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Restraint stress enhances
alveolar bone loss in an
experimental rat model

Nakajima K, Hamada N, Takahashi Y, Sasaguri K, Tsukinoki K, Umemoto T, Sato
S. Restraint stress enhances alveolar bone loss in an experimental rat model.
J Periodont Res 2006; 41: 527-534. © Blackwell Munksgaard 2006

Background and Objective: The purpose of the present study was to examine the
effects of restraint stress on periodontal breakdown resulting from Porphyro-
monas gingivalis-challenged periodontitis in rats.

Material and Methods: To examine the influence of restraint stress on periodontal
breakdown, rats were orally challenged with the periodontal pathogen P. gingi-
valis. Twenty male, specific pathogen-free (SPF) 3-wk-old, Sprague-Dawley rats
were divided into four groups: group A (controls), group B (exposed to restraint
stress for 12 h/d for 22 d), group C (orally challenged with P. gingivalis), and
group D (exposed to restraint stress for 12 h/d for 22 d and orally challenged with
P. gingivalis). After 22 d, all animals were killed. The distance from the alveolar
bone crest to the cemento—enamel junction was determined, concentrations of
adrenocorticotropic hormone were measured as stress markers, and atrophy of the
thymus and spleen were assessed. In addition, the furcation area of the maxillary
molars was examined histologically, while gingival cytokine gene expression was
assessed by mRNA using reverse transcription—polymerase chain reaction (RT-
PCR).

Results: In the restrained group, all stress markers were elevated, and the thymus
and spleen were atrophied. Combined restraint stress and oral challenge with

P. gingivalis resulted in significantly higher bone loss, and osteoclasts were ob-
served. RT-PCR analysis revealed low cytokine gene expression in the restrained
groups.

Conclusion: These results suggest that the presence of restraint stress significantly
enhances the progression of P. gingivalis-challenged periodontitis in rats.
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Periodontal diseases are infections
associated with pathogenic bacteria  as

triggered by a primary pathogen such
Porphyromonas gingivalis. ~ This

that colonize the subgingival area,
causing inflammation, which may lead
to the destruction of periodontal tis-
sues. Periodontal diseases in the past
have been characterized as a broad
group of infections with multiple bac-
terial etiologies. However, recent evi-
dence strongly suggests that the onset
of adult progressive periodontitis is

organism possesses a variety of viru-
lence factors, including fimbriae, lectin-
like adhesins, capsular polysaccharide,
lipopolysaccharide, hemagglutinins
and hemolysins, as well as numerous
proteolytic enzymes (1). Contribution
of P. gingivalis to alveolar bone loss
seems to be supported by the stimula-
tion of osteoclasts, which induces bone

destruction and inhibits bone forma-
tion (2). Besides these direct host—
pathogen interactions, periodontitis is
exacerbated by risk factors represented
by age, male gender, smoking and
diabetes mellitus (3). Psychological
factors have also been suspected of
increasing the risk of periodontitis (4).
Epidemiological studies, searching for
connections between different psycho-
logical conditions and progression of
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periodontitis, have been published (5).
The stress response is thought to be a
mediating mechanism between unfav-
orable psychological conditions and
inflammatory  periodontal  disease.
Several mechanisms are suspected of
linking the stress response to perio-
dontal disease: increased nicotine con-
sumption; less effective oral hygiene
behavior; changed nutritional habits;
reduced saliva flow; effects of stress on
gingival circulation; and stress-associ-
ated alterations in the immune
response (4). Furthermore, stress may
also act as a risk factor for periodontal
disease through catecholamine-induced
bacterial growth (6,7). Emotional
stress is one of the subject-based fac-
tors found to have an effect on immune
response and susceptibility to infec-
tion. The term ‘stress’ defines the psy-
chophysiological reactions of the body
to a variety of emotional or physical
stimuli that threaten homeostasis, and
these reactions have been found to
exacerbate the outcome of bacterial
and viral infectious diseases in human
and animal models (8,9). The effects of
stress on infectious diseases are
thought to be mediated by products of
the nervous and the neuroendocrine
systems that are released under stress
conditions and modulate the function
of neutrophils, lymphocytes and
macrophages, thereby affecting the
outcome of infectious disease (10—13).
The expression of interferon-y (IFN-v)
receptors has been found to be reduced
in macrophages from stressed animals
(10). The effects of emotional stress on
periodontal diseases have been studied
in human and animal models. Some
human studies have found a positive
correlation between negative life events
and indices of periodontal disease, thus
suggesting that psychological factors
involved in stress may increase the
susceptibility to periodontitis (14,15).
In a large epidemiological study, Gen-
co et al. (16) showed that the inability
to cope with stress is directly correlated
with more severe periodontal destruc-
tion. To date, however, the number
and scope of human studies have been
limited. One early animal study has
shown that restraint stress increased
bone loss in rats and hamsters (17).
Breivik et al. (18), in a series of studies

