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Abstract

Background: Diabetes mellitus (DM) has been linked with oxidative stress and decreased antioxidant defense. A connection has been
established between diabetes and periodontal disease. Aim: The aim of present study was to compare salivary total antioxidant capacity of
type 2 DM patients and healthy subjects with and without periodontal disease. Materials and Methods: A total of 120 subjects consisting
of 30 type 2 DM patients with periodontal disease; 30 type 2 DM patients without periodontal disease; 30 healthy subjects with periodontal
disease; 30 healthy subjects without periodontal disease were included in the study. After clinical measurement and samplings, total antioxidant
capacity in saliva of type 2 diabetic and healthy subjects were determined, and the data were tested by non-parametric tests. Total antioxidant
capacity of the clinical samples was determined spectrophotometrically. Results: The mean salivary total antioxidant capacity was lowest
in diabetic patients with periodontitis. Conclusion: Total antioxidant capacity is inversely proportional to the severity of inflammation and

can be used as an useful marker of periodontitis in healthy and diabetic patients.
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Introduction

Periodontal disease, a chronic infectious inflammatory
disease characterized by the destruction of the
tooth-supporting structures, is the most prevalent
microbial diseases of mankind. It is initiated by the
complex micro biota found as dental plaque, a complex
microbial biofilm, and tissue destruction is largely
mediated by an abnormal host response to specific
bacteria and their products.!"! Susceptibility appears to
be due to a phenotype characterized by an exaggerated,
“hyper-inflammatory” response to the colonizing
bacteria.?!? The aberrant response is characterized
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by exaggerated inflammation, involving the release
of excess proteolytic enzymes and reactive oxygen
species (ROS) by the hyper-active/reactive neutrophils.
These neutrophils following chemo attraction from the
peripheral blood to the periodontal tissues, generate
ROS both spontaneously and following stimulation of
Fcy-receptors or toll-like receptors on the neutrophil
surface by their respective ligands.?#

A growing body of evidence implicates oxidative stress
in the pathobiology of chronic periodontitis. Several
studies demonstrated increased levels of biomarkers
for tissue damage, by ROS in periodontitis patients
relative to controls.*”! In response to oxidative stress,
antioxidant enzymes appear up-regulated in inflamed
periodontal tissuesP®! and in gingival crevicular fluid,
where levels correlate inversely with pocket depth.”!
Furthermore, extracellular antioxidant scavengers are
depleted both individually as well as in terms of total
antioxidant activity.>!l Collateral host-tissue damage
occurs due to the elevated levels of ROS generated by
neutrophils during the inflammatory response to both
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microbial plaque and plaque-induced tissue damage.
This is induced both directly, via oxidation of vital tissue
components as well as indirectly, via the activation
of redox-sensitive gene transcription factors like
nuclear factor k-B, which in turn leads to downstream
proinflammatory cytokine/chemokine production. The
resultant periodontal inflammation creates a low-grade
inflammatory response detectable within the peripheral
vasculature.!

Saliva possesses a wide range of antioxidants including
uric acid, vitamin C, reduced glutathione, oxidized
glutathione, and others.™ Such antioxidants work
in concert, and total antioxidant capacity may be the
most relevant parameter for assessing the defense
capabilities." Periodontitis has been recognized as a
risk factor for certain systemic diseases where low-grade
inflammation within the peripheral circulation is
associated with the etiology or progression of the disease.
These manifestations of increased oxidative stress
provide potential mechanisms whereby periodontal
inflammation may impact upon systemic inflammatory
status. Associations have been demonstrated repeatedly
between periodontitis and type-2 diabetes,[
cardiovascular, and cerebrovascular disease.['51]
Subjects with type 2 diabetes mellitus (DM) are 2.8 times
more likely to have destructive periodontal disease!*!
and 4.2 times more likely to have significant alveolar
bone loss!'”! compared to systemically healthy subjects.
Periodontal disease was proposed to be the sixth
complication of DM.™! Conversely, the presence of
periodontitis may exert a negative impact on metabolic
risk status in type 2 diabetes patients. Periodontal
inflammation has been associated with impaired fasting
glucose and is an independent predictor of mortality
from ischemic heart disease. However, the nature of
the biological relationship between periodontitis and
type 2 DM remains unclear."”! Enhanced oxidative
stress was observed in patients with diabetes, resulting
in hyper-inflammatory state.’”! Hyperglycemia leads
to excess ROS production which stimulates NADPH
oxidase, principally in neutrophils.?'! Disruption of redox
balance results in stimulation of cell-signaling pathways
associated with inflammation, dysregulation of insulin
signaling, and development of diabetic complications./*

The relationship between DM, periodontal disease, and
salivary antioxidant status has not been clarified. We
hypothesized that the diabetic state would reduce the
salivary antioxidant capacity of subjects and, further,
that this antioxidant impairment may help to explain
the association between diabetes and inflammatory
periodontal disease. The aim of this paper was to
estimate and compare the total antioxidant capacity in
saliva of type 2 diabetes and healthy subjects with and
without periodontal disease.

