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ABSTRACT
Introduction: Chronic periodontitis is the inflammatory disease
of the periodontium; the tissue that surround and support the
teeth. The aim of the study was to estimate and compare some
biochemical oxidative stress markers in patients with chronic
periodontitis and healthy controls and to assess the effect of
nonsurgical periodontal therapy on these parameters.
Materials and methods: Eighty-two chronic periodontitis
patients and 120 healthy controls were recruited for the study.
The periodontal status was evaluated using gingival index (GI),
plaque index (PI), papillary bleeding index (PBI) and clinical
attachment loss (CAL). The biochemical parameters estimated
were total antioxidant capacity (TAOC), antioxidant enzymes
RBC-superoxide dismutase (RBC-SOD) and glutathione
peroxidase (GPx), vitamin C, malondialdehyde (MDA) and Creactive protein (CRP) were also evaluated. Nonsurgical
periodontal therapy (scaling and root planing; SRP) was
performed on chronic periodontitis patients and a follow-up was
done after 3 months.
Results: The study suggests that oxidative stress is induced in
chronic periodontitis, as the levels of CRP, MDA and RBC-SOD
were significantly higher (p < 0.001) and those of TAOC, GPx
and vitamin C were significantly lower (p < 0.001) compared to
healthy controls at baseline. SRP therapy significantly improved
the clinical and biochemical oxidative stress markers in
periodontitis patients.
Conclusion: Chronic periodontitis patients show higher
inflammatory manifestations and oxidative stress. SRP therapy
helps in lowering inflammatory burden and improving systemic
oxidant: Antioxidant imbalance. The SRP therapy may be a
useful support in the control and prevention of various
inflammatory diseases associated with periodontitis.
Keywords: Chronic periodontitis, Oxidative stress, Nonsurgical
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INTRODUCTION
Periodontitis, which affects the supporting tissues of teeth,
is an inflammatory disorder of the periodontium.1 It is
initiated by the subgingival biofilm but the progression of
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destructive disease appears to be dependent upon an
abnormal host response to these organisms.2 Periodontal
disease is regarded as a risk factor for the development of
various systemic conditions, such as cardiovascular disease,
diabetes, osteoporosis and adverse pregnancy outcomes.3
Oxidative stress is an imbalance between pro-oxidants and
antioxidants in favor of the former. It has been related
increasingly to the onset and/or progression of growing
number of human diseases.4 Oxidative stress has been linked
with both onset of periodontal tissue destruction and
systemic inflammation.5 Reactive oxygen species (ROS)
such as superoxide anion, hydroxyl radical, nitrous oxide
and hydrogen peroxides are produced via the bacteria-host
mediated pathway, stimulating polymorphonuclear
leukocytes (PMNL) to produce superoxide radicals via
‘respiratory burst’. The increased ROS concentration leads
to oxidative damage to periodontal tissues with an impaired
circulating oxidant: Antioxidant balance.6,7
All mammalian cells contain antioxidants that prevent
or limit oxidative tissue injury caused by ROS.8 Antioxidants
may be enzymes, such as superoxide dismutase (SOD),
catalase (CAT), etc. high molecular weight proteins, such
as albumin, ceruloplasmin, etc. low molecular weight water
soluble antioxidants such as vitamin C, uric acid, etc. and
low molecular weight water insoluble antioxidants such as
tocopherol, carotenoids, etc. Antioxidants overall, act at
different levels of action such as prevention, interception
and repair damage caused by ROS. In a normal healthy
human body the generation of free radicals or pro-oxidants
is effectively kept in check at various levels by antioxidant
defense mechanism. However, when it gets exposed to
adverse physicochemical, environmental or pathological
agents, this delicately maintained balance (oxidant:
Antioxidant) shifts in favor of pro-oxidants, resulting in
oxidative stress.9,10
Studies in the literature have reported the beneficial
effects of scaling and root planing (SRP) therapy on some
key local markers,11 some systemic oxidative stress markers1
and systemic inflammatory markers 12 independently.
However, few studies have addressed the effect of
periodontal therapy on local clinical, systemic oxidative
stress markers in conjunction with systemic inflammatory
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markers. Therefore, the present study assesses the effect of
SRP therapy on clinical and some biochemical oxidative
stress marker and inflammatory marker in patients with
chronic periodontitis.
MATERIALS AND METHODS
The study was undertaken as per the approval of the
Institutional Ethics Committee of Grant Medical College
and Sir JJ Group of Hospitals, Mumbai, following norms
of the World Medical Association of Helsinki; ethical
principles for medical research involving human subjects
(amended by 55th WMA General Assembly, 2004). A
written consent was obtained from all the subjects enrolled
in the study. The subjects had the right to refuse to participate
in the study or to withdraw consent to participate at any
time without reprisal.
Study Groups
A total 82 patients with chronic periodontitis (group II),
who visited the Department of Dentistry Grant Medical
College, Mumbai, and 120 apparently healthy volunteers
(group I) were recruited for the study. The distribution of
sex and age between the groups are shown in Table 1. The
patients in the study group were clinically evaluated for
chronic periodontitis according to the criteria accepted by
the American Academy of Periodontology in 199913 and
the periodontal status was evaluated as described by
Armitage (2004).14 The patients were otherwise healthy,
with no history of major illness and consumption of
antioxidants, antibiotics, anti-inflammatory or any other
drugs and had not received any periodontal therapy for at
least 6 months prior to the inception of the study. Subjects
who had past illness and undergoing any treatment,
diabetics, smokers and tobacco consumers, alcoholics,
pregnant and lactating women were excluded from the study.
The individuals in the group I were from the same geographical region and similar socioeconomic status with
apparently good oral and systemic health.
Periodontal Therapy
The group II patients received periodontal therapy, which
included SRP and oral hygiene instructions. The instructions

