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Abstract
Objective. The aim of this study was to investigate the presence of apoptosis of periodontium cells in streptozototocin- and
ligature-induced experimental diabetic periodontitis in rats. Materials and methods. Sixty-two 6-week-old male
Sprague-Dawley (SD) rats were randomly divided into three groups: the diabetic periodontitis group (group DP; n = 22),
periodontitis group (group P; n = 20) and normal control group (group N; n = 20). Diabetes was induced by intraperitoneal
injection of streptozototocin (STZ). Periodontitis was initiated by ligating floss around maxillary second molars. The animals
were sacrificed at 3 and 6 weeks after ligature placement in the P and DP groups. Maxillary dentoalveolar segments were
isolated and were prepared for morphometric analysis of alveolar bone loss (ABL) and for histological analysis. Results. ABL
was significantly increased in group DP compared with group P (p < 0.05). The number of PDL fibroblasts, osteoblasts and
osteocytes in group DP was decreased compared with group P (p < 0.05). Inter-group analysis revealed higher osteoclast
numbers in the inflammatory area of group DP and group P when compared with group N (p < 0.05). Also, compared with
group P, group DP had more higher osteoclast numbers (p < 0.05). Periodontitis and diabetic periodontitis also increased
apoptosis of fibroblasts, osteoblasts and osteocytes. The percentage of these apoptotic cells was ~ 2-fold higher in group DP vs
group P. Conclusions. The results of these studies suggest that diabetes may have a negative effect on the periodontium by
increasing the formation of osteoclasts and enhancing apoptosis of fibroblasts, osteoblasts and osteocytes in the periodontal
tissue.
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Introduction

Periodontal disease is induced by bacterial plaque,
which accumulates on the tooth surface and stimu-
lates a host response in the adjacent gingiva that
can lead to the destruction of connective tissue and
bone surrounding the tooth [1]. The progression of
periodontal disease may be affected by systemic con-
ditions, such as diabetes. It is well established that
both type 1 and type 2 diabetes can increase the
prevalence and severity of periodontitis. Potential
pathogenic mechanisms for enhanced periodontal
destruction in diabetic subjects include enhanced
susceptibility to infection due to diminished neutro-
phil recruitment and function [2,3], a more severe
inflammatory response that leads to greater tissue

destruction [4], and the effect of advanced glycation
end products (AGEs) on formation [5].
Apoptosis is programmed cell death that can be

triggered by various signals and is characterized by
well-defined morphologic changes [6,7]. Apoptosis is
important as a critical mechanism for removing
unwanted cells during development, as a means of
preventing autoimmunity, and as part of a response to
protect the host from cells that have been infected or
have become tumorigenic. In pathological situations
enhanced apoptosis may occur inadvertently, aggravat-
ing damage that occurs during infection or interfering
with healing [8–10].
Previous studies suggest that apoptosis of inflam-

matory cells is involved in the pathogenesis of perio-
dontitis [11–13]. Moreover, a body of evidence is
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emerging that apoptosis plays an important role in
several diabetic complications [14–16]. However,
the studies about apoptosis of periodontium cells in
periodontitis are scarce. Relatively little is known
about the apoptosis of periodontium cells in diabetic
periodontitis.
One of the characterized animal models to study

diabetes in rats is the induction of type 1 diabetes by
streptozotocin. The placement of ligatures around
teeth to initiate periodontitis has been used in various
types of animals. The ligature-induced model is sen-
sitive to systemic effects such as smoking, diabetes
and osteoporosis [17]. In the present study, we inves-
tigated the presence of apoptosis of periodontium
cells in streptozototocin- and ligature-induced expe-
rimental diabetic periodontitis in rats, to test the
hypothesis that apoptosis of periodontium cells may
be involved in the pathogenesis of periodontitis and
may represent an important mechanism through
which type 1 diabetes has a negative effect on the
periodontium.

Materials and methods

Drugs

Streptozototocin (STZ) was purchased from Sigma
Chemical Co. (St. Louis, MO). The in situ Apoptosis
Detection Kit was purchased from R&D Systems
(Minneappolis, MN).

