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Nicotine effect on bone remodeling during orthodontic
tooth movement: Histological study in rats

Ricardo Lima Shintcovsk?, Luégya Knop!, Orlando Motohiro Tanaka?, Hiroshi Maruo?

Introduction: Nicotine is harmful to angiogenesis, osteogenesis and synthesis of collagen.

Objective: The aim of this study was to investigate the effect of nicotine on bone remodeling during orthodontic

movement 1n rats.

Methods: Eighty male Wistar rats were randomly divided into three groups: Group C (control), group CM (with
orthodontic movement) and group NM (nicotine with orthodontic movement) groups. The animals comprising
groups C and CM received 0.9% saline solution while group NM received nicotine solution (2 mg/kg). A nickel-
titanium closed-coil spring was used to induce tooth movement. The animals were euthanized and tissue specimens
were processed histologically. We quantified blood vessels, Howship’s lacunae and osteoclast-like cells present in the
tension and compression areas of periodontal ligaments. The extent of bone formation was evaluated under polarized
light to determine the percentage of immature/mature collagen.

Results: We observed lower blood vessel densities in the NM group in comparison to the CM group, three (p <
0.001) and seven (p < 0.05) days after force application. Osteoclast-like cells and Howship’s lacunae in the NM group
presented lower levels of expression in comparison to the CM group, with significant differences on day 7 (p < 0.05
for both variables) and day 14 (p < 0.05 for osteoclast-like cells and p < 0.01 for Howship’s lacunae). The percentage
of immature collagen increased in the NM group in comparison to the CM group with a statistically significant difter-
ence on day 3 (p < 0.05), day 7 (p < 0.001), day 14 (p < 0.001) and day 21 (p < 0.001).

Conclusions: Nicotine affects bone remodeling during orthodontic movement, reducing angiogenesis, osteoclast-
like cells and Howship’s lacunae, thereby delaying the collagen maturation process in developed bone matrix.
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INTRODUCTION

Smoking and other forms of tobacco use are major
risk factors for cardiovascular disease. The eftect of
cigarette smoking on cardiovascular health is evident
even at the lowest levels of exposure.! Nicotine (NNi-
cotiana tabacum) is the most pharmacologically active
component present in tobacco and directly or indi-
rectly affects cellular metabolism, reducing angio-
genesis;” osteogenesis;>* fibroblasts proliferation and
adhesion as well as collagen synthesis.>

According to Hollinger et al® and Feitelson et al,’
nicotine exhibits broad pharmacological action, of
which the biggest effect is vasoconstriction. Zhu and
Parmley® reported that the mechanisms that pro-
duce this vasoconstriction are associated with local or
systemic catecholamine release, sympathetic neural
stimulation, and endothelial dysfunction. Nicotine
induces norepinephrine release from postgangli-
onic sympathetic nerves, innervating blood vessels
through a direct action on the nerve terminals.” Con-
sequently, systemic and local actions occur, which
can influence the biological processes that require
higher metabolic activity.*?

The early phase of orthodontic tooth movement
always involves an acute inflammatory response, char-
acterized by periodontal vasodilatation and migration
of leucocytes out of the capillaries. These migratory
cells produce various cytokines, the local biome-
chanical signal molecules that interact with the entire
population of native paradental cells. Cytokines evoke
the synthesis and secretion of numerous mediators by
target cells, including growth factors, prostaglandins
and other cytokines. Subsequent biological events oc-
cur and result in bone remodeling to accommodate
movement of the tooth.'™!

Bone resorption and bone formation are parts of
the remodeling process during orthodontic tooth
movement. Bone is deposited on the alveolar wall
on the tension side of the tooth with both heavy and
light forces, and newly formed bone spicules fol-
low the orientation of the periodontal fiber bundles.
On the pressure side, with light forces, alveolar bone
is directly resorbed by numerous osteoclasts in How-
ship’s lacunae."

Although there are more than 1.3 billion of smokers
in the world" and the acceptance of the fact that nico-
tine acts on cellular and tissue metabolism is widespread,
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there are no reports in the literature demonstrating the
action of nicotine on orthodontic movement.

Thus, the aim of this study was to investigate the
effect of nicotine on bone remodeling during orth-
odontic movement induced in rats.

