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Abstract
Aim: It has been suggested that periodontitis may be associated
with increased oxidative stress. The objective of this study is to
evaluate the possible differences in antioxidant status between
chronic periodontitis (CP) and aggressive periodontitis (AP), by
assessing the concentrations of antioxidants with total antioxidant status (TAS) and lipid peroxidation status in serum and
gingival crevicular fluid (GCF) of these patients.
Materials and methods: Forty-six patients with CP, 32 patients
with AP, and 50 healthy controls were included in this study. The
level of enzymatic antioxidant, superoxide dismutase (SOD),
nonenzymatic antioxidant uric acid, and TAS with lipid peroxidation measured in serum and GCF of patients suffering from CP
and AP were compared with the healthy controls.
Results: The TAS is decreased and malondialdehyde (MDA)
level is increased in both serum and GCF in CP and AP compared
with healthy controls (p < 0.001). Superoxide dismutase activities in GCF and serum are found to be low in both the groups
of periodontitis (p < 0.001). The uric acid levels are found to be
inconsistent in GCF and serum in both the groups of periodontitis.
Conclusion: Lipid peroxidation and TAS were affected at
systemic level in serum and in GCF of the periodontal pockets,
in CP and AP. Similar comments may be made for the decrease
in SOD activities and inconsistent uric acid levels.
Clinical significance: Increased oxidative stress may have a
role in the pathogenesis of periodontal disease activity.
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INTRODUCTION
Periodontitis is one immune-mediated inflammatory
disease characterized by destruction of the periodontal
attachment apparatus, caused by specific microorganisms
or groups of microorganisms. This disease progresses with
recurrent acute episodes of bursts of destructive action
on periodontium, with higher frequency during certain
periods of an individual’s life and can be of chronic or
aggressive in nature.1-3 During the progression of periodontal disease, the host response gets triggered by pathogenic biofilm. Reactive oxygen species (ROS) are liberated
by inflammatory cells migrated into periodontal tissue and
gingival sulcus, during the immune response due to host
and bacteria interaction. O−2 radicals get converted into
different radical and nonradical derivatives like hydroxyl
radical (OH-), hypochlorous acid (HOCl-), hydrogen peroxide (H2O2), and singlet oxygen (1O2) after being released
into phagolysosome and extracellular environment.4 Such
delivery of antimicrobial ROS by neutrophils involves
respiratory burst activity, phagocytosis, and cytolysis.
Antimicrobial components of neutrophils also include
nicotinamide adenine dinucleotide phosphate oxidase
system, myeloperoxidase, lysozyme, cofactor-binding
proteins, defensins, and neutral serine proteases.5 It has
been hypothesized that hyperactivity to plaque organisms is also shown by peripheral neutrophils to release
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ROS, after Fc-gamma-receptor stimulation, in addition to
unstimulated generation of ROS through innate immune
response.6,7
Oxidative stress is caused by the shifting of balance
toward oxidants during the interaction of oxidants and
antioxidants. Pathophysiological conditions elevate the
rate of normal productions of oxidants during aerobic
metabolism. Antioxidants provide defense through
both enzymatic and nonenzymatic pathways. 8,9 The
periodontal treatment includes mechanical debridement procedures with or without antibiotics. The possibility of enhancing the effectiveness of local treatment
like mechanical debridement procedures, scaling, and
periodontal surgery, by adjunctive antibiotics has been
explored by many investigators.
Use of systemically administered antibiotics has
not been supported during routine therapy for adult
chronic variety of periodontitis, by many clinical studies.
However, the use of systemic antibiotics in the treatment
of specific periodontal diseases is very much supported.10
Periodontal disease like localized juvenile periodontitis
(LJP) needs optimal treatment with systemic antibiotic
therapy along with mechanical debridement procedures,
as the role of the causative microbe Aggregatibacter actinomycetemcomitans invading the periodontal tissue cannot be
disputed.11 Production of superoxide by polymorphonuclear (PMN) leukocytes at a higher level may damage not
only periodontopathic bacteria but also PMNs themselves,
which could be correlated as one of the causes of the periodontal tissue destruction during host–bacteria interaction.
Intracellular and extracellular oxygen radical production
by PMNs phagocytosing Porphyromonas gingivalis and A.
actinomycetemcomitans is less than PMNs phagocytosing
Fusobacterium nucleatum.12 The less the total antioxidant
capacity, the more is the degree of the loss of clinical attachment due to tissue destruction, found in periodontitis.
The total oxidant status (TOS) in saliva of periodontitis patients was found to be the same when compared
with healthy controls.13 Rapid tissue destruction that is
associated with severe form of periodontitis like AP may
be due to the reduced total antioxidant capacity of these
patients.14
With this background, the present study was carried
out to find out any possible difference at systemic and at
local level, by assessment of one enzymatic antioxidant
SOD, another nonenzymatic antioxidant uric acid, TAS,
and lipid peroxidation status in serum and GCF from
periodontal pockets of CP and AP patients compared
with healthy controls.

