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OBJECTIVES: Botulinum toxin type A (BTX-A) reduces
the muscular contractions by temporarily inhibiting the
release of acetylcholine at the neuromuscular junction.
The purpose of this study was to investigate the effects of
the BTX-A injected into the masseter muscle of a
developing rat mandible.

MATERIALS AND METHODS: Four-week-old male (no.
80) Sprague-Dawley rats were divided into four groups:
control group, saline group, BTX-A group and baseline
control group. Rats of baseline group were sacrificed at
0 day to provide baseline values of the mandibular mea-
surements. The masseter muscle of rats in the saline and
the BTX-A group were administered with saline and
BTX-A solutions respectively. Experimental animals
were sacrificed after 4 weeks.

RESULTS: The BTX-A group demonstrated smaller
mandibular dimension compared with the other groups
(P < 0.05). Their condylar cartilages showed increased
apoptosis at the proliferation stage of the reserve zone
and masseter muscle fibers demonstrated atrophic
changes.

CONCLUSIONS: The result demonstrated BTX-A
influence on inhibitory action of the developing mandible
because of apoptosis at the proliferation stage of the re-
serve zone of the condylar cartilage in developing rat
mandible.
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Introduction

Botulinum toxin type A (BTX-A) is a paralytic neuro-
toxin produced by Clostridium botulinum, a causative
agent in food-borne botulism (Pearce ef al, 1994;
Jankovic and Brin, 1997; Carruthers and Carruthers,
2001). BTX-A binds specifically to the cholinergic motor
end-plate and is actively taken up by motor neurons. It
blocks the release of acetylcholine and causes presyn-
aptic neuromuscular blockade (Moore and Wood, 1994;
Niamtu, 1999). When highly diluted unit dose of BTX-A
is injected into the striated muscles, the toxin produces a
reproducible temporary state of regional denervation
(Borodic and Pearce, 1994; Smyth, 1994).

As the first use of BTX-A in the treatment of
strabismus, BTX-A had proved to be effective in the
treatment of disorders characterized by localized muscle
hyperactivity (Scott et al, 1989; Borodic and Pearce,
1994; Smyth, 1994; Jankovic and Brin, 1997). Further-
more, BTX-A has been applied to treat rhytids for
cosmetic purposes, tension- and migraine headaches,
and focal hyperhidrosis (Jankovic and Brin, 1997;
Carruthers and Carruthers, 1998, 2001; Niamtu, 1999).
The BTX-A can be used for almost any conditions in
which a reduction in the amount of contracting muscle
or glandular secretion is desired.

In dentistry, BTX-A is used for the treatment of
masseteric hypertrophy. It gives rise to semi-permanent,
transient decrease of muscle volume. As a result, para-
functional habit is reduced along with cosmetic improve-
ment (Moore and Wood, 1994; Smyth, 1994; Freund
et al, 1999; Mandel and Tharakan, 1999; To et al, 2001;
Von Lindern et al, 2001). In addition, BTX-A injection
provides an effective treatment for severe bruxism-related



neurological disorders (Ivanhoe ef al, 1997; Tan and
Jankovic, 2000). As the masseter muscle is closely
related to the mandibular growth, clinicians should
consider the effect of BTX-A on the mandibular
growth when injecting it into masseter muscle of the
growing patients. It has long been thought that bony
processes are dependent on normal muscle function
for their development and maintenance (Nakata, 1981;
Hinton, 1991).

The purpose of this study was to determine the effects
of the BTX-A injected into the masseter muscle of a
growing rat mandible. For this purpose, the overall
growth alteration in the mandibular measurements was
evaluated in the control, saline injection, and BTX-A
injection groups. In addition, the relationship between
the histologic changes in the condylar cartilage and
gross changes in the mandibles was examined. Histo-
logic changes in masseter muscle following BTX-A
injection were also evaluated.

Materials and methods

All experiments were performed according to the
guidelines of the Intramural Animal Use and Care
Committee, College of Dentistry, Yonsei University.

