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Abstract: Objective: This study is to investigate the effect of hyperbaric oxygen (HBO) on HIF-1a expression in rat
experimental periodontitis with psychological stress. Methods: One hundred and twenty male special pathogen-
free Wistar rats were randomly divided into four groups: normal control group, experimental periodontitis group,
psychological stress stimulation group, and periodontitis model with stress stimulation group. Six rats from each
experiment group were randomly chosen for HBO treatment for 2 weeks. Gingival index (GI) and periodontal attach-
ment loss (AL) were measured before sacrifice. The expression of HIF-1a was detected by immunohistochemistry.
Results: The sites of gingival attachment were normal in control group and psychological stress stimulation group.
The tissue damage was more severe, and the levels of Gl, AL, and HIF-1a expression scores in periodontal tissues
were higher in periodontitis with stress stimulation group than that in experimental periodontitis group, while they
were comparable in control group and psychological stress stimulation group. After HBO treatment, the levels of G,
AL, and HIF-1a expression scores were significantly lower than that of the untreated groups (P<0.05). Conclusion:
The results demonstrated that the severity of periodontitis was related to psychological stress and HBO could be
effective on periodontitis and periodontitis with psychological stress in rat models.
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Introduction

Periodontal disease is a chronic and destruc-
tive disease of the gums and periodontal tissue
characterized by the formation of periodontal
pocket, the inflammation of pocket wall, and
the loss of alveolar bone [1]. It is determined by
3 factors: the presence of pathogenic species,
the absence of so-called “beneficial bacteria”,
and a susceptible host [2]. In addition, previous
studies have demonstrated a relationship
between psychological stress and periodontitis
[3].

More recent studies indicate that psychosocial
stress represents a risk indicator for periodon-
tal disease and should be addressed before
and during treatment [4]. Studies have shown
that stress, by stimulating the locus coeru-
leus-noradrenergic neurons/sympathetic-adre-
nal medullary axis, could cause a rapid increase
of the concentration of epinephrine and norepi-
nephrine in the plasma, regulate the body’s
response to acute stress, and then mediate a

series of metabolic and cardiovascular com-
pensatory mechanisms [5]. To overcome the
damages caused by stress, the compensatory
pathways that could regulate heart rate and
peripheral vascular resistance, inhibit insulin
secretion, and stimulate glucagon secretion,
are induced. This could result in the contraction
of outer periphery microvascular and lead to
the reduction of oxygen metabolism of peri-
odontal tissue [6]. In addition, the swelling of
gum tissue could cause poor local perfusion in
periodontitis patients and in turn lead to the
significant decrease of oxygen content in peri-
odontal tissue [7, 8].

HIF-1a is a key factor for cell hypoxia adapta-
tion. Recent studies have shown that HIF-1a is
important in inflammatory process regulation
[9, 10]. It’s difficult to detect HIF-1a in normal
oxygen state, while hypoxic environment induc-
es a rapid increase of HIF-1« protein. Therefore,
tissue oxygen metabolism could be reflected by
detecting the expression of HIF-1a protein in
local tissue. HIF-1a protein increase indicates
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oxygen metabolism decline or that the tissue is
in a hypoxic state.

Hyperbaric oxygen (HBO) has been successfully
used in several medical applications [11] and
its therapeutic effect is related to elevated par-
tial oxygen pressure in the tissues. HBO could
inhibit the growth and survival of anaerobic
bacteria, which are the most common etiologi-
cal agents of periodontal diseases [12]. Studies
have shown that oxygen at 0.2 MPa could inhib-
it the growth of certain pathogens associated
with periodontitis [13]. HBO exposure can
increase local oxygen delivery, which will raise
oxygen concentration in the periodontal pocket
base to inhibit the growth of anaerobes and
supply enough oxygen for ischemic tissues to
facilitate early recovery of tissue metabolism
[14]. More experiments confirm that HBO could
inhibit the growth of anaerobes in the periodon-
tal pockets of humans and animals, improve
gingival microcirculation, and increase gingival
blood flow [15-17]. Dental plaque index (PLI),
Gl, probing depth (PD), and AL decrease signifi-
cantly after HBO treatment for patients with
chronic periodontitis [18-20]. Additionally, pre-
vious studies have shown that HBO has good
therapeutic effects on human severe periodon-
titis [18, 19, 21, 22].