CP, and group III—AP. The diagnosis was made based
on the clinical and radiographic criteria proposed by the
International World Workshop of American Academy of
Periodontology, for “classification of periodontal diseases
and conditions” in 1999.3 The AP was differentiated from
CP based on the criteria of case definition of world workshop, i.e., rapid attachment loss due to bone destruction
associated with inconsistent microbial deposit in younger
healthy individuals.3,15 Out of 128 subjects, 50 subjects in
group I included 33 males, 17 females, aged between 20
and 52 years, with an average age 36.56±6.26; 46 patients
in group II included 29 males, 17 females, aged between
30 and 62 years, with an average age 47.13±7.00; and
32 patients in group III included 21 females, 11 males, aged
between 18 and 28 years, with an average age 25.71 ± 3.51.
For CP, it was ensured that the patients had pocket
depth ≥4 mm in more than 1/3rd of the total number of
teeth, with association of bleeding on probing. Periodontal
breakdown was observed either from the clinical or from
radiographic follow-up examinations. Aggressive generalized/localized loss of attachments was determined from
the records of rapid destruction during last 6 months. The
plaque index (PI) was evaluated for all these groups to
differentiate the aggressive from the chronic one, ensuring that the amount of accumulated plaque was well
correlated with the amount of clinical attachment loss in
group II, whereas it was not commensurate for group III.
The cases of periodontitis were diagnosed as CP and AP
based on the case definitions and finally selected following the exclusion and inclusion criteria. All such selected
cases were subjected to biochemical evaluation.

MATERIALS AND METHODS

Clinical Measurements

The study was undertaken on 128 patients, dividing them
into three groups, group I—healthy control, group II—

Periodontal bone support was determined by taking
full mouth periapical radiographs. Screening for the

Exclusion Criteria
• Patients with any other systemic disorders
• Patients receiving periodontal treatment
• Patients taking antibiotics or anti-inflammatory or any
other drugs for any other disease
• Patients having the habits of smoking or alcohol
• Patients during the time of pregnancy/lactation/
menopause

Inclusion Criteria
All the subjects living under the same geographic and
climatic condition with more or less similar pattern of
living style, food habits, and oral hygiene habits were
included in this study. Informed consents were obtained
from the participants. The study was approved by the
institutional ethical committee.
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periodontal status of all the patients was done by measuring the clinical attachment level (CAL), gingival
index (GI),16 sulcus bleeding index (SBI),17 and PI.18
Clinical attachment levels were recorded at six sites of the
teeth. All clinical measurements were done by a single
investigator.

