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Objective. To evaluate the effects of psychological stress on periodontitis healing in rats and the contribution of basic fibroblast
growth factor (bFGF) expression to the healing process. Methods. Ninety-six rats were randomly distributed into control group,
periodontitis group, and periodontitis plus stress group. Then, the rats were sacrificed at baseline and week(s) 1, 2, and 4. The
periodontitis healing condition was assessed, and the expression of interleukin-1β (IL-1β), tumor necrosis factor-α (TNF-α), and
bFGF were tested by immunohistochemistry. Results. The stressed rats showed reduced body weight gain, behavioral changes, and
increased serum corticosterone and ACTH levels (P � 0.05). The surface of inflammatory infiltrate, alveolar bone loss, attachment
loss, and expression of IL-1β and TNF-α in the stress group were higher than those in the periodontitis group at weeks 2 and 4 (P �

0.05). Rats with experimental periodontitis showed decreased bFGF expression (P � 0.05), and the recovery of bFGF expression in
the stress group was slower than that in the periodontitis group (P � 0.05). Negative correlations between inflammatory cytokines
and bFGF were detected. Conclusion. Psychological stress could delay periodontitis healing in rats, which may be partly mediated
by downregulation of the expression of bFGF in the periodontal ligament.

1. Introduction

Periodontitis is defined as the inflammation of periodontal
supporting tissue caused by specific pathogenic microor-
ganisms, resulting in the advanced destruction of the peri-
odontal ligament and the alveolar bone and subsequently
leading to the formation of a gingival recession and a
periodontal pocket [1]. Although the bacteria and plaque
are the initiating factors of periodontitis, a simple bacterial
infection is not sufficient to explain the range of severity of
this condition in different individuals. In recent years, it has
become accepted that susceptibility to periodontitis varies
greatly between individuals who harbor the same pathogenic
microflora [2]. Epidemiological studies have found a positive
correlation between psychological stress and periodontal
disease, suggesting that stress, depression, or anxiety, as
systemic risk factors, may modify the host response and

further contribute to the occurrence of periodontal disease
[3–5].

Periodontitis is a chronic inflammatory disease char-
acterized by episodes of active destruction in which pro-
nounced inflammatory infiltration, attachment loss, and
alveolar bone loss occur as well as periods of quiescence
in which periodontal regeneration takes place, including
the restoration of the damaged periodontal ligament, the
gingival tissue, the alveolar bone, and the cementum to their
original levels [6, 7]. Inflammation of periodontal tissue is
the main pathological feature in periodontitis and the tissue
injury in periodontitis may be caused by the inability of the
host to resolve the inflammation [6]. Studies also have shown
that when periodontitis exists, some inflammatory cytokines,
such as IL-1β and TNF-α, are significantly increased in
periodontal tissue, gingival crevicular fluid, or peripheral
blood [8, 9].
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The process of periodontal healing is regulated by
multiple growth factors, among which bFGF is recognized
as a key factor in periodontal ligament regeneration [10–13].
As a typical member of the heparin-binding growth factor
family that was first isolated from bovine pituitary extracts
and shown to stimulate fibroblast proliferation, bFGF is a
multifunctional factor whose activity is crucial for enhanced
normal wound healing [14]. bFGF has been reported to exert
a variety of effects on cell proliferation, differentiation, and
angiogenesis [15]. In animal studies, the topical application
of bFGF can promote periodontal healing and regeneration
without epithelial downgrowth, ankylosis, or root resorption
in a surgically created furcation [16, 17]. However, few
studies have focused on the expression of endogenous bFGF
in the periodontal ligament during the destruction and
healing process of periodontitis.

More recently, several animal studies have suggested the
influence of psychological stress on the susceptibility to
and progression of periodontal disease, indicating that the
activation of the hypothalamic-pituitary-adrenal (HPA) axis
seems to play an important role [18–20]. Additionally, it is
known that psychological stress can delay wound healing
by affecting the host immune response [21, 22]. However,
there is limited information about the effect of psychological
stress on wound healing within the periodontal tissue.
Thus, we hypothesized that psychological stress could delay
periodontal healing through the downregulation of bFGF
expression. We tested this hypothesis by establishing an ani-
mal model of experimental periodontitis with psychological
stress during periodontal healing. We performed histomor-
phometric analysis and immunohistochemical staining of
bFGF expression.