Experimental set 1

Subjects and study design

Four-week-old male (no. 80) Sprague—Dawley rats were
randomly divided into four groups. The body weight of
each rat was measured. One group of rats was sacrificed at
the beginning of the experiment to provide baseline values
of mandibular measurements (baseline control group).
The remaining three groups were designated as control
group, saline group and BTX-A group respectively.

The masseter muscle of rats in saline- and BTX-A
group were injected with saline and BTX-A solutions,
respectively. The BTX-A used in this study was BTXA®
(Lanzhou Institute of Biological Products, Lanzhou,
China). One vial of BTXA® (100 U) was diluted with
2 ml of saline. 0.05 ml (2.5 U) of BTXA® solution for
the BTX-A group, 0.05 ml of saline for the saline group
were administered on both sides of superficial portion of
the masseter muscle. All subjects were weighed weekly
and were sacrificed after 4 weeks.

Dry mandible

Fifteen rats in each experimental group and 20 rats of
baseline control group were prepared for dry mandi-
bles and the mandible bone itself was separated into
the two halves. Photographs of dry mandibles were
taken using digital camera, which was heldat a fixed
distance from the mandible and transferred to a
computer image. The mandibular measurements used
in this study were adopted from Dr Asano’s study
(1986) (Figure 1).

Histological study

Five rats in each experimental group were fixed by
perfusion with 4% paraformaldehyde (PFA) solution.
The decapitated, skinned heads were fixed in 4% PFA in
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Figure 1 Landmarks and measurements of the mandible used in this
study. Me, most inferior point of mental protuberance; Me’, most
inferior point of anterior alveolar bone; Me’-Me”, tangent to the
bottom of angular process through Me; Go, most posterior tip of the
angular process; Cd, the central point of the condyle; Cd’, crossing
point on Me-Me” perpendicular to Me-Me” from Cd; Co, tip of
coronoid process; Co’, crossing point on Me-Me” perpendicular to
Me-Me” from Co; Me-Go, mandibular body length; Me-Cd, condylar
length; Me-Co, coronoid process length; Me-Me’, anterior region
height; Co-Co’, coronoid process height; Cd-Cd’, condylar height

phosphate buffered saline (PBS) at 4°C. Temporoman-
dibular joint (TMJ) area was resected and decalcified
with 10% ethylenediaminetetraacetic acid for 4 weeks at
4°C. The specimens were embedded in paraffin. Serial
sagittal sections were made at 7 um thickness. The
section was stained with hematoxylin and eosin (H-E).

The other sections were blocked in 3% hydrogen
peroxide for 15 min. The tissue sections were boiled in
10 mM citrate buffer (pH 6.0) for 10 min and cooled at
room temperature for 20 min. The slides were incubated
in mouse monoclonal antibody against proliferation cell
nuclear antigen (PCNA) antibodies (Cat. No. MS-106;
Lab Vision, Fremont, CA, USA) at 4°C overnight. After
washing with PBS and incubated the biotinylated goat
anti-mouse secondary antibody and streptavidin peroxi-
dase at room temperature for 10 min each. Finally, the
specimens were visualized using a diaminobenzidine
(DAB) reagent kit (Cat. No. 00-2014; Invitrogen,
Carlsbad, CA, USA). The immunostained sections were
counterstained with hematoxylin. Apoptosis was detected
by the terminal deoxynucleotidyl transferase mediated
dUTP nick-end-labeling (TUNEL) method (Cat. No.
4810-30-K; Trevigen, Gaithersburg, MD, USA).

The masseter muscles were resected from the mandibles
and embedded in paraffin. Serial sagittal sections were
made at 7 um thickness, deparaffined and H-E stained.

Statistical analysis

The distribution of the data in the samples was analyzed
for skewness and kurtosis, and the parametric 7 test was
used on the assumption that the samples were normally
distributed. The body weights, rates of weight gained,
and mandibular measurements were evaluated for the
presence of inter-group differences with a one-way
ANOVA. Differences between specific groups were
assessed with Duncan’s multiple range tests.