Collection of Samples
Collection of GCF
The GCF samples were collected from the periodontal
pockets with pocket depth ≥4 mm in both the groups of
periodontitis and from the gingival sulcus with sulcus
depth 1 mm in healthy controls. The GCF samples were
collected from each patient after isolation and air drying
without getting contaminated by saliva. Mostly upper
teeth in anterior region were preferably included for
avoiding the contamination of saliva in healthy controls.
Standardized paper strips (Oraflow Inc., Amityville, New
York, USA), using the orifice method from six sites of
each patient, were collected in a similar way by the same
investigator from groups II and III. Samples were pooled
into Eppendorf tubes separately and frozen at –80°C in
liquid nitrogen until the assay. Six GCF samples were collected from each patient. The GCF samples were collected
in the same way from the subjects in the control group.
Serum sampling: Blood drawn from vein and collected
in tubes without anticoagulant was centrifuged at 3000
rpm for 10 minutes for separating the serum. Samples
were aliquoted into cryogenic vials and stored in liquid
nitrogen in –80°C until the assay.

sulfuric acid to prepare a 10 nmol/mL solution. Standard
was processed the same way as test and for blank instead
of serum distilled water used.

Assay of TAS
The TAS was estimated by using kit (Randox total
antioxidant status manual kit), 2, 2′-Azino-di-3ethylbenzthiazoline sulfonate was incubated with a
peroxidase (metmyoglobin) and H2O2 to produce the
radical cation ABTS®+ which had a relatively stable bluegreen color and was measured at 600 nm. Antioxidants
in the added sample caused suppression of this color
production to a degree which was proportional to their
concentration. All the observations of the assay results
were expressed as mmol/L.

Assay of SOD
Clinical assay of SOD was done by the method described
by Sun et al;20 2.45 mL of assay reagent [0.3 mM of
xanthine, 0.6 mM Na2EDTA, 0.15 mM nitroblue tetrazolium (NBT), 0.4 M Na2CO3, and 1 gm/L bovine
serum albumin] was taken; 0.5 mL sample (serum or
GCF sample pooled) was added to the assay reagent
and mixed. Xanthine oxidase (50 µL, 167 U/L) was
added to initiate the reaction; the reduction of NBT
by superoxide anion radicals, which were produced by
xanthine, xanthine oxidase system, was determined by
spectrophotometer at 560 nm absorbance. The activity
of SOD was expressed in U/mL.

Assay of Uric Acid
Biochemical Laboratory Studies
Assay of MDA
The lipid peroxidation (MDA) was measured by the
method described by Satoh;19 0.5 mL of serum or GCF
sample pooled was taken in a centrifuge tube to which 2.5
mL of 20 mg/dL trichloroacetic acid (TCA) was added.
The tube was left in room temperature for 10 minutes.
After centrifugation at 3500 rpm for 10 minutes, the
supernatant was decanted. The precipitate was washed
with 0.05 M sulfuric acid, 2.5 mL 0.05 M sulfuric acid,
and 3 mL of 0.2 mg/dL Thiobarbituric acid (TBA) in 2
M sodium sulfate were added to this precipitate and the
coupling of lipid peroxide with TBA was carried out in
the boiling water bath for 30 minutes. After cooling in
cold water, the resulting chromogen was extracted with
4 mL of butyl alcohol by vortex mixture. The separation
of organic phase was facilitated by centrifugation at 3000
rpm for 10 minutes and its absorbance was determined
at the wavelength of 530 nm. Working standard was
made by dissolving 1, 1, 3, 3-tetraethoxypropane in 0.5 M
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Assay of uric acid of serum and GCF was done by using
standard commercial kit, Uricase-TOPS method. Uric
acid was acted by uricase to produce allantoin, hydrogen peroxide, and carbon dioxide. Hydrogen peroxide
was cleaved by peroxidase enzyme in the presence of
4-aminoantipyrine and TOPS {N-ethyl-N(sulfopropyl)3-methylaniline} formed a violet color complex which
was measured by BIOLIS 24 I at the absorbance of
546 nm. All values were expressed in mg/dL. All these
biochemical assays were conducted in the Department
of Biochemistry, S.C.B. Medical College.

Statistical Analysis
All the values were expressed as mean ± standard deviation. The comparison of different parameters and observations of assays between different groups was done by
one-way analysis of variance using post hoc test to find
out the test of significance (p < 0.05). The analysis was
done by using Statistical Package for the Social Sciences
version 24.