2. Materials and Methods

2.1. Animals. Ninety-six adult male Sprague-Dawley rats
(provided by the Laboratory Animal Center of the Fourth
Military Medical University, Xi’an, China) at 8 weeks of age
and weighing 247.24 � 11.06 g were caged in a room with
controlled temperature (22 � 1�C), humidity (60 � 5%),
and light-dark cycle (light on 8:00 to 20:00 h). The animals
were given access to food and water ad libitum. The rats
were randomly distributed into three groups, with 32 rats
in each group: control rats; rats with periodontitis that
underwent a natural healing process (periodontitis group);
rats with periodontitis that were subjected to psychological
stress during the healing process (stress group). There were
four subgroups in each group that were evaluated at different
observation time points: baseline (immediately after ligature
removal), 1 w (1 week after ligature removal), 2 w (2 weeks
after ligature removal), and 4 w (4 weeks after ligature
removal). This study was performed in strict accordance with
the recommendations in the Guide for the Care and Use
of Laboratory Animals of the National Institutes of Health.
The protocol was approved by the Animal Research Ethics
Committee of the Fourth Military Medical University (Xi’an,
China) and every effort was taken to avoid animal suffering
at each stage of the experiment.

2.2. Experimental Periodontitis. The rats were anesthetized
by intraperitoneal injection of 1% sodium pentobarbital
(3.5 mg/Kg) prepared in sterile saline, and a 4–0 silk ligature
was placed around the cervix of the right second maxillary
molar to induce experimental periodontitis as previously
described [19], except for the animals in the control group,
which were submitted to the same procedure but without
ligature placement. The ligatures were kept in place for four
weeks and served as a retention device for oral microor-
ganisms. Then, the ligatures were removed for 1, 2, or 4
weeks of followup during the spontaneous natural healing
process in the periodontitis group or healing under chronic
unpredictable mild stress (CUMS) in the stress group.

2.3. Psychological Stress. After ligature removal, the rats in
the psychological stress group were subjected to CUMS
which contains seven different mild psychological stressors
including damp sawdust for 24 hours, food deprivation for
12 hours, water deprivation for 12 hours, inversion of the
light-dark cycle, swimming in 4�C cold water for 5 min,
swimming in 45�C hot water for 5 min, and 1 h of restraint
stress (the rats were kept in a restrainer made of an inflexible
wire mesh with a sliding door to facilitate the restraint;
during the stress procedure, the rats were not allowed to
move freely, but their bodies were not constricted) [23, 24].
Over the course of each week of the CUMS procedure, one of
the 7 stressors was applied each day on a random schedule.
The same stressor appeared only once per week to avoid
stress habituation in rats. At baseline and at weeks 1, 2, or
4, the rats (n � 8 rats each) were weighed and prepared for
the subsequent tests. The body weight gain was calculated
according to the formula: [(Body weight at time point t) �
(Initial body weight)]/(Initial body weight), where the time
point is baseline or week 1, 2, or 4.

2.4. Open-Field Test. The open-field chamber (RD 1412-
OF, Shanghai Mobile datum Corporation, Shanghai, China)
was placed inside a temperature-controlled chamber. This
chamber consists of a 100 cm � 100 cm � 80 cm Plexiglas
box illuminated by one fluorescent light suspended over the
chamber. The sides of the chamber were white, the bottom
was brown, and the top was open to the air. The activities of
each rat were automatically monitored using a digital video
camera for 15 min in the open field. After each test, the maze
was thoroughly cleaned with 20% alcohol to eliminate the
odor and trace of the previously tested animal. The distance
moved in center and the total distance moved were calculated
to assess the animal’s stress condition [25].

2.5. Sample Collection. The rats were anesthetized by
intraperitoneal injections of 1% sodium pentobarbital
(3.5 mg/Kg) prepared in sterile saline. Next, blood samples
were collected (1.5–2 mL from each animal) by cardiac
puncture. The blood was allowed to coagulate on ice for
1 h. Thereafter, the serum was isolated following refrigerated
centrifugation (at 4�C) for 30 min at 3000 rpm. After blood
sample collection, the rats were sacrificed by cervical disloca-
tion. The right maxillae were immediately removed and fixed
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Figure 1: Schematic illustration of the histometric parameters
evaluated. M1: maxillary first molar; M2: maxillary second molar;
M3: maxillary third molar; CEJ: cement-enamel junction; JEA:
junctional epithelial attachment; AB: alveolar bone; a: attachment
loss; b: alveolar bone loss.

in 10% formalin for �48 hours. Subsequently, decalcification
was carried out in 15% EDTA solution at room temperature
for 6 weeks. Serial paraffin sections that were 5 μm thick
were obtained in the mesial-distal direction and stained with
hematoxylin and eosin (H&E) for histologic analysis.