with a rat model of ligature-induced
alveolar bone loss, showed that the
central nervous system, in general, and
stress, in particular, could accelerate
alveolar bone loss. However, little is
known about the cellular functions
that are modulated by restraint stress
during periodontal infection. There-
fore, we investigated the effects of
restraint stress and periodontitis, both
alone and in combination, on the out-
come of experimental periodontitis in
rats.

Material and methods

Bacterial strains and growth
conditions

The bacterial strain used was P. gingi-
valis ATCC 33277. P. gingivalis strains
were grown at 37°C for 18 h, in brain
heart infusion broth (Difco, Detroit,
MI, USA) supplemented with 5 mg/ml
yeast extract, 5 pg/ml hemin and
0.2 pg/ml menadione, in an anaerobic
chamber with an atmosphere of 85%
Nz, 10% Hz and 5% COZ

Animals and experimental
periodontitis

Twenty male, specific pathogen-free
(SPF), 3-wk-old, Sprague-Dawley rats,
each weighing 40-60 g, were used in
the experiments and were obtained
from a commercial farm (Nihon SLC,
Shizuoka, Japan). Because crowding or
isolation may be stressful for experi-
mental animals, rats were housed in
cages, containing five animals each,
throughout the experiment. Rats were
fed a standardized diet of hard bri-
quettes and water, and were main-
tained under a 12-h light/dark cycle
(light on 08:00-20:00 h) at a tempera-
ture of 22°C and relative humidity of
50%. The body weight of the rats was
recorded every 2 d, in the morning
after being taken out of restraining
cages, from the beginning to the end of
the experimental period.

Rats were given sulfamethoxazole
(1 mg/ml) and trimethoprim (200 pg/
ml) in drinking water, ad libitum, for
4 d to reduce the original oral flora,
followed by a 4-d antibiotic-free period
before being challenged with P. gingi-

valis. Rats were orally challenged with
P. gingivalis ATCC 33277, which were
suspended in 5% carboxymethylcellu-
lose, and each rat received 0.5 ml
(1.5 x 10" cells/ml) by oral gavage
(four times) at 48-h intervals. To study
the influence of restraint stress, rats
were randomly divided into four
groups of five animals each. Restraint
stress was induced by enclosing each
animal in flexible wire mesh
(5 x 5mm) shaped to fit its body.
Animals were unable to move and had
no access to food or water. Because
rats are nocturnal animals, they were
restrained from 20:00 h to 08:00 h
(12 h) for the entire experimental per-
iod. In the nonrestrained groups
(groups A and C), rats were denied
food and water for the same time per-
iod, but were not restrained. After
release from the restrainer, the rats
were returned to their home cages each
morning. The five rats in each cage
belonged to the same group. Group A
served as the control group, group B
was exposed to restraint stress, group
C was orally challenged with P. gingi-
valis and group D was exposed to re-
straint stress and was orally challenged
with P. gingivalis (Fig. 1). The experi-
mental procedures of this study were
reviewed and approved by the com-
mittee of ethics on animal experiments
of Kanagawa Dental College and were
carried out under the guidelines for
animal experimentation of Kanagawa
Dental College.