This study aimed to investigate the effect of
HBO on HIF-1x expression in rat experimental
periodontitis with psychological stress. In addi-
tion, the pathogenesis of periodontitis related
to psychological stress and the effect of HBO
therapy on periodontitis were assessed. The
results would improve the scientific and ratio-
nal interventions for periodontitis with or with-
out psychological stress.

Materials and methods
Materials

A total of 120 Wistar rats of specific pathogen-
free (SPF) grade were purchased from the
Experimental Animal Center of Sun Yat-sen
University, Guangzhou, P. R. China. Porphy-
romonas gingivalis strains (P. gingivalis ATCC
33277) were provided by the laboratory of
Jinan University, Guangzhou, P. R. China. Rat
anti-HIF-1a immunohistochemical kit was pro-
vided by Wuhan Boster Biologic Technology, P.
R. China. YLC 0.5/1 infant hyperbaric oxygen
chamber was provided by Xi'an 701 Institute, P.
R. China.
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Preparation of periodontal pathogens attach-
ment thread

The 3/0 sterile silk thread was placed in the
modified GAM medium (1 mg/L of vitamin K1,
5% defibrinated sheep blood) containing P. gin-
givalis ATCC 33277 and was cultured in anaero-
bic incubator (volume fraction: 80% N,, 10% H,,
10% CO,) for 5 days under 37°C.

Animal modeling

Before the experiment, 120 male Wistar rats
(8/9-week-old) were raised at a constant tem-
perature (22°C) for 7 days, The rats were num-
bered and assigned randomly and were divided
into four groups with 30 rats in each group. The
4 groups were: normal control group, stress-
stimulation group, experimental periodontitis
group, and experimental periodontitis plus
stress-stimulation group. For normal control
group, no treatment was performed to the peri-
odontal tissue. Rats in stress-stimulation group
were treated with experimental psychological-
stress-stimulation daily from O d.; For experi-
mental periodontitis group, periodontitis was
induced by wrapping a 3/0 silk ligature soaked
with P. gingivalis at the gingival margins of the
left second maxillary molar after anesthesia
with sodium pentobarbital to set up periodonti-
tis models. And for rats in experimental peri-
odontitis plus stress-stimulation group, the
same treatment was carried out as experimen-
tal periodontitis group, and they were addition-
ally exposed to psychological stress daily from
0 d. Except for the normal control group, psy-
chological stress was removed at 9th week,
and 6 rats from each experiment group were
randomly chosen to HBO treatment. The rats, 6
in each group, were sacrificed at the end of 2, 4
and 8 weeks after experiment and 12 rats in
each group were sacrificed at the end of 10
weeks.

Stress strategies

There were three types of stress strategies in
this study: 1) restrictive stress, where the rats
were placed in small cages with limited space,
and their activities and diet were restricted for
2 hours; 2) cold-water-immersion stress, where
the rats were placed in small cages, and
immersed above their clavicles in coldwater for
2 hours; and 3) cat-shock stress, female cats in
estrusthat were purring, pawing, caterwauling,
impatient, and restless were chosen, and the
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rats were put in the cat cages for 12 hours. To
mimic the real source of variable and unpre-
dictable social stress, one of the three stress
strategies was randomly applied to the stress
group rats every day after the experiment
began.

HBO treatment

Except normal control group, stress stimulation
was removed at 9th week, and 6 rats from each
of the other experiment groups were randomly
chosen for HBO treatment (0.25 Mpa, YLC
0.5/1 infant hyperbaric oxygen chamber). The
other rats were untreated. HBO treatment was
applied once a day and 60 minutes every time.
These animals were given continuous HBO
treatment for 2 weeks and then were sacrificed
at the end of the 10th week.

Measurements of Gl and periodontal AL

The rats were anesthetized with 0.3% pento-
barbital sodium through intraperitoneal injec-
tion and were placed in supine position. Then a
blunt periodontal probe was used to check the
periodontal situation of their posterior teeth.
The Gl were measured according to the Loe-
Silness method [2] and divided into 4 degrees:
0 = Normal gingiva; 1 = Mild inflammation-
slight change in color and slight edema, and no
bleeding on probing; 2 = Moderate inflamma-
tion-redness, edema, glazing and bleeding on
probing; 3 = Severe inflammation-marked red-
ness, edema, ulceration and tendency to spon-
taneous bleeding. The gum tissue of each
experimental tooth was checked and 4 sites
(mesial buccal gingival papilla, buccal gingival
margin, distal buccal papilla, and lingual gingi-
val papillae) were evaluated. The final score
was the average of the above four sites.
Periodontal probe was used to detect the depth
of periodontal pockets. Both the scale unit of
the periodontalprobe and the diameter of its
work terminal were 0.2 mm. The distance from
cemento-enamel junction (CEJ) to the pocket
bottom is AL. Six surfaces for each experimen-
tal tooth were evaluated: mesial surface, mid-
dle surface, and distal surface of both buccal
and palatal. The average of six measurements
was measured as final score.