MATERIAL AND METHODS

The present study was approved by the Commit-
tee on Animal Research and Ethics of the Catho-
lic University of Parand (PUCPR), under protocol
number 199/07.

A total of 80 male Wistar albino rats, 12 weeks
old and weighing from 250 to 300 g, were used in
this study. Animals were kept in polycarbonate box-
es at temperatures ranging between 19°C and 22°C,
with a standard 12-hour light-dark cycle. They were
fed a diet of finely ground laboratory food ad libitum
to minimize any discomfort to the animal follow-
ing orthodontic appliance placement. The animals
weight decreased during the experiment, but without
significantly statistic differences (p > 0.05).

The
Group C (control), group CM (with orthodon-

rats were divided into three groups:
tic movement) and group NM (nicotine with orth-
odontic movement). The study focused on the me-
sio-buccal roots of maxillary first molars. The right
hemi-maxillae comprised groups CM and NM (40
rats in each) while the left hemi-maxillae comprised
group C. The use of contralateral molars as control
was according to Ong et al,” Kalia et al," Bletsa et al,
and Ren et al.’

The animals of groups C and CM received 0.9%
saline solution at 0.5 ml/kg every 24 hours so as
to simulate stress. Group NM received daily dos-
es of 2 mg/kg nicotine solution (98% PA solution
diluted in 0.9% saline solution), subcutaneously.
The dosage was based on the study conducted by
Chen et al."” The applications began one day before
orthodontic appliance placement and were reap-
plied once a day during the experimental periods of
three, seven, 14 and 21 days.

Orthodontic movement was induced by nickel-
titanium closed-coil springs (G&H® Wire Company
REF CCOF9XL Lote 103946 Hanover, Germany)
that applied a reciprocal force between the maxillary
right first molar and central incisors (Fig 1) of 30 g/f
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magnitude, measured by a Dynamometer gauge (Den-
taurum model stress and tension gauge, 25-250 g/f).
The coil spring was inserted while the animal was
sedated with intramuscular injection of 1.8 mg/kg
ketamine (Vetanarcol®, Konig, Avellaneda, Argen-
tina) and 1.1 mg/kg xylazine (Rompun®, Bayer, Lote
00404, Sio Paulo, Brazil). During the experiment, all
coil springs were evaluated and should any of them fail,
the animal would be replaced by another one.

Animals were euthanized three, seven, 14 and 21
days after the orthodontic appliance was placed, with
ketamine (5.4 mg/kg) and xylazine (3.3 mg/kg), via
intraperitoneal injection. After euthanasia, the maxil-
lae were immediately removed and fixed in 10% neu-
tral formalin for 72 hours. The resulting blocks were
decalcified for approximately 12 weeks in a 4.13%
EDTA aqueous solution. 5-um-thick transversal cuts
were obtained and stained by means of convention-
al methods. From each maxillary block, 16 cuts were
obtained from the alveolar crest up to the apices; 12
of which were stained with hematoxylin-eosin (HE)
and four with picrosirius.

The histological study was performed by one op-
erator, blinded to treatment allocation. Osteoclast-like
cells, active Howship’s lacunae and blood vessels were

quantified under 400 x magnification using a light mi-
croscope. The histologic criterion used to identify the
osteoclast-like cells was the presence of multinuclear
and eosinophilic cells on the bone surface.'

Histological sections stained by the picrosirius
method were viewed under 100 x magnification with
a polarized light microscope. This method allows an
indirect evaluation of the stage of bone matrix orga-
nization based on birefringence of the collagen fiber
bundles.” The analysis was performed by 4.5 Image
Pro-Plus® software (Media Cybernetics, Silver
Spring, MD, USA) which calculated the percentages
of immature and mature collagen present on bone
matrix proximal to the tension area.