Experimental set 2
The mandibular measurements of the two groups of
untreated rats having the same age but different body
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Table 1 Mean body weight (g) of the three groups of the experimental setl measured weekly during the experimental period and mandibular

measurements at the time of sacrifice (8 weeks of age) of those groups

Group 1
Weight (g)
Week 4 124.05 (+ 6.03)
Week 5 166.62 (+ 7.08)
Week 6 240.11 (+ 9.49)
Week 7 277.51 (£ 11.37)
Week 8 318.17 (£ 13.21)

Mn Measurements (mm)
Mandibular body length
Condylar length
Coronoid process length
Anterior region height
Coronoid process height
Condylar height

20.64 (£ 0.32)
21.88 (£ 0.24)°
20.12 (£ 0.35)
4.82 (£ 0.13)
13.37 (£ 0.21)
11.16 (£ 0.27)

Group 2 Group 3

124.75 (+ 4.76)
165.45 (£ 7.92)
237.23 (£ 7.54)
276.06 (+ 10.36)
313.08 (£ 13.65)

124.70 (£ 3.78)
151.91 (£ 13.00)*
222.68 (£ 13.58)°
263.79 (£ 13.10)°
299.40 (+ 16.83)

20.09 (£ 0.46)°
21.60 (£ 0.39)°
19.75 (£ 0.36)°
4.65 (+ 0.12)°
12.83 (£ 0.32)°
10.26 (£ 0.37)°

20.47 ( 0.32)
2171 (+ 0.24)°
20.00 (£ 0.30)
4.81 (£ 0.12)
13.33 (£ 0.24)
11.17 (£ 0.26)

Values are means (£ s.d.). Number of animals in each group is 20.

Group 1: control group. Group 2: saline group. Group 3: botulinum toxin type A group.
#Mean is significantly different from those of groupl and group2 (P < 0.05).
®Mean is significantly different from those of groupl and group2 (P < 0.05).

“Mean is significantly different between each groups (P < 0.05).

weight were evaluated. Ten rats that weighed equally as
the control group were assigned group A (large animal
group), while the other 10 rats that weighed equally as
the BTX-A group were assigned group B (small animal
group).

All animals were weighed and sacrificed in the same
manner as in the previous experimental design. Dry
mandibles were prepared, measurements were made,
and statistical analysis was doneusing the same methods
previously described.

Results

Experimental set 1

Mandibular measurements

The mandibular measurements of baseline control group
were normally distributed. The results of the body weight
and mandibular measurements of the three groups are
shown in Table 1. While there were no differences among
the body weight of the three groups atthe start of the trials,
the body weight of BTX-A group was less than those of
Control and saline group (P < 0.05)in the course of the
experiment. Figure 2 represents bar graphs of the man-
dibular measurements of the three groups. In all six
mandibular measurements, the BTX-A group had are-
duced dimension compared with the control and saline
group (P < 0.05). Differences between the measurements
of control and saline group were not statistically signif-
icant, except for condylar length (P < 0.05).

Histological study

The condylar cartilages of all the experimental groups
showed four major zones (Shen and Darendeliler, 2005)
distinctively; the fibrous covering, reserve, proliferation
and hypertrophic zones (Figure 3D). However, the
proliferation and hypertrophic zones of the BTX-A
group were thinner than those of the other groups (The
thickness of a—d in Figure 3D, E, F were compared).
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Figure 2 Mandibular measurements of the experimental set 1. Vertical
bars represent s.d. Group 1: control group, Group 2: saline injection
group, Group 3: botulinum toxin type A injection group

Immunoreactions for PCNA were similar in all three
groups (Figures 3G—I). Immunopositive reaction was
detected mainly in the cells of the proliferation zone and
slightly positive reaction was shown in the cells of the
reserve and hypertrophic zones. The fibrous covering
layer showed a negative reaction.

In all groups, TUNEL-positive cells were observed in
the proliferation- and hypertrophic zones (Figures 3J—
L). Negative reaction was detected in the fibrous
covering and reserve zones. A main difference was
observed in the proliferation zone. Specimens of the
BTX-A group showed a strong positive reaction to
TUNEL stain in the proliferation zone especially in the
starting area of this zone.