Recovery of P. gingivalis

To confirm P. gingivalis colonization,
plaque samples were collected with a
sterile cotton swab from the rat oral
cavities. Plaque samples in 100 pl of
distilled water were boiled for 10 min,
cooled on ice, and then examined by
polymerase chain reaction (PCR), as
described by Ashimoto et al. (19). For
identification of P. gingivalis, the fol-
lowing primers were used to amplify a
404-bp fragment of the 16S rRNA
gene: primer 1 (5-AGG CAG CTT
GCC ATA CTG CG-3’) and primer 2
(5-ACT GTT AGC AAC TAC CGA
TGT-3"). Briefly, 5 ul of sample was
added to 45 ul of reaction mixture
containing 5 pl of 10 x PCR buffer,
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Fig. 1. Experimental procedure. Rats were divided into four experimental groups. Each
group included five rats (n = 5). Group A, control (nonrestrained and nonchallenged with
Porphyromonas gingivalis); group B, restrained and nonchallenged with P. gingivalis; group
C, orally challenged with P. gingivalis and nonrestrained; group D, restrained and orally

challenged with P. gingivalis. P.g, Porphyromonas gingivalis.

Platinum® Tag DNA polymerase and
0.2 mm of each deoxyribonucleotide
(Invitrogen Corporation, San Diego,
CA, USA). PCR amplification was
perfomed in an iCycler™ (Bio-Rad,
Laboratories, Hercules, CA, USA) and
comprised an initial denaturation step
at 95°C for 2 min, followed by 36
cycles of denaturation at 95°C for 30 s,
primer annealing at 60°C for 1 min
and an extension at 72°C for 1 min,
and then a final elongation step at 72°C
for 2 min. Amplicons were detected by
electrophoresis of 10 pul of PCR prod-
uct on a 1.5% agarose gel. Electro-
phoresis was conducted at 10 V/cm in
Tris-Boric acid-EDTA (TBE) buffer.
The gel was stained with 0.5 pg/ml
ethidium bromide and photographed
under 302-nm ultraviolet light. Band
sizes were confirmed with reference to
molecular size markers (One STEP
Ladder 50®; Nippon Gene, Tokyo,
Japan).

Laboratory assays

Blood was taken by cardiac puncture
under anesthesia (veterinary ketalar®
50, intramuscular) in order to measure
corticosterone and cortisol when the
rats were killed. Blood samples were
centrifuged, separated into serum and
kept frozen at —20°C. In the case of
corticosterone and cortisol, serum was
assayed using a commercial radioim-
munoassay kit (Immunotech, Beckman
Coulter Co., Fullerton, CA, USA).

Tissue preparation

At the end of the experimental period,
all animals were killed by decapitation

under anesthesia (veterinary ketalar®
50, intramuscular). The rats were killed
in the morning between 08:00 h and
11:00 h. The animals of the four
experimental  groups killed
immediately after the last restraint
session. Tissue blocks containing all
three maxillary molars, alveolar bone
and surrounding soft tissues were
removed from the right side of the
maxilla  (split-mouth  experimental
design). The left side of the maxilla was
used as a dry specimen for measure-
ment of horizontal alveolar bone loss.
The thymus and spleen were also re-
moved, washed in saline and weighed.
All tissue samples were fixed in 10%
buffered formaldehyde (pH 7.4).

were

Histological findings

Specimens were decalcified in 10%
EDTA for 2 wks and were then dehy-
drated in graded alcohol, carefully
oriented and embedded in paraffin with
the axis of the teeth parallel to the
cutting direction. Blocks were serially
cut in 5-pum sections in the mesial-distal
direction. The most central section
from each tooth (i.e. the section com-
prising the center of the dental pulp),
was selected for analysis, stained with
hematoxylin and ecosin (H&E) and
mounted.

Alveolar bone loss in rats by
P. gingivalis infection

One aspect of periodontal disease is the
resorption of alveolar bone. The upper
jaws were defleshed after 10 min in an
autoclave at 15 pounds/inch® (p.s.i.),
and were then immersed in 3%
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hydrogen peroxide, rinsed, air-dried
and stained with 1% methylene blue.
Horizontal bone loss around the max-
illary molars was assessed morpho-
metrically. The distance from the
cemento—enamel junction (CEJ) to the
alveolar bone crest (ABC) was meas-
ured at seven palatal sites per rat.
Measurements were made under a
dissecting microscope (x40) fitted with
a digital high-definition system (digital
HD microscope, VH-7000; Keyence,
Osaka, Japan) that was standardized
to give measurements in millimeters.

