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Diazepam reverses the
alveolar bone loss and
hippocampal interleukin-
1beta and interleukin-6
enhanced by conditioned
fear stress in ligature-
induced periodontal disease
In rats

Gomes EPP, Aguiar JCA, Fonseca-Silva T, Dias LC, Moura-Boas KP, Roy A,
Velloso NA, Rodrigues-Neto JF, De-Paula AMB, Guimardes ALS.. Diazepam
reverses the alveolar bone loss and hippocampal interleukin-1beta and interleukin-6
enhanced by conditioned fear stress in ligature-induced periodontal disease in rats.
J Periodont Res 2013, 48: 151-158. © 2012 John Wiley & Sons A/S

Background and Objective.: Stress and anxiety have been associated with chronic
periodontitis, but few studies examining the effects of psychotropic drugs on
periodontal health have been performed. Therefore, we aimed to investigate the
effects of diazepam on the progression of periodontitis in chronically stressed
rats.

Material and Methods: Fourteen Wistar rats were submitted to ligature-induced
periodontal disease and were divided into four groups . Two groups were not
stressed, whereas two groups were submitted to a conditioned fear stress para-
digm for 38 d. Daily diazepam treatment (2 mg/kg, orally) was administered to
one unstressed group and to one group submitted to a conditioned fear stress
paradigm from day 2 to the day 39, at which point the rats were submitted to
an open field test and were killed on day 40. Brains and mandibles were
removed for histological and immunohistochemical analyses.

Results: Animals exposed to conditioned fear stress presented an increase in
freezing behavior, a decrease in locomotor activity, enhanced alveolar bone loss
and higher levels of hippocampal interleukin-1beta (IL-1B) and interleukin-6
(IL-6), compared with the control group. Diazepam, at the dose used in the cur-
rent study, had no effect on freezing behavior but reversed the decrease in loco-
motor activity provoked by stress. Additionally, the treatment reduced the levels
of hippocampal IL-1B and IL-6 and alveolar bone loss in Wistar rats. Neither
conditioned fear stress nor diazepam treatment had an effect on periodontal
IL-1P or IL-6 levels in animals.
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Conclusion: Our results suggest that diazepam treatment reduces bone loss in
rats submitted to conditioned fear stress. In addition, diazepam treatment led to

decreased IL-1B and IL-6 levels in the hippocampus.

Periodontal disease is the main cause
of dental loss in adults worldwide,
and advanced periodontitis affects
about 10% of adults in developed
countries (1). It is well known that
variations in the severity of periodon-
tal disease, as well as in its response
to therapy, are influenced by many
individual factors, including genetics,
smoking, oral hygiene and older age
(24). Recent studies have investi-
gated the influence of psychosocial
factors on periodontal disease and
have reported that stress, anxiety and
depression are strongly associated
with this disease (3,5). In the case of
stress, its association with periodontal
disease could be explained, at least in
part, by the detrimental behaviors
and physiological changes in the indi-
viduals (6).

Considering impairing behavioral
changes, evidence suggests that
increased neglect of oral care (7),
smoking (8) and poor nutritional
intake (9) induced by stress might be
responsible for attachment loss, even
after controlling for well-known con-
founding variables (10). Alternatively,
physiological changes caused by many
types of stressors can induce the pro-
duction of cytokines by the brain and
the consequent secretion of these
cytokines (especially of interleukin
(IL)-1,with subsequent secretion of
IL6 and tumor necrosis factor-o)
(TNF-a)) followed by activation of all
components of the hypothalamic—
pituitary—adrenal (HPA) axis (11,12).
Stimulation of the HPA axis leads to
the secretion of glucocorticoid hor-
mones, which are released from the
adrenal cortex (13). Stress-related
stimulation of the HPA axis leads to
the suppression of immune and
inflammatory responses and facilitates
the appearance and/or progression of
periodontal disease. The hippocam-
pus, in particular, represents an
important target of circulating adre-
nal cortical hormones because target

receptors for these hormones are
abundantly expressed in this structure.
Hence, chronic exposure to high corti-
costeroid levels during prolonged
stress may have a detrimental effect
on hippocampal integrity as well as
function (14) and raise the levels of
proinflammatory cytokines (15). Diaz-
epam is a classic gamma-aminobutyric
acid-benzodiazepine that is widely
used in the treatment of anxiety disor-
ders and has anxiolytic, sedative, anti-
convulsant and myorelaxant
properties (16). To the best of our
knowledge, no study has been carried
out in an attempt to investigate the
role of diazepam in periodontal dis-
ease in stressed animals. Given the
strict relationship between psychoso-
cial factors and periodontal disease,
we aimed to investigate the effects of
diazepam on experimental periodontal
disease progression in rats submitted
to conditioned fear stress (CFS).

