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Abstract.
OBJECTIVE: In this study, we sought to investigate the dynamic changes in the levels of TNF-α, IL-1β and LPS in the gingival
crevicular fluid (GCF) in a rat model of diabetes mellitus (DM) and periodontitis (PD). Additionally, we evaluated alveolar bone
loss and the histopathological response associated with experimental diabetes mellitus and experimental periodontitis.
METHODS: DM and PD were induced together in 15 rats (group 1) by streptozotocin injection and ligature induction. Peri-
odontitis alone was produced by ligature induction in 15 rats (group 2), diabetes alone was produced by streptozotocin injection
in 15 rats (group 3), and fifteen systemically and periodontally healthy rats were used as controls (group 4). The gingival TNF-α,
IL-1β and LPS levels were measured by using ELISA method. Periodontal destruction was assessed by measuring the alveolar
bone loss. Periodontal inflammation was quantified by histopathological grading in H&E stained samples.
RESULTS: Higher levels of TNF-α, IL1-β and LPS, increased alveolar bone loss and more serve histopathology were found
in group 1 compared with group 2, group 3 and group 4 (p < 0.05). The quantities of TNF-α, IL1-β and LPS, the amount of
alveolar bone loss and the severity of the histopathological finding were greater in group 2 than group 3 and group 4 (p < 0.05).
Group 3 demonstrated higher levels of TNF-α, IL1-β and LPS, increased alveolar bone loss and more serve histopathology than
group 4 (p < 0.05). Statistically significant differences were noted between all of the groups.
CONCLUSIONS: These data indicate that DM may lead to enhanced TNF-α, IL1-β and LPS production in the periodontal
tissues. The resorption values of alveolar bone and the histological inflammation were more severe in rats with periodontitis and
diabetes mellitus than in those with periodontitis alone, diabetes mellitus alone and control rats. Our findings are consistent with
the hypothesis that hyperglycemia contributes to the heightened inflammatory response associated with periodontitis.
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1. Introduction

Diabetes mellitus and periodontal disease are both
chronic inflammatory disorders that have a major im-
pact on the health of millions of individuals worldwide.
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Periodontal disease is a recognized and well-docu-
mented complication of diabetes. The evidence sup-
porting this relationship is based on epidemiologic
data and animal model studies that have helped to ex-
plain the pathophysiology of periodontal disease as a
complication of diabetes mellitus [1]. Periodontal dis-
ease was proposed as the sixth complication of dia-
betes mellitus. In 2008, Taylor and Borgnake [2] iden-
tified periodontal disease as a possible risk factor for
poor metabolic control in people with diabetes melli-
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tus. This bidirectional relationship between periodon-
tal disease and diabetes mellitus makes diabetes a dis-
order of importance to dentists and dental hygienists as
well as dental patients.

Tumour necrosis factor (TNF-α) has been reported
to play a key role in the pathogenesis of type 2 di-
abetes [3]. Several lines of evidence support this hy-
pothesis. In animal [4] and in vitro human cell models,
TNF-α inhibits the action of insulin. In human cross-
sectional studies, elevated levels of circulating TNF-α
are associated with insulin resistance [5] and type 2 di-
abetes [6]. Longitudinal human study shows elevated
plasma TNF-α to be concomitant with worsening of
glycemic control [7]. Recently, Bretz et al. [8] showed
that circulating TNF-α was associated with more se-
vere periodontitis in a large geriatric cohort. Subjects
with periodontitis appear to have an elevated TNF-
α response, as lipopolysaccharide (LPS)-challenged
macrophages derived from periodontitis patients re-
lease greater quantities of TNF-α compared with non-
periodontitis controls. Salvi et al. [9] noted that mono-
cytes from subjects with both diabetes and periodonti-
tis appears to release greater quantities of TNF-α.