The mean values obtained were statistically ana-
lyzed by means of the SPSS 15.0 (SPSS Inc, Chica-
go, IL, USA) and Statistica 8.0 (StatSoft, Inc, Tulsa,
OK, USA) software. The Kolmogorov-Smirnov test
and Levene test were used to evaluate normality for
cach treatment and the homogeneity of variance be-
tween treatments. When the tests indicated non-nor-
mal distribution and heterogeneity of variance between
treatments, we applied the non-parametric test and the
non-parametric Kruskal-Wallis test for multiple com-
parisons. When the tests indicated normal distribution
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Figure 1 - First molar mesiobuccal roots photomicrographs from group C (AB= alveolar bone; CEM= cementum; PL= periodontal ligament; BV= blood

vessels).
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and homogeneity of variance, we used ANOVA and
the Student’s t-test for independent samples. The level
of significance was p < 0.05 when comparing the aver-
ages between treatments and groups.

RESULTS
Histology

The histological study demonstrated characteristic
structural aspects among different groups throughout
the experimental period.

Group C

The periodontal ligament showed moderate vas-
cularization, with uniform width and irregular
shape. The collagen fibers ran parallel and inserted
perpendicular to the cementum and bone surface.
On the bone surface, rare Howship’s lacunae associ-
ated with osteoclast-like cells were observed (Fig 1).

Group CM

In the sections of these samples, on day three, the
collagen fibers were elongated on the tension areas,
compressed and completely disorganized on the
compression areas. We also observed angiogenesis
with congested vessels. The compression area showed
irregular alveolar bone due to a small population of
osteoclast-like cells localized on Howship’s lacunae.
Hyalinized areas were not present (Fig 2). The bone
matrix under polarized light demonstrated a predom-
inance of greenish, immature fibers with irregular bi-
refringence and few yellowish-orange fibers (Fig 6).

On day seven, the compression area showed ac-
tive resorption, with accumulation of osteoclast-like
cells associated with numerous Howship’s lacunae.
In the tension area, the fibers were elongated and
better organized (Fig 3). We observed deposition of
thicker and yellowish-orange collagen fibers, forming
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Figure 2 - First molar mesiobuccal roots photomicrographs from groups CM and NM. Compression and Tension areas 3 days (HE — original magnification
x400). AB, alveolar bone; CEM, cementum; PL, periodontal ligament; BV, blood vessels.
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more compact areas (Fig 6). On day 14, in the com-
pression area, osteoclast-like cells and Howship’s la-
cunae were limited in number (Fig 4). In the tension
area, the periodontal ligament displayed aspects of
normality (Fig 7). The developed bone matrix was
completely filled by red and thick collagen fibers.

On day 21, we observed that osteoclast-like cells
and Howship’s lacunae returned to normal basal ex-
pression levels in the compression area. In the tension
area, the collagen fibers were more organized, paral-
lel, and inserted perpendicular to the alveolar bone
and cementum (Fig 5). The developed bone matrix
was filled by mature collagen (Fig 7).

Nicotine effect on bone remodeling during orthodontic tooth movement: Histological study in rats

Group NM

On day three, we observed the compression and
tension areas. The periodontal ligament on the com-
pression side demonstrated nearly none osteoclast-
like cells or Howship’s lacunae. No hyalinized zones
were present. In the tension area, the periodon-
tal ligament fibers were elongated, oriented paral-
lel to the root. Some blood vessels were visualized
(Fig 2). Under polarized light, we observed a pre-
dominance of greenish and thinner fibers in the bone
matrix (Fig 6). On day seven, the compression area
showed some osteoclast-like cells and Howship’s la-
cunae. No hyalinized zones were present.
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Figure 3 - First molar mesiobuccal roots photomicrographs from groups CM and NM. Compression and Tension areas 7 days (HE — original magnification
x400). AB, alveolar bone; CEM, cementum; PL, periodontal ligament; BV, blood vessels; OC, osteoclast-like cells.
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In the tension area, the fibers were elongated and
fewer blood vessels were visualized (Fig 3). We ob-
served a predominance of greenish collagenous fi-
bers, extending in several directions, with irregular
birefringence (Fig 6).

