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Fluoxetine reduces
neriodontal disease
nrogression in a conditioned
fear stress model in rats

Aguiar JCA, Gomes EPP, Fonseca-Silva T, Velloso NA, Vieira LT, Fernandes
MF, Santos SHS, Neto JFR, De-Paula AMB, Guimaraes ALS. Fluoxetine
reduces periodontal disease progression in a conditioned fear stress model in rats.
J Periodont Res 2013, 48: 632-637. © 2013 John Wiley & Sons A[S. Published
by John Wiley & Sons Ltd

Background and Objective: Recent evidence suggests that the use of fluoxetine
could reduce periodontal disease severity. However, the effect of fluoxetine on
periodontal disease has not been tested in the context of conditioned fear
stress (CFS). We hypothesized that inhibition of chronic stress by fluoxetine
might decrease the levels of bone loss in periodontal disease. The aim of the
present study was to analyze the effect of fluoxetine on bone loss in chronic
periodontitis.

Material and Methods.: Fourteen Wistar rats were submitted to ligature-induced
periodontal disease and divided into four groups (A-D). Groups A (n = 3) and
B (n = 4) were not stressed, while Groups C (n = 3) and D (n = 4) were submit-
ted to a CFS paradigm for 38 d. Daily fluoxetine (20 mg/kg) was administered
to Groups B and D from day 20 to day 39, at which point the rats were submit-
ted to an open field test and killed on day 40. Mandibles were removed for his-
tological and immunohistochemical analyses.

Results: Stress was associated with a higher level of bone loss in Group C com-
pared with Group A. Additionally, no differences in bone loss were observed
among Groups A, B and D.

Conclusion: We showed that stress is associated with the progression of bone
loss in a CFS model in rats and that fluoxetine treatment reduces the bone loss.

© 2013 John Wiley & Sons A/S.
Published by John Wiley & Sons Ltd
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Inflammatory periodontal disease is an
important condition that affects a vast
number of people worldwide (1). The
pathological hallmarks of periodontal
disease are inflammation and destruc-
tion of tooth-supporting tissues as a
result of the immunological response
to bacterial challenge (2). Inflamma-
tory cytokines, particularly interleukin
(IL)-1 and IL-6, are prominently
involved in periodontal bone resorp-

tion (1-4). Animals treated with inhibi-
tors of IL-1 exhibit less periodontal
bone loss compared with control ani-
mals (5). Moreover, IL-6-deficient mice
infected with Porphyromonas gingivalis
experience less periodontal bone loss
compared with wild-type mice (6,7).
These findings, together with classical
studies of periodontal disease (8), sug-
gest that elimination of the agents pro-
voking inflammatory responses in

periodontal tissue is the treatment of
choice for chronic periodontitis (9).
Microbial biofilms are major con-
tributors to the development of peri-
odontal disease. However, emerging
evidence supports a role for systemic
factors in the progression of peri-
odontal disease (3). Several studies
suggest that mental disorders (2) such
as depression, stress and anxiety
might contribute to the development



of periodontal disease (4-7). This
association may be related to the bidi-
rectional communication between the
immune system and the nervous sys-
tem. However, the pathways by which
stressors may affect the local immune
response and thus lead to the develop-
ment of periodontal disease remain
largely uncharacterized (8.9).

Selective serotonin reuptake inhibi-
tors (SSRIs) potentiate and prolong
the action of the neurotransmitter
S-hydroxytryptamine (5-HT) and are
widely used to treat depression. The
effects of 5-HT-active drugs, such as
SSRIs, on anxiety and depressive
disorders strongly suggest a role for
5-HT in the neurochemical basis of
these disorders (10). The SSRIs fluo-
xetine and citalopram have been sug-
gested to have anti-inflammatory
effects also, as they selectively inhibit
endosomal toll-like receptor signaling
and inflammatory cytokine produc-
tion in human rheumatoid arthritis
tissue (11). In agreement with these
observations, tianeptine, a selective
serotonin reuptake enhancer used to
treat major depression, significantly
inhibited periodontal bone loss in a
rat model of depression (12). In addi-
tion, recent evidence suggests that the
use of fluoxetine could reduce peri-
odontal disease severity (13). How-
ever, the effect of fluoxetine on
periodontal disease has not been
tested in a conditioned fear stress
(CFS) context. We hypothesized that
inhibition of chronic stress by fluoxe-
tine might decrease the levels of bone
loss in periodontal disease. Therefore,
the aim of the present study was to
analyze the effect of fluoxetine on the
severity of chronic periodontitis.