JCDP
Antioxidant Status in Chronic and Aggressive Periodontitis Patients

RESULTS
Demographic Characters and Clinical Parameters
All the demographic characters and clinical parameters
for all the groups are listed in Tables 1 and 2. Significant
difference in mean age was found between groups II and
III (Table 1).
The clinical parameters CAL, GI, and SBI were found
to be significantly on higher side in the CP and AP groups
when compared with the control group (p < 0.001). The PI
is also found to be less in group III when compared with
group II (p < 0.001) (Table 2).

Table 3: Comparison of biochemical parameter in control,
chronic, and aggressive periodontitis in serum
Biochemical
Control
parameter
(n = 50)
CP (n = 46)
AP (n = 32)
MDA (nmol/mL)
0.59 ± 0.14 2.02 ± 0.32*
3.61 ± 0.39*
SOD (U/mL)
3.95 ± 0.26 2.73 ± 0.29** 1.55 ± 0.15**
TAS (mmol/L)
1.23 ± 0.22 0.82 ± 0.12** 0.16 ± 0.03**
5.07 ± 0.30#
Uric acid (mg/dL) 5.11 ± 0.54
5.12 ± 0.32#
*The value of serum MDA shows a significant rise in both CP and
AP when compared with the control group (p < 0.001); **There is a
significant decrease in values of serum SOD and TAS in CP and
AP in respect to control group (p < 0.001); #There is no significant
variation in the uric acid value in all groups

Biochemical Laboratory Findings
Serum Analysis
The values of serum MDA were found to be at a higher
level in both CP and AP, when compared with the healthy
control group (p < 0.001). The values of MDA levels in
AP were found to be on the higher side when compared
with CP (p < 0.001). The values of activities of SOD and
TAS in CP and AP were found to be less compared with
the control group (p < 0.001). The decreased activities of
SOD and TAS in serum are also found to be significant in
AP compared with CP. The uric acid level is found to be
inconsistent in all groups. Serum analysis of MDA, TAS,
SOD, and uric acid is displayed in Table 3 and Graph 1.

GCF Analysis
The values of MDA in GCF were found to be on the
higher side in both CP and AP when compared with the
control group (p < 0.001). The MDA levels were also on
the higher side in AP compared with CP (p < 0.001). There
Table 1: Demographic characteristics of different study groups
Control (n = 50) CP (n = 46)
AP (n = 32)
Characteristics (group I)
(group II)
(group III)
Age (in years) 36.56 ± 6.26
47.13 ± 7.00 25.71 ± 3.51*
Sex
Male
33
29
11
Female
17
17
21
*Significant difference in mean age between groups II and III
(p < 0.001)
Table 2: Clinical parameters of different groups at baseline
(cross-sectional analysis at baseline)
Groups
Parameters Control (n = 50)
CP (n = 46)
AP (n = 32)
CAL
1.49 ± 0.25
4.51 ± 0.5*
4.73 ± 0.51*
GI
0.52 ± 0.15
2.44 ± 0.17*
2.53 ± 0.22*
PI
0.65 ± 0.13
2.47 ± 0.1**
0.94 ± 0.24**
SBI
0.62 ± 0.21
2.48 ± 0.19*
2.61 ± 0.12*
*Significant increase in clinical parameters in the CP and AP
groups when compared with the control group; **Significant
decrease in PI of group III when compared with group II (p < 0.001)

Graph 1: Comparison of MDA, SOD, TAS, and uric acid in
chronic and aggressive periodontitis in serum
Table 4: Comparison of MDA, SOD, TAS, and uric acid in CP
and AP in GCF
Biochemical
Control
parameter
(n = 50)
CP (n = 46)
AP (n = 32)
MDA (nmol/mL)
0.63 ± 0.12 1.98 ± 0.32* 3.33 ± 0.38*
SOD (U/mL)
3.78 ± 0.32 2.26 ± 0.31** 1.8 ± 0.45**
TAS (mmol/L)
1.36 ± 0.11
1.10 ± 0.26** 0.21 ± 0.06**
Uric acid (mg/dL)
5.11 ± 0.53
4.91 ± 0.40# 4.82 ± 0.29#
*The value of MDA in GCF shows a significant rise in both CP and
AP when compared with the control group (p<0.001); **there is a
significant decrease in values of SOD and TAS in GCF in CP and
AP in respect to control group (p<0.001); #There is no significant
variation in the uric acid value in all groups