Material and methods

Subjects

Male adult Wistar rats (n = 14) were
obtained from the animal facilities
of Faculdades Integradas Pitagoras
(Montes Claros, Brazil). Animals
weighing approximately 260 g each
were maintained at a controlled tem-
perature of 21 + 2°C with a 12-h light/
12-h dark cycle (lights on from 7 aAmM—
7 pm) with food and water provided ad
libitum. All experiments were approved
by the local Animal Ethics Committee
(process 151/2008).

Induction of experimental
periodontitis

Experimental periodontal disease was
induced in rats under ketamine
(60 mg/kg, intraperitoneally) and
xylazine (10 mg/kg, intraperitoneally)
anesthesia by placement of a sterile
cotton (000) thread ligature around

the neck of the maxillary left first
molar tooth. The ligatures retained
oral microorganisms and remained
fixed until the end of the experiment
(day 40) when the rats were killed.
The contralateral right side was used
as the unligated control (17). The ani-
mals were divided into four experi-
mental groups: no shock + vehicle
(n = 3); no shock + diazepam (n = 4);
shock + vehicle (n = 3); and shock +
diazepam (n =4). Animals
weighed daily, and the survival rate
was also monitored daily.

were

CFS protocol

CFS-induced freezing behavior has
previously been proposed as an ani-
mal model of anxiety (18). Briefly, 1 d
after placement of the ligature, the
rats were subjected to CFS sessions
for 38 d. Initially, rats were individu-
ally placed for 3 min in a chamber to
habituate to the apparatus (37 x
25 x 21 cm, Skinner Box, ELT-02;
Eltrones, Joinvile, Santa Catarina,
Brazil). During this period, the num-
ber of crossings across an imaginary
line that divided the box floor into
two equal segments was counted.
Thereafter, rats received one presenta-
tion of a neutral conditioned stimulus
(90 dB sound at 1000 Hz) for 5 s fol-
lowed immediately by a noxious
unconditioned stimulus (1.10 mA foot
shock), six times, for 5 s each, with
an intershock interval of 20 s, totaling
3 min. Animals in the no-shock
groups were also placed individually
in the chamber and submitted to the
same experimental conditions but did
not received the unconditioned stimu-
lus. An inescapable electric foot shock
through a stainless steel grid floor was
delivered to the rats via a shock gen-
erator. Stimulus strength and number
of training conditioned stimulus/
unconditioned stimulus pairings were
chosen based on a pilot experiment.
After the last conditioned stimulus/



unconditioned stimulus pairing, 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
behaviors was used for comparison
during the analyses. The chamber was
cleaned with 70% ethanol before and
after each rat. Freezing was defined as
the absence of all observable move-
ment, except for those related to res-
piration, and was measured by an
observer who was blind to the experi-
mental groups of the animals.

Drug treatment

Diazepam (Compaz; Laboratorio
Cristalia, Itapira, Sdo Paulo, Brazil)
was suspended in 12% bidistilled glyc-
erin and administered daily by intra-
gastric gavage (2 mg/kg) (19,20),
30 min before the CFS sessions, start-
ing on day 21 after the induction of
periodontitis until an open field test
was performed on day 39. Control
groups received the same volume of
vehicle per body weight.

Open field test

In order to assess spontaneous loco-
motor activity, the open field test was
performed. The apparatus consisted of
a round open field (56 cm in diameter),
which had its floor divided into 10
equal areas. The test was performed
30 min after drug administration on
day 39. Rats were placed in the central
area and were allowed to explore the
area freely for 5 min. The number of
lines crossed with the four paws was
manually counted for 5 min by an
observer who was not aware of the
subject’s conditions. The apparatus
was cleaned after each trial with 70%
ethanol. Immediately afterwards, the
rats were returned to the home cages.

