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Tooth Movement Activates the Central Amygdala and the Lateral
Hypothalamus by the Magnitude of the Force Applied

Ana Paula Ribeiro Novaesa; Maria José Alves da Rochab;
Christie Ramos Andrade Leite-Panissib

ABSTRACT
Objective: To determine if the magnitude of the force used to induce incisor tooth movement
promotes distinct activation in cells in the central amygdala (CEA) and lateral hypothalamus (LH)
of rats. Also, the effect of morphine on Fos immunoreactivity (Fos-IR) was investigated in these
nuclei.
Materials and Methods: Adult male rats were anesthetized and divided into six groups: only
anesthetized (control), without orthodontic appliance (OA), OA but without force, OA activated
with 30g or 70g, OA with 70g in animals pretreated with morphine (2 mg/kg, intraperitoneal). Three
hours after the onset of the experiment the rats were reanesthetized and perfused with 4% para-
formaldehyde. The brains were removed and fixed, and sections containing CEA and LH were
processed for Fos protein immunohistochemistry.
Results: The results show that in the control group, the intramuscular injection of a ketamine/
xylazine mixture did not induce Fos-IR cells in the CEA or in the LH. Again, the without force
group showed a little Fos-IR. However, in the 70g group the Fos-IR was the biggest observed (P
� .05, Tukey) in the CEA and LH compared with the other groups. In the 30g group, the Fos-IR
did not differ from the control group, the without OA group, and the without force group. Further-
more, pretreatment with morphine in the 70g group reduced Fos-IR in these regions.
Conclusions: Tooth movement promotes Fos-IR in the CEA and LH according to the magnitude
of the force applied. (Angle Orthod. 2010;80:111–115.)
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INTRODUCTION

Orthodontic correction that involves the entire dental
arch normally causes discomfort and unpleasant sen-
sations, such as pain. These sensations are usually
momentary and disappear gradually.1 The acute force
loaded onto teeth may be regarded as a noxious stim-
ulus to the primary afferents in the tooth pulp and peri-
odontal ligament and is transmitted to the central ner-
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vous system. Anatomic studies using transganglionic
transport of neuronal tracers have shown that tooth
afferents project to the principal sensory and spinal
nuclei of the trigeminal system.2

Accordingly, tooth movement in rats was seen to
induce c-Fos expression in neurons localized in the rat
trigeminal nucleus complex as revealed by Fos-im-
munoreactivity (Fos-IR).3–5 It was also seen to activate
neurons in the parabrachial nucleus, which is one of
the important relay nuclei for processing information
from the orofacial regions.6,7 Preadministration of mor-
phine drastically reduced c-Fos expression in the tri-
geminal nucleus complex and all subnuclei of the
parabrachial nucleus.3,8 These results suggest that the
appearance of Fos-IR cells in these nuclei may be at
least partly due to noxious stimulation and/or stress
related to pain.

The parabrachial nucleus is known as a relay site
for nociceptive pathways, the spino(trigemino)parabra-
chiohypothalamic9 and the spino(trigemino)ponto-
amygdaloid pathways.10 Both pathways are involved in
the affective-emotional (fear, aggression), behavioral
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Figure 1. View of the orthodontic appliance used in this study.

(vocalization, fight, freezing), and autonomic (cardio-
vascular and respiratory responses) reactions to nox-
ious events.9,10 Particularly, masseter muscle inflam-
mation promotes activation of trigeminal neurons that
project to rostral sites such as the submedius thalamic
nucleus, parabrachial nucleus, and lateral hypothala-
mus.11 Furthermore, a high level of stress and anxiety
in rats has been found 24 hours after beginning ex-
perimental tooth movement.12 Taken together, these
results suggest that the orofacial noxious stimulation
promotes the activation of pathways related to affec-
tive-emotional aspects of pain.

Despite the important psychological meaning attrib-
uted to the face and oral cavity, there is only one re-
port on the activation of the amygdala and hypothal-
amus after experimental tooth movement. The inves-
tigators described c-Fos expression 24 hours (only pe-
riod analyzed) after tooth movement induced by the
Waldo and Rothblatt method, which consists of in-
serting an elastic between the rat molars.13 The re-
sponse was thought to be due to the inflammatory
event that occurs within the periodontal tissues during
this time and can release mediators, such as prosta-
glandins and substance P, which are related to the
mechanism of pain sensation.14,15 However, clinical ob-
servation indicates that discomfort or pain usually ap-
pears already a few hours after force application.1

Therefore it is important to address the activation of
these structures after an early period of tooth move-
ment. Moreover, despite structural differences be-
tween sensory receptors in the periodontal ligament in
molars and incisors,16 only one report exists, so far, on
neural activity after movement of incisor teeth.4 This
previous study used a spring-activated appliance,
which allowed for quantification of the force applied
and analyzed regions related to nociception and antino-
ciception, but no information regarding the activation
of amygdala and hypothalamus was provided.