Meanwhile, Teles [10] compared the mean levels of
IL-1β in GCF samples from periodontally healthy sub-
jects and subjects with chronic periodontitis and found
that IL-1β displayed the strongest relationship to the
clinical signs of periodontitis. These findings support
previous reports [11] of associations between the lev-
els of IL-1β and the clinical signs of periodontal dis-
ease. Diabetes mellitus patients have elevated levels of
advanced glycation end products (AGEs) [12] that can
interact with specific receptors, such as macrophages,
stimulating the production of cytokines such as IL-
1. Monocytes from diabetes mellitus patients produce
significantly greater amounts of IL-1β in vitro than
monocytes from non-diabetic controls [13].

Lipopolysaccharide is one of the most important mi-
crobial virulence factors in generating host-mediated
periodontal tissue destruction. LPS provides a micro-
be-associated molecular pattern that is recognized by
receptors on resident immune and non-immune cells
within the periodontium [14]. Rogers [15] demon-
strated that LPS endotoxin from the periodontal patho-
gen A. actinomycetemcomitans initiated severe alveo-
lar bone loss and significant elevations in the levels of
inflammatory cytokines and osteoclastogenesis. Bacte-
rial LPS is a potent stimulator of many inflammatory
mediators, including IL-1β and TNF-α [16].

It has been hypothesized that type 2 diabetes melli-
tus-related alterations in the levels of inflammatory

mediators in the gingival crevicular fluid (GCF) lev-
els of inflammatory mediators maybe part of the mech-
anism by which diabetes affects periodontal health.
Therefore, the aim of this study was to evaluate GCF
levels of TNF-α, IL-1β and LPS in a Sprague-Dawley
rat model with type 2 DM and/or periodontal disease.

2. Materials and methods

2.1. Statement of ethics

All animal work has been conducted in accordance
with international animal experimentation guidelines
(NIH Pub. No. 85–23, revised 1996) and was approved
by Animal Care and Use Committee of the Harbin
Medical University (Harbin, China). All necessary per-
mits were obtained for the described field studies.

2.2. Production of experimental rats with DM

A total of 60 male Sprague-Dawley rats (200–220 g)
were obtained from the experimental animal center of
the second affiliated hospital of Harbin Medical Uni-
versity (Harbin, China). The animals were acclima-
tized for at least 1 week before the start of the ex-
periment and were housed in a temperature-controlled
animal facility under a 12-hour light/dark cycle with
enough laboratory chow and water. The experimental
protocols were carried out following ethical principles
for laboratory animal use. A total of 30 rats were fed an
adequate HF diet [17] (34.5% fat, 17.5% protein, 48%
carbohydrate; Beijing HFK Bio-Technology, China),
and the other 30 rats were received normal chow for
four weeks. Then the rats that fed with HF diet were
injected under low light with a single intraperitoneal
injection of freshly prepared streptozocin [17] (STZ,
30 mg/kg; i.p. in 0.1 mol/L citrate buffer, pH 4.5;
Sigma Aldrich, Co., 3050 Spruce Street, St. Louis, MO
63103 USA) to induce diabetes models after abrosiaed
for at least 12 hours. The blood glucose levels were
measured randomly on the third and seventh days after
STZ injection with a commercial blood glucose moni-
toring kit in blood samples obtained from the tail vein.
Rats with RBG > 11.1 mmol/L in two consecutive
analyses were considered diabetic [18]. DM was con-
firmed by the increase in the blood glucose level and
the body weight loss as described in the referred stud-
ies.
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2.3. Production of experimental rats with PD

A total of 15 systemically healthy rats were anes-
thetized by a single intraperitoneal injection of 10%
chloral hydrate (Traditional Chinese Medicine Group
Chemical Reagent Co., Ltd. No: 20080325) at a dose
of 0.3 ml per 100 g of body weight [19]. After the
anesthesia, a 1-0 cotton ligature (Ethicon, Johnson and
Johnson, São Paulo, SP, Brazil) was placed around the
maxillary second molar in a submarginal position to
induce experimental periodontitis [20,21]. The ligature
was knotted on the buccal side of the teeth. The liga-
tures were left in place until the collection of GCF. A
new ligature was placed immediately after the collec-
tion of GCF. Periodontitis was confirmed by the grade
of the infiltration of inflammatory cells in the gingival
histopathological analysis and alveolar bone loss quan-
tification at the experimental sites.