2.6. Measurement of Serum Corticosterone and ACTH.
The serum aliquots were aspirated and stored in micro-
centrifuge tubes at �20�C for measurement. The serum
corticosterone (CORT) and adrenocorticotropic hormone
(ACTH) levels were determined with commercial enzyme-
linked immunosorbent assay (ELISA) kits (Shanghai Xitang
Bioengineering Institute, Shanghai, China) as previously
described [26].

2.7. Histomorphometric Analysis. The histomorphometric
analysis was performed under a light microscope at a mag-
nification of �100. The measurements included evaluation
of the inflammatory infiltrate by measuring the surface of
the connective tissue infiltrated with inflammatory cells (SI),
evaluation of the alveolar bone loss (ABL) by measuring the
distance between the cement-enamel junction and the most
coronal border of the alveolar bone, and evaluation of the
attachment loss (AL) by measuring the distance between the
cement-enamel junction and the epithelial attachment [19]
Figure 1.

2.8. Immunohistochemical Staining. Immunohistochemical
staining was performed using a three-step avidin-biotin
complex method as previously described [27, 28]. The
primary antibodies were rabbit polyclonal antibody to IL-1β
(diluted at 1 : 200, Abcam Biotechnology, Cambridge, USA),
TNF-α (diluted at 1 : 200, Abcam Biotechnology, Cambridge,
USA), and bFGF (diluted at 1 : 50, Abcam Biotechnology,
Cambridge, USA). The observation area was photographed
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Figure 2: Body weight gain of the rats in all groups. �P � 0.05
versus control group at the same time point.

using a light microscope with a magnification of �200 and
�400. (Nikon Microphoto-FXA, Tokyo, Japan). Areas com-
prising 100 � 200 μm sections of the periodontal ligament
of the mesial root surface of the maxillary second molar,
which were located just below the crest of the alveolar bone,
were used for investigation. According to the histological
observations and preliminary data, the number and the area
of bFGF-immunoreactive cells per unit area were recorded
[27] using image analysis software (Image-Pro Plus, Media
Cybernetics, USA). The signal intensity was measured [29]
using a high-resolution pathological image analysis system
(Image-Pro Plus, Media Cybernetics, USA), and the optical
density of each section was obtained.

2.9. Statistical Analysis. The experimental data were
expressed as the means � standard error of means (SEM).
Differences among the groups were analyzed by one-way
analysis of variance (ANOVA) with the SPSS 13.0 software
(SPSS Institute, Chicago, IL, USA) followed by the SNK-q
test for multiple comparisons. Correlation between variables
was calculated using the Spearman test. P � 0.05 was
considered statistically significant for all analyses.

3. Results

3.1. Body Weight Gain. The body weight gain of the rats
in the stress group was significantly lower than that in the
control group at weeks 1, 2, and 4 (P � 0.05, Figure 2),
whereas no significant difference was observed between the
periodontitis group and the control group at any time point
(P � 0.05, Figure 2).

3.2. Behavioral Changes. In the open-field test, the distance
moved in the center and total distance moved by the rats
in the stress group were significantly less than the distances
moved by the control group at weeks 2 and 4, whereas no
significant difference was observed between the stress group
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Figure 3: Effect of psychological stress on behavioral changes of rats in the open-field test. The distance moved in the center (a) and total
distance moved (b) were measured. �P � 0.05 versus matched control group for the same time point.
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Figure 4: Serum corticosterone level (a) and serum ACTH level (b) of the rats in all groups. �P � 0.05 versus control group of the same time
point.

and the control group at week 1 (P � 0.05, Figures 3(a)
and 3(b)). There was also no significant difference between
the periodontitis group and the control group at any point
(P � 0.05, Figures 3(a) and 3(b)).