is a significant decrease in values of activities of SOD and
TAS in GCF in CP and AP compared with the control
group (p < 0.001). The decrease in levels of activities of
SOD and TAS in GCF is also found to be significant in
AP compared with CP. There is no significant variation in
uric acid levels in all groups. Analysis of MDA, TAS, SOD,
and uric acid in GCF is displayed in Table 4 and Graph 2.

DISCUSSION
Interests among the investigators have been observed for
assessing the possible differences in local and systemic
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Graph 2: Comparison of MDA, SOD, TAS, and uric acid in
chronic and aggressive periodontitis in GCF

antioxidant status between CP and AP. Reactive oxygen
species are liberated by inflammatory cells during the
periodontal destruction due to alteration in host response
to pathogenic biofilm, inside the periodontal tissue and
gingival sulcus. Different radical and nonradical derivatives like hydroxyl radical (OH–), hypochlorous acid
(HOCl–), hydrogen peroxide (H2O2), and singlet oxygen
(1O2–) are released into phagolysosome and extracellular
environment. Delivery of such antimicrobial molecular
agents by neutrophils involves respiratory burst activity,
phagocytosis, and cytolysis/apoptosis. Antioxidants
provide defense through both enzymatic and nonenzymatic pathways to balance the activity of oxidants to
prevent oxidative stress. The decision for use of systemic
antibiotics or mechanical debridement and local drug
delivery systems depends upon the type and pattern of
periodontal disease. Periodontal disease like AP needs
optimal treatment with systemic antibiotic therapy with
mechanical debridement, whereas CP needs mechanical
debridement and local drug delivery systems. It has been
hypothesized that the less the total antioxidant capacity
at both local and systemic levels, the more is the degree
of loss of clinical attachment due to periodontal tissue
destruction. The TOS in saliva of periodontitis patients
was found to be the same when compared with healthy
controls. Severe tissue destruction associated with AP
may be due to the reduced total antioxidant capacity of
these patients.1-14
The present study was carried out for the assessment
of one enzymatic antioxidant, SOD, another nonenzymatic antioxidant uric acid, TAS, and lipid peroxidation
status in serum and GCF of CP and AP patients compared
with healthy controls. The objective of the assessment
was for observing the possible differences in local and
systemic antioxidant status between CP and AP. As per
the case definition of 1999 workshop of the American
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Academy of Periodontology, the AP differs from CP
based on the criteria of rapid attachment loss due to bone
destruction associated with inconsistent microbial deposit
in younger healthy individuals. Clinical parameters were
assessed by using GI, SBI, and PI, and biochemical assays
were done in the Department of Biochemistry.3,15-20
It was stated that most common inflammatory cells
believed to be the predominant source of ROS in periodontitis are PMN leukocytes. It has been found that there
was no significant difference in the hydrogen peroxidedependent oxidative product formation by PMN leukocytes in the blood from the patients with various types
of periodontal diseases, like LJP, generalized juvenile
periodontitis, and adult periodontitis.21
The hyperreactivity of peripheral neutrophils in
periodontitis was compared with that with normal individuals. It was found that hyperreactivity to opsonized
bacteria seems to be related to the stimulation of factors
like tumor necrosis factor-α to the outer cell membrane
lipopolysaccharides, or to the liberation of ROS. No
significant difference was found in hydrogen peroxide
production between the periodontal patients and the
controls during liberation of ROS.22
Consistent results have shown that peripheral blood
neutrophils of people with CP or AP generate significantly more ROS upon simulation with purified immunoglobulin opsonized Staphylococcus aureus compared
with peripheral blood neutrophils of healthy controls,
suggesting that sites with periodontal destruction have
a hyperreactive phenotype of neutrophils and those can
be stimulated by the Fc-gamma receptor pathway.23
Investigations on TOS revealed that patients with
CP were having increased lipid peroxidation levels and
oxidative stress both at systemic level and at local sites.24
Total oxidative status, SOD, and MDA levels were