In cross-sections of the masseter muscle, muscle fibers
of the control and saline groups had a normal polygonal
shape without necrosis or inflammation, and the fiber
size was uniform (Figures 4a,b,d and e). Nuclei were
located at the periphery of the fibers in a subsarcolem-
mal position. On the other hand, diameters of the
muscle fiber of the BTX-A group were more irregular
and the nuclei were packed more densely than those of
the control and saline group (Figures 4c and f).



Control group
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Saline group

Figure 3 Histological analysis and localization patterns of proliferation cell nuclear antigen (PCNA) and terminal deoxynucleotidyl transferase
mediated dUTP nick-end-labeling (TUNEL) staining. (A-F) The condylar cartilages of control, saline and botulinum toxin type A (BTX-A) group
are stained by HE staining. (A, D) The condylar cartilage is shown in the control group (‘D’ is higher magnification of ‘A’). (D) The fibrous covering
(a), reserve (b), proliferation (c) and hypertrophic (d) zones can be seen. (B, E) The condylar cartilage is shown in the saline group (‘E’ is higher
magnification of ‘B’). (C, F) the proliferation and hypertrophic zones of the BTX-A group were thinner than those of the other groups (‘F’ is higher
magnification of ‘C’). (G-1) PCNA immunohistochemistry and (J-L) TUNEL assay are used to define cellular modulations. (G-I) There are most
PCNA-positive cells localized in the proliferation zone. PCNA positive reaction was similar in all three groups. (J-L) In all groups, TUNEL
positive cells were observed in the proliferation and hypertrophic zones. (L) In the BTX-A group showed stronger positive reaction than other

groups. (All scale bars, 200 um)

Interestingly, in the muscle of the BTX-A group, few
muscle fibers with central nuclei were observed.

Experimental set 2

The measurements of mandible for each groups are
summarized in Table 2 and Figure 5. The differences
between the group A and B were not statistically
significant, except for the mandibular body length
(Me-Go; see Figure 1). The mandibular body length
was longer in the group A and shorter in the group B
(P < 0.05).

Discussion

The mandibular condyle has been the focus of numerous
studies investigating local growth-control mechanisms
because of its presumed sensitivity to variations in the
local mechanical environment. Local mechanical condi-
tions affecting the condyle have been altered in various
ways, including condylectomy, intermaxillary fixation,
removal of incisors, alteration of dietary consistency,
muscle resection, and application of orthodontic appli-
ances (Bouvier and Hylander, 1984). The literature
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Control group

Saline group

BTX-A group

Table 2 Mandibular measurements of the experimental set 2: mean
(£ s.d)

Measurements (mm)

Group A

Group B

Mandibular body length
Condylar length
Coronoid process length
Anterior region height
Coronoid process height

Condylar height

20.93 (£ 0.39)
21.94 (£ 0.28)
20.30 (£ 0.49)
4.87 (£ 0.16)
13.37 (% 0.27)
11.32 (£ 0.20)

20.64 (% 0.34)*
21.76 (£ 0.30)
20.11 (£ 0.28)
4.77 (£ 0.12)
13.30 (£ 0.23)
11.21 (£ 0.22)

Number of animals in each group is 7.
Group A: large animal group. Group B: small animal group.
*Indicates a significant difference between the groups (P < 0.05).

reviews were focused on the latter three methods as this
study was to investigate the effects of reduced muscle
tonicity induced by BTX-A on the mandibular growth.
Many experiments have shown that a low masticatory
function resulted in smaller dimensions of the mandible
and/or condyle and topographic changes in the cartilage
thickness (Bouvier and Hylander, 1984; Asano, 1986;
Hinton and Carlson, 1986; Mcfadden et al, 1986;
Ghafari and Cowin, 1989; Kiliaridis, 1989; Easton and
Carlson, 1990; Hinton, 1991; Yamada and Kimmel,
1991; Tuominen et al, 1993, 1994, Kantomaa et al,
1994; Monje et al, 1994; Navarro et al, 1995; Kiliaridis
et al, 1996; Ulgen et al, 1997; Bouvier, 1998; Bresin
et al, 1999; Kiliaridis et al, 1999; Maki et al, 2002).
These findings are in agreement with the present study.
The detailed discussions of the results of this study are
as follows.