3.3. Serum CORT and ACTH Levels. The serum corticos-
terone levels of the rats in the stress group were significantly
higher in the control group at weeks 2 and 4, but not at
week 1 (P � 0.05, Figure 4(a)). Such a difference was also
observed in the serum ACTH levels (P � 0.05, Figure 4(b)).
In contrast, no significant difference was observed between

the periodontitis group and the control group at any time
point (P � 0.05, Figures 4(a) and 4(b)).

3.4. Histometric Findings. In the present study, the time
point when the periodontitis group and periodontitis/stress
group rats having experienced 4-week ligature placement was
chosen as baseline to fully explore the effects of psychological
stress on periodontitis healing. That is, at baseline, the
periodontitis group contained the rats suffering periodontitis
and, further to experience the natural healing process,
the periodontitis/stress group contained the rats suffering
periodontitis and further to experience the healing process
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under CUMS, and the blank control group contained the
healthy rats without experimental periodontitis. The results
showed that in the control group at each time point, the
invasion of inflammatory cells was confined to the area
beneath the epithelium. Moreover, minimal alveolar bone
loss and attachment loss were observed (Figures 5(a)–5(d)).
In the periodontitis group and the stress group at the
baseline observation point, there was a significant peri-
odontal breakdown, including pronounced inflammatory
infiltration, mostly composed of mononuclear cells with a
few polymorphonuclear leukocytes, significant alveolar bone
loss, and attachment loss (Figures 5(e) and 5(i)). The data
analysis indicated that inflammatory infiltrate (SI), alveolar
bone loss (ABL), and attachment loss (AL) were significantly
increased compared with the matched control group (P �

0.05, Figures 5(m)–5(o)). These results confirmed that
experimental periodontitis was successfully induced by 4-
week ligature placement.

After ligature removal, the rats in the periodontitis
group showed spontaneous healing of the soft tissue and
remodeling of the alveolar bone in the following four weeks,
whereas psychological stress resulted in significantly delayed
healing of the periodontal tissue (Figures 5(f)–5(h) and 5(j)–
5(l)). Histometric analysis showed that there was a significant
reduction of SI, ABL, and AL in the periodontitis group,
although these values were still higher than those in the
matched control group at all time points except for SI at
week 4 (P � 0.05, Figures 5(m)–5(o)). Moreover, SI and
ABL were significantly higher in the stress group than in the
periodontitis group at week 2 and week 4 (P � 0.05, Figures
5(m) and 5(n)). Additionally, a higher AL was observed in
the stress group than in the periodontitis group at week 4
(P � 0.05, Figure 5(o)).

3.5. Immunohistochemical Staining of IL-1β, TNF-α,
and bFGF. Regarding IL-1β and TNF-α staining, little
immunoreactive cells and low-level mean optical density
were found in the control group at all time points (Figures 6,
7(a)–7(d), 7(m), and 7(n)). At baseline, ligature placement
resulted in a significant increase in the number of
immunoreactive cells and the mean optical density in
the periodontitis group and the stress group (P � 0.05,
Figures 6, 7(e), 7(i), 7(m), and 7(n)). After ligature removal,
the expression of IL-1β and TNF-α significantly decreased
in the periodontitis group at week 1, 2, and 4 compared
with baseline level (P � 0.05, Figures 6, 7(m), and 7(n)).
For IL-1β, the immunoreactive cell number and the mean
optical density did not descend significantly in the stress
group compared with baseline level (P � 0.05, Figures 6(m)
and 6(n)). Moreover, the cell number at week 1, 2, and
4 and the mean optical density at week 4 were higher in
stress group than that in the periodontitis group (P � 0.05,
Figures 6(m) and 6(n)). For TNF-α, although there was an
expression downtrend, the immunoreactive cell number
was still higher in the stress group than in the periodontitis
group at week 2 and week 4 (P � 0.05, Figure 7(m)).

As for bFGF staining, moderate immunoreactivity was
found in the control group at all time points (Figures

8(a)–8(d), 8(m), and 8(n)). At baseline, ligature place-
ment resulted in a significant reduction in the number of
immunoreactive cells and the mean optical density in the
periodontitis group and the stress group (P � 0.05, Figures
8(e), 8(i), 8(m), and 8(n)). In the following 4 weeks after
ligature removal, bFGF expression in the periodontitis group
prominently recovered when the cell number and mean OD
were significantly increased at weeks 1, 2, and 4 (P � 0.05,
Figures 8(f)–8(h), 8(m) and 8(n)). Furthermore, the mean
OD of the periodontitis group was significantly higher than
that in the control group at week 2 (P � 0.05, Figure 8(n)).
In contrast, psychological stress significantly delayed the
recovery of bFGF expression, whereas the positive cell
number and the mean OD did not increase significantly (P �

0.05, Figures 8(j)–8(l), 8(m), and 8(n)), with the exception
of the cell number at week 4 (P � 0.05, Figure 8(m)).