Materials and Methods

A total of 120 subjects inclusive of both genders,
between the age group 40-65 years who reported to
the Department of Periodontics, A.B. Shetty Memorial
Institute of Dental Sciences, Mangalore and from
the diabetic clinic of K.S. Hegde Medical Academy,
Mangalore were selected by simple random sampling
method and were included in the study. Ethical
committee of the institute approved the study. Oral and
written consent was obtained from the participants of
the study. The total duration for the study was 6 months
from January 2008 to June 2008.

Sixty patients with type 2 DM and no other systemic disease
that could affect periodontal status participated in this
cross-sectional study. Of these, group 1included 30 type 2
diabetic patients with periodontal disease (17 female and
13 male) and group 2 included 30 type 2 diabetic patients
without periodontal disease (14 female and 16 male).

Patients with diabetes were those consecutively referred
during medical care visits from an outpatient diabetic clinic.
Patients with diabetes were diagnosed as having type 2
diabetes using American Diabetes Association diagnostic
criteria. These patients were not under any oral
hypoglycemic agents and/ or insulin therapy (fresh cases).

In addition, 60 systemically healthy subjects, of
which, 30 healthy subjects with periodontal
disease (18 female and 12 male) (group 3) and
30 healthy subjects without periodontal disease (15 male
and 15 female) (group 4 - control group) were recruited
from those patients seeking dental treatment at the
Department of Periodontics, A.B. Shetty Memorial
Institute of Dental Sciences, Mangalore.

Patients were excluded if they had aggressive periodontitis,
<14 teeth present, history of antibiotic therapy within the
preceding 3 months, periodontal treatment within the last
6 months smokers, on vitamin supplements, obese, and
under insulin therapy/oral hypoglycemic medication.

Dental examination

Clinical periodontal parameters, including plaque index,
probing depth (PD), clinical attachment level (CAL), and
bleeding on probing (BOP) were assessed. All clinical
examinations were carried out by a single examiner,
who was trained, calibrated, and masked to the systemic
condition of the patient. Each tooth was measured and
examined for PD in millimeters and CAL in millimeters
at six sites per tooth (mesio-buccal, buccal, disto-buccal,
mesio-lingual, lingual, disto-lingual) using a Williams
graduated periodontal probe. Dental plaque was scored
as being present or absent at four points (mesial, buccal,
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lingual, and distal) on each tooth. BOP was assessed at the
six sites at which PD was determined and was deemed
positive if it occurred within 15 s of probing. BOP was
expressed as the percentage of sites showing bleeding.
Periodontal health was defined as the absence of gingival
pockets >4 mm and absence of attachment loss >3 mm
with no BOP. Periodontal disease was defined as two or
more tooth sites with PD > 4 mm or CAL of 4 mm that
bled on probing.*!

Saliva sampling

All saliva samples were obtained in the morning after
an over-night fast. The subjects were requested not to
drink (except water) or chew gum for the same period
and abstention was checked prior to biologic sample
collection.™

For the collection of saliva, the subject was seated in the
coachman’s position, head slightly down and was asked
not to swallow or move his tongue or lips during the
period of collection. Whole saliva samples were obtained
by expectorating into disposable tubes prior to clinical
measurements, the time period for sample collection was
recorded in minutes. The collection time was 5 min and the
flow rate was calculated as ml/min. Saliva samples were
centrifuged immediately to remove cell debris (x 1000 g for
10 min at 4°C). The supernatant was removed and stored
in small aliquots at 80°C until analysis.*!

Measurement of total antioxidant capacity

The total antioxidant capacity of saliva was evaluated using
the spectrophotometric assay. The method is based on the
principle that, when a standardized solution of Fe-EDTA
[Iron- Ethylenediaminetetraacetic acid] complex reacts
with hydrogen peroxide by a Fenton-type reaction, it leads
to the formation of hydroxyl radicals (OH). These ROS
degrade benzoate, resulting in the release of thiobarbituric
acid reactive substances (TBARS). Antioxidants from the
added sample of human fluid cause suppression of the
production of TBARS. This reaction can be measured

spectrophotometrically and the inhibition of color is
development defined as the antioxidant capacity. No single
method is considered “gold standard” for total antioxidant
determination, suggesting that many comparable methods
can be used. Although Randox method has been used
frequently for estimation of total antioxidant capacity, the
TBARS method also gives comparable results.”