Reverse transcription—polymerase
chain reaction analysis of cytokines

Gingival tissues were dissected from
the upper jaws when the rats were kil-
led. Tissues were minced and extracted,
and the extracts were purified and
concentrated. Total RNA was isolated
from the gingival tissue using an
RNeasy® Mini Kit, according to the
manufacturer’s instructions (QIAGEN
GmbH, Hilden, Germany). cDNA was
reverse transcribed and amplified using
the SuperScript™ III One-Step reverse
transcription—polymerase chain reac-
tion (RT-PCR) System with Plat-
inum® Tag DNA  Polymerase
(Invitrogen). Based on previous reports
(20,21), the following primer pairs
(including PCR product size in paren-
theses) were synthesized by Invitrogen:
interleukin-1B, 5-AAG CTC TCC
ACC TCA ATG GAC AG-3 and 5-
CTC AAA CTC CACTTT GCT CTT
GA-3'(260 bp); tumor necrosis factor-o
(TNF-a), 5-CAC GCT CTT CTG
TCT ACT GA-3" and 5-GGA CTC
CGT GAT GTC TAA GT-3’ (616 bp);
IFN-y, 5-ATC TGG AGG AAC TGG
CAA AAG GAC G-3 and 5-CCT
TAG GCT AGA TTC TGG TGA
CAG C-3’ (288 bp); and P-actin,
5-TTG TAA CCA ACT GGG ACG
ATA TGG-3" and 5-GAT CTT GAT
CTT CAT GGT GCT AGG-¥
(759 bp). Cycling conditions for dena-
turation, annealing and extension were
as follows: IL-1p, 35 cycles of 94°C for
60 s, 58°C for 45 s and 72°C for 45 s;
TNF-a, 35 cycles of 94°C for 60 s, 58°C
for 45 s and 72°C for 45 s; IFN-vy, 40
cycles of 94°C for 60 s, 58°C for 45 s
and 72°C for 45 s; and B-actin, 35 cycles
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of 94°C for 60 s, 58°C for 45 s and 72°C
for 45 s. PCR was performed with an
iCycler™ (Bio-Rad). PCR products
were electrophoresed on 2% agarose
gels and stained with ethidium bromide.
An image analyzer (AE-6905 H Image
Saver HR; Atto, Tokyo, Japan) was
used to detect signal intensity. Band si-
zes were confirmed with reference to
molecular size markers (One STEP
Ladder 50®; Nippon Gene). Densito-
metric analysis was performed on cy-
tokine gene expression by NIH image
(NIH, Bethesda, MD, USA). Values for
each cytokine mRNA were normalized
against the amount of B-actin mRNA,
which was utilized as a housekeeping
gene for each experimental condition.

Statistical analysis

Differences = among  experimental
groups were analyzed with Fisher’s
protected least significant difference
(PLSD) by one-way analysis of vari-
ance. The 5% level of significance was
selected for rejecting hypotheses.
Computations were performed using a
statistical software program (STATVIEW
version 5.0; Abacus Concepts, Inc.,
Berkeley, CA, USA).

Results

Body weight

At the beginning of the experimental
period, all rats had a similar body
weight. Because the rats were in their
growth period, their body weight in-
creased during the experiment. This
gain was 35% in the nonrestrained
groups (groups A and C) and 25% in
the restrained groups (groups B and
D). Mean body weight in the restrained
groups (groups B and D) was less than
that in the nonrestrained groups
(groups A and C), and this trend con-
tinued until the end of the experimental
period (p < 0.01) (Fig. 2).

Thymus and spleen

Thymus and spleen weights were sig-
nificantly lower in the restrained
groups (groups B and D) than in the
nonrestrained groups (groups A and
C) (p < 0.05) (Figs 3 and 4).
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Fig. 2. Change of body weight. The body
weights (mean + standard error) of rats in
the restrained groups (groups B and D) were
increased significantly less than the body
weights of rats in the nonrestrained groups
(groups A and C) (p < 0.01). P.g, Porphy-
romonas gingivalis.