included demonstration of correct brushing technique and
information to brush twice daily after meals. The SRP was
performed by qualified periodontologist using ultrasonic
instrument (Electro Medical System, Switzerland) and
manual Gracey curettes (Hu-Friedy, Avco). The patients
were monitored periodically, were followed up after
3 months and their clinical parameters were evaluated and
blood samples were collected. Subjects in group I received
no periodontal treatment during the course of the study and
were evaluated only once.
Clinical Measurements
The periodontal status of all individuals was evaluated by
measurement of gingival index (GI) as developed by Loe
and Silness (1963),15 plaque index (PI) as described by
Silness and Loe (1964),16 papillary bleeding index (PBI)
developed by Muhlemann (1977)17 and clinical attachment
loss (CAL). CAL measurements are recorded at six sites
around each tooth (i.e. mesiobuccal, buccal, distobuccal,
mesiolingual, lingual and distolingual) from the
cementoenamel junction to the base of the pocket.14 All
clinical measurements were evaluated by a single trained
investigator using University of Carolina (UNC-15) probe.
The investigator was blinded to the individuals of both the
groups.
Sample Collection
A total of 4 ml venous blood was collected in disposable
syringe from all the subjects following standard
precautionary measures. Of this, 1 ml heparinized blood
was used for analysis of total antioxidant capacity (TAOC),
RBC-SOD and glutathione peroxidase (GPx). The
remaining 3 ml of blood was allowed to stand at room
temperature for 30 minutes and then centrifuged at
3,000 rpm for 20 minutes to obtain serum, which was stored
at –4°C until further processing. The serum was analyzed
of vitamin C, malondialdehyde (MDA) and C-reactive
protein (CRP). The blood sample was collected twice once
at baseline and then after 3 months for patients in group II
and only once for subjects in group I.

Table 1: Distribution of age and sex between the study groups
Parameters

Group I (n = 120)
Number of subjects (n)

Sex
Age (years)
Mean

18

Male
Female

64
56

Group II (n = 82)

% of subjects
53.3
46.7

39.6 ± 8.4

Number of subjects (n)
49
33

% of subjects
59.8
40.2

41.6 ± 6.4
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Biochemical Studies

CRP Assay

TAOC Assay

The serum CRP was measured by the quantitative latex
turbidity method using the CRP-TURBI kit from Spinreact
(Spain). The latex particles coated with specific anti-human
CRP was agglutinated when mixed with samples containing
CRP. The agglutination causes absorbance change
(measured at 540 nm), dependent upon the CRP content of
the test sample that can be quantified by comparison from a
calibrator of known CRP concentration.23

The plasma TAOC was measured by the ferric reducing
ability of plasma (FRAP) assay according to the method of
Benzie and Strain.18 The reaction measures antioxidant
reduction of Fe3+TPTZ (tripyridyl triazine) to blue colored
Fe2+TPTZ. FRAP values were obtained by comparing the
absorbance change at 593 nm in test reaction mixture with
those containing ferrous ions in known concentration.