2.4. Production of experimental rats with DM and PD

A total of 15 diabetic rats underwent the procedures
described above to induce periodontitis and diabetes
mellitus.

The groups were as follows:

Group 1: rats with diabetes mellitus and periodon-
titis (n = 15)
Group 2: systemically healthy rats with periodon-
titis (n = 15)
Group 3: periodontally healthy rats with diabetes
mellitus (n = 15)
Group 4: systemically and periodontally healthy
rats (n = 15)
Gingival crevicular fluid (GCF) collection

Glucose concentrations and body weight were mea-
sured once a week in all 60 rats. Five rats were ran-
domly selected from each group for the collection of
gingival crevicular fluid (GCF) from the mesio-buccal
region of the maxillary right molar under anesthesia as
previously described [22,23]. GCF was collected dur-
ing the second, fourth and sixth weeks after induction
of periodontitis. The teeth were air dried and isolated
with cotton rolls after removing the ligament. Without
touching the marginal gingiva, GCF was collected us-
ing adsorbent paper points (Beijing, Dayading Med-
ical Apparatus and Instruments Co., Ltd.). The GCF
collection was repeated three times per site, and seven
absorbent paper points were used for each collection.
The last paper point used for each sampling was held
in the gingival sulcus for 30 seconds. After collection,

the paper points were immediately transferred into a
plastic vial with 20 μl sample diluent (sample diluent
from Rat TNF-α Platinum ELISA KIT, sample diluent
from Rat IL-1β ELISA KIT, sample diluent from Rat
LPS ELISA KIT) and stored at −80◦C until the assay.

2.5. Analysis of TNF-α, IL-1β and LPS in the GCF

The TNF-α, IL-1β and LPS levels in the GCF from
each group were measured using an enzyme-linked im-
munosorbent assay (ELISA). This assay was a sand-
wich ELISA and was performed according to manufac-
turer’s instructions. All of the samples and standards
were assayed in duplicate, as suggested by the man-
ufacturer (Rat TNF-α ELISA KIT eBioscience Cam-
pus Vienna Biocenter2 1030 Vienna, Austria; Rat IL-
1βELISA KIT NeoBioscience Technology Co., Ltd.;
Rat LPS ELISA KIT Biovalue Technology Co., Ltd.).
After appropriate dilution of the samples, 100 μL of
each sample was added to the appropriate wells, and
the plate was sealed and incubated at 37◦C for 1 h. Fol-
lowing incubation and washing seven times, 100 μL
of the labeled antibody was pipetted into the wells,
followed by incubation at 4◦C for 30 min. Then, the
plate was washed nine times, and 100 μL of the sub-
strate solution was added to each well followed by in-
cubation at room temperature for 30 min in the dark.
Lastly, 100 μL of stop solution was added to each well,
and the plate was read immediately to determine the
absorbance of each well using a microplate (enzyme-
linked immunosorbent assay) reader (Thermo Labsys-
tems Multiskan Mk 3) set at a wavelength of 450 nm
(OD450). The levels of IL-1β, TNF-α and LPS in the
tested samples were computed using the standard curve
plotted with the optical density values obtained from
the assay.

2.6. Assessment of alveolar bone loss

The rats were sacrificed with an overdose of sodium
pentobarbital the same day after the GCF was col-
lected, and the excised maxillae were fixed in 10%
neutral buffered formalin for 48 hours. Both maxillary
halves were fixed. Then, one lateral maxillary half was
used for measurement of alveolar bone loss. The eval-
uation of the extent of periodontal destruction based
on the measurement of the alveolar bone loss was per-
formed as described previously [24]. Quantification
was performed by a investigator who was unaware of
the samples analyzed through measuring the distance
between the CEJ and the BC along the axis of each root