significantly higher in the patients suffering from CP
when compared with the healthy control group. Local
and systemic control and restoration of the subject’s antioxidant capacity by nonsurgical therapy can be achieved
in patients suffering from CP.25 Oxidative stress can be
reduced in patients suffering from CP through periodontal treatment in smokers and nonsmokers.26
Antioxidant status is found to be increased, reducing
the oxidative stress after periodontal treatment in patients
suffering from CP with familial Mediterranean fever and
also in patients with CP alone.27 The possible role of oxidative stress for tissue destruction during progression of
periodontitis cannot be ruled out. The total antioxidant
capacity of saliva was found to be lower in patients suffering from periodontitis than the healthy controls. The
more the loss of clinical attachment due to tissue destruction, the less is the total antioxidant capacity found in the
patients suffering from periodontitis. The difference in the
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salivary TOS between periodontitis patients and healthy
controls was not significant.13 Severe tissue destruction
associated with aggressive form of periodontitis may
be due to the reduced total antioxidant capacity of the
patients.14
Action of antioxidant enzyme SOD triggered against
superoxide, ROS, in inflammatory pathways is for protection against connective tissue breakdown. There may be
an increase in SOD activity in gingival connective tissue
for protection against destruction without any change in
its level in GCF.28
One of the approaches to demonstrate the involvement of oxidative stress in the pathophysiologic mechanisms of periodontal tissue destruction is the assay of
end products of lipid peroxidation. Lipids are among
the most readily oxidizable substrates. Increased lipid
peroxidation is one of the consequences of ROS-induced
tissue damage. Significant changes in MDA levels with
little or no change in antioxidant status were found in
saliva and serum of patients with CP, indicating increased
oxidative stress.24,25,29,30
The review on studies regarding the activities of enzymatic antioxidants revealed that the results of the studies
are contradicting to each other. Some studies showed
that increase in SOD is associated with periodontitis,
whereas others showed increased activities of enzymatic
antioxidants as a protective reaction found among the
people with periodontitis. The results of studies on total
antioxidant capacity are consistent and indicate compromised antioxidant capacity in periodontitis.30 Saliva of
periodontitis patients revealed reduced activity of uric
acid. The activity of uric acid is also negatively correlated with C-terminal telopeptide of type I collagen and
matrix metalloproteinases.31 The values of uric acid were
found to be within the normal limits in the patients suffering from periodontitis. However, there is statistically
significant difference between the values of uric acid
in periodontitis patients when compared with normal
individuals even if values in both the groups were within
normal limits.32 Ellis et al33 found reduced activities of
SOD and catalane when these activities were measured
in human gingival tissue with the increase in periodontal
pocket depth. Canakci et al34 found the activities of SOD
and glutathione peroxidase in saliva to be decreased in
periodontitis patients. In contrast to these studies, the
elevated activities of enzymatic antioxidants like SOD
and catalase measured in gingival tissues and plasma, in
periodontitis patients, were found by Panjamurthy et al.35
Similarly, higher activities of enzymatic antioxidants
including SOD was shown in the saliva of periodontitis
patients by Novakovic et al.36
In this study, GCF and serum MDA levels were found
to be on a higher side in both CP and AP when compared

with the healthy control group (p < 0.001). The MDA
levels were also found to be more in AP compared with
CP (p < 0.001). The values of activities of serum SOD and
TAS in CP and AP were found to be less when compared
with healthy controls (p < 0.001). There was also decrease
in serum levels of SOD and TAS in AP compared with CP.
Levels of uric acid in GCF and serum of patients in both
the groups of periodontitis were found to be inconsistent.

CONCLUSION
These results are in agreement with earlier studies revealing the facts that reduced antioxidant status and increase
of oxidative stress may have a role in playing as a risk
factor in the pathogenesis of CP and AP.