The aim of this study was to investigate whether the
magnitude of force applied to the incisor tooth influ-
ences c-Fos expression response in the central amyg-
dala (CEA) and lateral hypothalamus (LH) of rats in an
early period of tooth movement. The effect of mor-
phine on the induction of Fos-IR cells was further ex-
amined to analyze the influence of noxious stimulus
on the c-Fos expression in these nuclei.

MATERIALS AND METHODS

Forty male Wistar rats weighing 230–250 g were
kept in Plexiglas wall cages in a room maintained at
24 � 1�C, on a 12-hour light cycle (lights on at 7 AM),
with free access to water and food. The experiments
were carried out according to and with the approval of
the ethical recommendations of the Committee for An-

imal Care and Use of the University of São Paulo,
Campus of Ribeirão Preto (Process 04.1.681.53.4). All
efforts were made to minimize animal suffering.

Experimental Procedure

The experiments were performed between 8 AM
and 12 AM. Before the experiments, the rats were
anesthetized by an intramuscular injection of ketamine
(100 mg/kg) plus xylazine (14 mg/kg) and divided into
six experimental groups. In the control group (n � 3)
the rats were only submitted to the anesthetized pro-
cedure. In the without orthodontic appliance (OA)
group (n � 8), the mouths of the rats were opened for
1–2 minutes without the insertion of the OA. In the
without force group, the rats received an inactivated
OA that was fixed on the maxillary incisors (n � 9). In
the activated groups, an OA activated with 30g (n �
8) or 70g (n � 8) was fixed on the maxillary incisors.
The last group (n � 4) was pretreated with morphine
sulphate (2 mg/kg, intraperioneally [IP]) (Sigma, Ron-
konkoma, NY), 30 minutes before the induction of
tooth movement by an OA activated with 70g.

Orthodontic Appliance

A fixed OA was constructed based on the model of
Magdalena et al.4 It consisted of a torsion spring made
of 0.016 inches of stainless steel, with each edge
welded to two stainless steel rings (orthodontic bands)
of 0.004 � 0.06 inches that were cut open in the mid-
dle so that they could be fixed to the right and left
incisors (Figure 1). By using a dynamometer, the ap-
pliance was activated (or not) with a force of 30g or
70g and briefly heated to memorize the force. After
that, the appliance was fitted with the torsion spring
and adapted to the rat’s palate in such a way that the
orthodontic band could be cemented to the incisor with
zinc oxyphosphate.
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Figure 2. Number of Fos-IR cells (mean � standard error of the
mean) in the central amygdala (CEA) and lateral hypothalamus (LH)
in the without orthodontic appliance (without OA) group, in the group
that received the inactivated (without force) or activated (30g) or
(70g) OA, and in the group that was pretreated with morphine sul-
phate (MS, 2 mg/kg) before the insertion of an OA activated with a
70g. *P � .05 compared with other groups by the Tukey test. Num-
ber of rats analyzed in parentheses.

Fos-Protein Immunohistochemistry

The rats were deeply anesthetized 3 hours after the
onset of the experimental procedure with an intramus-
cular injection of ketamine (100 mg/kg) plus xylazine (14
mg/kg) and transcardially perfused with 200 mL phos-
phate buffered saline (PBS, 0.01M, pH 7.4) followed by
200 mL of paraformaldehyde at 4% in 0.1M phosphate
buffer (pH 7.4) at 4�C. The encephalons were rapidly
removed and soaked in the same fixative solution for 2
hours (at 4�C) and then cryoprotected by overnight soak-
ing in 30% sucrose/phosphate buffer, after which the
brains were frozen in isopentane (at �40�C). Subse-
quently, 40-�m coronal sections were cut inside a cryo-
stat and processed for Fos immunocytochemistry. Brief-
ly, tissue sections were successively washed and incu-
bated for 20 hours with the primary Fos antibody (1:
2,000; SC 7202, Santa Cruz Biotechnology, Santa Cruz,
Calif). The sections were then processed using the avi-
din biotin immunoperoxidase method (Vectastain ABC
Kit; Vector Laboratories, Burlingame, Calif) and Fos-IR
was revealed by the addition of the chromogen 3,3	-
diaminobenzidine (DAB; Sigma) and 1% hydrogen per-
oxide. The polyclonal anti-c-Fos antibody was omitted in
negative controls. The slices were rinsed in PBS, mount-
ed on gelatin-pretreated slides, dehydrated through an
ethanol series, xylene-cleared, and coverslipped for mi-
croscopic observations. For all experiments, tissues from
the control and experimental rats were always pro-
cessed in the same assay. The brain regions analyzed
in this study were the central amygdala and lateral hy-
pothalamus (HL).