On day 14, in the compression area, the periodon-
tal ligament fibers were disorganized and irregular; few
Howship’s lacunae and osteoclast-like cells were pres-
ent. In the tension area, the periodontal ligament fibers
remained elongated and few blood vessels were visual-
ized (Fig 4). The bone matrix presented a large num-
ber of greenish fibers (Fig 7). On day 21, in the com-
pression and tension areas, the periodontal ligament

Shintcovsk RL, Knop L, Tanaka OM, Maruo H article

fibers were disorganized. Few osteoclast-like cells,
Howship’s lacunae and blood vessels were present
(Fig 5). It was possible to verify, in the bone matrix,
a large number of greenish fibers, thick and parallel to
each other, as well as a few thinner red fibers (Fig 7).

Quantitative analysis

All means, standards-deviation (SD) and p-values
obtained are shown in Tables 1 and 2.

When groups C and CM were compared, there
was an increase in the number of blood vessels on the
third day after force application (p < 0.05), with a de-
crease after days seven (p < 0.05), 14 (p < 0.01) and

14 days
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Figure 4 - First molar mesiobuccal roots photomicrographs from groups CM and NM. Compression and Tension areas 14 days (HE — original magnification
x400). AB, alveolar bone; CEM, cementum; PL, periodontal ligament; BV, blood vessels; OC, osteoclast-like cells.
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21 (p < 0.001) (Table 1). There was a greater num-
ber of osteoclast-like cells and Howship’s lacunae in
group CM when compared to the C group on days
three (p <0.001), seven (p < 0.001) and 14 (p < 0.01).

Fewer blood vessels were observed in all periods
analyzed in group NM in comparison to group C
(Table 1). Osteoclast-like cells and Howship’s lacu-
nae were reduced on the third day after the applica-
tion of force (p < 0.05).

The quantity of blood vessels decreased in group
NM after days three (p < 0.001) and seven (p < 0.05)
when compared to group CM. Group NM had lower
levels of osteoclast-like cells and Howship’s lacunae,
with a statistically significant difference on days seven
and 14 (Table 1) in relation to group CM.

Immature collagen increased in group NM in com-
parison to group CM in all periods analyzed, with a sta-
tistically significant difference (Table 2).
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Figure 5 - First molar mesiobuccal roots photomicrographs from groups CM and NM. Compression and Tension areas: 21 days (HE — original magnification
x400). AB, alveolar bone; CEM, cementum; PL, periodontal ligament; BV, blood vessels.
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Group CM Group NM

7 days

100x, Picrosirius

Figure 6 - First molar mesiobuccal roots photomicrographs groups CM and NM. Tension areas: 3 and 7 days (picrosirius — original magnification x100). CEM,
cementum; PL, periodontal ligament.

Table 1 - Means, standard deviations and p values, according to groups and days.

: (o CcM NM Inter-group differences
Variable
Mean + SD Mean + SD Mean + SD ()]
3 06+084 6.3+134 3.6+ 1.35 *+C x CM. *C x NM
7 05+ 071 16.9 + 3.35 224114 ***C x CM. *CM x NM
Osteoclasts-like cells
14 0.7+ 0.95 33+106 124162 **C x CM. *CM x NM
21 0.8+ 0.92 14 +126 124132 N.S.
3 04+ 052 6.5+ 196 314179 #*%C x CM. *C x NM
7 0.3+048 178 +2.57 19+ 152 **EC x CM. *CM x NM
Howship lacunae
14 054071 39412 06+ 097 **C x CM. **CM x NM
21 0.7 +0.82 10+ 094 0.7 +1.06 ns.
3 146 + 1.26 255 +196 324193 *C x CM. *C x NM; *** CM x NM
7 149 + 218 714145 24 +1.07 *C x CM. ***C x NM. *CM x NM
Blood vessels
14 14.8 + 2.04 31+120 21+166 **C x CM. ***C x NM
21 13.2 +£1.55 31+110 3.6+ 158 ***C x CM. **C x NM

Note: *p < 0.05, **p < 0.01, ***p < 0.001 indicate statistically significant difference.
C = control / CM = induced movement / NM = induced movement+nicotine / NS = non-significant.
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Group CM Group NM

21 days

100x, Picrosirius

Figure 7 - First molar mesiobuccal roots photomicrographs groups CM and NM. Tension areas: 14 and 21 days (picrosirius — original magnification x100).
CEM, cementum; PL, periodontal ligament.