REFERENCES
1. Socransky SS, Haffajee AD, Goodson JM, Lindhe J. New concepts of destructive periodontal disease. J Clin Periodontol
1994 Jan;11(1):21-32.
2. Tatakis DN, Kumar PS. Etiology and pathogenesis of perio
dontal diseases. Dent Clin North Am 2005 Jul;49(3):491-516.
3. Armitage GC. Development of a classification system for
periodontal diseases and conditions. Ann Periodontol 1999
Dec;4(1):1-6.
4. Chapple IL, Matthews JB. The role of reactive oxygen and antioxidant species in periodontal tissue destruction. Periodontol
2000 2007;43:160-232.
5. Miyasaki KT. The neutrophil: mechanisms of controlling
periodontal bacteria. J Periodontol 1991 Dec;62(12):761-774.
6. Matthews JB, Wright HJ, Roberts A, Cooper PR, Chapple IL.
Hyperactivity and reactivity of peripheral blood neutrophils
in chronic periodontitis. Clin Exp Immunol 2007 Feb;147(2):
255-264.
7. Matthews JB, Wright HJ, Roberts A, Ling-Mountford N,
Cooper PR, Chapple IL. Neutrophil hyper-responsiveness in
periodontitis. J Dent Res 2007 Aug;86(8):718-722.
8. Lushchak VI. Free radicals, reactive oxygen species, oxidative stress and its classification. Chem Biol Interact 2014 Dec
5;224:164-175.
9. Sies H. Oxidative stress: oxidants and antioxidants. Exp
Physiol 1997 Mar;82(2):291-295.
10. Gordon JM, Walker CB. Current status of systemic antibiotic
usage in destructive periodontal disease. J Periodontol 1993
Aug;64(8 Suppl):760-771.
11. Zambon JJ, Christersson LA, Genco RJ. Diagnosis and treatment of localized juvenile periodontitis. J Am Dent Assoc 1986
Aug;113(2):295-299.
12. Katsuragi H, Ohtake M, Kurasawa I, Saito K. Intracellular
production and extracellular release of oxygen radicals by
PMNs and oxidative stress on PMNs during phagocytosis of
periodontopathic bacteria. Odontology 2003 Sep;91(1):13-18.
13. Zhang T, Andrukhov O, Haririan H, Müller-Kern M, Liu S, Liu Z,
Rausch-Fan X. Total antioxidant capacity and total oxidant
status in saliva of periodontitis patients in relation to bacterial
load. Front Cell Infect Microbiol 2016 Jan 6;5:97.
14. Baser U, Gamsiz-Isik H, Cifcibasi E, Ademoglu E, Yalcin F.
Plasma and salivary total antioxidant capacity in healthy
controls compared with aggressive and chronic periodontitis
patients. Saudi Med J 2015 Jul;36(7):856-861.

