Effects of icariin on tooth movement

Figure 3. Shows the bone resorption of the pressure side of the control group (A, C, E, G) and the icariin group (B,
D, F, H)on day 7, 14, 21 and 28 respectively after application of the orthodontic appliance histologically. r, root; b,
alveolar bone; p, periodontium. Bar =100 ym.

Figure 4. TRAP positive osteoclasts in the periodontium. TRAP positive osteoclasts (black arrow) of the pressure
side of the control group (A, C, E, G) and the icariin group (B, D, F, H) on day 7, 14, 21 and 28 after application of the
orthodontic appliance respectively. r, root; b, alveolar bone; p, periodontal ligament. Bar =50 um.

was much more than that of the control group
(20.33+1.21; 9.83+1.47; P<0.05), which
peaked among the four icariin groups. And sub-
sequently the number of osteoclasts decreased
to the baseline level on day 14, where there
was no significant differences between the two
groups. Further more, the decline of the num-
ber of osteoclasts in the icariin group went on,
few osteoclasts could be found until day 28,
which was less than the control group obviously
(1.33+0.82; 4.50+£1.05; P<0.05).
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Effects of icariin on bone formation on the ten-
sion side

Figure 6 shows the histological changes in the
periodontium of the tension side on 7, 14, 21
and 28 day in the two groups. Different levels of
new bone formation were observed. The peri-
odontal membrane was stretched and telangi-
ectasia. New bone formation were apparent in
the icariin groups, and more than the control
group. New bone deposition was incremental
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Figure 5. The number of osteoclasts on the pres-
sure side of the periodontium of the first molar dur-
ing orthodontic tooth movement in the control group
(dotted bars) and icariin group (hatched bars). The
number of osteoclasts on the pressure side per sec-
tion was quantified as described in the text. The data
were expressed as the mean + SME, n=6. *Signifi-
cantly different from the control group *P<0.05 by
Student’s t-test.

as times gone. Additionally, osteoblasts lined
on the bone surface in the icariin group were
much more than the control group from the his-
tological observation.

Discussion

In the present study, we evaluated the effects
of icariin on OTM in rat models histologically
and explored the possible mechanism involved.
The results suggested that Icariin could accel-
erate OTM in rats through promoting bone
remodeling of alveolar bone because of its well-
balanced effects on bone formation and bone
resorption.

The technique of establishing experimental
tooth movement model has been proved to be
effective and feasible repeatedly [3, 21, 23,
24]. Previous studies have demonstrated that a
40-60 g level of force stimulated substantial
molar tooth movement in rats [24], the force of
the coil spring after activation in our experi-
ment is approximately 40 g. Application of a
single force to the crown of the first molar to
make it move mesially in our study also created
a rotation around a point approximately half-
way down the root. Thus, pressure is exerted at
the distal root apex and at the mesial crest of
the alveolar bone, tensile force is applied to the
mesial root apex and at the distal crest of the
alveolar bone [25]. To ensure the comparability
among the groups, the region we chose to mea-
sure and compare was the cervical part of the
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alveolar bone around the maxillary first distal-
palatal root, 1 mm long from the crest along the
root.

As mentioned above, Herba Epimedii has been
a commonly used in Chinese medicine for treat-
ment of osteoporosis in China [9]. lcariin, as
the major pharmacologically active flavonol
diglucoside of HEP [9, 26]. In the present study,
icariin was used to evaluated its effect on tooth
movement when systematic administration in
rats. The drug-delivery way we chose was intra-
gastric administration, making the possible
result closer to clinical situation, because the
main way of intake icariin when used to treat
osteoporosis clinically was oral administration
of compound preparation [9]. Our chosen dose
was 20 mgkghday?, proven efficient when
used in a pharmacokinetic study [11], and in
accord with that in treating osteoporosis in rats
[22].

In the present study, OTM in rats was induced
by icariin generally. The result agreed with the
current literature [7]. The latter studies showed
three kind of traditional Chinese medicine
(TCM) were beneficial to the alveolar bone
remodeling by promoting osteoclast differentia-
tion, and accelerate OTM.