Hematoxylin and eosin (HE) staining

The maxillae were removed and cut from the
middle and were fixed in 10% buffered formalin
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(pH = 7.0) for a period of over 48 hours. The
specimens were then decalcified by mixed
decalcification solution. The tissue was embed-
ded with paraffin and was sliced into 6 um sec-
tions. The slices were stained with HE and cov-
ered with neutral gum. Then the histological
changes of periodontal tissues could be ob-
served under an optical microscope (Olympus,
Tokyo, Japan).

Immunohistochemistry

Rabbit anti-rat HIF-1a antibody (1:50 dilution)
was replaced by PBS in the negative control
(NC) group. Slides were counterstained in he-
matoxylin. Immunohistochemical positive sig-
nal showed as brown fine particles located in
the nucleus or cytoplasm. The positive cells of
each sample slice were counted. The total num-
ber of cells and the number of positive cells of
each sample slice in five visual fields was
recorded under a microscope (Olympus, Tokyo,
Japan). The positive cell rate (%), namely the
positive cells proportion of the total number of
cells was then calculated. The mean value rep-
resented the average rate of positive cells for
specimen slices.

Statistical analysis

The SPSS13.0 (SPSS Inc., Chicago, IL, USA)
program was utilized for our data analysis. All
data were expressed in the form of mean *
standard deviation (X*s). Completely random-
ized design ANOVA (One-way analysis of vari-
ance, One-Way ANOVA) was used to compare
multiple samples. When each group shared
homogeneity of variance, least significant dif-
ference (LSD) Test way was used to the pair-
wise comparison of multiple samples means. If
heterogeneity of variance occurs, Tamhane'’s
T2 Test was used. P<0.05 was considered sta-
tistically significant.

Results
Periodontal clinical manifestations

In order to evaluate the changes of correspond-
ing periodontal condition, periodontal clinical
manifestations of the rats was observed. At 8
weeks after ligature, no significant changes
were found in the structure of gingival epitheli-
um and the periodontal attachment site be-
tween normal control group and stress-stimula-
tion group (Figure 1A, 1B, 1E and 1H). The
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Normal control group Psychological stress Experimental Periodontitis model
stimulation group periodontitis group with stress stimulation
group

10 weeks 8 weeks

10 weeks
1BO treatment

Figure 1. The changes of tooth morphology in the four groups. (A) Normal control group; (B, E, H) Psychological
stress stimulation group at the time point of 8 weeks (B), 10 weeks (E) and 10 weeks with HBO treated (H); (C, F, I)
Experimental periodontitis group at the time point of 8 weeks (C), 10 weeks (F) and 10 weeks with HBO treated (l);
(D, G, J) Experimental periodontitis group at the time point of 8 weeks (D), 10 weeks (G) and 10 weeks with HBO

treated (J).

Table 1. Changes of gingival index in each group at different times (xs, n = 6)
10 weeks
Groups 2 weeks 4 weeks 8 weeks
Untreated by HBO Treated by HBO

Normal control 0.13+0.14 0.38+0.14 0.38 £+ 0.25 0.42+0.21 0.42+0.21
Psychological stress stimulation 0.25+0.20 044 +0.24 0.38+0.14 0.40 £ 0.15 0.41 +0.22
Experimental periodontitis 0.43+0.21 1.06+0.18° 1.69 +0.24%4 1.72 £ 0.2094 0.43 +0.257
Periodontitis model with stress stimulation 0.53 + 0.29 2.13 + 0.14* 2.44 + 0.31%4 2.49 +0.21%4 0.43 £ 0.14Y

©P<0.01 vs normal control group; *P<0.01 vs normal control group and experimental periodontitis group; 4P<0.01 vs 4 weeks after operation in

the same group; YP<0.05 vs untreated by HBO.