Brain tissue preparation and
immunohistochemistry

At the end of the experimental proce-
dures (day 40) the animals were anes-
thetized and subjected to aortic
perfusion with 0.6 M phosphate buf-
fer, pH 7.4, followed by 4% parafor-
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maldehyde. The brains were removed
and fixed for 4 h in 4% paraformal-
dehyde and then cryoprotected for
48 h in 30% sucrose/phosphate-buf-
fered saline at 4°C. Then, the samples
were embedded in cryoprotectant
medium and frozen at —70°C. The
brains were sectioned coronally using
a cryostat and 20-pm slices were
obtained from the hippocampal
region. For immunohistochemistry
(IHC) using the avidin-biotin tech-
nique, the sections were pre-incubated
for 30 min with ethanol containing
0.03% H,0, to block endogenous
peroxidase and were then incubated
for 18 h at 4°C with the primary anti-
bodies anti-IL-1B (1:100 dilution, rab-
bit polyclonal anti-IL-1B, clone
H-153; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA) and anti-
IL-6 (1:100 dilution, goat polyclonal
anti-IL-6, clone M-19; Santa Cruz
Biotechnology, Inc.). The signals were
developed by exposure to 3,3'-diam-
inobenzidine-tetrahydrochloride  for
5 min and then the slides were dehy-
drated in an alcohol series before
counterstaining for 30 s with Mayer’s
hematoxylin.

The immunohistochemical expres-
sion of biomarkers was evaluated
using an Olympus® BH2 microscope
(Olympus, Center Valley, PA, USA)
(fitted with 10x ocular and 40x
objective lenses), and an ocular lattice
(area 0.092 mm?), with 100 points
composed of 10 horizontal and 10
vertical test lines, was superimposed
on the test field to be measured. A
total area of 1.84-mm’ of hippocam-
pus was evaluated for each sample.
The areas showing the strongest stain-
ing were selected. Immunohistochemi-
cal analyses of all antigens investi-
gated in the hippocampus
performed by determining the posi-
tively stained cells divided by the total
number of cells in all fields counted
(10 fields for each specimen).

were

Measurement of alveolar bone loss
and IHC analyses

After perfusion, maxillae halves were
immediately excised, fixed for 48 h in
10% buffered formalin solution (pH
7.4) and demineralized in 10% EDTA
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for 30 d. At the end of the demineral-
ization, each  hemi-maxilla  was
washed in running water, dehydrated
in an alcohol series, and embedded in
paraffin. The blocks were cut serially
into 3-um sections in the mesiodistal
plane, mounted on glass, deparaffi-
nized in xylene and rehydrated using
a series of alcohol dilutions. Staining
with hematoxylin and eosin was per-
formed to show the most central sec-
tion of each tooth (i.e. the section in
which the center of the dental pulp
was clearly observable). Images from
experimental (ligated) and control
(unligated) sites were obtained for
comparison at 200x magnification
through a camera adapted to an opti-
cal microscope. The bone-loss analysis
was performed in ligated sites by mea-
suring the distance, in mm?, from the
cemento—enamel junction to the alve-
olar bone crest, and the results were
analyzed using the software IMAGE J
(National Institutes of Health, Beth-
esda, MD, USA). The measurements
were made by an observer who was
unaware of the nature of the tissue
sample.

Following this, the mandible sec-
tions were subjected to THC analysis.
The paraffin sections (3 pm) mounted
on glass were deparaffinized in xylene
and rehydrated through an alcohol ser-
ies. For antigen retrieval, sections were
heated in 1.0 mm citrate buffer (pH
8.0) in a steam cooker for 5 min at
121°C. The procedures of endogenous
peroxidase block, incubation with IL-
1B and IL-6 primary antibodies, devel-
opment and counterstaining were
exactly the same as those described
earlier for brain tissue. The immuno-
histochemical expression of biomar-
kers was evaluated using an Olympus®
BH2 microscope (fitted with 10x ocu-
lar and 40x objective lenses), and an
ocular lattice (area 0.092 mm?), with
100 points composed of 10 horizontal
and 10 vertical test lines, was superim-
posed onto the test field to be mea-
sured. A total area of 1.84 mm> of
periodontal ligament was evaluated for
each sample and the areas showing the
strongest  staining were selected.
Immunohistochemical analyses of all
antigens investigated were performed
by determining the positively stained
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cells in all fields counted (10 fields for
ecach specimen). Samples of acute
inflammatory processes collected at
the University Dental Clinic and sam-
ples of mouse heart were used as posi-
tive controls for IL-1p and IL-6,
respectively. Negative control staining
was performed by replacing the primary
antibodies with a universal negative
control (DakoCytomation, Glostrup,
Denmark).