298 Z.-L. Jiang et al. / Study of TNF-α, IL-1β and LPS levels in the gingival crevicular fluid

Table 1
The concentrarions (mean ± SD, pg/ml) of TNF-α in samples collected at each time point in different groups throughout the study

Groups Week 2 Week 4 Week 6
Diabetes and periodontitis 35.59 ± 2.80d 68.49 ± 1.20d,∗ 48.88 ± 3.65d,∗,#
Periodontitis 29.46 ± 0.69c 57.76 ± 0.88c,∗ 33.87 ± 2.00c,∗,#
Diabetes 26.02 ± 1.33b 41.52 ± 4.21b,∗ 28.92 ± 2.06b,∗,#
Normal 16.38 ± 3.77a 19.38 ± 2.75a 14.53 ± 2.32a

Data are means ± SD. Data with different superscript letters are significantly different (P < 0.05) in the same time among four groups. ∗Different
from week 2 (P < 0.05). #Different from week 4 (P < 0.05).

Table 2
The concentrarions (mean ± SD, pg/ml) of IL-1β in samples collected at each time point in different groups throughout the study

Groups Week 2 Week 4 Week 6
Diabetes and periodontitis 121.82 ± 2.42d 145.10 ± 3.48d,∗ 196.89 ± 4.52d,∗,#
Periodontitis 86.54 ± 3.20c 90.84 ± 4.63c 92.92 ± 3.07c

Diabetes 32.86 ± 3.92b 32.67 ± 4.76b 36.22 ± 2.07b

Normal 21.21 ± 2.34a 19.38 ± 4.09a 18.31 ± 2.08a

Data are means ± SD. Data with different superscript letters are significantly different (P < 0.05) in the same time among four groups. ∗Different
from week 2 (P < 0.05). #Different from week 4 (P < 0.05).

Table 3
The concentrarions (mean ± SD, eu/ml) of LPS in samples collected at each time point in different groups throughout the study

Groups Week 2 Week 4 Week 6
Diabetes and periodontitis 0.572 ± 0.034d 0.701 ± 0.047d,∗ 0.662 ± 0.051d,∗
Periodontitis 0.368 ± 0.034c 0.432 ± 0.025c,∗ 0.412 ± 0.013c,∗
Diabetes 0.163 ± 0.009b 0.225 ± 0.011b,∗ 0.194 ± 0.014b,∗
Normal 0.081 ± 0.003a 0.086 ± 0.005a 0.087 ± 0.005a

Data are means ± SD. Data with different superscript letters are significantly different (P < 0.05) in the same time among four groups. ∗Different
from week 2 (P < 0.05).

Table 4
Values of alveolar bone absorption (mean ± SD, mm) of rats

Groups Week 2 Week 4 Week 6
Diabetes and periodontitis 2.55 ± 0.20d 2.65 ± 0.15d 2.60 ± 0.25d

Periodontitis 1.65 ± 0.15c 1.75 ± 0.10c 1.80 ± 0.10c

Diabetes 1.20 ± 0.05b 1.30 ± 0.20b 1.30 ± 0.05b

Normal 0.95 ± 0.05a 0.90 ± 0.10a 0.95 ± 0.10a

Data are means ± SD. Data with different superscript letters are significantly different (P < 0.05) in the same period among four groups.

surface of the second molar teeth. Two recordings for
two roots were made, and the total alveolar bone loss
was obtained by taking the sum of the recordings from
the buccal tooth surface [25].

2.7. Histopathological analysis

The other lateral half of maxillary was demineral-
ized in 10% EDTA after fixation for histopathological
analysis. The specimens in EDTA were demineralized
for no less than 30 days. They were then dehydrated
and embedded in paraffin, and paraffin serial sections
(6 μm) were obtained in the mesiodistal direction and
stained with hematoxylin and eosin (H&E). The his-
tological features where a ligature had been placed
were evaluated under a light microscope. Parameters

such as the inflammatory cell influx and the periodon-
tal tissue integrity were analyzed by a histologist in a
single-blind fashion [26]. The grades were as follows:
Score 0: the absence of or only discrete cellular infil-
tration (inflammatory cell infiltration was sparse and
restricted to the marginal gingival region), preserved
alveolar process and cementum. Score 1: moderate cel-
lular infiltration (inflammatory cellular infiltration was
present throughout the inserted gingiva), minor alveo-
lar process resorption and intact cementum. Score 2:
accentuated cellular infiltration (inflammatory cellular
infiltration was present in both the gingiva and the peri-
odontal ligament), accentuated degradation of the alve-
olar process, and partial destruction of the cementum.
Score 3: accentuated cellular infiltrate, complete re-