Material and methods

Experimental design

Fourteen Wistar rats were submitted
to ligature-induced periodontal disease
and divided into four groups (A-D).
Groups A (n = 3) and B (n = 4) were
not stressed, whereas Groups C (n = 3)
and D (n=4) were submitted to a
CFS paradigm for 38 d. Daily fluoxe-
tine (20 mg/kg) was administered to
Groups B and D from day 20 to day
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39, at which point the rats were sub-
mitted to an open field test and killed
on day 40. Mandibles were removed
for histological and immunohisto-
chemical analyses.

Animals

The experiments were performed on
male Wistar rats weighing approxi-
mately 300 g at the beginning of the
experiment. The animals were housed
in groups of three or four and
allowed free access to standard rat
pellets and tap water. They were
maintained under a 12-h light/12-h
dark cycle (lights on from 07:00 h to
19:00 h) with the temperature and
humidity maintained at 22°C and
40-60%, respectively. The animals
were acclimated for 2 wk before the
beginning of the study. The experi-
ments were registered with and
approved by the local Experimental
Animal Board (process 151/2008).

Induction of inflammatory
periodontal disease

Experimental periodontal disease was
induced in rats under ketamine (60
mg/kg, intraperitoneally) and xylazine
(10 mg/kg, intraperitoneally) anesthe-
sia by placement of a sterile cotton
(000) thread ligature around the neck
of the maxillary left first-molar tooth.
The ligatures retained oral micro-
organisms and remained fixed until
the end of the experiment (day 40)
when the rats were killed. The contra-
lateral right side was used as the unli-
gated control.

CFS protocol

CFS-induced freezing behavior has
been proposed as an animal model
of anxiety, as previously described
(14,15). One day after placement of the
ligature, rats were subjected to brief
CFS sessions for 38 d. Initially, rats
were individually placed for 3 min in a
chamber to habituate to the apparatus
(37 cm x 25 em x 21 cm, Skinner
Box, ELT-02; Eltrones, Joinvile, Santa
Catarina, Brazil). During this period,
the number of crossings across an
imaginary line that divided the box
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floor into two equal segments was
counted. Thereafter, rats received one
presentation of a neutral conditioned
stimulus (CS; 90-dB sound at 1000 Hz)
for 5s followed immediately by a
noxious unconditioned stimulus (US;
1.10-mA foot shock) for 5 s x 6 with
an intershock interval of 20 s, totaling
3 min. Animals in the non-CFS groups
were also placed individually in the
chamber and submitted to the same
experimental conditions but did not
receive the shocks. An inescapable
electric foot shock through a stainless-
steel grid floor was delivered to the rats
shock generator. Stimulus
strength and number of training CS/
US pairings were chosen based on a
pilot experiment. After the last CS/US
pairing, the rats were maintained in the
chamber for 3 min before being
returned to their home cages. The
number of freezing behaviors (yes/no)
was recorded by an observer and the
sum of freezing was used for compari-
son during the analyses. CFS tends to
increase the levels of freezing behavior
in rats. The chamber was cleaned with
70% ethanol before and after each rat.
Freezing was defined as the absence of
all observable movements, except for
those related to respiration, and was
measured by an observer who was
blind to the experimental groups of the
animals. On day 39, the open-field test
was performed to evaluate anxiety and
stress in the rats. The observers
counted the number of squares that
each rat completely crossed in the
open-field apparatus.

via a

Fluoxetine treatment

Starting on day 20, in order for the
animal to develop stress before the
beginning of the treatment, fluoxetine
(Compaz; Laboratério Cristdlia, Ita-
pira, Sao Paulo, Brazil), suspended in
12% bidistilled glycerin, was adminis-
tered once daily by intragastric
gavage (20 mg/kg), as described previ-
ously (13), to the rats in Groups B
and D.