Quantitative Analysis

The sections were analyzed using light microscopy
and labeled neurons were recorded by the use of an
image analysis system (Zeiss KS 300). The anatomic
description of brain regions followed the Paxinos and
Watson atlas.17 For a cell to be considered to express
Fos-IR, the nucleus of the neuron had to be of an ap-
propriate size (cell neuron diameter ranging from ap-
proximately 8 to 15 �m) and shape (oval or round) and
be distinct from the background at �10 magnification.
For quantitative analysis of Fos-labeled cells, three
consecutive sections of the brain region of interest
were taken from each rat. In each section, the number
of Fos-positive neurons was counted unilaterally in the
study area by one observer blinded to the treatment
using a light microscope with �10 objective and the
absence or presence of labeled neurons was regis-
tered using an image analysis system (Image J). The
data are presented as mean � standard error of the
mean and were analyzed by one-way analysis of var-
iance (ANOVA) followed by the Tukey test. The level
of significance was set as P � .05.

RESULTS

To evaluate the effect of the anesthesia, the number
of Fos-IR cells was analyzed in the area studied in
control rats, that is, rats that were only submitted to
the intramuscular injection of ketamine/xylazine mix-
ture for 3 hours. In this group, no Fos-IR cells were
detected in the CEA or in the LH. Furthermore, in the
without OA, a small number of Fos-IR cells were scat-
tered in the CEA (11 � 2) and in the LH (13 � 1). In
the rats that received the inactivated OA (without
force) a few Fos-IR cells were observed in both areas
(17 � 3 and 17 � 2, CEA and LH, respectively). No
significant differences in the numbers of Fos-IR cells
were seen between without OA and without force rats
(Figure 2).

In the groups in which the OA appliance was in-
serted, the number of Fos-IR cells increased accord-
ing to the magnitude of the mechanical force applied
to the appliance. In the rats that received the OA ac-
tivated with 30g, the number of Fos-IR cells was 42 �
10 in the CEA and 19 � 4 in the LH (Figure 2). Tooth
movement caused by the OA activated with 70g pro-
moted even higher levels of c-Fos expression in both
nuclei. Again, the largest number of Fos-IR cells was
seen in the CEA, 104 � 22, whereas in the LH the
count was 35 � 4. Statistical analysis demonstrated a
significant difference in this group (70g) for both nuclei
(F4, 31 � 11.437, P � .001; F4, 27 � 7.880, P � .001
ANOVA for CEA and LH, respectively) compared with
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the other groups (P � .01, Tukey). In addition, there
was no significant difference among the without OA
group, the without force group, and the group that re-
ceived an OA activated with 30g in both areas studied.

Morphine sulphate pretreatment (2 mg/kg, IP) be-
fore the insertion of an OA activated with 70g (P �
.001, Tukey) reduced the number of Fos-IR cells in
both nuclei (1 � 1 and 4 � 3, CEA and LH, respec-
tively, Figure 2).

DISCUSSION

The present study demonstrates that force applied to
the incisor promotes c-Fos expression in cells located in
the CEA and LH possibly related to affective-emotional,
behavioral, and autonomic reactions to pain. The re-
sponse was clearly observable 3 hours after the insertion
of an activated OA and demonstrating that the intensity
of c-Fos expression in the CEA and the LH depends on
the magnitude of the force applied.