Animals

Sixty-two 6-week-old male Sprague-Dawley (SD)
rats, weighing 180–220 g, purchased from Kunming
Medical Collgege Laboratory Animal Center, were
housed in temperature-controlled rooms and received
water and food ad libitum. Rats were randomly
divided into three groups: the diabetic periodontitis
group (Group DP, n = 22), the periodontitis group
(Group P, n = 20) and the normal control group
(Group N, n = 20). The experimental procedures
were approved by the Institutional Animal Research
Committee at Kunming Medical College.

Induction of diabetes

After adaptation (1 week) to experimental conditions,
diabetic rats were fasted overnight and intraperitone-
ally injected with 55 mg/kg of streptozototocin freshly
dissolved in 0.05 mol/l citrate buffer at pH 4.4.
The periodontitis group received an intraperitoneal
injection of citrate buffer alone. Rats in the normal
control group were left untreated. The rats were
accepted as diabetic when their fasting blood glucose
exceeded 16.5 mmol/l 1 week after injection of STZ
and remained >16.5 mmol/l at the time they were
sacrificed.

Induction of periodontitis

One week after confirmation of diabetes onset,
animals in groups DP and P were anesthetized with
sodium pentobarbitone (1 ml/kg, i.p.) and a nylon
(000) thread ligature was surgically placed around the
cervix of the second maxillary molars on both sides.
The ligature was knotted on the vestibular side, so
that it remained subgingivally in the palatinal side and
supragingivally in the vestibular side. Animals in the
normal control group were unligated. Ten animals per
group were killed at 3 and 6 weeks after the placement
of ligatures.

Blood glucose measurements

At 0, 1, 3 and 5 weeks after injection of STZ or citrate
buffer, glucose measurements were taken from the tail
vein and measured on a commercially available
glucose meter (Johnson & Johnson Company, New
Brunswick, NJ).

Preparation of specimens

Animals were sacrificed at 3 and 6 weeks after ligature
placement. After sacrifice, the maxillae were excised
immediately and separated between the middle inci-
sors. The posterior portion of the maxillae, from
the first molar to the third molar, was dissected and
washed with Phosphate Buffer Saline (PBS) for 5 min
then fixed in 4% paraformaldehyde. The left maxillary
jaws were used to determine the degree of bone loss
and the right jaws for histological analysis.

Measurement of alveolar bone loss

The left jaws were defleshed and stained with 1%
aqueous methylene blue to delineate the cemento-
enamel junction (CEJ). Alveolar bone loss was eval-
uated by measuring the distance from the CEJ to the
alveolar bone crest with a modification of the method
of Crawford et al. [18]. In the present study, the
distance was measured at six sites (buccal-mesial,
buccal-central, buccal-distal, palatal-mesial, palatal-
central, palatal-distal) in second molar teeth using a
stereoscope (4� magnification). The mean alveolar
bone loss in each experimental group was calculated
from the pooled data sets, and expressed as the
arithmetic means ± standard errors. The measure-
ment of alveolar bone loss was performed by a single
examiner who was masked to the study groups.

Histological analysis

The right jaws were fixed in 4% paraformaldehyde for
24 h at 4�C and decalcified in 15% ethylenediamine-
tetra-acetic acid (EDTA) at 4�C for 3–4 weeks until
decalcificationwas complete. The specimens were then
trimmed, dehydrated in graded ethanol, cleared in
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toluene and embedded in paraffin. Serial 5 mm mesio-
distal sections were cut sequentially. The sections were
then mounted onto glass slides in preparation for
rountine hematoxylin-eosin staining, tartrate-resistant
acid phosphate (TRAP) staining and terminal deoxy-
nucleotidyl transferase-mediateddeoxyuridine trippho-
sphate nick end labeling (TUNEL).