Further, the ratios of immunoreactive cell numbers
between inflammatory cytokines and bFGF, which indicated
the homeostasis between inflammation and repair process,
were calculated and statistically analyzed. It showed that both
the IL-1β/bFGF ratio and TNF-α/bFGF ratio were highest at
baseline in periodontitis and periodontitis/stress group. As
the healing time went on, the inflammatory cytokine/bFGF
ratios decreased apparently (P � 0.05, Figures 9(a) and 9(b)).
Compared with the ratios of periodontitis group, those of
the periodontitis/stress group decreased significantly much
slower (P � 0.05, Figures 9(a) and 9(b)).

In addition, the negative correlations between inflamma-
tory cytokines and bFGF were observed (r � �0.539,P �

0.0001 for IL-1 and bFGF, and r � �0.542,P � 0.0001
for TNF-α and bFGF). In contrast, the positive correlations
between SI and inflammatory cytokines were observed (r �
0.494,P � 0.0001 for SI and IL-1, and r � 0.519, P � 0.0001
for SI and TNF-α). No significant correlation was found
between SI and bFGF (r � �0.256, P � 0.059)

4. Discussion

Previous clinical studies have demonstrated a correlation
between psychological stress and a more severe level of
destruction during the progression of periodontitis [4].
Animal studies have also found a higher degree of attachment
loss and alveolar bone resorption after exposing the animals
to experimental periodontitis and stress at the same time [18,
30]. However, from periodontitis to periodontal healing, the
pathological condition of the periodontal tissue shifts from
destruction to regeneration. Whether psychological stress
has an adverse impact on the healing process of periodontitis
and whether bFGF plays a role in that process remain unclear.
Therefore, this study was designed to evaluate the effect of
psychological stress on the healing process of periodontitis
and the expression of bFGF in the periodontal ligament.

The experimental model of periodontitis employed in
the current study is induced by the local compression of
a silk ligature that results in progressive accumulation of
plaque and increased degradation of periodontal connective
tissues and bone resorption [31, 32]. As the previous studies
have reported [19, 30, 33], we also observed a significant
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Figure 5: H&E staining. ((a)–(l)) Area comprising the distal root of the maxillary first molar and the mesial root of the maxillary second
molar of all groups at all time points (D: dentin, AB: alveolar bone, CEJ: cement-enamel junction, and JEA: junctional epithelial attachment,
�100, bar represents 150 μm). ((m)–(o)) Histologic analysis of the surface of inflammatory infiltration (m), alveolar bone loss (n), and
attachment loss (o) of the rats in all groups. �P � 0.05 versus control group at the same time point. #P � 0.05 versus periodontitis group at
the same time point. ��P � 0.05 versus the same group at baseline.



Mediators of Inflammation 7

D
PDL AB

Baseline

C
on

tr
ol

(a)

D
PDL AB

1 W

(b)

D

PDL AB

2 W

(c)

D
PDL

AB

4 W

(d)

D PDL
AB

Pe
ri

od
on

ti
ti

s

(e)

D

PDL
AB

(f)

D PDL
AB

(g)

D

PDL
AB

(h)

D PDL
AB

Pe
ri

od
on

ti
ti

s/
st

re
ss

(i)

D

PDL
AB

(j)

D

PDL AB

(k)

D
PDL

AB

(l)

(m) (n)