experimental periodontitis group showed mild
gingival atrophy and shallow periodontal pock-
et, but no obvious AL at the end of 2 weeks
appeared. However, gingival atrophy and obvi-
ous AL at the end of 4 weeks was found, and AL
was more obvious at the end of 8 weeks (Figure
1C). At the end of 10 weeks, attachment loss of
untreated group continued to increase, where-
as that of HBO treatment group alleviated
(Figure 1F, 1l). The experimental periodontitis
plus stress-stimulation group showed obvious
periodontal pocket and AL at the end of 2
weeks. In addition, AL aggravated at the end of
4 weeks. Moreover, at 8 weeks, the furcation of
tooth root was exposed, involving both sides of
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adjacent teeth (Figure 1D). At the end of 10
weeks, attachment loss of untreated group
continued to increase, while the gingival edema
alleviated and periodontal pocket became shal-
low in HBO treatment group (Figure 1G and
1H). Together, the results showed that gum
edema reduced and periodontal probing depth
shallowed after HBO treatment.

Gl and periodontal AL assessments

The changes of Gl and AL in each group were
shown in Tables 1, 2 and Figure 2. There were
no significant difference of both Gl and AL
between the stress-stimulating group and nor-
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Table 2. Changes of AL in each group at different times (xts, n = 6)

10 weeks
Groups 2 weeks 4 weeks 8 weeks
Untreated by HBO Treated by HBO
Normal control 0.51+0.30 0.53+0.14 0.56+0.22 0.55 £ 0.10 0.55 £ 0.10
Psychological stress stimulation 0.51+0.03 0.52+0.04 0.54+0.02 0.54 £ 0.02 0.54 £ 0.01
Experimental periodontitis 1.01 + 0.08° 1.94 + 0.06° 2.82 +0.01¢ 2.90 + 0.02° 0.56 + 0.04"
Periodontitis model with stress stimulation 1.06 + 0.08° 2.52 + 0.03* 3.99 + 0.08%*4  4.01 + 0.06%4 0.55 + 0.207

©P<0.01 vs normal control group; *P<0.01 vs normal control group and experimental periodontitis group; 4P<0.01 vs 4 weeks after operation;

YP<0.05 vs untreated by HBO.
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Figure 2. The changes of Gl and AL in each group at different times (x+s, n = 6). “P<0.01 vs normal control group;
*P<0.01 vs normal control group and experimental periodontitis group; 4P<0.01 vs 4 weeks after operation in the

same group; YP<0.05 vs untreated by HBO.

mal control group at each time point (P>0.05).
Compared with the normal control group and
stress-stimulating group, the experimental pe-
riodontitis group and the periodontitis with
stress-stimulation group had significantly high-
er levels of Gl and AL at each time point
(P<0.01), and they increased significantly with
time (P<0.01). Additionally, the GI and AL val-
ues of the periodontitis with stress-stimulation
group were significantly higher than that of the
experimental periodontitis group at 4 and 8
weeks (P<0.01). After HBO treatment, the Gl
and AL values of each group decreased and
were significantly different from the untreated
group (P<0.05). To sum up, the results argued
that Gl and periodontal AL had similar varying
tendency and were significantly decreased
than that of untreated group.

Histologic changes
In order to testify the histologic changes in

each group, HE staining was performed. There
was no significant inflammation in periodontal
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tissues in both the normal control group (Figure
3A) and stress-stimulation group, and no abno-
rmal junctional epithelium, periodontal liga-
ment fibers, or inherental veolar were detected
(Figure 3B, 3E and 3H). A moderate periodontal
inflammation in the experimental periodontitis
group was observed. Ulceration of gingival epi-
thelium was observed, and connective epithe-
lium was separated from the root surface and
migrated apically. A large number of inflamma-
tory cells appeared in the deeper periodontal
tissue, the structure of periodontal membrane
was destroyed, and edema and denaturation of
collagen fibers were found. In addition, vascular
dilatation and congestion could be detected
and active osteoclasts and dimple-like bone
resorption occurred on the surface of alveolar
bone. After HBO therapy, the above condition
alleviated (Figure 3C, 3F and 3l). In the peri-
odontitis with stress-stimulation group, the
above phenomena showed more significant
and more serious. The inflammation of rats’
periodontal tissue decreased, inflammatory
cells in the connective tissue reduced, and the
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Normal control group Psychological stress Experimental Periodontitis model
stimulation group periodontitis group  with stress stimulation

