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Abstract

Background and Aim: Captopril is an oral angiotensin-converting-enzyme (ACE)
inhibitor extensively used in the treatment of hypertension and heart failure. ACE has
been suggested to function in bone cells and might therefore impact orthodontic tooth
movement (OTM). Considering the controversy surrounding the effects of ACE and its
inhibitors on osseous tissues, we aimed to evaluate the effect of captopril on OTM for
the first time in a rat model.

Materials and Methods: Orthodontic appliances were fixed between the left first
molars and incisors of 30 rats divided into three groups (n=10) receiving captopril, saline
or no treatment. Following sacrifice on day 21, the amount of tooth movement was
measured as the distance created between the first and second molars. Bone density was
assessed by lateral cephalograms on days 1 and 21 and osteoclast number, root
resorption and periodontal ligament (PDL) width were analyzed histologically. One-way
ANOVA followed by post-hoc test were used for statistical analysis (P<0.05)

Results: OTM significantly increased in the captopril group compared to the saline and
no-treatment groups (P<0.05). Bone density significantly decreased in the mandible of
the captopril group from day 1 to 21 (P<0.05). No significant differences were found in
the histological variables except for the significant increase in PDL width at the
- mesioapical aspect in the captopril group.

Corresponding author: Conclusion: The present study showed that captopril administration could lead to
g't'uzae‘ma‘gg;&?e’ﬁt%rfad”ated increased OTM and decreased bone density in rats. Further studies are suggested to
Orthodontic, School of Dentistry,| Clarify its exact role at the cellular and molecular levels.
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Introduction

Orthodontic treatment procedures consist of
continuous force applied to teeth to move them
into a new more favorable position. During this
process, the mechanical stimulant is transmitted to
the surrounding periodontium, which results in
numerous  cellular-molecular  changes  that
ultimately lead to biological adaptation to a new
condition [1-3]. Many studies have shown that a
number of drugs might affect this process [4].
Hypertension is a common disease and one of the
major reasons for early death and disability
worldwide. It is associated with cardiovascular
diseases, including coronary heart disease, stroke
and other vascular diseases [5,6]. Angiotensin-
converting-enzyme (ACE) inhibitors including
captopril are involved in the endocrine
renin-angiotensin-system (RAS) and have been
shown to effectively control hypertension and heart
failure [7,8]. RAS modulates blood pressure and
electrolyte homeostasis mainly through angiotensin
Il. Renin cleaves angiotensin | which in turn is
converted to angiotensin Il by the ACE. The
specific receptors of angiotensin Il are AT1 and
AT2 that mediate its various functions in the body.
In addition to its known systemic route of action,
RAS has been suggested to regulate various “local,
tissue-specific” cellular processes like
proliferation/apoptosis, cell metabolism,
inflammation and angiogenesis in a number of
organs including the heart, kidneys, bone marrow,
blood vessels and adipose tissue [9-15].

RAS plays an important role in bone metabolism,
and any interference with this system and its
components can  affect osseous  tissues.
Angiotensin Il can be produced by bone cells and
may affect their performance through binding to its
specific receptors [16-19]. The expression of RAS
components has been reported in osteoblastic/
osteoclastic cells; for example, ACE was found in
osteoblasts during endochondral bone formation
[15] and ATI has been demonstrated in bone cells
[17-26]. Similarly, studies have indicated a role for
RAS in the pathogenesis and development of bone
metabolic disorders [27].

There has been a widespread utilization of ACE
inhibitors in the recent years. In addition to high
blood pressure and heart failure, these drugs have
been wused for the treatment of diabetes
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nephropathy [28] and tissue injury resulting from
RAS activity in renal disease [29]. Several studies
have investigated the impact of ACE inhibitors on
osseous tissues with contradicting results; both
resorptive [30-32] and osteogenic [22,33] effects
have been reported after the administration of this
group of drugs. Hence, clarification of the role of
ACE inhibitors in bone turnover and metabolism
may be helpful in patient management.

There has been a recent increase in the number of
adults demanding orthodontic treatments, some of
which may use ACE inhibitors for various reasons.
Additionally, a general understanding of the
different pathways involved in orthodontic tooth
movement (OTM) can be helpful in both biological
and clinical aspects. Considering these facts, we
sought to investigate the effect of captopril, a
classic ACE inhibitor, on orthodontic tooth
movement through experimental, radiographic and
histological evaluations.

Materials and Methods

Animal preparation:

The current investigation was conducted in
accordance with the US National Institute of
Health (publication 85-23; revised: 1985) and
approved by the Ethics Committee of Tehran
University of Medical Sciences (code no. 21662).
Thirty male Wistar rats with an initial weight of
200-250 g were housed in transparent plastic cages
and maintained on a 12-hour light-dark cycle at
stable temperature of 24-25°C and 55% humidity,
one week prior to appliance insertion. All animals
had free access to water and food. Also, they fed
with soaked standard rat chow diet to avoid
excessive chewing force.