So.107
50.08
W
£ 0.06
E
£0.04
)
£0.02

A B C D
Group

Fig. 3. Effects of stress conditions on the
weight of lymphatic organs. Twenty rats
were divided into four groups: group A,
control (nonrestrained and nonchallenged
with Porphyromonas gingivalis); group B,
restrained and nonchallenged with P. gin-
givalis; group C, orally challenged with
P. gingivalis and nonrestrained; group D,
restrained and orally challenged with
P. gingivalis. The results are expressed as
means *+ standard error (p < 0.05).

Assays for stress markers

In the restrained groups (groups B and
D), corticosterone and cortisol values
were significantly higher than those in
the nonrestrained groups (groups A
and C) (p < 0.05) (Table 1).

Alveolar bone loss

In order to determine the role of
restraint stress in alveolar bone loss,
bone level differences of the rats were
determined between the restrained
groups and the nonrestrained groups.
Figure 5 shows the mean [+ standard
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Fig. 4. Effects of stress conditions on

weight of lymphatic organs. Twenty rats
were divided into four groups: group A,
control (nonrestrained and nonchallenged
with Porphyromonas gingivalis); group B,
restrained and nonchallenged with P. gin-
givalis; group C, orally challenged with
P. gingivalis and nonrestrained; group D,
restrained and orally challenged with
P. gingivalis. The results are expressed as
means + standard error (p < 0.05).

error of the mean (SEM)] CEJ:ABC
value at each of the seven measurement
sites. As alveolar bone decreased, the
CEJ:ABC increased. In the four
experimental groups, CEJ:ABC was
greater in the P. gingivalis-challenged
groups (groups C and D) than in the
P. gingivalis-nonchallenged groups
(groups A and B) at almost every site,
indicating bone loss. The distance
between the CEJ and ABC increased in
the P. gingivalis-challenged groups
(groups C and D). This distance did
not increase in the P. gingivalis-non-
challenged groups (groups A and B).
In addition, the distance between the
CEJ:ABC was greater in the combined
restraint stress and P. gingivalis-chal-
lenged group (group D) than in the
P. gingivalis-challenged group (group
C), and overall alveolar bone loss was
greatest in the combined restraint
stress and  P. gingivalis-challenged
group (group D) (p < 0.05) (Figs 5
and 6D). The recovery of orally infec-
ted P. gingivalis was checked by the
PCR method. P. gingivalis was recov-
ered from all P. gingivalis-challenged
rats at the initiation and the termin-
ation of the experiments. No P. gingi-
valis were detected in the noninfected
control. The PCR-amplified band did
not differ significantly between the
restrained groups and the nonre-
strained groups (data not shown).



Table 1 . Blood corticosterone and cortisol levels

Corticosterone Cortisol
Group (ng/ml) (mg/dl)
A 380.60 + 40.38 2.70 £ 0.23
B 526.00 + 39.41* 3.64 + 0.21*
C 356.60 + 41.10 2.14 £ 0.15
D 584.40 + 35.10° 3.52 + 0.29°

“Significantly different (p < 0.05) from Groups A and C.

®Significantly different (p < 0.05) from Groups A and C.

Group A, control (nonrestrained and nonchallenged with Porphyromonas gingivalis); group
B, restrained and nonchallenged with P. gingivalis; group C, orally challenged with P. gin-
givalis and nonrestrained; group D, restrained and orally challenged with P. gingivalis.

Fig. 5. Morphometric bone levels. Bone loss occurred in rats orally challenged with Por-

phyromonas gingivalis ATCC 33277, but not in the control group (group A) or the restrained

group (group B). Columns represent the means of data from five rats (mean =+ standard
error) (p < 0.05). Data from rats exposed to restraint stress and orally challenged with

P. gingivalis (group D) were different from data from rats orally challenged with P. gingivalis

(group C).

Thus, restraint stress had no direct ef-
fect on bacterial colonization.