Histomorphometric analysis of
hematoxylin-eosin-stained sections

The mid-interproximal region was examined in each
specimen and was established by being sectioned to a
level where the root canal systems in adjacent teeth
were visible. The area between two adjacent molars
was analyzed under light microscopy. The periodon-
tal ligament fibroblast number in six randomly
selected fields in the periodontal ligament space
was counted at �400 magnification using a micro
imagery analysis system. The PDL fibroblasts were
identified by their cytoplasmic and nuclear appear-
ance in hematoxylin-eosin-stained sections. The PDL
fibroblast density was expressed as PDL fibroblast
number per square millimeter. Using the same
method, the osteocyte density in the alveolar process
between two adjacent molars was calculated. In addi-
tion, the number of osteoblasts was counted in areas
of new bone formation, divided by the length of bone
that contained osteoblasts. Osteoblasts were identi-
fied in hematoxylin-eosin-stained sections as cuboidal
cells adjacent to bone. All data were analyzed by a
blinded examiner who did not know the group to
which an animal belonged and confirmed by a second
examiner.

Histomorphometric analysis of tartrate-resistant
acid-phosphate-stained (TRAP) sections

TRAP assay on tissue sections was performed
following the manufacturer’s instructions. Osteoclasts
were defined as TRAP-positive multinucleated cells
lining bone. Using a micro-imagery analysis system,
the number of Osteoclasts lining on the surface of
indental alveolar bone was counted and expressed per
millimeter length of bone.

Terminal deoxynucleotidyl transferase-mediated
deoxyuridine tripphosphate nick end labeling
(TUNEL) assay

Apoptotic fibroblasts, osteoblasts and osteocytes were
detected by TUNEL assay, with the use of an in situ
apoptosis detection kit purchased from R&D Sys-
tems, performed according to the manufacturer’s
instructions. Briefly, after the initial deparaffinization
and rehydration, slides were placed in PBS and incu-
bated for 10 min at room temperature. Proteinase K
treatment was performed for 15 min at room tem-
perature. Then the slides were washed twice for 2 min
per wash in distilled water. Endogenous peroxidase
was quenched with methanol containing 3%H2O2 for
5 min. The slides were transferred into PBS for 1 min
and then were immersed in the Terminal deoxynu-
cleotidyl Transferase (TdT) labeling buffer for 5 min.
Fifty microliters of labeling reaction mixture was
applied to each sample and incubated for 1 h in a
humidity chamber in a 37�C incubator. The reaction
was stopped with TdT stop buffer and slides were
washed twice in PBS for 2 min each. Finally, the
slides were stained with DAB for 2–10 min at room
temperature and the reaction was stopped by washing
with distilled water. Slides were counterstained with
methyl green, dehydrated and permanently mounted.
Positive and negative control slides were prepared
following the manufacturer’s instructions. Apoptotic
cells were defined by the characteristic of brown
nuclear staining following the TUNEL assay. At
high magnification (400�), TUNEL-positive fibro-
blasts, osteoblasts and osteocytes were counted based
on morphological criteria. The data are presented as a
percentage of apoptotic cells related to the total cell
counts in the same field of analysis.

Statistical analysis

Data are expressed as mean ± SEM. Comparisons
between the three study groups were performed using
one-way analysis of variance (ANOVA). In the case of
significant differences among the groups, post hoc two-
group comparisons were assessed by the Student-
Newman-Keuls test. A p-value less than 0.05 was

Table I. Body weight (g) of all three groups.

Weeks after STZ administration

0 1 week 3 weeks 5 weeks

Group N 198.26 ± 20.32 235.34 ± 18.60 296.55 ± 15.91 333.37 ± 24.82

Group P 199.64 ± 16.61 231.68 ± 16.57 287.60 ± 15.70 318.25 ± 14.48

Group DP 198.63 ± 16.52 199.68 ± 17.88*† 207.75 ± 23.79*† 203.28 ± 33.57*†

Each value is expressed as mean ± SEM from 10–22 rats; *p < 0.05 compared with normal control group (group N) and †p < 0.05 compared
with periodontitis group (group P).
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considered statistically significant. Statistical analysis
was performed using SPSS 13.0.