Histopathological analysis

The resected tissue specimens were
fixed in formalin, demineralized in
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40% ethylenediaminetetraacetic acid
(EDTA), embedded in paraffin, cut
into serial sections of 3-um thickness
and mounted on organosilane-coated
slides. The sections were stained with
hematoxylin and eosin and evaluated
for bone loss, especially in the area of
ligature placement between the first
and second molars, by light micros-
copy. The bone loss was quantified by
measuring the distance from the
cemento—enamel junction to the alve-
olar bone crest. All morphological
measurements were made using Image
J software (National Institutes of
Health, Bethesda, MD, USA).

Immunohistochemical staining for
IL-1 and IL-6

For antigen retrieval, tissue sections
were heated in a pressure cooker for
5 min at 125°C in Tris-EDTA buffer
(1 mm Tris base, pH 9.0, 1 mm
EDTA and 0.05% Tween 20). The
sections were incubated for 18 h at
4°C with rabbit polyclonal anti-IL-18
(1:100 dilution, H-153; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA,
USA) or goat polyclonal anti-IL-6
(1:100 dilution, M-19; Santa Cruz
Biotechnology, Inc.) as the primary
antibody. Endogenous peroxidase
activity was blocked by incubation
with 0.03% H-O, in ethanol for
30 min. The primary antibodies were
detected using the LSAB kit (Dako,
Glostrup, Denmark). The sections
were  incubated with  3,3'-diam-
inobenzidine tetrahydrochloride for
5 min to develop the signals and then
counterstained with Mayer’s hematox-
ylin for 30 s. Samples of oral fibrous
hyperplasia at the University Dental
Clinic and samples of mouse heart
served as positive controls for IL-1B
and IL-6, respectively. Negative-con-
trol staining was performed by replac-
ing the primary antibody with
Universal Negative Control (Dako,
Carpinteria, CA, USA).

Quantification of immunostaining

The expression levels of IL-1B and
IL-6 in the immunostained sections
were evaluated using an Olympus®
BH2 microscope (Center Valley, PA,

USA:; fitted with a 10 x ocular lens
and a 40 x objective lens). An ocular
lattice grid (area = 0.092 mm?), com-
posed of 10 horizontal and 10 vertical
test lines to make 100 points, was
superimposed on the test field, and a
total area of 1.84 mm? of each sample
was evaluated. The percentages of
cells that stained positive for IL-f and
IL-6 were counted (10 fields per
specimen). The immunohistochemical
expression data are shown as mean +
standard error.

Statistical analysis

Initial 2 x 2 comparisons were per-
formed wusing the Mann—Whitney
U-test. Subsequently, analysis of vari-
ance tests were used for intergroup
comparisons. As a post-hoc test, Fish-
er’s least significant difference was
used. p-Values of <0.05 were consid-
ered statistically significant. All analy-
ses were performed using the
Statistical Package for Social Sciences
(SPSS, Inc., Chicago, IL, USA) ver-
sion 13.0 for Windows.

Results

Isolated analyses demonstrated that
the number of freezings per animal are
increased after CFS sessions (Table
S1). Similar results were also observed
in intergroup comparisons of the num-
ber of freezings per animal; CFS was
significantly higher in Groups C
(p <0.01) and D (p <0.01) that were
submitted to CFS compared with
control Groups A and B (Table 1),
confirming that the CFS method suc-
cessfully stressed the animals.