Histopathological findings

Sections were placed under a Nikon
microscope (Nikon, Tokyo, Japan).
Sections from experimental sites were
magnified 20 times in order to investi-
gate alveolar bone resorption. The
osteoclasts were seen in the P. gingi-
valis-challenged groups (Fig. 7C,D).
However, the restraint stress alone
produced no notable microscopic
changes in periodontal tissue (group B)
(Fig. 7B). The osteoclasts were detec-

ted significantly on the bone surface
near the degenerating tissues in the
combined restraint stress and P. gingi-
valis-challenged group (group D)
(Fig. 7D).

RT-PCR analysis of cytokine gene
expression in gingival tissue

In order to substantiate the functional
changes in rat gingival tissue under
restraint stress and bacterial infection,
the gene expression profiles of inter-
leukin-13, TNF-a and IFN-y were
compared by RT-PCR. As shown in
Fig. 8, cytokine expression was
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Fig. 6. Alveolar bone loss caused by oral
infection with  Porphyromonas gingivalis.
Measurement of bone levels was performed
by comparing the distance from the
cemento—enamel junction (CEJ) to the
alveolar bone crest (ABC) at seven palatal
sites on three molars on the left side of the
maxilla. (A) Control rat; (B) restraint stress
rat; (C) P. gingivalis-challenged rat; and (D)
restraint stress and P. gingivalis-challenged
rat. As alveolar bone is resorbed in orally
challenged rats, the distance from the CEJ
to the ABC increases. Jaws depicted were
selected from rats that closely mirror the
mean alveolar bone loss values of the
respective group.

reduced in the restrained groups
(groups B and D) when compared with
the nonrestrained groups (groups A
and C). In the restrained groups
(groups B and D), densitometric ana-
lysis revealed that the 50% lower in
interleukin-1f, TNF-o, and IFN-y
compared with the nonrestrained
groups (groups A and C). The relative
quantity of the PCR products in the
P. gingivalis-challenged group (group
C) was similar to the levels in the
control group (group A).

Discussion

In the present study, we investigated
the influence of restraint stress on
P. gingivalis-challenged  periodontitis
in an experimental rat model. We
found that restraint stress applied over
a period of 22 d accelerates the degra-
dation of periodontal tissues and
alveolar bone loss. Adult periodontitis
is widespread in humans and is asso-
ciated with the presence of the gram-
negative, anaerobic, black-pigmented
bacterium represented by P. gingivalis
(1,22). P. gingivalis has been shown to
represent a significant proportion of
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Fig. 7. The periodontal tissues. The osteoclasts were not seen in the rats nonchallenged with
Porphyromonas gingivalis (A,B). In restraint stress rats (B), stress alone produced no notable
microscopic changes in periodontal tissue, However, P. gingivalis-challenged rats (C,D),
osteoclasts were observed around alveolar bone (hematoxylin & eosin; original magnifica-

tion x20) (C,D).

mRNA expression in gingival tissue

o
o

[-actin

Fig. 8. Comparison of cytokines [(interleu-
kin-1B, tumor necrosis factor-o (TNF-o)
and interferon-y (IFN-y)] expression in
gingival tissue by reverse transcription—po-
lymerase chain reaction (RT-PCR). mRNA
was extracted from the gingival tissue and
analyzed by RT-PCR. PCR products were
separated on 2% agarose gels and stained
with ethidium bromide. There was a differ-
ence between the restrained groups (groups
B and D) and the nonrestrained groups
(groups A and C); expression was lower in
the restrained groups (groups B and D).
Representative results of four independent
experiments are shown, and the experiment
was repeated twice with similar results.
B-actin, B-actin was used as a loading
control.

the culturable flora in established
periodontal lesions and has been
implicated in the pathogenesis of perio-

dontal disease. The organism expresses
a number of potential virulence factors
that have been implicated in the path-
ogenesis of periodontitis. P. gingivalis
lipopolysaccharide can activate osteo-
clasts directly and causes the release of
prostaglandin E, and the cytokines
interleukin-1p and TNF-o from macr-
ophages, monocytes and fibroblasts
(23-27). These compounds are potent
local mediators of bone resorption
and, moreover, can inhibit collagen
synthesis by osteoblasts and induce the
production of host metalloproteases
that destroy connective tissue and
bone.