8 weeks

10 weeks

10 weeks
HBO treatment

Figure 3. The inflammation in periodontal tissues were assayed (scale bars = 50 um, original magnification 400x).
(A) Normal control group; (B, E, H) Psychological stress stimulation group at the time point of 8 weeks (B) 10 weeks
(E) and 10 weeks with HBO treated (H); (C, F, ) Experimental periodontitis group at the time point of 8 weeks (C) 10
weeks (F) and 10 weeks with HBO treated (1); (D, G, J) Experimental periodontitis group at the time point of 8 weeks
(D) 10 weeks (G) and 10 weeks with HBO treated (J).
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Figure 4. Immunohistochemically staining results of HIF-1a (scale bars = 50 ym, original magnification 400x). (A)
Normal control group; (B, E, H) Psychological stress stimulation group at the time point of 8 weeks (B) 10 weeks (E)
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and 10 weeks with HBO treated (H); (C, F, I) Experimental periodontitis group at the time point of 8 weeks (C) 10
weeks (F) and 10 weeks with HBO treated (1); (D, G, J) Experimental periodontitis group at the time point of 8 weeks

(D) 10 weeks (G) and 10 weeks with HBO treated (J).

Table 3. The average positive cell rate of HIF-1a in each group at different times (%, Xts, n = 6)

10 weeks
Groups 2 weeks 4 weeks 8 weeks Untreated by  Treated by
HBO HBO
Normal control 0.02+0.01 0.03+0.01 0.03 +£0.01 0.03+0.01 0.03 +£0.01
Psychological stress stimulation 0.01+0.01 0.03+0.01 0.04 £0.01 0.04 £ 0.01 0.03 £ 0.02
Experimental periodontitis 0.02+0.01 12.65+1.26° 31.05+ 1.48° 31.72+1.54° 0.03 +0.02Y

Periodontitis model with stress stimulation 0.01 + 0.01

24.73 +2.24% 79.47 +2.85%4 80.11+1.96*4 0.04+0.01"

©P<0.01 vs normal control group; *P<0.01 vs normal control group and experimental periodontitis group; 4P<0.01 vs 4 wk after operation in the

same group; YP<0.01 vs untreated by HBO.

number of open blood vessels in periodontal
tissues increased after HBO treatment (Figure
3D, 3G and 3H).

Immunohistochemical staining results of HIF-
lx

To investigate the expression of HIF-1x in tis-
sues, immunohistochemical staining was car-
ried out. The immunohistochemical positive si-
gnal of HIF-1a showed as brown fine particles
located in the nucleus or cytoplasm. Only a few
HIF-1a-weak-positive-expression cells were ob-
served in the normal control group and stress-
stimulating group (Figure 4A, 4B, 4E and 4H).
More cells with HIF-1a-positive-expression we-
re observed in the experimental periodontitis
group (Figure 4C, 4F and 4l). A large number of
cells with HIF-la-strong-positive-expression
were found in the experimental periodontitis
with stress-stimulationg roup. After HBO treat-
ment, the cells with HIF-1a-positive-expression
decreased (Figure 4D, 4G and 4H).

The average rates of HIF-1a-positive cells in
each experimental group were shown in Table
3. Statistical results showed that there was no
significant difference of the average rates of
HIF-1a-positive cells between the stress-stimu-
lating group and normal control group at each
time point (P>0.05), while the average rates of
HIF-1a-positive cells in the experimental peri-
odontitis group and the periodontitis with
stress-stimulation group were significantly hi-
gher at each time point (P<0.01), compared
with the normal control group and stress-stimu-
lating group. Further analysis found that the
average rates of HIF-la-positive cells in the
experimental periodontitis plus stress-stimula-
tion group were significantly higher than the
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experimental periodontitis group at 4 and 8
weeks (P<0.01). And the average rates of HIF-
la-positive cells in the periodontitis with
stress-stimulation group at 8 weeks were sig-
nificantly higher than that at 4 weeks (P<0.01).
After HBO treatment, the average rates of HIF-
la-positive cells in each group decreased and
were significantly different from the untreated
group (P<0.05). It is possible to assume that
HBO treatment could reduce the danger in rat
experimental periodontitis with psychological
stress.