Statistical analysis

Results are presented as mean =+ stan-
dard error. Data were analyzed by
two-way analysis of variance (ANO-
VA) followed by the Student—New-
man—Keuls multiple comparison test,
where appropriate. Statistical analysis
showing a confidence above 95%
(p < 0.05) was considered significant.
All analyses were performed using a
statistical software program (spss, ver-
sion 18.0; SPSS Inc., Chicago, IL,
USA).

Results

As depicted in Fig. 1A, our results
revealed that the CFS paradigm was
effective in producing stress in ani-
mals (F) 0 = 441.58, p =0.00), as
seen by increased freezing behavior in
the groups submitted to shock ses-
sions. The effect of diazepam treat-
ment on the freezing behavior
induced by CFS is also shown in
Fig. 1A. Statistical analysis (two-way
analysis of variance) revealed that
diazepam, at 2 mg/kg, had no effect
on freezing in the stressed animals
(Fr10 = 0.14, p = 0.715).

8 8 8
: : ;

Number of freezings >
s
1

The number of crossing responses
was monitored (Fig. 1B) and the
effect of intragastric administration of
diazepam on the crossing mean was
analyzed. Statistical analysis (two-way
anova) revealed a significant main
effect of chronic shock sessions
(Fi10 =5.10, p=0.048), indicating
that the CFS decreased locomotion in
animals. However, treatment with
diazepam reversed the stress-induced
locomotor alteration, as observed by
an increase in the crossing number,
because there was no difference
between stressed rats treated with
diazepam and the nonstressed groups
(FI,IO = 277, p= 0127)

The effects of CFS and the influence
of diazepam treatment on alveolar
bone loss in rats submitted to experi-
mental periodontal disease are shown
in Fig. 2. Histological evaluation of
dental sections demonstrated that
CFS augmented alveolar bone loss
(Fi10=598, p=0.034) compared
with the control group. Additionally,
statistical analysis (two-way anova)
showed a significant main effect of
diazepam treatment (F o = 7.85, p =
0.019). Post-hoc comparison (Student—
Newman—-Keuls test) revealed that
diazepam reversed the alveolar bone
loss induced by CFS. This was con-
firmed by the representative images of
bone loss, showing a larger distance
between the cemento—enamel junction
and the alveolar bone crest in the
shock + vehicle group (Fig. 2D) com-
pared with the control group
(Fig. 2B), providing evidence of the
effect of stress on bone resorption.
Additionally, the effect of diazepam
treatment on alveolar bone loss can be

oL = il

No CFS

observed in Fig. 2E, which shows
restored alveolar bone integrity, even
under stressful conditions.

In order to verify the effect of diaz-
epam on brain cytokines, we investi-
gated the levels of hippocampal IL-1
(Fig. 3A) and IL-6 (Fig. 3B) in rats
with periodontal disease and submit-
ted to CFS. The THC analyses of hip-
pocampal sections revealed that CFS
produced an increase in both IL-18
(Fi10=13.44, p=0.004) and IL-6
(Fi.10 = 30.73, p =0.000). Interest-
ingly, intragastric administration of
diazepam (2 mg/kg) was able to
reverse the stress-induced increase in
the levels of these hippocampal cyto-
kines (IL-1B: Fj 10 =9.40, p = 0.012;
and IL-6: Fy o= 1547, p=0.003).
Representative IHC images of hippo-
campal sections showed increased
expression of IL-1f and IL-6 in
shock + vehicle-treated rats (Fig. 3E)
compared with control rats (no shock
+ vehicle) (Fig. 3C). Additionally, the
images reveal that diazepam was able
to reverse increased levels of cyto-
kines, as evidenced by a reduction in
staining intensity (Fig. 3F).

As illustrated in Fig. 4, IHC analy-
sis of the mandible sections showed
that CFS had no effect on either peri-
odontal IL-1B (F;. 10 = 2.59, p = 0.139;
Flg 4A) or IL-6 levels (F1’|0 = 0.04,
p = 0.845; Fig. 4B). In turn, treatment
with diazepam had no effect on peri-
odontal  cytokine levels (IL-1p:
Fy10=3.59, p=0.088; and IL-6:
Fi10=10.02, p = 0.890). The represen-
tative images of IHC staining for
IL-1B and IL-6 in the periodontal lig-
ament confirm that no differences in
cytokine levels are present between