As described above, for a tooth to move, osteo-
clasts must be formed so that they can remove
bone from the area adjacent to the compressed
part of the PDL. Osteoblasts also are needed to
form new bone on the tension side and remod-
el absorbed areas on the pressure side [3, 25].
Osteoclast was multinucleated giant cell which
was thought to be originated from hematopoi-
etic stem cell of the mononuclear phagocyte
system [27]. The origin of osteoclasts in the
process of bone remodeling after orthodontic
appliance activation has not very clear, but the
present data demonstrate that at the initial
stage, osteoclasts are originated from the local
PDL or the bone marrow of the alveolar bone,
and recruitment of precursor cells from hema-
topoietic tissues is involved at the later stage
[3]. Rygh et al [28] reported an increase in the
vascular activity of the periodontal ligament
and an increase of blood supply to areas of
osteoclastic activity on the pressure side dur-
ing OTM. Although systematic delivery of icariin,
it would make effect on the adjacent periodon-
tium of the moved tooth through blood
circulation.
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Figure 6. Shows the histological changes in the periodontium of the tension side of the control group (A, C, E, G) and
the icariin group (B, D, F, H) on 7th, 14th, 21st and 28th day after application of the orthodontic appliance. Different
levels of new bone formation were observed. r, root; b, alveolar bone; p, periodontium. Bar =100 um.

Osteoclastogenesis was mainly regulated by
two different cytokines, macrophage colony-
stimulating factors (M-CSF) and receptor acti-
vator of nuclear factor-kappa ligand (RANKL)
[27]. As reviewed by Proff [29], RANKL was a
member of the TNF gene family, which was pre-
dominantly expressed on the surface of osteo-
blast/stromal cells. When RANKL binded to its
RANK that exists as a surface receptor on the
membrane of pre-osteoclasts, and the osteo-
clast differentiation was accomplished. Os-
teoprotegrin (OPG), another cytokine produced
by osteoblasts, acts as decoy receptor for
RANKL, thereby, inhibited osteoclast differenti-
ation. RANK/RANKL/OPG signaling pathway,
as the main access regulate osteoclast func-
tion in orthodontics [30]. So, the proportion of
RANKL and OPG are critical in the regulation
of the differentiation and activation of osteo-
clasts.

What we observed from the result demonstrat-
ed a transient but sudden increase in the num-
ber of osteoclasts on the first 7 days of the
daily delivery of icariin, but a persistent
decrease after that. The number of osteoclasts
was less than that of the control group on day
21 and 28, and the osteoclastic bone resorp-
tion was also inhibited. From this point, the
effect of icariin on osteoclast was inhibition. It
agreed with the previously reported studies
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[18, 19, 31], in which demonstrated icariin
could inhibit osteoclastic differentiation and
activities in vitro [31] and suppressed osteo-
clast formation induced by RANKL and M-CSF
in mouse bone marrow cultures [18]. Meantime,
further studies demonstrated the direct effects
of icariin on osteoblastic cell proliferation and
differentiation in vitro [17, 31-33]. These stud-
ies suggested that icariin might prevent bone
loss by modulating the process of bone remod-
eling. Zhao et al. [32] demonstrated the induc-
tion of osteogenic differentiation in pre-osteo-
blasts by icariin might be mediated by Runx 2
as well as BMP signaling pathways. [17] showed
the possible mechanism that icariin induced
osteoblast proliferation, differentiation and
mineralization through estrogen receptor-medi-
ated signal activation. [34] also demonstrated
in vitro icariin may exert its osteogenic effects
through the induction of BMP-2/Smad and
nitric oxide (NO) synthesis. In our study, a con-
sistent result was observed, that was the bone
formation in the icariin group was more appar-
ent than that in the control group at four time
points.

Our histological photos showed that on day 7,
there was remarkable increase of the number
of TRAP-positive osteoclasts in the icariin
group, compared with the control group (Figure
5). Correspondingly, the amount of OTM in the
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