Figure 6: Immunostaining of interleukin-1β. ((a)–(l)) Area comprising the mesial root surface of the maxillary second molar of all groups
at all time points (D: dentin, AB: alveolar bone, and PDL: periodontal ligament, �200, bar represents 100 μm). The boxed areas indicate a
higher magnification (�400). ((m)-(n)) Quantitative analysis of the number of immunoreactive cells (m) and the intensity of staining (n).
�P � 0.05 versus control group at the same time point. #P � 0.05 versus periodontitis group at the same time point. �� P � 0.05 versus the
same group at baseline.
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Figure 7: Immunostaining of tumor necrosis factor-α. ((a)–(l)) Area comprising the mesial root surface of the maxillary second molar of
all groups at all time points (D: dentin, AB: alveolar bone, and PDL: periodontal ligament, �200, bar represents 100 μm). The boxed areas
indicate a higher magnification (�400). (m)-(n)) Quantitative analysis of the number of immunoreactive cells (m) and the intensity of
staining (n). �P � 0.05 versus the control group at the same time point. #P � 0.05 versus the periodontitis group at the same time point.
��P � 0.05 versus the same group at baseline.
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Figure 8: Immunostaining of basic fibroblast growth factor. ((a)–(l)) Area comprising the mesial root surface of the maxillary second molar
of all groups at all time points (D: dentin, AB: alveolar bone, and PDL: periodontal ligament, �200, bar represents 100 μm). The boxed areas
indicate a higher magnification (�400). ((m)-(n)) Quantitative analysis of the number of immunoreactive cells (m) and the intensity of
staining (n). �P � 0.05 versus control group at the same time point. #P � 0.05 versus periodontitis group at the same time point. �� P � 0.05
versus the same group at baseline.
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(a) (b)

Figure 9: Ratios of immunoreactive cell numbers between inflammatory cytokines and bFGF during the observation period. (a)
Immunoreactive cell number ratio between IL-1β and bFGF. (b) Immunoreactive cell number ratio between TNF-α and bFGF. �P � 0.05
versus control group at the same time point. #P � 0.05 versus periodontitis group at the same time point. ��P � 0.05 versus the same group
at baseline.

increase in the surface of inflammatory infiltration, alveolar
bone loss, and attachment loss in periodontitis group and
periodontitis/stress group compared with those of control,
which confirmed a successful establishment of periodontitis
in rats. In addition, the results of the present work suggested
an obvious downregulation of the expression of bFGF
in the periodontal ligament associated with experimental
periodontitis, which was demonstrated by the decreased
immunoreactive cell number and mean optical density.
These results may indicate that periodontal ligament repair
is diminished in the destruction phase of periodontitis. Our
findings are similar to those of Gao et al. [34], who identified,
for the first time, the presence of bFGF in human periodontal
ligament tissue and observed a significant decrease in the
fibroblast number and staining intensity of bFGF in the
periodontal ligament of patients with chronic periodontitis.
Moreover, the destruction of periodontal tissue may be
attributed to the failure of recruitment and activation
of macrophages, involving little bFGF expression [35]. In
contrast, as an important angiogenesis-associated factor,
bFGF is upregulated in some other oral pathologies that
involve the formation of a large number of new blood vessels,
such as pyogenic granuloma [36].

The stress model that we adopted in the current study
is CUMS, which has been developed in recent years and
is widely used to mimic chronic stress in daily life in
studies [23, 24, 26]. The major advantage of CUMS is the
avoidance of animal adaptation to invariant stressors by
employing various physical and psychological stressors in a
predetermined manner. We have found that the experimental
animals showed a reduction in body weight gain and elevated
plasma corticosterone and ACTH levels. Moreover, the rats

exposed to psychological stress showed stress-like behaviors
based on the significant decrease observed in the distance
moved in the center and total distance moved in the open-
field test. These results are in accordance with previous
studies [9, 37], indicating that the experimental animals were
successfully stressed by the CUMS procedure.

Some clinical studies have demonstrated a link between
psychological stress and periodontitis [3–5], and several
investigators have worked to determine the possible mech-
anisms behind it. Peruzzo et al. [30] reported the modulated
expression of pro- and anti-inflammatory and proresorptive
factors, suggesting that stress may alter the progression
of periodontitis locally through its effect on the immune-
inflammatory system. Another study conducted with animal
models [33] speculated on a correlation between peri-
odontitis severity and psychological stress and periodontal
tissue hypoxia by measuring the expression of hypoxia-
induced factor-1α. Nevertheless, there is limited information
regarding whether psychological stress has an adverse effect
on the healing stage of periodontitis. Thus, in our study,
psychological stress was imposed on animals after ligature
removal. On the one hand, in the periodontitis group, we
observed spontaneous periodontal healing at 1, 2, or 4 weeks
compared with baseline. This healing was characterized by
a decreased surface of inflammatory infiltration, alveolar
bone remodeling, and epithelial reattachment, confirming
the results reported by Coimbra et al. [38], who also observed
significant repair of the soft tissue and regeneration of
the alveolar bone in rats 15 days after ligature removal.
On the other hand, we observed delayed periodontal heal-
ing in the stress group, and the periodontal breakdown
was significantly more severe in the stress group than in
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the periodontitis group. These findings may suggest that
psychological stress could impair the healing process of
periodontitis.

