive cells were observed in the tension side along the alveolar bone (magnification, x400). The arrows indicate the positive cells. The
expression of OCN was significantly up-regulated by the injection of triptolide. Data are expressed as mean+SD (*¥P<0.01).

Abbreviations: AB, alveolar bone; PDL, periodontal ligament; R, root.

Bone formation results from complex events that involve
differentiation of osteoblast precursor cells from primitive
mesenchymal cells, maturation of osteoblasts, and matrix
formation, followed by its mineralization.! With regard to
the effect of triptolide on osteoblastogenesis, literature has
emerged that offers contradictory findings. An in vitro study
demonstrated the suppressive effect of triptolide on osteo-
blast proliferation and mineralization.>> Nevertheless, in
another in vitro study, triptolide was found to be able to
TNF-a-associated
The process of bone formation plays an

reverse suppression of osteoblast
differentiation.*®
important role in OTM, which could sustain the structural
integrity of alveolar bone. In the present study, the expres-
sions of OCN and RUNX2, which are regarded as the late
and early markers of osteoblastogenesis, respectively, were

examined. The positive expressions of RUNX2 and OCN

were observed within the periodontal area in the tension side
along the alveolar bone. The MOD values of both RUNX2
and OCN were significantly increased in the triptolide-
treated groups. Our result suggested that triptolide may
exert a positive effect on osteoblastogenesis.

It is notable that the triptolide is reported to exhibit
adverse reactions, involving hepatotoxicity, renal cytotoxi-
city, and reproductive toxicity. A variety of studies showed
triptolide-induced toxicity depends on dosage and
administration.>” And the minimal toxic does of triptolide
for Wistar rats was 150 pg/kg/day for 28 days.’® The
dosages we used were 15 ug/kg/day and 30 pg/kg/day
for 14 days, which were much lower than the minimal
toxic dose. Moreover, there was no difference observed in
the body weight among the triptolide-treated groups and

the control group. Meanwhile, no adverse reaction was

Drug Design, Development and Therapy 2019:13
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observed during the experiment. Thus, the triptolide was
well tolerated by rats in this study.

The limitation of this study was that we only examined
the short-time effect of triptolide on orthodontic treatment
in rats. But OTM refers to a complex process. The long-
term effect of triptolide on orthodontic treatment should be
evaluated in the future.

Conclusion

The present study demonstrated that triptolide could sig-
nificantly arrest OTM and reduce root resorption via inhi-
bition of osteoclastogenesis. In addition, triptolide may
exert a positive effect on osteoblastogenesis.
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