Z.-L. Jiang et al. / Study of TNF-α, IL-1β and LPS levels in the gingival crevicular fluid 299

Fig. 1. Illustrates the group with STZ-induced diabetes and ligature-induced periodontitis. The histopathology of the periodontium of the ani-
mals subjected to experimental diabetes and periodontitis revealed severe inflammatory cell infiltration coupled with cementum destruction and
alveolar process destruction. (Colours are visible in the online version of the article; http://dx.doi.org/10.3233/DMA-130974)

sorption of the alveolar process and severe destruction
of the cementum [27].

2.8. Statistical analysis

The data was expressed as the mean ± standard de-
viation (SD). A test for normality was performed on
the data to meet the normal distribution before the two-
way factorial ANOVA. When interaction and/or the
main effects were significant, means were compared
using the SNK post hoc test. Kruskal-Wallis test was
used to test for differences in pathological grading of
the periodontium among four groups. Statistical anal-
ysis was performed by using SPSS version 15.0.1 for
Windows (SPSS Inc., USA). A p value less than 0.05
was considered statistically significant.

3. Results

3.1. TNF-α, IL-1β and LPS levels in GCF

We sought to determine whether type 2 diabetes
mellitus alters the TNF-α levels in GCF. The TNF-α
levels of the rats in this study (mean ± SD) are pro-
vided in Table 1. The samples were analyzed individu-
ally, and the data was pooled for each rat. The TNF-α
levels were significantly different among four groups at
the same time point. Rats with periodontitis (PD) and
diabetes (DM) had significantly higher levels of TNF-
α in the GCF than those with PD alone (p < 0.05),
DM alone (p < 0.05) or the control rats (p < 0.05).
Animals subjected to PD alone had higher levels than
those with DM alone (p < 0.05) or controls (p < 0.05).
Additionally, the DM rats had higher levels compared
to the control rats (p < 0.05). While between the times,
the levels of TNF-α were increased at week 4 and week

6 compared to week 2 (p < 0.05), and the differences
were significant between week 4 and week 6 except for
normal group.

To detect if type 2 diabetes mellitus affect the IL-
1β levels in the GCF. The results are provided in Ta-
ble 2 and showed that IL-1β levels were significantly
different among the four groups at the same time point.
Rats with PD and DM had significantly higher levels of
GCF IL-1β than those with PD alone (p < 0.05), DM
alone (p < 0.05) and control rats (p < 0.05). Animals
subjected to PD alone had higher levels than those with
DM alone (p < 0.05) and control rats (p < 0.05). And
that the DM rats had higher levels compared to control
rats (p < 0.05). Between the different periods, only
rats with PD and DM showed higher levels of IL-1β
at week 4 and week 6 contrast to week 2 (p < 0.05).
The increased level could be found between week 4
and week 6 (p < 0.05).

The LPS levels in GCF of the rats included in this
study (mean ± SD) are provided in Table 3. We found
that the levels were significantly different among the
four groups at the same time point. Rats with PD and
DM showed higher levels of GCF LPS than those with
PD alone (p < 0.05), DM alone (p < 0.05) and control
rats (p < 0.05). Rats subjected to PD alone had higher
levels than those with DM alone (p < 0.05) and control
rats (p < 0.05). Additionally, the DM rats had higher
levels compared to the control rats (p < 0.05). Rats in
PD and DM group, PD group and DM group expressed
high levels of LPS at week 4 and week 6 compared
with week 2 (p < 0.05).