Periodontitis is a chronic infectious disease that the host
inflammatory response to bacteria is the leading cause of
tissue destruction. In our study, the expressions of two typ-
ical inflammatory cytokines, IL-1β and TNF-α, significantly
increased in periodontal ligament after ligature placement,
confirming the previous studies that in periodontitis the
elevated levels of inflammatory cytokines can cause tissue
injury and alveolar bone metabolism breakdown [29, 39].
In fact, we did find the positive correlation between inflam-
matory cytokines expression and periodontal damage. In
the natural healing process of periodontitis, the expression
of IL-1β and TNF-α reduced markedly. In contrast, during
periodontitis healing under conditions of psychological
stress, the expression of inflammatory cytokines remained
on a relatively higher level. The results were similar to our
previous study [40], which demonstrated that psychological
stress could induce upregulation of IL-1β and TNF-α and
may further play a potential role in initiating the cartilage
destruction. The present study suggested that psychological
stress may also lead to disturbed inflammatory process,
enhancing tissue damage in periodontal healing procedure.

Wound healing is a process consisting of overlapping
stages, including clot formation, inflammation, prolifera-
tion, and remodeling [41, 42]. bFGF has been proven that
it can significantly promote the last three stages of wound
healing process. Normally, bFGF is produced primarily by
periodontal ligament fibroblasts and endothelial cells in the
periodontal tissue. In the healing stage of periodontitis,
the basic cellular mechanisms of periodontal regeneration
are similar to wound healing and involve proliferation
and migration of fibroblasts in the periodontal ligament,
the differentiation of osteoblasts and cementoblasts from
undifferentiated precursor cells, and ultimately, the synthesis
of extracellular matrix [43, 44]. bFGF has been shown to
be effective in promoting periodontal regeneration in a
series of studies [10, 11, 16, 17], whereas the role bFGF
plays in the development and recovery stage of periodontitis
healing still keeps unknown. It was reported that bFGF
levels may be decreased in tissue associated with chronic
periodontal lesions, which could be related with reduced
secretion of bFGF caused by periodontal ligament cells and
endothelial cell damage during periodontitis [34]. Similarly,
we also found the decreased bFGF secretion in periodontitis
tissue, accompanied by an upside-down ratio between the
inflammatory cytokines and bFGF secretion. We considered
that it was associated not only with periodontal cell damage
during periodontitis but also with the pathological feature of
periodontitis, apparent failure of recruitment and activation
of macrophage [35]. During healing process, bFGF returned
to control level, with which periodontal tissue repair and
regeneration gradually took place and the inflammatory
factors gradually fell back to slightly higher level compared
to the control. It meant the reestablishment of inflammation
and repair process homeostasis in the new level. Negative
correlation between bFGF and inflammatory factors dur-
ing periodontitis confirmed by the present study further

demonstrated the important roles that bFGF may play in the
periodontal healing process.

Previous studies have shown the negative effects of
psychological stress on wound healing. Bosch et al. [21]
confirmed a slower rate of mucosa healing of the oral
hard palate in individuals with dysphoria compared with
the median healing rate, suggesting delayed wound healing
under stressed conditions. In addition, it was reported
that delayed migration and differentiation of fibroblasts
to smooth muscle myofibroblasts may contribute to the
prolonged healing time of wounds on the backs of restraint-
stressed mice [45]. In the present study, the stressed
rats showed significantly impaired periodontal healing and
regeneration, along with a significant reduction in the
number of bFGF-immunoreactive cells and bFGF staining
intensity in the periodontal ligament compared with rats
in the natural periodontitis healing group, indicating that
psychological stress may delay periodontal healing through
downregulation of bFGF expression, which is an essential
factor in periodontal regeneration.

5. Conclusions

Psychological stress leads to a delay of periodontal healing
in conditions of experimental periodontitis, which may
be mediated in part by a downexpression of bFGF in
periodontal ligament.
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