Table 2 - Means, standard deviations and p values, according to groups and days

. cM NM Inter-group differences
Variable
Mean + SD Mean + SD (p)
3 105+ 2.84 58 +2.66 *CM x NM
7 383 +4.30 78 + 215 ***CM x NM
% Mature collagen
14 100+ 0 9+298 ***CM x NM
21 100+ 0 11+298 ***CM x NM
3 895+ 284 94.2 + 266 *CM x NM
7 61.7 + 4.30 922+ 215 ***CM x NM
% Immature collagen
14 040 91+298 ***CM x NM
21 040 89 +2.98 ***CM x NM

Note: *p < 0.05, **p < 0.01, ***p < 0.001 indicate statistically significant difference.
CM = induced movement/ NM = induced movement+nicotine / NS = non-significant.
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DISCUSSION

Nicotine is a major cytotoxic and vasoactive sub-
stance present in tobacco which causes peripheral va-
soconstriction, tissue ischemia and decreased oxygen
tension by reducing the infusion of oxygen to tissue.
Furthermore, this substance decreases osteoblastic
activity, revascularization and bone healing.>*

In group NM, there were lower numbers of blood
vessels when compared to group C for all periods
analyzed (Table 1). When comparing groups NM x
CM, we observed fewer blood vessels in group NM
on days three (p < 0.001) and seven (p < 0.05), with a
statistically significant difference (Table 1).

Pinto et al’ reported that nicotine delays angiogen-
esis, and as a consequence, delays the organization of
connective tissue and osteogenesis. Saldanha et al*® dem-
onstrated that administration of nicotine to jaw bone
defects in dogs changes the density of newly formed
bone tissue due to the inhibition of revascularization.
Adversely, Zheng et al* concluded that nicotine expo-
sure enhances angiogenesis in rabbit model, but cannot
compensate the adverse effect of vasoconstriction.

There are controversies regarding the effect of nic-
otine on osteoclasts. Heremyre et al?' observed that
nicotine stimulates osteoclast-like cell differentia-
tion in cell cultures derived from pigs; Tanaka et al*
also observed increased formation of osteoclast-like
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cells in vitro. We observed that nicotine reduced the
expression of osteoclast-like cells and Howship’s la-
cunae in group NM (Table 1). This result is in accor-

1? who dem-

dance with the findings by Yuhara et a
onstrated that nicotine inhibits difterentiation and
activation of osteoclast-like cells and regulates bone
metabolism in rats. Adler et al** concluded that nico-
tine did not stimulate the formation of osteoclasts in
bone marrow at doses of 1 or 2 mg / kg in rats.

In this study, we evaluated structural changes in
the newly developed bone matrix when nicotine
and orthodontic force were applied simultaneously.
The picrosirius-polarization method allows the detec-
tion of mature and immature collagen and correlates
the three-dimensional distribution of collagen fibers
with the stage of bone formation."” The collagen color
and birefringence vary according to polymerization
degree, which reflects fibers’ age and diameter. First,
the collagen is deposited in the form of thin fibrils that
aggregate to form larger fibers or bundles.?

The organic matrix of alveolar bone is composed
fundamentally of type I collagen (95%), proteogly-
cans and glycoproteins.”® Bone formation results
from complex and inter-dependent processes, which
involve osteoblast differentiation from primitive mes-
enchymal cells, organic matrix synthesis and matura-
tion, until complete mineralization.”
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The process of bone formation is associated with the
formation of new capillaries from existing blood vessels.?®
Orthodontic movement results in a rapid formation of
immature bone, and later, the bone is remodeled.?”

Immature collagen percentage in group NM in-
creased in all analyzed periods. On day 21, there were
still immature fibers, although they were thicker and
more parallel. Nicotine delayed the collagen maturation
process in the developed bone matrix. It was not pos-
sible to assess whether nicotine was able to inhibit the

106

synthesis of collagen, although Theiss et al* showed that
during bone healing in rabbits subjected to nicotine,
there were lower levels of type I and II collagen mRINA.

CONCLUSION

In conclusion, nicotine affects bone remodeling
mechanism during orthodontic movement, reduc-
ing angiogenesis, osteoclast-like cells and Howship’s
lacunae, thereby, delaying the collagen maturation
process in developed bone matrix.
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