Several studies have demonstrated that pretreat-
ment with morphine decreases the number of Fos-IR
cells in the spinal cord horn caused by chemical, me-
chanical, and visceral noxious stimuli.18,19 The dose-
dependent effects of morphine on the number of Fos-
IR cells in the superficial layers of the ipsilateral tri-
geminal subnucleus caudalis was observed after ex-
perimental tooth movement.3 A reduction of Fos-IR
cells in the parabrachial nucleus by morphine treat-
ment, which was reversible by pretreatment with nal-
oxone, was seen after tooth movement.8 We are
aware that some dissociation between c-Fos and pain
can occur,20,21 but the fact that in the present study
morphine treatment reduced c-Fos expression in the
CEA and LH of rats that received the activated (70g)
appliance reinforces the idea that these nuclei, like the
trigeminal subnucleus caudalis3 and parabrachial nu-
cleus,8 are at least partly stimulated by pain and/or
stress related to pain.

The areas studied in this report, CEA and LH, have
been proposed as important brain regions that trigger
and mediate functions involving nociceptive and aver-
sive stimulation.9,10 In fact, the amygdala nuclear com-
plex provides emotional significance of sensory stim-
uli, including pain. The CEA is the effector, which via
its connection with the bed nucleus of the stria termin-
alis, hypothalamus, and brain stem, initiates autonom-
ic, endocrine, and motor outputs that are critical for
expression of emotional response,22 including condi-
tioned fear in response to pain. Furthermore, the hy-
pothalamus has a central role of integrated autonomic
and endocrine response for homeostasis and adap-
tation to internal or external stimuli.23 Particularly, the
lateral hypothalamus areas are involved in arousal,
autonomic control, and pain modulation.24

The LH also appears to be a target for some direct
nociceptive inputs from the spinal and medullary dorsal
horn.25–27 Furthermore, nociceptive signals originated
from innervation territory of the trigeminal nerve reach
and the hypothalamus through both the direct trigemi-
nohypothalamic tract and the indirect reticulohypothal-
amic tract. This suggests that highly prioritized painful
signals are transferred in parallel channels to ensure that
this critical information reaches the hypothalamus.26,27

Particularly, the unilateral inflammation of the masseter,
a model of orofacial deep tissue injury, induces Fos pro-
tein expression in the neurons located into the caudal
ventrolateral medulla, lateral reticular nucleus, and nu-
cleus tractus solitarius that project to the parabrachial
nucleus and lateral hypothalamus.11

The appearance of Fos-IR cells in the CEA and LH
in this and other studies11,13 may be due to the fact
that these areas receive information through nocicep-
tive pathways, such as the spino(trigemino)parabra-
chiohypothalamic,9 the spinohypothalamic,25 and the
spino(trigemino)pontoamygdaloid tract.10 The external
portion of the lateral parabrachial area receives nu-
merous afferents from the superficial laminae of the
spinal cord dorsal horn and from the trigeminal sub-
nucleus caudalis and sends a major projection to the
CEA.10 In addition, input to the LH from the parabra-
chial nucleus arises from a region around the internal
lateral subnucleus of the parabrachial nucleus.28 In ad-
dition, evidence suggests that the parabrachial-lateral
hypothalamus pathway is involved in arousal mecha-
nisms in response to somatosensory and/or noxious
events generated in the orofacial region.10

Activation of the descending bulbospinal pathways
could be another explanation for the Fos-IR neurons
observed in these studied areas. The CEA and LH
exhibited a substantial number of retrogradely labeled
cells after the injection of cholera toxin b subunit (a
sensitive retrograde tracer) into the dorsal raphe nu-
cleus.29 It is interesting to note in this context that ex-
perimental tooth movement increased serotonin and
its metabolite (5-HIAA) levels in the medulla, which in-
dicates that nociception induced by tooth movement
activates the descending bulbospinal pathways30; in
particular, the dorsal raphe nucleus and periaqueduc-
tal gray are also activated after experimental molar or
incisor movement in rats.4,31

Few Fos-IR cells were observed in the CEA and LH
nuclei of without OA rats and rats that received the OA
without activation. The without force rats, however, did
show more Fos-IR cells than the without OA rats, but
these numbers were still considerably lower than those
of the experimental rats, indicating that some of the Fos-
IR cells in the CEA and LH were possibly induced by
the insertion and fixation of the activated OA on the max-
illary incisors. Thus, it is possible to suggest that the
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number of Fos-IR cells increased in intensity according
to the magnitude of force applied to the OA.

CONCLUSIONS

• The CEA and LH are activated 3 hours after OA in-
sertion on the incisors of rats.

• Experimental tooth movement promotes c-Fos ex-
pression in the CEA and LH according to the mag-
nitude of the force applied to the OA.

• The reduction in Fos-IR cells observed by morphine
pretreatment suggests that pain stimulation plays a
critical role in the activation of these brain nuclei.
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