B 50+ [ Vehicle
(2]
* 2 40+ @ Diazepam
a
2 301 "
2 201
0
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E 104
Z
0 T Ll
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Fig. 1. Effect of conditioned fear stress (CFS) and diazepam treatment on freezing behavior (A) and crossing (B). CFS increased the freez-
ing behavior and decreased the locomotor activity in the open field test. Diazepam treatment did not reduce the freezing behavior but

reversed the stress-induced locomotor deficit. Bars represent mean + standard error. *p < 0.05.
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Fig. 2. Effect of conditioned fear stress (CFS) and diazepam treatment on alveolar bone loss (ABL) (A). CFS enhanced ABL and diazepam
reversed this stress-induced bone loss in rats Bars represent mean + standard error. *p < 0.05. Histological assessment revealed a greater dis-
tance between the cemento—enamel junction and the alveolar bone crest in the shock (measurement bar) + vehicle group (D) compared with
the no shock + vehicle group (B); the bone integrity is evident in the shock + diazepam group (E) compared with the shock + vehicle group
(D), even under stressful conditions. (C) No shock + diazepam group. Hematoxylin and eosin stain, magnification 200x.

the shock + vehicle group (Fig. 4E)
and the control group (no shock -+
vehicle) (Fig. 4C). The same was
observed in the shock + diazepam
group (Fig. 4F) compared with the
control group (shock + vehicle)
(Fig. 4E). This suggests that there is
no association between diazepam
treatment and periodontal IL-1f and
IL-6 levels.

Discussion

In the present study, we observed that
animals submitted to CFS present an
increase in the number of freezing
behaviors, suggesting that the shocks
were successfully delivered. We also
observed that CFS induced changes in
anxiety-like behavior and this was
characterized by a decrease in loco-
motor activity observed in the open
field test, a behavioral test commonly
used to assess locomotor performance

(21-23). Diazepam reversed CFS-
induced locomotor alterations in the
open field test as indicated by an
increase in the crossing number. No
differences were observed between
stressed rats treated with diazepam
and nonstressed animals.

An earlier study reported that
enhanced hippocampal levels of IL-
1B and IL-6 correlate with anxiety
and locomotor impairment in rats
with arthritis (24). Furthermore,
Miller et al. (25) suggested that
increased IL-1f levels lead to greater
gamma-aminobutyric acidy receptor
function, which might contribute to a
reduction in locomotion. In agree-
ment with these findings, we observed
an increase in the levels of stress-
induced hippocampal IL-18 and IL-6
and this was accompanied by a
reduction in locomotor activity. In
the current study, diazepam reversed
stress-induced locomotor impairment,

which may be a result of the effects
of this benzodiazepine on hippocam-
pal cytokine levels (Fig. 3F). It can
also be speculated that diazepam
treatment decreased the levels of
stress in the animals in the open field
test and this led to greater motor
performance.

Fixation of a ligature around the
teeth is a widely used model for peri-
odontal disease in animals as a result
of its role in plaque retention (26).
The inflammatory response of peri-
odontal disease is characterized by
infiltration of gingival tissues by neu-
trophils, macrophages and lympho-
cytes, and the generation of high
concentrations of cytokines, eicosa-
noids and MMPs locally (27). Our
results showed that CFS enhanced
alveolar bone loss in animals, an
observation that is in agreement with
the findings of other studies. Nakaj-
ima et al. (28) and Takada er al. (29)
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Fig. 3. Effect of conditioned fear stress (CFS) and diazepam treatment on the immunohistochemical detection of interleukin (IL)-1p (A)
and IL-6 (B) in the hippocampus. The stress-induced increase in both IL-1B and IL-6 was reversed to control levels by diazepam treat-
ment. Bars represent mean + standard error. *p < 0.05. Photomicrographs of immunohistochemical analysis of IL-1f and IL-6 in the hip-
pocampus show greater levels of these cytokines in the shock + vehicle group (E) compared with the no shock and vehicle group (C).
Additionally, decreased cytokine levels were observed in animals treated with shock + diazepam (F). (D) No shock + diazepam. The im-
munolocalization of interleukins is evidenced by brown staining in brain tissue. The sections were stained with 3,3’-diaminobenzidine-tetr-

ahydrochloride and were counterstained with Mayer’s hematoxylin. Magnification 400x.