Orthodontic procedure:

After anesthesia administration with intraperitoneal
injections of ketamine (Vetaset, 50 mg/kg) and
xylazine (Dopaser, 14 mg/kg), orthodontic
appliances consisting of 5 mm NiTi closed-coil
spring (Hiek, 0.006x0.022-inch, 3M Unitek,
Monrovia, CA, USA) with 0.10-inch ligature wires
at each end, were tied between the incisor and first
molar of the left upper jaw to exert a force of 60g
at 2mm activation [34-36]. To secure the ligature
wires on the incisors, shallow grooves were cut
above the gingiva of the left tooth using a 0.8-inch
diamond bur followed by application of light-cure
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composite (Transbond XT, 3M Unitek, Monrovia,
CA, USA) on both incisors. This served a double
purpose of maintaining the wires and providing
anterior anchorage to prevent distal displacement
of the left incisor [37]. The lower incisors were
shortened (2 mm) once a week to prevent them
from dislocating the maxillary appliances. At this
stage, the animals were fed with ground food
pellets soaked in water. This was to prevent
appliance  displacement  during  orthodontic
treatment.

The animals were randomly divided into the
following groups:

1) Group A: treated with 100 mg/kg/day captopril
dissolved in normal saline.

2) Group B: received 1mL/day normal saline.

3) Group C: served as the control group with no
medication.

In groups A and B, injections were carried out at
the same time each day, throughout the orthodontic
treatment.

Tooth movement evaluation:

All rats were sacrificed by CO2 asphyxiation after
three weeks of treatment (21 days) and the
maxillae were separated for OTM measurements
which were made between the first and second
molars using a feeler gauge (Mitutoyo Co.,

Kawasaki-shi, Japan) calibrated to 0.01lmm
increments. OTM values were the mean of the two
measurements carried out by two operators.
Densitometry evaluation:

Lateral cephalometric radiographs were taken with
Kodak (size 2) E-speed dental X-ray films
(Eastman Kodak, Rochester, NY, USA) at a
constant focus—film distance (70 kV, 8 mA,
exposure time: 0.3s) by using a box in which rats’
necks were fixed. An automatic film processor
(Velopex Extrax, Medivance, UK) was utilized to
process radiograph projections obtained on days 1
and 21. Optical density was assessed by a digital
densitometer (PD-504; Macbeth, London, UK) at a
perimeter of 1mm around the following points
(Figure 1):

Point 1: on the premaxilla between the jaw bone
and lingual surfaces of the upper incisors, superior
to the Bu point.

Point 2: on the hard palate between the maxillary
bone and the mesial surface of the upper first molar
intersection, anterior to Mu point.
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Point 3 (Po point): on the skull, the most posterior
point of the cranium.

Point 4 (K Point): on the mandible, the intersection
between the Gonion-Menton and the line
perpendicular to the Gonion-Menton through
Gnathion [37].

Figure 1: Four points that were assessed in
densitometry

Histological evaluation:

The maxillae were placed in 10% formalin for
duration of five days followed by immersion in 5%
formic acid for approximately seven days. After
decalcification, the left hemimaxillae were
subjected to routine histopathological processing.
Five micrometer sections were obtained from the
paraffin blocks in a mesiodistal plane, which were
stained with hematoxylin and eosin. Histological
analysis was performed on the mesial roots of the
first molars. The section containing the largest root
area from the cementoenamel junction to the
bone-containing apical area from each animal was
evaluated under a light microscope (BX-51;
Olympus Co., Tokyo, Japan) equipped with a
digital camera (DP25; Olympus) and analysis
software (DP2-BSW; Olympus). Histological
variables were selected according to a previous
study [34] and included width, depth and number
of resorption lacunae in dentin/cementum,
periodontal ligament (PDL) width and osteoclast
number. The distance between crater edges and the
distance between the deepest crater points to the
virtual root surface, constituted lacunae width and
depth, respectively.

Statistical analysis:

One-way ANOVA was wused for multiple
comparisons and to evaluate the differences
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between groups A, B and C; when differences
were significant, post hoc test was applied for
pairwise comparisons between groups. SPSS
version 22 was used for statistical analysis and
processing of data (SPSS Inc., IL, USA). P<0.05
was considered significant

Results

The mean (x standard deviation) tooth movement
in groups A, B and C was 0.62 (0.085), 0.3178
(0.079) and 0.26 (0.047), respectively. A
significant increase in tooth movement was
observed in the captopril group as compared to the
other two groups (P=0.005).

Densitometric findings are documented in Table 1.

There were no significant differences between
captopril and saline groups in points 1, 2 and 3
(P>0.05), but bone density significantly decreased
in captopril versus saline group in point 4
(P=0.022).

No significant differences in osteoclast counts
were observed among the captopril, saline and
control groups (P>0.05). Similarly, we did not find
statistically significant differences in depth or
length of lacunae (P>0.05). Osteoclasts and
resorption lacunae are presented in Figure 2.

There was no significant difference in PDL width
in any region except for the mesioapical aspect,
which was significantly wider in the captopril
group compared to the saline group (P=0.044).