The rat experimental periodontitis
model used in this study was a relat-
ively simple in vivo model in which a
single periodontal organism infects the
animal, leading to destructive perio-
dontitis. Therefore, we used a P. gin-
givalis-challenged animal model to
examine the influence of restraint
stress. Stress has been linked to perio-
dontal disease since the middle of the
last century. In the past decade, more
evidence has emerged from epidemio-
logical studies relating periodontitis to
stress, depression and negative life

events (16). Animal studies conducted
in the 1960s demonstrated the possible
detrimental role of stress in perio-
dontal tissues (17). In a series of studies
on rats, Breivik et al. (18) demonstra-
ted that periodontal disease suscepti-
bility and progression could be
explained, at least in part, by brain-
neuroendocrine-immune regulatory
mechanisms. Genetically determined
hypothalamic—pituitary—adrenal (HPA)
reactivity also appears to play an
important role, and periodontal dis-
ease is likely to send feedback signals
to the brain (28). Conventional studies
on the influence of restraint stress and
periodontitis were performed by tying
ligatures around the cervical area of
the maxillary molars under anesthesia;
however, this method might damage
the cervical area of the maxillary mo-
lars. To overcome this problem, rats
were infected with P. gingivalis in the
oral cavity, four times at 48-h intervals,
without anesthesia. Blood glucocorti-
coid levels were measured as markers
of stress adaptation. In the restrained
groups, levels of the hormone markers
cortisol and corticosterone, were ele-
vated with involution of the thymus
and spleen (Table 1). Thymus weight
in the restrained groups was 33%
lower than in the nonrestrained
groups. Similarly, spleen weight in the
restrained groups was 24% lower than
in the nonrestrained groups (Figs 3
and 4). These results indicate the phy-
siological burden caused by restraint
stress in rats.

The gains of body weight between
the restrained groups and the nonre-
strained groups were observed at the
end of the experiment. In the restrained
groups, an overall lower increase in
weight was observed (Fig. 2). In com-
parison with the nonrestrained groups,
the restrained groups clearly exhibited
inferior development. The combination
of restraint stress and P. gingivalis
challenge (Figs 5 and 6D) resulted in
significantly higher attachment and
alveolar bone loss than P. gingivalis
challenge alone (Figs5S and 6C).
However, restraint stress alone did not
induce alveolar bone loss (Figs 5 and
6B). Histopathologically, osteoclasts
were seen at the interdental septum of
alveolar bone (Fig. 7). Shklar &



Glickman (29) observed that stress,
without local irritants for periodontal
inflammation, produced no notable
microscopic changes in the gingiva,
periodontal membrane, alveolar bone,
or cementum in rats. Gaspersic et al.
(30) also reported that restraint stress
alone had no significant effects on the
structure of periodontal tissues. Light
microscopy examination of the maxilla
in the restrained group, periodontal
tissues in the root furcation area of the
right first maxillary molar, did not
show inflammatory cell infiltration,
dilatation of capillaries or disorgan-
ization of the gingival fibers in the
connective tissue (Fig. 7B). After 22 d,
the periodontal tissues revealed that
considerable changes in the combined
restraint stress and P. gingivalis-chal-
lenged group had occurred, and oste-
oclasts were seen on the bone surface
near the degenerating tissues after
hematoxylin and eosin (H&E) staining
(Fig. 7D). In the P. gingivalis-chal-
lenged periodontitis experimental rat
model, some other pathway may acti-
vate osteoclasts operative in stimula-
ting bone loss directly, because the
PCR products in the group challenged
with P. gingivalis alone were similar to
those in the control group. Moreover,
interleukin-1f, TNF-o and IFN-y were
prominent cytokines in infection-sti-
mulated bone resorption, but were not
up-regulated under stress conditions.
The combined restraint stress and
P. gingivalis-challenged group also
showed a decrease in cytokine expres-
sion (Fig. 8). The RT-PCR data sug-
gest that the restraint stress inhibits cell
activation and local production of
chemoattractant factors. This suggests
that there may be some compensation
for the reduction in the lymphatic or-
gan size following stress, and that the
immune system of restrained rats was
weaker, thereby promoting alveolar
bone loss. The release of arachidonic
acid metabolites and granule-contain-
ing enzymes, such as elastase and col-
lagenase, in addition to cytokines such
as interleukin-1 and TNF-o is mark-
edly inhibited by glucocorticoid
(31,32). Glucocorticoids also inhibit
the ability of macrophages to kill var-
ious phagocytized microorganisms
(33). Moreover, glucocorticoids also