Statistical analysis

The statistical comparison of the mean values of
periodontal parameters, systemic related parameters,
total salivary antioxidants and salivary flow rate
with respect to the three study groups and one
control group was evaluated using one-way ANOVA,
Kruskal - Wallis H test (Nonparametric analysis of
ANOVA test), Multivariate ANOVA (MANOVA),
Tukey’s Post Hoc Test with SPSS data processing software
version 17.0. A value of P < 0.01 was considered to be
significant.

Results

Table 1 displays the clinical periodontal variables in the
study groups. As expected mean probing depth (PD) and
clinical attachment level (CAL) were higher in diabetic
patients with periodontal disease (group 1) when
compared with other groups (group 2, 3, and 4) (P <0.01).
Mean PD in group 1 was 4.42 mm when compared
with group 2 and group 4 where the values were 1.64
and 1.60 mm, respectively, which were statistically
highly significant (P < 0.01). Also, group 1 exhibited a
higher percentage of sites with PD > 4 mm, sites with
CAL >4 mm, sites with plaque, and sites exhibiting BOP
in comparison with the other three groups which were
found to be statistically significant (P < 0.01) [Table 1].

Significant differences in basal metabolic rate (BMI),
was not found between the diabetes groups. (P > 0.01).
However, both diabetes groups had significantly higher
BMI than the non-diabetes group (P < 0.01) [Table 2].

Table 1: Periodontal parameters among the study groups

Parameters Group 1 (n=30) Group 2 (n=30)

Group 3 (7=30) Group 4 (control) (n=30) P value Sig.

Type 2 diabetic with Type 2 diabetic without Healthy subjects with Healthy subjects without

periodontal disease  periodontal disease

periodontal disease

periodontal disease

Mean*SD Mean*SD Mean*SD MeantSD
PD 4.42+0.67 1.64+0.89 4.23+0.43 1.60+0.49 <0.01 HS
CAL>4 mm 27.42+0.72 0.40+0.49 26.87+0.62 0.27+0.44 <0.01 HS
PD>4% 19.524+2.06 1.13+0.34 18.73+0.63 1.60+0.49 <0.01 HS
CAL>4 mm 27.4240.72 0.40+0.49 26.87+0.62 0.27+0.44 <0.01 HS
Plaque% 68.93+0.72 17.56+0.77 67.33+0.54 19.30+0.46 <0.01 HS
BOP% 47.4520.62 6.40+0.62 45.37+0.55 5.23+0.43 <0.01 HS

By applying three-way multivariate analysis of variance (MANOVA) test there is a highly significant difference between mean values of PD, CAL, PD>4%,
CAL>4 mm, Plaque %, BOP when study groups 1, 2, 3, 4 were compared together (P<0.01). PD: Pocket depth; CAL: Clinical attachment loss; BOP: Bleeding on

probing; HS: Highly significant
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Periodontitis was not associated with differences
in plasma lipid status in type 2 diabetes patients as
assessed by levels of total cholesterol, triglycerides, High
Density Lipoprotein (HDL) cholesterol, or Low Density
Lipoprotein (LDL) cholesterol [Table 2]. No significant
correlations were found between the diabetes-related
systemic parameters in either of the two groups with
diabetes (P> 0.01). However, these systemic parameters
were higher in the diabetes group compared to the
non-diabetes group (P < 0.01) [Table 2].

Salivary total antioxidant content in the diabetes
group (1.24 *+ 0.18) was statistically significantly less
compared with healthy controls (4.6 £ 0.31) (P < 0.01).
Statistically, there was no significant difference in
the salivary total antioxidant capacity of diabetics
without periodontitis and healthy individuals with
periodontitis (P >0.01). Periodontally healthy individuals
revealed higherantioxidantlevels (4.68+0.31) incomparison
to individuals with periodontitis (1.09 £ 0.19) which
was statistically highly significant (P < 0.01) [Table 3].
The total antioxidant capacity was significantly lower
in diabetic patients with periodontitis (0.40 £ 0.09)
when compared to healthy individuals with
periodontitis (1.09 £ 0.19) and diabetics without
periodontal disease (1.24 £0.18) (P <0.01) [Tables 3 and 4].