Table 1. Optical density (standard deviation) in the 4 main- and 4 sub-points of the three study groups

Groups Pointl  Point 2 Point 3

Point 4

Point 1IF Point2F Point3F Point 4F

A 1.69(0.12) 1.38(0.16) 1.67(0.09) 1.66(0.09)
B 1.69(0.11) 1.38(0.22) 1.63(0.15) 1.66(0.16)
C  1.64(0.16) 1.32(0.19) 1.60(0.13) 1.59(0.13)

1.98(0.58) 1.56(0.19) 1.94(0.13) 1.98(0.15)
1.86(0.11) 1.37(0.14) 1.76(0.15) 1.75(0.24)
1.85(0.14) 1.41(0.16) 1.82(0.12) 1.83(0.15)

Point 1: Initial optical density of alveolar bone, D1F: Final optical density of alveolar bone

Point 2: Initial optical density of hard palate, D2F: Final optical density of hard palate

Point 3: Initial optical density of skull, D3F: Final optical density of skull

Point 4: Initial optical density of mandible, D4F: Final optical density of mandible

Point 1F: Final optical density of alveolar bone
Point 2F: Final optical density of hard palate
Point 3F: Final optical density of skull

Point 4F: Final optical density of mandible

Discussion

The effect of various drugs on OTM has been
previously documented [4]. This could be
clinically useful because some medications may
impact on the rate of OTM and subsequently the
duration of treatment [38]. In this study, the effect
of captopril on OTM was investigated in rats.
Captopril is an ACE inhibitor that blocks the
vasoconstriction function of angiotensin Il through
the RAS and is one of the most widely used
antihypertensive drugs [33].

Bone is among the tissues that are locally impacted
by RAS. This effect is mainly mediated by AT1
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and AT2 receptors [25,26,39]. Additionally,
considering the important role that blood flow
plays in bone remodeling, this tissue can be
affected through the regulatory actions of ACE
inhibitors on blood flow. The bradykinin-nitric
oxide pathway has a major part in this regulation
[25] and has been shown to influence OTM In the
present study, statistical analysis indicated that the
rate of tooth movement was significantly higher in
the captopril-treated group compared to the control
and saline groups. As expected, saline and control
animals showed no significant difference in the
rate of tooth movement. The densitometric
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Figure 2: Representative images of hematoxylin/eosin-stained tissue samples depicting an osteoclast in
micrograph A (original magnification x400) and root resorption demonstrated by a resorption lacuna in
micrograph B (original magnification x200)

findings of the current investigation showed a
significant decrease in mandibular bone density at
point 4 from day one to 21, which confirms our
OTM results. The fact that this specific point
achieved significance could be explained by the
fact that the lower jaw has been suggested to be
more susceptible to drug-induced bone loss [37].
We were not able to find a previous study in the
English literature that evaluated the effect of
captopril on OTM, which limits a thorough
comparison of our findings with former research.
The reports of ACE inhibitors on osseous tissues
indicate both resorptive and promoting effects on
bone density. In contrast to our findings, some
studies have shown a relation between ACE
inhibitor treatment and reduced risk of bone
fractures [40,41] along with increased bone
mineral density [40-42]. It has been suggested that
individuals who have less ACE activity genetically
show greater bone mineral density compared to
those with higher ACE activity [43,44]. ACE
inhibition by perindopril was demonstrated to
promote the healing of bone fracture [15]. Also,
inhibition of AT1 receptor by losartan resulted in
increased bone strength and trabeculae in the
femur of ovariectomized rats [45]. Shimizu et al.
[25] reported inhibition of osteoporosis following
deletion and blocking of AT1 receptors.

On the other hand, a number of studies, similar to
the current investigation, have shown negative
effects of ACE inhibitors on bone. Application of
ACE inhibitors in a previous study caused
underdeveloped calvarium in human fetuses [46].
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It was shown that perindopril significantly
decreased the BMD of rat’s femur [15]. Also, ACE
inhibitors have been suggested to exert an
increasing effect on bone loss [30].

Contrary to our assumption, we did not find a
significant difference in osteoclast count between
the captopril and control groups. It is noteworthy
that the results obtained in the present study only
reflect the number of osteoclasts, while the number
and function of these cells may not be necessarily
related [47], i.e. captopril may merely have
increased the function of osteoclasts without
impacting on their number. Liu et al. [33]
demonstrated positive influence of captopril on
osteoblasts; while they did not find a significant
difference in “osteoclast surface” following
captopril administration and proposed that the
mechanism of action of this drug may be unrelated
to  resorption.  Various  cellular-molecular
interactions, especially osteoblastic-osteoclastic
coupling may be involved in the results obtained in
the present study. Further investigation is
suggested in order to help clarify the cellular
events that take place following captopril
application.

At the end, it should be emphasized that duration
of force application, dosage of drug, bone structure
and force level in rats are different from humans;
thus, the results of animal studies should be
generalized to human subjects with caution [34].

Conclusion

The present study showed that captopril
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administration increased tooth movement in rats,
which was corroborated by our densitometric
findings demonstrating subtractive effects of this
drug on the mandibular bone. Further studies are
suggested to elucidate the molecular events behind
the observed clinical effects of captopril and its
possible impact on human subjects.
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