verified that rats submitted to liga-
ture-induced periodontitis and under

restrain  stress showed enhanced
alveolar bone loss. It is known that
proinflammatory  cytokines,  espe-

cially IL-1, are produced following
exposure to immunological and psy-
chological challenges. Immune chal-
lenges, such as local inflammation, as
well as viral and bacterial infections,
were found to induce the production
and secretion of IL-1 in the brain
and this was followed by activation
of all components of the HPA axis
(30). In this study, not only were the
animals submitted to ligature but
they were also under CFS. Brain
cytokines are an important link
between stress-induced activation of
the HPA axis and secretion of gluco-
corticoids, which mediate the effects
of stress. Importantly, these cytokines
are able to exert deleterious effects at

high levels (30). Therefore, because
of the high levels of stress-induced
cytokines (IL-1p and IL-6) present in
the hippocampus, more studies are
necessary to test whether there is an
association  between  hippocampal
cytokine levels and bone loss. How-
ever, it is important to note that the
neuroendocrine system does not oper-
ate independently but rather in close
cooperation with the immune system.
Thus, the decrease in immunological
activity resulting from psychological
stress (14,30) can also play a role in
the development of periodontal dis-
ease because such factors facilitate
increased colonization with patho-
genic bacteria and the breakdown of
periodontal attachment. This may be
a protective mechanism as the animal
attempts to decrease its pathogenic
load by releasing the teeth where the
pathogens are concentrated in the

event that the immune system is
unable to function properly (31).

We also observed that diazepam
treatment led to a decrease in alveolar
bone loss in stressed animals. Interest-
ingly, treatment with diazepam
reversed the increase in hippocampal
IL-1B and IL-6. This interesting find-
ing is supported by previous investiga-
tions which have shown that diazepam
inhibits the release of IL-1f, IL-6 and
TNF-o by glial cells following trau-
matic lesion in rats (32) and also sup-
presses IL-1f and IL-6 release from
glioma cells (33). In addition, it has
been demonstrated that central and
peripheral benzodiazepine receptor
agonists inhibit the production of
proinflammatory cytokines, including
IL-1B, IL-6 and TNF-o, by macro-
phages and monocytes in mice (34).

Interestingly, the CFS was not lin-
ked to high levels of proinflammatory
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Fig. 4. Effects of conditioned fear stress (CFS) and diazepam treatment on the immunohistochemical detection of interleukin (IL)-1f (A)
and IL-6 (B) in the periodontal ligament. CFS did not alter the levels of either IL-1p or IL-6 following the course of the study (i.e. 40 d).
Diazepam also had no effect on IL-1f and IL-6 levels in the periodontal ligament of stressed Wistar rats. Bars represent mean =+ standard
error. *p < 0.05. Immunohistochemical analysis revealed no differences in the levels of IL-1B and IL-6 in the periodontal ligament in the
shock + vehicle group (E) compared with the no shock + vehicle group (C). Diazepam treatment did not alter the levels of IL-1$ and IL-
6, and similar immunolocalization of IL-1p and IL-6 was observed in both shock + diazepam (F) and shock + vehicle groups (E) in
the periodontal ligament of Wistar rats. The sections were stained with 3,3'-diaminobenzidine-tetrahydrochloride and were counterstained
with Meyer’s hematoxylin. Magnification 400x.

cytokines in the periodontium. Proin-
flammatory cytokines are known to
act as bone resorption-stimulating
factors via activation of RANKL
expression (35-39). RANKL can bind
to RANK on osteoclast precursors
and trigger their differentiation, func-
tion and survival (37,40,41). However,
the levels of proinflammatory cyto-
kines in the periodontium were not
increased in this study. This might be
a result of the length of the study, an
idea which is supported by a previous
study (33) where higher bone loss and
low proinflammatory cytokine levels
(IL-1B, TNF-o and interferon-y) were
observed in the gingival tissue of ani-
mals submitted to 22 d of CFS.

In conclusion, our results suggest
that diazepam treatment reduces bone
loss in rats submitted to CFS. This
effect may partly be a result of the
decreased levels of IL-1B or IL-6
observed in the hippocampus follow-
ing diazepam treatment.

Acknowledgements

This study was supported by
grants from the Conselho Nacional de
Desenvolvimento Cientifico e
Tecnologico (CNPq) and Fundagido
de Amparo a Pesquisa do Estado de
Minas Gerais (FAPEMIG). All ani-
mals were kindly provided by Faculd-
ades Integradas Pitagoras de Montes
Claros (FIP-MOC). Dr. Guimaraes is
research fellow at CNPq. Dr. De
Paula is a research fellow at FAP-
EMIG.

Conflict of interests

None declared.

References

1. Papapanou PN. Periodontal diseases: epi-
demiology. Ann Periodontol 1996;1:1-36.

2. Moreira PR, Costa JE, Gomez RS, Gol-
lob KJ, Dutra WO. The IL1A (-889)
gene polymorphism is associated with

chronic periodontal disease in a sample
of Brazilian individuals. J Periodontal
Res 2007;42:23-30.