Results

Body weight

As noted in Table I, the body weight of rats in groups
N and P was significantly greater than in group DP at
all experimental periods. There was no significant
difference between the P and the N groups.

Blood glucose levels

Blood glucose levels were measured for all experi-
mental groups (Figure 1). On week 0 of the experi-
ment all three groups had similar blood glucose levels.
After 1 week of STZ injection, blood glucose levels in
the DP group were persistently above 16.5 mmol/l.
Compared to the P and N groups, blood glucose
levels were significantly elevated for the DP group
(p = 0.000). There was no significant difference
between the P and the N groups.

Alveolar bone loss

At both time points (3 and 6 weeks after ligature),
significant differences in alveolar bone loss were found
between three different groups (Figure 2). Alveolar
bone loss measurements revealed significantly higher
values in group DP and group P in comparison to
group N (p < 0.05). In addition, ABL was signifi-
cantly increased in group DP compared with group P
(p < 0.05).

PDL fibroblast density

To assess the potential impact of PDL fibroblast
apoptosis, PDL fibroblast density was measured at
3 and 6 weeks after ligature (Figure 3A). At both time
points, significant differences in PDL fibroblast

density were found between three different groups.
The mean PDL fibroblast density among each group
is group N > group P > group DP. The PDL fibroblast
density in group DP at both time points was ~ 24%
lower than that in group P (p < 0.05).

Number of osteoblasts

The number of osteoblasts in areas of new bone
formation was measured. At both time ponts
(3 and 6 weeks after ligature), significant differences
in the numbers of osteoblasts per millimeter bone
length were found between three different groups
(Figure 3B). The mean numbers of osteoblasts per
millimeter bone length among each group is group
N > group P > group DP. The results indicated that
group P had significantly higher numbers of osteo-
blasts per millimeter bone length compared with
group DP (p < 0.05).

Number of osteocytes

Osteocyte density was measured in the alveolar bone
area. At both time points (3 and 6 weeks after liga-
ture), significant differences in osteocyte density were
found between three different groups (Figure 3C).
The mean osteocyte density among each group is
group N > group P > group DP.

Number of osteoclasts on the alveolar bone surface

TRAP-positive osteoclasts were detected on the
surface of alveolar bone (Figure 4A). At both time
points (3 and 6 weeks after ligature), only a few
TRAP-positive osteoclasts were detected in group
N. In contrast, a large number of osteoclasts were
observed in groups P and DP. In groups P and DP,
the number of osteoclasts significantly increased
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Figure 1. Blood glucose levels (mmol/L) of all three groups. Data
are expressed as mean values ± SEM from 10–22 rats for each
group. *p < 0.05, compared with the normal control group (group
N). †p < 0.05, compared with the periodontitis group (group P).
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Figure 2. Alveolar bone loss detected at various time points in each
group. Data represent mean values ± SEM (n = 10 for each group at
each time-point). *p < 0.05 using ANOVA, compared to the normal
control group (group N). †p < 0.05 using ANOVA, compared to the
periodontitis group (group P).
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compared with group N. In addition, the number of
osteoclasts was significantly increased in group DP
compared with group P (Figure 4B).

Apoptosis

To investigate the presence of apoptosis of period-
ontium cells in streptozototocin- and ligature-induced
experimental diabetic periodontitis in rats, we detected
the apoptotic cells in situ by TUNEL labeling.
TUNEL-positive apoptotic cells exhibited a dark
brown nuclear staining.

Apoptosis of fibroblasts

The apoptotic fibroblasts in the area between two
adjacent molars were detected. Apoptotic fibroblasts
had a fusiform appearance in the TUNEL assay,
distinguishing them from inflammatory cells, which
have either a rounded (mononuclear cells) or multi-
lobed appearance (PMNs). At both time points (3 and
6 weeks after ligature), dark brown apoptotic fibro-
blasts were found in all groups (Figure 5A). There was
an apparent increase in apoptotic fibroblasts in group

DP at 3 and 6 weeks when compared to group P at
the same time points. In contrast, apoptotic fibro-
blasts were more rarely seen in group N. We then
undertook quantitative analysis to measure the num-
bers of apoptotic fibroblasts in each group. Data were
expressed as the percentage of apoptotic fibroblasts
(Figure 5B). Results show that apoptosis was signi-
ficantly increased in groups P and DP compared with
group N. In addition, the number of apoptotic fibro-
blasts was significantly increased in group DP com-
pared with group P.