3.2. Macroscopic analysis

Table 4 shows the resorption values of the alveolar
bone in the upper second molar in the four groups at
diffident time points. The rats with PD and DM showed
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Fig. 2. Illustrates the group with ligature-induced periodontitis. Rats subjected to periodontitis revealed inflammatory cell infiltration accompanied
by cementum and alveolar bone destruction. (Colours are visible in the online version of the article; http://dx.doi.org/10.3233/DMA-130974)

Fig. 3. Illustrates the group with STZ-induced diabetes. Rats subjected to experimental diabetes alone did not manifest bone loss, but they did ex-
hibit inflammatory changes in the periodontium. (Colours are visible in the online version of the article; http://dx.doi.org/10.3233/DMA-130974)

Fig. 4. Illustrates the control group. The histological analysis of group 4 shows the structure of a normal periodontium in which the gingiva,
periodontal ligament, alveolar bone and cementum can be observed. (Colours are visible in the online version of the article; http://dx.doi.
org/10.3233/DMA-130974)

Table 5
Pathological grading of the periodontium of rats

Groups Week 2 Week 4 Week 6
Diabetes and periodontitis 2,2,2,3,2 3,3,3,3,2 3,3,3,3,3
Periodontitis 1,1,1,0,1 2,2,2,1,2 3,3,3,2,3
Diabetes 0,0,0,0,0 1,1,1,0,1 1,1,1,1,1
Normal 0,0,0,0,0 0,0,0,0,0 0,0,0,0,0

Data indicates the pathological grading scores of five rats at different
time periods among four groups.

more alveolar bone loss than those with PD alone, DM
alone and control rats at the same time point. Rats with
PD and DM had significantly greater resorption values

of the alveolar bone than those with PD alone (p <
0.05), DM alone (p < 0.05) and control rats (p <
0.05). Animals subjected to PD alone had greater val-
ues than those with DM alone (p < 0.05) and control
rats (p < 0.05). Additionally, the DM rats had higher
values compared to the control rats (p < 0.05).

3.3. Histological analysis

Rats subjected to experimental diabetic mellitus and
periodontitis exhibited inflammatory cell infiltration
coupled with serve cementum destruction and alveolar
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process destruction (Fig. 1), receiving scores ranging
from 2 to 3 (Table 5). The periodontitis group revealed
inflammatory cell infiltration accompanied by cemen-
tum and alveolar bone destruction (Fig. 2), receiving
scores ranging from 1 to 3 (Table 5). The diabetes mel-
litus group showed moderate or an absence of cellu-
lar infiltration, no or minor alveolar process resorption
and intact cementum (Fig. 3), receiving scores ranging
from 0 to 1 (Table 5). The control group presented a
normal periodontium in which the gingiva, periodon-
tal ligament, alveolar bone and cementum could be ob-
served (Fig. 4).

4. Discussion

The key findings of the present study was that rats
with PD and DM had high levels of TNF-α, IL-1β and
LPS in GCF as well as substantial resorption of the
alveolar bone and histological inflammation. The gin-
gival crevicular fluid is a serum transudate that is en-
riched with microbial and host products that arise as
a result of the current inflammatory dynamics of the
host-biofilm interaction. GCF is derived from the peri-
odontal tissues, and its analysis provides an early indi-
cation of biochemical changes in the tissues that will
ultimately manifest as a clinical lesion. Another dis-
tinct advantage of using GCF analysis as the basis for a
diagnostic test is that the most popular collection sys-
tem (precut methylcellulose filter strips) allows multi-
ple sites in the mouth to be sampled and analyzed [28].