Statistical Analysis
RBC-SOD Activity Assay
The RBC-SOD was measured using the RANSOD kit, from
Randox Laboratories (UK). The assay principle employs
xanthine and xanthine oxidase to generate superoxide
radicals which react with 2-(4-iodophenyl)-3-(4–
nitrophenyl)-5-phenyltetrazolium chloride (INT) to form a
red formazan dye. The superoxide activity was then
measured by the degree of this reaction. One unit of enzyme
activity is that which causes 50% inhibition of rate of
reduction of INT under assay condition. Change in
absorbance was recorded at 505 nm.19
GPx Activity Assay
Blood GPx was measured using RANSEL kit from Randox
Laboratories (UK). GPx catalyses the oxidation of
glutathione (GSH) by cumene hydroperoxide. In the
presence of GSH reductase and NADPH, the oxidized GSH
is immediately converted to the reduced form with a
concomitant oxidation of NADPH to NADP+. The decrease
in absorbance at 340 nm was measured.20
Vitamin C Assay
The serum vitamin C content was measured using the
dinitrophenylhydrazine (DNPH) method.21 In strong acidic
medium, ascorbic acid is oxidized to diketogulonic acid
which reacts with 2,4 DNPH to form diphenylhydrazine
which dissolves in strong sulfuric acid solution to produce
a red-colored complex which was measured at 500 nm.
MDA Assay
The serum MDA was estimated according to the method of
Kei S.22 Lipoproteins were precipitated from the serum by
adding trichloroacetic acid. A total of 0.05 M sulfuric acid
and 0.67% thiobarbituric acid (TBA) in 2 M sodium sulfate
were added and the coupling of lipid peroxide with TBA
was carried out by heating. The resulting chromogen was
extracted in n-butanol whose absorbance was measured at
530 nm.
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The measured values for clinical parameters and
biochemical markers at baseline and 3 months posttreatment were subjected to statistical analysis using
statistical package for social sciences (SPSS version 11.5)
for MS Windows. The values on clinical and biochemical
parameters were expressed as mean ± SD. Comparison of
clinical and biochemical parameters across two study groups
were done using independent sample‘t’ test. In group II the
effect of SRP (after 3 months post-treatment with the
corresponding baseline parameters) on clinical and
biochemical parameters was assessed using paired ‘t’ test.
The underlying normality assumption was tested for each
clinical and biochemical parameter using percentilepercentile (PP) plot technique before applying respective
‘t’ tests. A p-value < 0.05 is considered to be statistically
significant.
RESULTS
Clinical Measurements
The average clinical measurements are listed in Table 2.
The average baseline clinical parameters are significantly
higher (p < 0.001) in chronic periodontitis patients (group II)
compared to healthy controls (group I).
Following SRP therapy all clinical parameters reduced
significantly (p < 0.001) compared to their corresponding
baseline values in group II.
Biochemical Studies
The statistical comparison of biochemical parameters
evaluated between the two study groups are shown in
Table 3. The baseline parameters were found to be
significantly different (p < 0.001) in group II as compared
group I. The average TAOC, GPx and vitamin C were
significantly lower (p < 0.001) and RBC-SOD, MDA and
CRP were significantly higher (p < 0.001).
Following SRP therapy all biochemical parameters were
significantly improved (p < 0.001) compared to the
corresponding baseline values in group II.
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Table 2: Comparison of clinical parameters between groups I and II
Clinical parameters

Group I (n = 120)
Baseline

GI
PI
PBI
CAL (mm)

0.7 ± 0.1
0.4 ± 0.2
0.9 ± 0.8
1.8 ± 0.3

Group II (n = 82)
Post-treatment

2.3 ± 0.5
2.2 ± 0.5
2.6 ± 0.4
7.7 ± 0.9

1.5 ± 0.5
1.3 ± 0.5
1.6 ± 0.4
6.2 ± 1.0

p-valuea
group I vs
group II
(baseline)

p-valueb
group II
baseline vs
post-treatment

0.001
0.001
0.001
0.001

0.001
0.001
0.001
0.001

Values are mean ± SD; ap-values for mean ± SD obtained by independent sample ‘t’ test; bp-values for mean ± SD obtained by
paired ‘t’ test; p-values < 0.05 is considered to be statistically significant
Table 3: Comparison of biochemical parameters between groups I and II
Biochemical parameters

Group I (n = 120)