Apoptosis of osteoblasts

Apoptotic osteoblasts lying on bone surfaces in the
area between two adjacent molars were detected. At
both time points (3 and 6 weeks after ligature), dark
brown apoptotic osteoblasts were found in all groups
(Figure 6A). There was an apparent increase in
apoptotic osteoblasts in group DP at 3 and 6 weeks
when compared to group P at the same time points. In
contrast, apoptotic osteoblasts were more rarely seen
in group N. We then undertook quantitative analysis
to measure the numbers of apoptotic osteoblasts in
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Figure 3. Diabetes decreases periodontal ligament fibroblast numbers, decreases osteoblast numbers and decreases osteocyte numbers.
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each group. Data were expressed as the percentage of
apoptotic osteoblasts (Figure 6B). Results show that
apoptosis was significantly increased in groups P and
DP compared with group N. In addition, the number
of apoptotic osteoblasts was significantly increased in
group DP compared with group P.

Apoptosis of osteocytes

The apoptotic osteocytes in the area between two
adjacent molars were detected. At both time points
(3 and 6 weeks after ligature), dark brown apoptotic
osteocytes were found in all groups (Figure 7A).
There was an apparent increase in apoptotic osteo-
cytes in group DP at 3 and 6 weeks when compared to
group P at the same time points. In contrast, apoptotic
osteocytes were more rarely seen in group N. We
then undertook quantitative analysis to measure the
numbers of apoptotic osteocytes in each group. Data
were expressed as the percentage of apoptotic osteo-
cytes (Figure 7B). Results show that apoptosis was
significantly increased in groups P and DP compared
with group N. In addition, the number of apoptotic
osteocytes was significantly increased in group DP
compared with group P.

Discussion

The results of the experiments described in this paper
demonstrate that apoptosis of periodontium cells
occurs in the periodontium of rat molars. Diabetes
may decrease numbers of fibroblasts, osteoblasts and
osteocytes by increasing apoptosis of these cells. Thus,
apoptosis of periodontium cells may be involved in the
pathogenesis of periodontitis and may represent an
important mechanism through which diabetes has a
negative effect on the periodontium.
In the present study, the diabetic rat model was

successfully reproduced by intraperitoneal injection
of STZ in a single dose. It is known that streptozotocin
is the most useful agent for the induction of experi-
mental diabetes. Treatment with streptozotocin stimu-
lates a host response that leads to destruction of b cells,
hypoinsulinemia and hyperglycemia, with many fea-
tures similar to type 1 diabetes [19]. Experiments
reported here indicate that streptozotocin-induced
diabetes increased the severity of periodontitis in
experimental rats. This is consistent with previous
experimental studies [20–22]. To assess the impact
of diabetes on the osteoclasts in the inflammatory area,
we measured the number of osteoclasts on the surface
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of alveolar bone. The number of osteoclasts was
significantly increased in group DP compared with
group P. This finding suggests that diabetes enhances
osteoclast formation in the inflammatory area.
A central feature of periodontitis is the remodeling

of connective tissues that leads to a net loss of local
soft tissues, bone and the periodontal attachment
apparatus. Thus, the central issue may center not
around the breakdown of tissue, but rather on the
failure of adequate repair. One mechanism that might
explain inadequate repair is loss of matrix-producing
cells. Apoptosis of matrix-producing cells may inter-
fere with the ability to produce enough matrix and
limit repair [8,10]. PDL fibroblasts and osteoblasts
are the essential cell types responsible for mainte-
nance and repair of the periodontal ligament and
alveolar bone. Osteocytes, the most abundant cells
in bone, are actively involved in maintaining the bony
matrix and osteocyte death is eventually followed by
matrix resorption [23]. A previous study has shown
that lipopolysaccharide (LPS) can indirectly induce
apoptosis in osteoblasts and PDL fibroblasts in vitro
[24]. Several studies have also indicated that some
periodontal pathogens, their lipopolysaccharides and
some potential virulence factors might induce apo-
ptosis in fibroblasts [25–28]. In this study, we found
that apoptosis of osteoblasts, osteocytes and PDL
fibroblasts was significantly increased in groups P
and DP compared with group N. The enhanced