Mandibular measurements

According to the results, the mandibles of the rats in the
BTX-A group had areduced dimension, compared with
the control and saline groups. Although the control and
saline groups showed novariations generally, condylar
length showed a difference between the two groups. We
assume that the result might be influenced by observa-
tional error because of the difficulty in locating the
condylar point.

Oral Diseases

Figure 4 HE staining of control, saline and
botulinum toxin type A (BTX-A) group. (a—f)
In cross sections of the masseter muscle are
examined by HE staining. (a, b, d and e) The
muscle fibers of the control and saline group
have a normal polygonal shape without nec-
rosis or inflammation and the fiber size was
uniform (‘d’ is higher magnification of ‘a’. ‘e’
is higher magnification of ‘b’). (¢, f) The
muscle fiber of the BTX-A group were more
irregular and the nuclei were packed more
densely than those of the control and saline
group (‘f” is higher magnification of ‘c’).

(All scale bars, 50 um)
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Figure 5 Mandibular measurements of the experimental set 2. Vertical
bars represent s.d. Group A: large animal group; Group B: small
animal group

As the mean body weight of the BTX-A group was
lower than that of the other two groups, the experi-
mental set 2 was designed to determine whether body
weight (size) influences mandibular measurements.
According to the results, differences in mandibular
measurements in the experimental set 1 can be consid-
ered to result from BTX-A injection. While the weight
difference itself might be the result of reduced muscle
tonicity induced from the BTX-A injection, one must
not jump to conclusions by excluding othercauses.

Histologic study

In order to determine the causes of the difference between
the BTX-A group and the other two groups, cell prolif-
eration was evaluated using PCNA. Even though the
control group had the thickest proliferation zone, strong
cell proliferation in comparison with the BTX-A group
was not detected. Therefore, cell proliferation could not
account for the differences in the cartilage layer thickness
among the groups.

In addition, TUNEL staining was performed to
evaluate the effects of cell death on condylar growth.
TUNEL staining was used to detect apoptosis. The
proliferation zone of the BTX-A group showed in-
creased apoptosis compared with the control and saline
groups. The most severe cell death was detected in the
proliferation zone adjacent to the reserve zone.



This result suggests that muscle atrophy induced by
BTX-A injection did not affect the fibrous covering and
reserve zone of the condylar cartilage. The fibrous
covering is functionally important and the reserve zone
has a growth potential (Kierszenbaum, 2002). Thus the
condyle preserves growth potential and there is no
functional impairment. However, it is thought that
induced cell death at the proliferation stage of the
reserve zone inhibits the growth of the mandible and
condyle.

Regarding histologic assessment of muscle fiber, these
results implicate for reflection of muscle denervation
after BTX-A injection (Vilmann et a/, 1990; Borodic
and Pearce, 1994). The formation of condensed myof-
ibers without inflammatory reaction in the BTX-A
injection group might be an expression of its degener-
ative atrophy (Akagawa et al, 1983). In BTX-A group,
some muscle fibers with central nuclei can be regarded as
developing regenerated fibers after degeneration (Nis-
hide et al, 2001).

This investigation is a preliminary study for the
application of BTX-A on the masseter muscle to
regulate the local mechanical environment of mandi-
bular growth as a means of reducing muscle tonicity.
In order to use BTX-A as an adjunctive treatment in
orthodontic andor orthopedic treatment for growing
patients, safety of pediatric use should be proved and
pediatric dose should be determined. Therefore, fur-
ther investigations should be performed to find the
precise minimum effective dose in animal study. In
addition, in order to determine the most effective age,
further investigation at the different ages should be
performed. The differences in the mean body weight in
this study could be a bias. To eliminate this variable,
unilateral injection could be considered for further
study.

Taken together, it is shown that BTX-A injection
clearly has an influence on inhibitory action of the
developing mandible because of apoptosis at the prolif-
eration stage of the reserve zone. Furthermore, these
studies strongly implicate that clinicians must be
cautious in dealing with injecting BTX-A to children.
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