The saliva flow rates were similar in both the groups
of diabetic patients (0.38 and 0.40 ml/min) and were
statistically not significant. Although there were no
significant difference between periodontitis subjects
and controls (group 3 and 4) (P > 0.01), the salivary flow
rates were significantly less in diabetic patients than the
systemically healthy group (P < 0.01) [Table 5].

Discussion

Our data show that compared with non-diabetic
subjects, type 2 diabetics are subjected to severe
oxidative stress identifiable as a depletion of the total
antioxidant capacity. Our data are consistent with

previous studies that showed increased levels of various
indices of ROS in individuals with diabetes, thus
leading to depletion in total antioxidant capacity.*3!
It has been suggested that the oxidation of lipids
such as chylomicrons may play a causative role in the
generation of ROS in diabetes.’? This suggestion is
consistent with the present study in which increase in
plasma triglyceride and cholesterol were observed in
group 2 diabetic subjects.

Many biochemical pathways, including glucose
autoxidation, polyol, and prostanoid biosynthesis,
and protein glycation which are associated with
hyperglycemia have been implicated in the increased free
radical-production in diabetic subjects.®*3! Evidence
of oxidative stress in diabetes has been provided
either by the increased levels of degradative products
of ROS,#3%1 deficiencies of specific antioxidants,!
or reduction in total antioxidant capacity in diabetic
patients.P® However, relationships between the
antioxidant status, glycemic control, and the risk for
development of chronic complications in individuals
with diabetes are not completely clear.

Our finding of depleted total antioxidant capacity in
type 2 diabetes patients with periodontitis compared
to type 2 diabetics without periodontitis supports
this possibility and suggests that periodontitis has a
negative effect on the already compromised oxidative
status of type 2 diabetes patients. Oxidative stress leads
to an up-regulation of pro-inflammatory pathways
implicated in the pathogenesis of both periodontitis and
diabetes.?¥! One possible source of the oxidative stress
identified in type 2 diabetes patients with periodontitis
may be hyper-active/reactive neutrophils as both
periodontitis and diabetes are associated with neutrophil
priming and enhanced ROS release, correlating with
both severity of periodontitis and glycemic control.F-4021!

It may be hypothesized that hyper-active/reactive
neutrophils releasing high levels of extracellular ROS

Table 2: Systemic parameters (mean+SD) in diabetic and non-diabetic groups

Parameters Group I (n=30) Group II (n=30)  Group III (#=30) Group IV P value Sig.

Type 2 diabetic Type 2 diabetic  Healthy subjects  (Control) (n=30)

with periodontal without periodontal with periodontal Healthy subjects

disease disease disease without periodontal
disease

BMI 30.29+0.53 28.23+0.67 25.50+0.62 24.03+0.41 <0.01 HS
Total cholesterol (mmol/dl) 215.45+1.43 191.77£1.47 50.90£1.19 52.52+1.12 <0.01 HS
Triglyceride 345.64+1.14 182.74+1.67 28.84+0.68 27.87+0.71 <0.01 HS
HDL cholesterol (mmol/dl) 52.29+0.86 43.29+10.28 16.29+0.86 11.64+2.72 <0.01 HS
LDL cholesterol (mmol/dl) 132.32+£0.91 117.87£1.26 32.80£0.79 30.58+0.76 <0.01 HS

By applying three-way multivariate analysis of variance (MANOVA) test there is a highly significant difference between mean values of BMI, total cholesterol,
triglyceride, HDL cholesterol, LDL cholesterol when study groups 1, 2, 3, 4 were compared together (P<0.01). BMI: Basal metabolic rate; HDL: High density
lipoprotein; LDL: Low density lipoprotein; HS: Highly significant
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Table 3: Mean values of total salivary antioxidants in
the study group and control group

Total Groups Number Mean  Std. Sig.
salivary deviation P value
antioxidant

(umol/dI)

30 0.40 0.09
30 1.24 0.18
30 1.02 0.19
4 30 4.60 0.31

The statistical comparison of total salivary antioxidant levels between study
and control group was evaluated by one way ANOVA and Kruskal-Wallis
H test (Non-parametric analysis of variance (ANOVA) test). P value <0.01 is
considered to be statistically significant. HS: Highly significant

<0.01 (HS)

W N -

Table 4: Post hoc analysis of total salivary antioxidant
levels*

Tukey’s I group J group Mean P value
HSD difference (I-])