Group II (n = 82)
Baseline

TAOC (µm/l)
RBC-SOD (U/g Hb)
GPx (U/g Hb)
Vitamin C (µm/l)
MDA (nm/ml)
CRP (mg/l)

913.3 ± 67.3
292.5 ± 37.8
13.7 ± 1.4
34.0 ± 0.07
2.0 ± 0.3
1.8 ± 0.3

826.6 ± 78.6
524.3 ± 81.9
8.3 ± 1.2
22.7 ± 0.07
4.1 ± 0.4
3.4 ± 0.4

Post-treatment

910.0 ± 69.4
439.6 ± 75.9
9.6 ± 1.1
28.4 ± 0.07
2.7 ± 0.5
2.4 ± 0.4

p-valuea
group I vs
group II
(baseline)
0.001
0.001
0.001
0.001
0.001
0.001

p-valueb
group II
baseline vs
post-treatment
0.001
0.001
0.001
0.001
0.001
0.001

Values are mean ± SD; ap-values for mean ± SD obtained by independent sample ‘t’ test; bp-values for mean ± SD obtained by
paired ‘t’ test; p-values < 0.05 is considered to be statistically significant

DISCUSSION
The present study has focused on the relationship between
periodontitis and systemic biochemical oxidative stress and
inflammatory markers and effect of SRP therapy on these
markers. It is suggested that patients with periodontal disease
are more susceptible to an imbalance of antioxidantoxidative stress situation.1 Studies 1,2,7 have associated
altered clinical parameters in chronic periodontitis as
compared to healthy controls. In the present study we have
observed significantly higher GI, PI, PBI and CAL in
group II at baseline compared to group I. The SRP has shown
an improvement in all the clinical parameters after 3 months
in group II compared to their respective baseline values.
Similar effect of improvement in clinical parameters after
SRP has also been reported by studies.11,24
Prospective studies2,5,25,26 have associated periodontitis
with TAOC. TAOC reflects full spectrum of antioxidant
activity against various reactive oxygen and nitrogen
radicals. Generally, low TAOC indicates oxidative stress
or increased susceptibility to oxidative damage. 27 In
accordance to our findings, studies25,26 have observed lower
TAOC in subjects with chronic periodontitis as compared
to the healthy controls. The nonsurgical periodontal
treatment was effective at improving clinical parameters
and reducing plasma reactive oxygen metabolites (ROMs)
and ROS.28 As ROS is lowered after periodontal therapy an
improvement in TAOC is expected, as we have observed in
our study.
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Antioxidant enzymes, SOD and GPx provides protection
within the cell against ROS.29 Studies have reported higher1
and lower30 SOD activities in chronic periodontitis. The
present study has observed significantly higher RBC-SOD
activity in group II at baseline as compared to group I. The
human periodontal ligament has shown to possess the
enzyme SOD which offers biological protection against
ROS. Bacterial lipopolysaccharides also stimulate
superoxide release from gingival fibroblast, suggesting that
the induction of SOD may represent an important defense
mechanism of the fibroblasts during inflammation.
Moreover, increased SOD in inflamed gingiva may indicate
increased superoxide radical generation by PMNLs invading
at the diseased sites.1 SRP therapy is aimed at reducing the
disease causing microbes associated with oral plaque. This
may help in decreasing the inflammatory manifestations.
The decreased pathogen load and local inflammation may
help in lowering super oxide radical generation and reducing
the SOD enzyme activity as observed in our study.
The studies in the literature have reported insignificantly
changed31 and significantly lowered29 GPx activities in
periodontitis patients compared to healthy controls. The
present study has obtained lower GPx activity in chronic
periodontitis group than in controls at baseline. The direct
proportionality in GPx activity in gingival crevicular fluid
(GCF) with the severity of periodontal disease has been
reported.6 Al Rawi (2011)32 have reported that oxidative
stress in various pathologies (including periodontitis) does
JAYPEE