Discussion

In addition to bacterial infections, adverse ef-
fects of immunological changes in particular
stress factors, may represent precipitating pa-
rameters of inflammatory periodontal diseases
[23, 24]. Several questionnaire studies have
demonstrated a positive relationship between
psychological stress and periodontal diseases
[25]. Breivik et al. [26] show that in the rat
model, stress in early postnatal life would
increase the severity of experimental periodon-
titis. Semen off and coworkers [27] find that the
chronic stress, which the neonatal rats suf-
fered, has an effect on the progression of adult
periodontal ligation induced periodontitis. Un-
fortunately, a direct association between peri-
odontal disease and stress remains to be prov-
en. This is partly due to the lack of an adequate
animal model and the difficulty in quantifying
amount and duration of stress. In this study,
three types of stress strategies (restrictive
stress, cold-water-immersion stress, and cat-
shock stress) were used so as to mimic the real
source of variable and unpredictable social
stress. The results argued that Gl and AL levels
and the destruction of periodontal tissues in
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the periodontitis with stress-stimulation group
were significantly higher than that of the experi-
mental periodontitis group at the end of 4
weeks and 8 weeks (P<0.01), while there was
no significant difference between normal con-
trol group and stress-stimulation group at each
time point. Our results indicated that psycho-
logical stress alone could not cause significant
periodontal inflammation; however, it could ag-
gravate periodontal inflammation.

Oxygen metabolism in local tissue can be
reflected by HIF-1a expression. HIF-1 is a basic
helix-loop-helix superfamily member which is
composed of o« and B subunits. HIF-13 can be
found in all cells, while HIF-1« is not detected in
normal oxygen state. HIF-1« is a key factor for
cell hypoxia adaptation, and plays key roles in
many physiological and pathological processes
[28]. The expression of HIF-1a protein can be
induced by the hypoxia environment of local
inflammatory tissue rapidly [29]. Therefore, tis-
sue oxygen metabolism could be reflected by
detecting the expression of HIF-1a protein in
local tissue. In our experiments, by detecting
the expression of HIF-1a protein in periodontal
tissue, the condition of tissue oxygen metabo-
lism was measured, and the degree of tissue
hypoxia was assessed by calculating the aver-
age rate of HIF-1a-positive cells. Our results
showed that oxygen metabolism would decline
and stay in a hypoxic state when periodontal
tissue was under an inflammatory state. Stress
did not significantly affect the oxygen metabo-
lism of normal periodontal tissue, however, it
could significantly reduce oxygen metabolism
of the periodontal tissue with inflammation.
Therefore, it increased the hypoxia condition of
periodontal tissue, which then aggravated peri-
odontitis. Manhold et al. [30] also show that
long-term emotional state can lead to the
reduction of oxygen and nutrients supply, and
reduce the ability of periodontal tissue to fight
against bacteria. Additionally, they found that
the ability of periodontal tissue to use oxygen
would reduce when the rats were under stress
[30]. Hyperbaric oxygen (HBO) has been suc-
cessfully used in several medical applications
[11]. It has been reported that HBO has signifi-
cant therapeutic effects on senile periodontitis
and periodontitis after periodontal flap surgery
[20, 31, 32]. Costantino and colleagues [33]
reported that HBO therapy could reduce the
incidence and severity of bone necrosis and
inhibit alveolar resorption. Although HBO could
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inhibit the reproduction and growth of anaer-
obes in periodontitis, the detailed mechanism
still needs further investigation [12]. In this
study, after HBO therapy, the periodontal prob-
ing depth shallowed, and no obvious gingival
edema could be seen. Pl and AL levels in each
group decreased significantly. Inflammatory de-
struction of periodontal tissue alleviated, and
the number of inflammatory cells reduced. The
average rate of HIF-1a-positive cells was signifi-
cantly decreased, showing that HBO therapy
has effects on correcting the hypoxia state of
periodontal inflammation. All the above results
indicated that HBO treatment could significant-
ly improve the oxygen supply of the periodontal
tissues and thereby was of great benefit to peri-
odontitis and periodontitis associated psycho-
logical stress.

In summary, our data showed that the severity
of periodontitis was related to psychological
stress and the tissue hypoxic state. HBO could
elevate partial oxygen supply successfully in
hypoxic state in periodontal tissues, which was
effective on periodontitis and periodontitis with
psychological stress in rat models.
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