The Journal of Contemporary Dental Practice, July 2018;19(7):874-880

879

Suryakanta Narendra et al
15. Albandar JM. Aggressive periodontitis: case definition and
diagnostic criteria. Periodontol 2000 2014 Jun;65(1):13-26.
16. Löe, H, Silness J. Periodontal disease in pregnancy. I. Prevalence
and severity. Acta Odontol Scand 1963 Dec;21:533-551.
17. Mühlemann HR, Son S. Gingival sulcus bleeding—a leading
symptom in initial gingivitis. Helv Odontol Acta 1971 Oct;
15(2):107-113.
18. Silness J, Löe H. Periodontal disease in pregnancy. II.
Correlation between oral hygiene and periodontal condition.
Acta Odontol Scand 1964 Feb;22:121-135.
19. Satoh K. Serum lipid peroxide in cerebrovascular disorders
determined by a new colorimetric method. Clin Chim Acta
1978 Nov;90(1):37-43.
20. Sun Y, Oberley LW, Li Y. A simple method for clinical assay
of superoxide dismutase. Clin Chem 1988 Mar;34(3):497-500.
21. Kimura S, Yonemura T, Kaya H. Increased oxidative product
formation by peripheral blood polymorphonuclear leukocytes in human periodontal diseases. J Periodontal Res 1993
May;28(3):197-203.
22. Fredriksson M, Gustafsson A, Asman B, Bergstrom K.
Hyper-reactive peripheral neutrophils in adult periodontitis:
generation of chemiluminescence and intracellular hydrogen
peroxide after in vitro priming and FcgammaR-stimulation.
J Clin Periodontol 1998 May;25(5):394-398.
23. Gustafsson A, Asman B. Increased release of free oxygen
radicals from peripheral neutrophils in adult periodontitis
after Fc delta-receptor stimulation. J Clin Periodontol 1996
Jan;23(1):38-44.
24. Akalin FA, Baltacioğlu E, Alver A, Karabulut E. Lipid peroxidation levels and total oxidant status in serum, saliva and
gingival crevicular fluid in patients with chronic periodontitis.
J Clin Periodontol 2007 Jul;34(7):558-565.
25. Wei D, Zhang XL, Wang YZ, Yang CX, Chen G. Lipid peroxidation levels, total oxidant status and superoxide dismutase
in serum, saliva and gingival crevicular fluid in chronic periodontitis patients before and after periodontal therapy. Aust
Dent J 2010 Mar;55(1):70-78.
26. Akpinar A, Toker H, Ozdemir H, Bostanci V, Aydin H. The
effects of non-surgical periodontal therapy on oxidant and

880

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

anti-oxidant status in smokers with chronic periodontitis.
Arch Oral Biol 2013 Jun;58(6):717-723.
Bostanci V, Toker H, Senel S, Ozdemir H, Aydin H. Effect
of chronic periodontitis on serum and gingival crevicular
fluid oxidant and antioxidant status in patients with familial
Mediterranean fever before and after periodontal treatment.
J Periodontol 2014 May;85(5):706-712.
Akalin, FA, Toklu E, Renda, N. Analysis of superoxide
dismutase activity levels in gingiva and gingival crevicular
fluid in patients with chronic periodontitis and periodontally
healthy controls. J Clin Periodontol 2005 Mar;32(3):238-243.
Ahmadi-Motamayel F, Goodarzi MT, Jamshidi Z, Kebriaei R.
Evaluation of salivary and serum antioxidant and oxidative
stress statuses in patients with chronic periodontitis: a casecontrol study. Front Physiol 2017 Mar 31;8:189.
Wang Y, Andrukhov O, Rausch-Fan X. Oxidative stress and
antioxidant system in periodontitis. Front Physiol 2017 Nov
13;8:910.
Miricescu D, Totan A, Calenic B, Mocanu B, Didilescu A,
Mohora M, Spinu T, Greabu M. Salivary biomarkers: relationship between oxidative stress and alveolar bone loss in chronic
periodontitis. Acta Odontol Scand 2014 Jan;72(1):42-47.
Ziebolz D, Jager GC, Hornecker E, Mausberg RF. Periodontal
findings and blood analysis of blood donors: a pilot study.
J Contemp Dent Pract 2007 Jul;8(5):43-50.
Ellis SD, Tucci MA, Serio FG, Johnson RB. Factors for progression of periodontal diseases. J Oral Pathol Med 1998
Mar;27(3):101-105.
Canakci CF, Cicek Y, Yildirim A, Sezer U, Canakci V. Increased
levels of 8-hydroxydeoxyguanosine and malondialdehyde
and its relationship with antioxidant enzymes in saliva of
periodontitis patients. Eur J Dent 2009 Apr;3(2):100-106.
Panjamurthy K, Manoharan S, Ramachandran CR. Lipid peroxidation and antioxidant status in patients with periodontitis.
Cell Mol Biol Lett 2005;10(2):255-264.
Novakovic N, Todorovic T, Rakic M, Milinkovic I, Dozic I,
Jankovic S. Salivary antioxidants as periodontal biomarkers in
evaluation of tissue status and treatment outcome. J Periodont
Res 2014 Feb;49(1):129-136.