WJD
Effect of Nonsurgical Periodontal Therapy on Some Oxidative Stress Markers in Patients with Chronic Periodontitis

not depend on a loss of reduced GSH or a lack of GSH
synthesis alone but a misbalance in the oxidant/reductant
cycle of GSH. The concentration of GSH in gingival
cervicular fluid was compromised in chronic periodontitis
and nonsurgical periodontal therapy resulted in
nonsignificant increase in concentration of GSH and total
GSH but the redox balance in terms of GSH:GSSG increased
to that of periodontal healthy controls.24 The investigations
in the above studies indicate that oxidative stress depleted
GSH concentration and disturbed the GSH:GSSG balance.
The depleted GSH concentration may be reflected in
lowered GPx activity. The SRP therapy which may lead to
increased GSH concentration due to improved GSH:GSSG
balance may result in an increased activity of GPx, as we
have observed in our study.
Vitamin C (ascorbic acid) is a low molecular weight,
water soluble antioxidant. It has protective effect on
maintaining tissue homeostasis by playing an important role
in collagen synthesis and therefore helps in maintenance of
structural integrity of the connective tissue. Vitamin C also
has a beneficial role as radical scavenger.33 Through its
antioxidant action, vitamin C neutralizes oxidative stress,
and in doing so may be depleted in plasma. It is therefore
quite possible that periodontitis causes lower plasma
vitamin C through this mechanism.34 In our study serum
vitamin C level was lower in chronic periodontitis at baseline
as compared to healthy controls, which was also documented
by studies.34,35 Post-SRP therapy a significant improvement
in plasma vitamin C levels was observed indicating lowered
oxidative stress and improved antioxidant status.
Lipid peroxidation (LPO) has been implicated in the
pathogenesis of several pathological disorders including
periodontal disease. ROS can attack polyunsaturated fatty
acids and induce formation of LPO products such as MDA.
It is a stable end product of peroxidation of lipids by ROS.
MDA is one of the most frequently used indicators of LPO
and may be a potential biomarker indicating oxidative
stress.36 Our finding indicates higher serum MDA level in
chronic periodontitis at baseline as compared to the healthy
controls which have been documented by many
researchers1,31,37 in chronic periodontitis. Tsai et al (2005)31
have reported that LPO was significantly correlated with
clinical parameters of periodontal disease, and periodontitis
patients showed significantly lower LPO concentration after
treatment than before therapy which is in accordance with
our study. SRP therapy aids in lowering LPO which results
in decreasing MDA concentration in serum of periodontal
patients.
CRP is an acute phase protein, which is used as an
inflammatory marker. It has been demonstrated by
studies12,38,39 that CRP levels are higher in periodontitis
World Journal of Dentistry, January-March 2013;4(1):17-23

patients than in healthy subjects, which supports our
findings. Renvert et al (2009) 39 have observed that
periodontal treatment along with anti-inflammatory
treatment resulted in a significant decrease in hs-CRP and
proinflammatory cytokines in subjects with periodontitis.
Another study by Vidal et al (2009)40 has reported that
nonsurgical periodontal therapy was effective in improving
periodontal clinical data and in decreasing the plasma levels
of IL6, CRP and fibrinogen in hypertensive patients with
periodontitis. The result of our study is in accordance with
the above studies. The result of the present study indicates
improved CRP levels after SRP therapy. This improved CRP
(marker for systemic inflammation) level could be attributed
to the beneficial effects of SRP therapy, which lowers the
inflammatory burden on the periodontium.
The balance between ROS and antioxidant defense
mechanism is likely to be important in periodontal
pathogenesis. As observed in our study, patients with
chronic periodontitis showed higher inflammatory and
oxidative stress markers and lower antioxidant defense at
baseline. SRP procedures belong to the initial phase of an
orderly sequence of periodontal treatment. The primary
objective of SRP therapy is to completely remove the
gingival inflammation provoking elements (i.e. plaque,
calculus, endotoxins) from the tooth surface. In doing so,
the therapy reduces inflammation and helps in improving
the host defense by restoring the disturbed balance of
oxidant: antioxidant. The restoration of oxidant: antioxidant
balance may help to delay/or control the onset of various
systemic inflammatory diseases; at least those initiated by
periodontitis. We recommend further longitudinal studies
to establish the findings of the present study and also to
assess the efficacy of periodontal therapy in various systemic
diseases associated with periodontitis.
CONCLUSION
Patients with chronic periodontitis show higher clinical
periodontal damage, systemic oxidative stress and
inflammation compared to healthy controls. Clearly, the
study demonstrates the efficacy of SRP in effectively
eliminating the etiologic agent, thereby helping in
decreasing the inflammatory impact on the periodontal
tissues and subsequently improving clinical parameters and
systemic biochemical oxidative stress and inflammatory
markers. The prevention and treatment of periodontitis using
SRP therapy may be a useful support in the control of the
various chronic diseases associated with inflammation.
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