apoptosis coincided with decreased numbers of these
cells. Collectively, these findings suggested that apo-
ptosis of matrix-producing cells may be involved in
the pathogenesis of periodontitis.
A body of evidence is emerging that apoptosis

plays an important role in several diabetic complica-
tions. These include apoptosis of neuronal cells in
diabetic neuropathy [14], diabetes enhanced myocar-
dial apoptosis, which plays a role in cardiac patho-
genesis [15] and apoptosis induced by endoplasmic
reticulum stress in diabetic kidney disease [16]. In a
previous study, we established that diabetes enhanced
apoptosis of osteoblasts following P. gingivalis infection
in the calvarial model [29]. In the present study, we
investigated the presence of apoptosis of osteoblasts,
osteocytes and PDL fibroblasts in the periodontium in
streptozototocin- and ligature-induced experimental
diabetic periodontitis in rats. The finding that
diabetes significantly increased apoptosis of fibroblasts,
osteocytes and osteoblasts raises the possibility that
enhanced apoptosis may interfere with the repair of
periodontal destruction. That the high rate apoptosis
is functionally important is supported by the signifi-
cantly decreased numbers of fibroblasts, osteoblasts
and osteocytes in the diabetic rats. This agrees with
previous studies reporting that diabetes enhances
apoptosis of fibroblasts and osteoblasts following
P. gingivalis infection [29,30]. Liu et al. [31] have
also examined the impact of diabetes on bone
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resorption and formation in the ligature-induced peri-
odontitis model in type-2 Zucker diabetic fatty (ZDF)
rats. The diabetic condition also significantly increased
apoptosis and decreased the number of osteoblasts and
periodontal ligament fibroblasts. This supports the
concept that the impact of diabetes on apoptosis in
periodontitis is not dependent upon the type of dia-
betes, but rather is the consequence of hyperglycemia.
Increased apoptosis has been found in various

organs affected by diabeties, including the eye, heart,
kidney and bone [32–35]. However, the mechanism of
diabetes-enhanced apoptosis is not well understood.
One factor might be a prolonged inflammatory
response to bacteria in diabetes [36]. A persistent
infiltration of inflammatory cells coupled with
advanced glycation end product (RAGE) axis caused
by indirect effects of hyperglycemia could lead to
sustained production of cytokines such as IL-1,
IL-6 and TNF [37]. The increased TNF can amplify
apoptosis by caspase-3 activation. Another mechanism
of diabetes increasing apoptosis is by the production of
reactive oxygen species (ROS). Persistent inflamma-
tion and hyperglycemia could cause the cellular accu-
mulation of ROS. Oxidative stress has been shown
to induce apoptosis in various types of cells [38],
especially for cells in areas of active proliferation
[39]. ROS have been shown to cause mitochondrial
cytochrome c release and activation of caspase-3 [40].
In conclusion, the present study clearly demonstrates

that diabetes can increase the severity of periodontitis.
Accelerated alveolar bone loss was observed in diabetic
rats. Increased osteoclast numbers in the inflammatory
area in diabetes may contribute to the exaggerated
destruction of alveolar bone. Apoptosis of periodon-
tium cells occurs in the periodontium of rat molars.
Diabetes may decrease numbers of fibroblasts, osteo-
blasts and osteocytes by increasing apoptosis of these
cells. Thus, apoptosis of periodontium cells may be
involved in the pathogenesis of periodontitis and
may represent an important mechanism through which
diabetes has a negative effect on the periodontium.
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