Salivary 1 2 -0.84 0.01 (HS)

antioxidant 3 ~0.62 0.01 (HS)

levels 4 42 0.01 (HS)

2 1 0.84 0.01 (HS)

3 0.22 0.54 (NS)

4 -3.06 0.01 (HS)

3 1 0.62 0.01 (HS)

2 -0.22 0.54 (NS)

4 -3.58 0.01 (HS)

4 1 42 0.01 (HS)

2 3.36 0.01 (HS)

3 3.58 0.01 (HS)

*Post hoc analysis of total salivary antioxidant levels was evaluated by
Tukey’s test. P value<0.01 considered as statistically significant. HS: Highly
significant; NS: Not significant HS: Highly significant; NS: Not significant

Table 5: Mean values of salivary flow rate in study
group and control group*

Parameters Group N Mean Std. Sig.
deviation P value
Salivary flow Groupl 30 0.38 +0.16 <0.01 (HS)
rate (ml/min)  Group2 30 0.40 +0.18
Group3 30 0.79 +0.11
Group4 30 0.65 +0.10

(control)
The statistical comparison of salivary flow rate between study and control
group was evaluated by One way ANOVA and Kruskal-Wallis H test
(Non-parametric analysis of variance (ANOVA) test). P value <0.01 is
considered to be statistically significant. HS: Highly significant

could potentially overwhelm antioxidant defenses.
Further work is required to explore the impact of
periodontal inflammation on insulin resistance,
specifically along the oxidative stress/inflammation axis.

Antioxidants, by counteracting the harmful effects of
free radicals, protect the structural and tissue integrity.
Imbalances between the levels of free radicals and

the levels of antioxidants were suggested to play an
important role in the onset and development of several
inflammatory oral diseases. !

Moore et al.**l measured the antioxidant capacity of
saliva in periodontally diseased and healthy individuals
using the Trolox equivalent assay and failed to find
any significant difference between the groups. In a
similar study, Chapple et al.* studied serum and
saliva samples in diseased and control groups using an
enhanced chemiluminescent assay. Serum antioxidant
capacity in two groups was similar; however, saliva
antioxidant capacity and saliva and serum antioxidants
were significantly lower in diseased patients compared
with controls.

Recently, the possible association of gingivitis and
periodontitis with impaired salivary antioxidant
status and increased oxidative injury was investigated
by Sculley and Langley - Evans.[”! These researchers
reported that periodontal disease was associated with
reduced salivary antioxidant status and increased
oxidative damage within the oral cavity.

The results from the present study show that the
total antioxidant capacity is significantly decreased in
healthy subjects with periodontal disease compared
with periodontally healthy controls. The alterations in
total antioxidant capacity is supported by recent studies
indicating that chronic periodontal disease is associated
with peripheral neutrophils that are hyper-reactive
with respect to the production of ROS in response to
Fey-receptor stimulation.[**'% Thus, periodontal disease
has been suggested to be associated with reduced
salivary antioxidant status and increased oxidative
damage within the oral cavity.

Stimulation of saliva may increase the flow of Gingival
Crevicular Fluid (GCF), which may result in a false
increase in the concentration of antioxidants in the
saliva." Hence, in the present study, unstimulated
whole saliva samples were used as it is preferred in
determination of antioxidant defense parameters to
stimulated saliva and moreover, it is claimed that the
total antioxidant capacity is higher in unstimulated
saliva.l*l

To reduce the potential confounding factors tight
matching for gender, age, periodontal status, and
exclusion of smokers were done in this study.
To the best of our knowledge, this is the first
reported investigation of possible differences in total
antioxidant capacity in periodontally healthy and
diseased diabetic male subjects who were diagnosed
for the first time (fresh cases) and were not under any
medication.
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The principal limitations of our study include the small
sample size, the lack of serum, and gingival crevicular
fluid data on antioxidants and inclusion of female
subjects with menstrual cycle. However, these were
beyond the scope of the present study, and evaluation of
the antioxidant profile in saliva was the particular goal.
Evaluation of serum and/or gingival crevicular fluid
samples could be the aim of a separate study.

Conclusion

Based on the results from the present study and data
available from the literature, there is increasing evidence
that oxidative stress may be an important contributing
factor in the pathogenesis of diabetes and periodontal
disease. The co-existence of both diseases may augment
the pathological effects of oxidative stress.

The data reported here highlight the need for diagnosis
and treatment of periodontitis in type 2 diabetes
patients to minimize the potential pathogenic effects of
cumulative oxidative stress upon B-cell function and
glycemic control.
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