To demonstrate the effect of stress
on locomotor activity, we treated rats
in Groups B and D with fluoxetine,
daily, from day 20 to day 39; the rats
in Groups A and C were treated with
saline over the same time-period. We
then compared the groups by measur-
ing the crossing parameters in the
open-field test (Table 1). We did not
observe a difference in movement
between the fluoxetine-treated groups
(B and D). Rats in Groups B and D
performed fewer center passes than
rats in Group A (Table 1). These data
demonstrate that rats treated with

fluoxetine behave similarly indepen-
dently of stress (Table S1), suggesting
that fluoxetine was associated with
decreased locomotor activity in the
open field test. On the other hand, the
number of crossings was significantly
higher in Group A (no CFS, saline-
treated) compared with Group C
(CFS, saline-treated).

Stress was associated with a higher
level of bone loss in Group C
(» = 0.006) compared with Group A
(Fig. 1a). Figure 1(b) shows the
representative histological images of
alveolar bone loss among groups.
Additionally, no differences in bone
loss were observed among Groups A,
B and D (Fig. la). These facts indi-
cate that even in the presence of
stress, fluoxetine treatment decreases
bone-loss levels.

Immunohistochemical staining for
IL-1B and IL-6 are presented in Fig-
ure 2. There was no effect of stress or
fluoxetine treatment on the expression
of IL-1B or IL-6 proteins at the liga-
ture site (Fig. 2a,b; p =0.681 and
p = 0.500, respectively). These data
suggest that neither stress nor fluoxe-
tine affect the levels of these cyto-
kines.

Discussion

It is well known that fluoxetine is
used to treat depression (16). On the
other hand, evidence has suggested
that fluoxetine administration results
in decreasing locomotor activity dur-
ing the multiple-administration period
relative to the saline control (17). In
the current study we observed that
fluoxetine reduced the number of
crossings in the open field test. The
fact that fluoxetine did not induce
hyperlocomotion, but in some cases
decreased motor activity, in the open
field test in rats that were exposed to
CFS, could be related to the fact that
fluoxetine may also produce sedative
effects, as demonstrated previously
(18). The decrease in locomotor activ-
ity in consequence to predominant
effects in the dorsal raphe reducing
serotoninergic transmission in the
forebrain (19). In addition, this fact
was observed in other studies (20).
Moreover, it was demonstrated
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Table 1. Comparison of behavioral parameters among Groups A-D

Treatment (Group) Parameter Mean Standard deviation p-Value
No shock and vehicle (A) Freezing 2.26 1.89 Referent
No shock and fluoxetine (B) Freezing 4.54 1.41 0.14
Shock and vehicle (C) Freezing 27.07 2.37 <0.01*
Shock and fluoxetine (D) Freezing 22.33 5.72 <0.01*
No shock and vehicle (A) Crossing 36.67 3.79 Referent
No shock and fluoxetine (B) Crossing 16.00 3.83 <0.01*
Shock and vehicle (C) Crossing 20.19 9.42 <0.01*
Shock and fluoxetine (D) Crossing 16.75 5.56 <0.01*

Freezing: the effect of fluoxetine treatment (20 mg/kg/d, starting on day 20) was studied
on freezing behavior induced by conditioned fear stress (CFS). Data are expressed as
mean + standard deviation. The values shown in bold with an asterisk (*) represent
p < 0.05 compared with the control group (A) (no CFS/vehicle). Crossing: the effect of flu-
oxetine treatment (20 mg/kg/d, starting on day 20) on the number of crossings was evalu-
ated on day 39 after starting the stress sessions. Data are expressed as mean + SD. The
values shown in bold with an asterisk (*) represent p < 0.05 compared with the control
group (A) (no CFS/vehicle). Values were analyzed using analysis of variance followed by
correction with Fisher’s least significant difference.

(a) 210 5
§ 180 - *
o 150 4 T
Key B T 1201
3 Vehicle EE g0
B Fluoxetine £ 60 -
E 30 C
0
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Fig. 1. Effect of fluoxetine treatment on aveolar bone loss. (a) Effect of fluoxetine treat-
ment (20 mg/kg/d, at 20 d) on periodontal bone loss induced by stress. Data are expressed
as mean =+ standard error of the mean. Group C presented more bone loss than Group D
[*p < 0.05 compared with the control group (conditioned fear stress/vehicle)]. (b) Repre-
sentative histological images of alveolar bone loss (ABL) among Groups A-D.

that relative to sham controls, olfac-
tory bulbectomized rats displayed
decreased activity in the same condi-
tions of the open field test (21). It is
important to highlight that, in the
current study, the number of freezings
per animal after stress induction was
significantly higher in groups submit-
ted to CFS compared with control

groups, demonstrating that animals
were stressed.