We chose to evaluate IL-1β, LPS, and TNF-α be-
cause their expression occurs in periodontitis along
with the loss of connective tissue and bone. The pro-
inflammatory cytokines IL-1 and TNF-α can induce
bone resorption indirectly by promoting differentiation
of osteoclast precursors and subsequently by activating
osteoclasts. Earlier studies in models of experimental
gingivitis have demonstrated the increase in GCF lev-
els of IL-1β [23]. Heasman [29] conducted a study to
determine the sequence of cytokine and lipid media-
tor activation within the periodontium during the de-
velopment of experimental gingivitis in humans. They
found that the GCF levels of IL-1β increased abruptly
from mean baseline values of 16.5 ± 9.3 ng/ml to
131 ± 76.0 ng/ml at 1 week and remained at this
level for the duration of the experiment. The findings
described above are similar to our results in which
rats with PD had higher levels of IL-1β in the GCF
than control animals. Because Gram-negative microor-
ganisms predominate in the subgingival environment

and contain LPS in their outer membranes, these bac-
teria may be released during infection. Furthermore,
it has been demonstrated that LPS elicits TNF pro-
duction [30]. The priming of polymorphonuclear cells
(PMNs) by LPS and TNF-α results in an enhanced ox-
idative burst and enhanced degranulation [31]. The se-
creted agents also enhance the production of numerous
proinflammatory cytokines that contribute to the dis-
ease, including TNF-α and IL-1β, among a broad array
of biomolecules that have consistently been reported to
be elevated in the gingival crevicular fluid (GCF) and
tissues of periodontitis patients [32]. IL-1β and TNF-
α have been shown to dramatically enhance the oxida-
tive burst of PMN in response to secondary stimula-
tion [30]. These findings are accordance with our re-
sults and account for the elevated levels of TNF-α, IL-
1β and LPS in the GCF of periodontitis patients.

Because all individuals are not equally susceptible
to the destructive effects of periodontal infections, pe-
riodontitis is not only caused by bacterial infection but
also associated with host susceptibility. Several biolog-
ically plausible mechanisms have been proposed to ex-
plain the interactions between diabetes and periodon-
tal diseases. Chronic gram-negative periodontal infec-
tions may induce or perpetuate an elevated chronic sys-
temic inflammatory state, contributing to increased in-
sulin resistance and poor glycemic control [16]. In-
creased serum concentrations of acute-phase response
markers and cytokines have been observed in patients
with diabetes [33], which indicates that circulating in-
flammatory cytokines influence the risk for diabetes.
The impact of glycemic control in diabetes on peri-
odontal diseases and the mechanisms through which
this effect might occur is less clear. In our studies,
we found that rats with PD and DM had higher levels
of TNF-α, IL-1β and LPS in their GCF than animals
with PD alone; meanwhile, the levels of resorption of
the alveolar bone were higher and histological inflam-
mation was more severe than in rats with PD alone.
To a certain extent, our results confirm previous find-
ings that periodontitis was more severe in subjects with
diabetes compared with non-diabetics [34]. Our find-
ing that higher levels of TNF-α, IL-1β and LPS were
present in the GCF from the PD and DM group than the
PD group indicated that diabetes influences the gingi-
val cytokine and LPS levels in periodontitis and wors-
ens the macroscopic and histopathological characteris-
tics of periodontitis.

The levels of TNF-α, IL-1β and LPS were increased
at week 4 and week 6 compared to week 2. These could
be due to the inflammation development process. From
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the results we found that TNF-α levels decreased at
week 6 compared to week 4, but still remaining sig-
nificantly above week 2. As periodontal tissue itself
could make repair response to injury and the lower lev-
els of TNF-α seem to be related to the preservation of
homeostasis and to the remodeling/healing of damaged
tissue through the activation and formation of fibrob-
lasts [35]. Since there was no significantly increased
IL-1β at week 4 and week 6 compared to week 2 in PD
group and DM group, diabetes or periodontitis alone
may not be sufficient to elicit marked changes in IL-1β
levels over a short time. And further research is needed
to study the influence of time on the gradual secrete
process of cytokines.

Alveolar bone resorption is an inevitable result of
periodontitis, and it has also been observed in di-
abetic conditions [36]. The mechanisms of alveolar
bone metabolism and/or resorption in DM have been
explained previously. Mishima et al. [37] and Villarino
et al. [38] suggested that streptozotocin-induced DM
might have had short-term effects on bone metabolism
and may have reduced the rate of bone turnover in the
alveolar wall surrounding the root. These are in ac-
cordance with our findings that we observed enhanced
alveolar bone resorption in the DM and PD group com-
pared with the other groups.