. Okoro CA, Strine TW, Eke PI, Dhingra

SS, Balluz LS. The association between
depression and anxiety and use of oral
health services and tooth loss. Community
Dent Oral Epidemiol 2012;40:134-144.

. Rheu GB, Ji S, Ryu JJ et al. Risk assess-

ment for clinical attachment loss of peri-
odontal tissue in Korean adults. J Adv
Prosthodont 2011;3:25-32.

. Rai B, Kaur J, Anand SC, Jacobs R.

Salivary stress markers, stress, and peri-
odontitis: a pilot study. J Periodontol
2011;82:287-292.

. Boyapati L, Wang HL. The role of stress

in periodontal disease and wound heal-
ing. Periodontol 2000 2007;44:195-210.

. Rosania AE, Low KG, McCormick CM,

Rosania DA. Stress, depression, cortisol,
and periodontal disease. J Periodontol
2009;80:260-266.

. Chiou LJ, Yang YH, Hung HC et al.

The association of psychosocial factors
and smoking with periodontal health in
a community population. J Periodontal
Res 2010:45:16-22.



158 Gomes et al.

9.

20.

Ebrecht M, Hextall J, Kirtley LG, Taylor
A, Dyson M, Weinman J. Perceived stress
and cortisol levels predict speed of wound
healing in healthy male adults. Psychoneu-
roendocrinology 2004;29:798-809.

. Hugo FN, Hilgert JB, Bozzetti MC et al.

Chronic stress, depression, and cortisol
levels as risk indicators of elevated pla-
que and gingivitis levels in individuals
aged 50 years and older. J Periodontol
2006;77:1008-1014.

. Allan SM, Tyrrell PJ, Rothwell NIJ.

Interleukin-1 and neuronal injury. Nat
Rev Immunol 2005;5:629—-640.

. Simi A, Tsakiri N, Wang P, Rothwell

NJ. Interleukin-1 and inflammatory neu-
rodegeneration.  Biochem  Soc
2007;35:1122-1126.

Trans

. de Kloet ER, Joels M, Holsboer F. Stress

and the brain: from adaptation to disease.
Nat Rev Neurosci 2005;6:463-475.

. Gadek-Michalska A, Bugajski J. Interleu-

kin-1 (IL-1) in stress-induced activation of
limbic-hypothalamic-pituitary adrenal
axis. Pharmacol Rep 2010;62:969-982.

. You Z, Luo C, Zhang W et al. Pro- and

anti-inflammatory cytokines expression
in rat’s brain and spleen exposed to
chronic mild stress: involvement in
depression. Behav Brain Res 2011;225:
135-141.

. Wei M, Li L, Meng R et al. Suppressive

effect of diazepam on IFN-gamma pro-
duction by human T cells. Int Immuno-
pharmacol 2010;10:267-271.

. Samejima Y, Ebisu S, Okada H. Effect

of infection with Eikenella corrodens on
the progression of ligature-induced peri-
odontitis in rats. J Periodontal Res
1990;25:308-315.

. Yoshioka M, Matsumoto M, Togashi H,

Saito H. Effect of conditioned fear stress
on dopamine release in the rat prefrontal
cortex. Neurosci Lett 1996;209:201-203.

. Ishida-Tokuda K, Ohno Y, Sakamoto H

et al. Evaluation of perospirone (SM-
9018), a novel serotonin-2 and dopa-
mine-2 receptor antagonist, and other
antipsychotics in the conditioned fear
stress-induced freezing behavior model in
rats. Jpn J Pharmacol 1996;72:119-126.

Nirmal J, Babu CS, Harisudhan T,
Ramanathan M. Evaluation of behavio-
ural and antioxidant activity of Cytisus
scoparius link in rats exposed to chronic

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

unpredictable mild stress. BMC Comple-
ment Altern Med 2008;8:15.

Choleris E, Thomas AW, Kavaliers M,
Prato FS. A detailed ethological analy-
sis of the mouse open field test: effects
of diazepam, chlordiazepoxide and an
extremely low frequency pulsed mag-
netic field. Neurosci  Biobehav — Rev
2001;25:235-260.

Prut L, Belzung C. The open field as a
paradigm to measure the effects of drugs
on anxiety-like behaviors: a review. Eur J
Pharmacol 2003;463:3-33.