The knowledge that psychological
stress is associated with concurrent
activation of the hypothalamic—
pituitary—adrenal axis has prompted
several studies investigating the possi-
ble role of stress in periodontal
disease (22-26). However, the rela-
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tionship between mental disorders (2)
and periodontal disease remains
unclear. For example, it has been
shown that induced depression did
not alter ligature-induced bone loss in
Lewis rats (27). On the other hand, in
a different study model (28), the non-
specific antidepressant tianeptine sig-
nificantly inhibited periodontal bone
loss in rats (29). Recently we demon-
strated that diazepam could also
reverse bone loss in the same study
model (15). In the same way, it was
demonstrated that fluoxetine reduces
bone loss in the experimental peri-
odontal disease model, but the ani-
mals were not stressed (13). To date,
no study has investigated the effect of
fluoxetine on periodontal disease
under stress conditions, and, given the
clinical relevance of fluoxetine, we
studied whether fluoxetine could
reduce bone loss in a CFS experimen-
tal periodontal disease model. Here,
and in agreement with previous stud-
ies, we demonstrated that fluoxetine
reduces periodontal disease severity
(13). In addition, it was observed that
Group C presented significantly more
bone loss than the Group A animals.
These data indicate that chronic stress
is associated with bone loss, and are
in agreement with previous studies
(25,30). On the other hand, fluoxetine
did not affect local expression of the
proinflammatory cytokines IL-1p and
IL-6. In the same way, diazepam also
did not affect local expression of the
proinflammatory cytokines IL-1p and
IL-6 (15). Recently, it was demon-
strated that fluctuations in mood can
influence inflammation by affecting
cytokine production (31). This and
other observations (12) suggest that
there may be clinical benefit of the
use of antidepressant drugs in the
treatment of periodontal disease.
Branco-de-Almeida e al. (13) obs-
erved that fluoxetine administration
reduced the expression of ILIf and
cyclooxygenase-2 (COX2) mRNAs.
The difference between this result and
our results could be attributed to the
methods used to detect IL-1f and IL-
6 in the current study. It is important
to highlight an impressive study (12)
that observed a reduction in bone
loss after treatment with an atypical
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Fig. 2. Effect of fluoxetine treatment on alveolar cytokine expression Effect of fluoxetine treatment (20 mg/kg/d, at 20 d) on interleukin
(IL)-1B (a) and IL-6 (b) in periodontal ligament. Data are expressed as mean + standard error of the mean. p < 0.05, compared with the
control group [no conditioned fear stress (CFS)/vehicle]. (¢) Representative immunohistochemical images of IL-1f and IL-6 among

Groups A-D.

antidepressant (28). Tianeptine did
not attenuate the increased corticoste-
rone response or the decreased expres-
sion of hippocampal glucocorticoid
receptor (28). These findings suggest
the possibility that the effect of
tianeptine on bone loss may have
been associated with nonspecific
actions of the drug. Several studies in
humans have suggested an association
between mental disorders and peri-
odontal disease (25,32), but those
study populations had not received
dental care. In a recent study of our
group, with a police population, we
did not observe an association
between periodontal disease and the
General Health Questionnaire 12, a
questionnaire used to assess MD
(26). It is important to highlight
that to date there is no clinical evi-
dence that antidepressants have a
beneficial effect on oral health. In
contrast, it is well known that some
antidepressants are associated with
xerostomia and poor oral health (33).
Given the contradictions in the litera-
ture, it is clear that more studies are
necessary to elucidate a possible bene-
fit of antidepressants in periodontal
disease.

In conclusion, we showed here that
CFS was associated with periodontal
disease severity in a CFS model in
rats and that fluoxetine treatment
reduces the bone loss.
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