The main pathogenic component of bacterial bio-
films is LPS, and these films have been shown to
be necessary for the initiation of gingival inflamma-
tion and subsequent destruction of periodontal tis-
sues. Based on an established model of pathogene-
sis, the presence of a bacterial biofilm alone is in-
sufficient to explain disease initiation and progres-
sion. Evidence [37] suggests that periodontal tissue de-
struction is mainly due to the host’s inflammatory re-
sponse to the bacterial challenge. Investigations into
the mechanisms of the host-mediated response in pe-
riodontal disease have revealed that it involves the ac-
tivation of the broad axis of innate immunity, specif-
ically by upregulation of proinflammatory cytokines
(TNF-α, IL-1β and so on) from monocytes and poly-
morphonuclear leukocytes. Toll-like receptors are the
most studied pattern recognition receptors, and they
are present at the cell surface as transmembrane re-
ceptors. Toll-like receptor-4 recognizes lipopolysac-
charide on macrophages. Binding to the pattern recog-
nition receptors activates the nuclear factor-κB (NF-
κB) signaling pathway, which induces immune re-
sponse genes, especially those for inflammatory cy-
tokines. Inappropriate secretion of these cytokines, in
terms of either type or quantity, characterizes a dys-

regulated immune response that leads to destruction
of the periodontal tissues in the presence of a Gram-
negative bacterial biofilm. These locally produced cy-
tokines move into the systemic circulation, where they
may perpetuate an elevated inflammatory state, wors-
ening the patient’s diabetes by increasing insulin re-
sistance and glucose levels [39]. These are the mecha-
nisms through which periodontal infections contribute
to diabetes mellitus.

In subjects with diabetes, chronically elevated blood
glucose levels lead to the accelerated formation of
advanced glycation end products (AGEs). Endothe-
lial cells and monocytes possess specific receptors for
AGEs located on their cell surfaces. The interaction
of macrophages with AGEs has been shown to stim-
ulate increased secretion of pro-inflammatory media-
tors, such as TNF-α and IL-1β [40]. As demonstrated
by a 2.9-fold increase in the risk for periodontitis in
individuals with poorly controlled glycemia compared
with normal individuals, diabetes mellitus is a major
risk factor for the development of periodontitis. How-
ever, the mechanisms by which hyperglycemia can in-
duce periodontal destruction have not to be fully eluci-
dated. The results of our studies revealed elevated lev-
els of TNF-α, IL-1β and LPS in the GCF of rats with
PD and DM compared to rats with PD alone, rats with
DM alone and control rats. The resorption values of
the alveolar bone and histological inflammation were
the lowest in the control rats, higher in the DM alone
and PD alone groups and highest in the PD and DM
group. These results might indicate that diabetes melli-
tus promotes periodontitis through elevated inflamma-
tory cytokines (TNF-α and IL-1β) and bacterial endo-
toxin (LPS).

Periodontitis worsens the manifestations of dia-
betes through the LPS-TLR4-NF-κB signaling path-
way. Toll-like receptors (TLRs) are a family of pat-
tern recognition receptors (PRRs) that recognize mi-
crobial components and mediate the activation of host
response [41]. After Toll-like receptor-4 recognizes
lipopolysaccharide on macrophages, they bind then
microbial LPS utilizes TLR4 to activate nuclear factor-
κB (NF-κB), leading to inappropriate secretion of pro-
inflammatory cytokines. These locally produced cy-
tokines move into the systemic circulation increas-
ing insulin resistance and glucose levels [39]. Accord-
ing to our results, it is unclear whether diabetes mel-
litus promotes periodontitis through the LPS-TLR4-
NFκB signaling pathway as well. Whether treatment
based on inhibiting a part of this pathway may cure
diabetes mellitus or periodontitis remains to be deter-
mined. Therefore, additional studies are warranted.
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