Ramos A, Mormede P. Stress and emo-
tionality: a multidimensional and genetic
approach. Neurosci Biobehav Rev 1998;
22:33-57.

Skurlova M, Stofkova A, Jurcovicova J.
Anxiety-like behavior in the elevated-plus
maze tests and enhanced IL-1beta, IL-6,
NADPH oxidase-1, and iNOS mRNAs
in the hippocampus during early stage of
adjuvant arthritis in rats. Neurosci Lett
2011;487:250-254.

Miller LG, Galpern WR, Dunlap K, Di-
narello CA, Turner TJ. Interleukin-1
augments gamma-aminobutyric acidA
receptor function in brain. Mol Pharma-
col 1991;39:105-108.

de Souza JA, Nogueira AV, de Souza
PP, Cirelli JA, Garlet GP, Rossa C Jr.
Expression of suppressor of cytokine sig-
naling 1 and 3 in ligature-induced peri-

odontitis in rats. Arch Oral Biol
2011;56:1120-1128.
Preshaw PM, Taylor JJ. How has

research into cytokine interactions and
their role in driving immune responses
impacted our understanding of periodon-
titis? J Clin Periodontol 2011;38(Suppl
11):60-84.

Nakajima K, Hamada N, Takahashi Y
et al. Restraint stress enhances alveolar
bone loss in an experimental rat model.
J Periodontal Res 2006;41:527-534.
Takada T, Yoshinari N, Sugiishi S, Kaw-
ase H, Yamane T, Noguchi T. Effect of
restraint stress on the progression of
experimental periodontitis in rats. J Peri-
odontol 2004;75:306-315.

Goshen I, Yirmiya R. Interleukin-1 (IL-
1): a central regulator of stress responses.
Front Neuroendocrinol 2009;30:30-45.
Pruessner JC, Hellhammer DH, Kirsch-
baum C. Burnout, perceived stress, and

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

cortisol responses to awakening. Psycho-
som Med 1999;61:197-204.

Taupin V, Toulmond S, Serrano A,
Benavides J, Zavala F. Increase in IL-6,
IL-1 and TNF levels in rat brain follow-
ing traumatic lesion. Influence of pre-
and post-traumatic treatment with Ro5
4864, a peripheral-type (p site) benzodi-
azepine ligand. J Neuroimmunol 1993;42:
177-185.

Tanabe K, Kozawa O, Iida H. Midazo-
lam suppresses interleukin-1beta-induced
interleukin-6 release from rat glial cells.
J Neuroinflammation 2011;8:68.

Zavala F, Taupin V, Descamps-Latscha
B. In vivo treatment with benzodiaze-
pines inhibits murine phagocyte oxidative
metabolism and production of interleu-
kin 1, tumor necrosis factor and interleu-
kin-6. J Pharmacol Exp Ther 1990;255:
442-450.

Bartold PM, Cantley MD, Haynes DR.
Mechanisms and control of pathologic
bone loss in periodontitis. Periodontol
2000 2010;53:55-69.

Bloemen V, Schoenmaker T, de Vries TJ,
Everts V. IL-1beta favors osteoclastogen-
esis via supporting human periodontal
ligament fibroblasts. J Cell Biochem
2011;112:1890-1897.

Hsu H, Lacey DL, Dunstan CR et al.
Tumor necrosis factor receptor family
member RANK mediates osteoclast dif-
ferentiation and activation induced by
osteoprotegerin ligand. Proc Natl Acad
Sci USA 1999;96:3540-3545.

Sato N, Takahashi N, Suda K et al.
MyD88 but not TRIF is essential for
osteoclastogenesis induced by lipopoly-
saccharide, diacyl lipopeptide, and IL-
lalpha. J Exp Med 2004;200:601-611.
Theill LE, Boyle WJ, Penninger JM.
RANK-L and RANK: T cells, bone loss,
and mammalian evolution. Annu Rev
Immunol 2002;20:795-823.

Jimi E, Akiyama S, Tsurukai T er al.
Osteoclast differentiation factor acts as a
multifunctional regulator in murine
osteoclast differentiation and function.
J Immunol 1999;163:434-442.

Jimi E, Nakamura I, Duong LT et al.
Interleukin 1 induces multinucleation
and bone-resorbing activity of osteoclasts
in the absence of osteoblasts/stromal
cells. Exp Cell Res 1999;247:84-93.



This document is a scanned copy of a printed document. No warranty is given about the accuracy of the copy.
Users should refer to the original published version of the material.