reduce the number of tissue macroph-
ages. Functionally, monocytes and
macrophages are among the most sen-
sitive cells to the anti-inflammatory
effects of glucocorticoids. The results
of the present study showed that the
restraint stress-induced high values of
glucocorticoids, such as cortisol-inhib-
ited production of cytokines, thereby
promoting the degradation of perio-
dontal tissues and alveolar bone loss.
Genco et al. (32) reported that ana-
lysis of the role of stress in infectious
processes, such as periodontal disease,
should consider the overall effects of
stressors appraised by the brain. Stress-
induced responses either result in a
change in behavior, or are transmitted
to the HPA axis to promote the release
of corticotropic-releasing hormone
(CRH) from the hypothalamus and
glucocorticoid from the adrenal cortex.
Stress perceived by the brain stimulates
the hypothalamus to produce CRH,
which is released into the hypophyseal
portal system, thus activating the
pituitary gland to release adrenocor-
ticotropic hormone (ACTH), which in
turn induces release of corticosteroids
from the adrenal cortex. Corticoster-
oids also inhibit the production of
cytokines, including interleukin-1, -2, -
3, -6, TNF, IFN-y, and granulocyte—
monocyte colony-stimulating factors.
Hence, stress-related stimulation of the
HPA axis, together with the produc-
tion of glucocorticoid, such as cortisol,
has major suppressive actions on the
immune and inflammatory responses.
Our results demonstrated obvious
differences in periodontal breakdown
in the four experimental groups, par-
ticularly with the combination of
restraint stress and oral challenged
with P. gingivalis. We confirmed that
restraint  stress with  periodontal
inflammation already present modu-
lates the progression of periodontal
disease and alveolar bone loss. Most of
the attachment loss in periodontitis is
thought to be the result of an inap-
propriate immune response to dental
plaque microorganisms. Furthermore,
polymorphonuclear leukocyte degran-
ulation is considered to be an import-
ant  tissue-destructive  mechanism,
occurring by the release of proteolytic
enzymes, such as the matrix metallo-
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proteinases (MMPs), and by reactive
oxygen metabolites during phagocyto-
sis. The local tissue destruction in
periodontitis may thus in part be the
result of a compensatory high influx of
phagocytic polymorphonuclear leuko-
cytes during a glucocorticoid-induced
weak T helper 1 immune response to
combat and control pathogens in the
gingival sulcus (18). Periodontal dis-
ease susceptibility may depend on both
genetic and environmental factors
modulating the HPA responsively.
Thus, dental plaque microorganisms
may result in destructive disease in
individuals with an ability to mount a
high glucocorticoid response to gingi-
val inflammation or in subjects under
restraint stress resulting in constantly
elevated glucocorticoid levels. This
notion is supported by a recent epide-
miological study showing an associ-
ation between salivary cortisol levels,
stress, distress and coping behaviour,
and human periodontal disease (32).
Baker et al. (34) demonstrated that
oral challenge of mice with P. gingiva-
lis stimulated oral bone loss and that
the observed bone loss occurred in a
site-specific manner. Furthermore, it
appears that oral bone loss is linked to
T-cell activation (35).

A positive correlation between
restraint stress and periodontitis was
demonstrated in this study. It appears
that the dramatic changes occurred in
periodontal tissue as a result of re-
straint stress. However, further study
of these observations is needed. We
conclude that restraint stress affects
and modulates the periodontitis pro-
gression. In addition, these findings
support the fact that restraint stress
may play an important role in perio-
dontal breakdown. To evaluate the
relationship between stress and perio-
dontitis, knockout animal studies are
needed to examine the effect of cyto-
kine ablation on the course of oral
challenge with P. gingivalis.
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