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Periodontitis is a known inflammatory disease of the peridontium; the tissue that surrounds and 
supports the teeth. Periodontitis may be associated with oxidative stress. The aim of the study was 
to evaluate and compare the biochemical oxidative stress markers in patients with chronic 
periodontitis and healthy controls. The biochemical parameters used in the study were total 
antioxidant capacity (TAOC), antioxidant enzymes like RBC- superoxide dismutase (RBC-SOD), 
glutathione peroxidase (GPx). Vitamin C a water soluble antioxidant, Malondialdehyde (MDA) a 
marker of oxidative stress, C - reactive protein (CRP) an inflammatory marker is also taken into 
consideration for the study. The obtained results suggest that oxidative stress is induced in chronic 
periodontitis. As compared to healthy controls 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) in patients with chronic periodontitis.
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antioxidants (AOs) that prevent or limit 
oxidative tissue injury caused by ROS 
[6]. AOs may be enzymes such as 
superoxide dismutase (SOD), catalase 
(CAT), glutathione peroxidase (GPx), 
glutathione reductase (GR), high 
molecular weight proteins such as 
albumin, ceruloplasmin, transferrin, low 
molecular weight water soluble 
antioxidants such as ascorbic acid, uric 
acid etc and low molecular weight water 
insoluble  ant ioxidants  such as  
tochopherol, carotenoids, bilirubin etc. 
AOs 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 physico-chemical, 
environmental or pathological agents, 
this delicately maintained balance 
(antioxidant: oxidant) shifts in favor of 
pro-oxidants, resulting in oxidative stress 
[7, 8 and 9]. 

The present study tries to evaluate and 
compare some biochemical oxidative 
stress markers in peripheral blood of 
patients with chronic periodontitis and 
healthy controls.

Materials and Methods:

Study group: 
A total of 60 subjects: 30 patients with 
chronic periodontitis (19 males and 11 
females, with a mean age of 41.6 ± 6.4) 
and 30 healthy controls (19 males and 11 
females, with a mean age of 39.6 ± 8.4) 
were referred to the Department of 
Dentistry, Grant Medical College, 
Mumbai. The patients in the study group 
were otherwise healthy, with no history 
of major illness and consumption of 
a n t i o x i d a n t s ,  a n t i b i o t i c s ,  a n t i  
inflammatory or any other drugs for at 
least six months. Subjects having past 
illness and undergoing any treatment, 
smokers, alcoholics, pregnant and 
lactating women were excluded from the 

Introduction:
Oral health is an important aspect of 
overall health status of an individual. 
Teeth and their supporting (periodontal) 
structures are of importance to oral 
health. Periodontitis is an inflammatory 
disease of the peridontium, which affects 
the supporting tissues of the teeth [1]. The 
human oral cavity is colonized by a 
number of microbes, especially bacteria. 
Often, bacteria and host cells form a 
commensal relationship which is 
beneficial for both, but under certain 
condi t ions  ( inc reased  mass  o r  
pathogenicity, reduced host immune 
response), disease may occur. Specific 
bacteria induce the release of cytokines 
which increase the number of defense 
cells and their activation [2, 3]. Reactive 
oxygen species (ROS) such as 
superoxide anion, hydroxyl radical, 
nitrous oxide and hydrogen peroxides are 
produced via the bacteria- host mediated 
p a t h w a y ,  s t i m u l a t i n g  
polymorphonuclear leucocytes (PMNL) 
to produce superoxide radicals via  
“respiratory burst”. This result in 
increased ROS concentration leading to 
oxidative damage to periodontal tissues 
with an impaired circulating antioxidant: 
oxidant balance [4, 5]. 

A l l  m a m m a l i a n  c e l l s  c o n t a i n  
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study. All the individuals had a minimum 
of 20 teeth present. The individuals in the 
control group were from the same 
geographical region with good oral 
health.
The study was undertaken as per the 
approval of the Institutional Ethics 
Committee of Grant Medical College and 
Sir J. J. Group of Hospitals, Mumbai. A 
written informed consent was obtained 
from all the subjects enrolled for the 
study.

Clinical measurements:
The periodontal status of all individuals 
was evaluated by measurement of 
gingival index (GI) as developed by Loe 
H and Silness J , plaque index (PI) as 
described by Silness P and Loe H, 
papillary bleeding index (PBI) developed 
by Muhlemann HR [10] and clinical 
attachment loss (CAL). CAL was 
measured on six sites of each tooth 
(mesial, median and distal points at 
buccal and palatal aspects). The 
individual scores were compared on a 
scale for characterization of periodontitis 
as slight, moderate or severe [11]. All 
clinical measurements were evaluated by 
a single investigator.

Sample collection:
A total of 4 ml venous blood was 
collected in disposable syringe. Of this, 1 
ml heparinised blood was used for 
analysis of RBC-SOD, blood GPx and 
plasma TAOC. The remaining 3ml of 
blood was allowed to stand at room 
temperature for 30 min and later 
centrifuged to obtain serum, which was 
used for the analysis of Vitamin C, MDA 
and CRP. 

Biochemical studies:
The plasma TAOC was measured by the 
Ferric Reducing Ability of Plasma 
(FRAP) assay [12]. The reaction 
measures antioxidant reduction of 
Fe3+TPTZ (tripyridyl triazine) to 
Fe2+TPTZ and the change in absorbance 
was measured at 593 nm. 

The RBC-SOD was measured using the 
kit method, obtained from Randox 
Laboratories (U. K). 1 unit of enzyme 
activity was defined to cause 50% 
inhibition of rate of reduction of 2, 4 -
idophenyl 3-4 nitrophenol 5-phenyl 
tetrazolium chloride (INT) under assay 
condition. Change in absorbance was 
recorded at 505 nm [13].

Blood GPx was also measured using kit 

method, obtained from Randox 
Laboratories (U. K). GPx catalyses 
oxidation of glutathione by cumene 
hydroperoxide. The oxidized glutathione 
is reduced by glutathione reductase and 
the decrease in absorbance was measured 
at 340 nm [14]. 

The serum vitamin C content was 
measured using the dinitro phenyl 
hydrazine (DNPH) method. In strong 
acidic medium, oxidized ascorbic acid 
reacts with 2, 4 DNPH to form a red 
coloured complex which was measured 
at 500 nm [15].

The serum MDA was estimated using 
thiobarbituric acid method. A pink 
colored complex is obtained whose 
absorbance was measured at 530 nm [16].

The serum CRP was measured by the 
latex turbidity method using the kit 
obtained from Spinreact (Spain). The 
change in absorbance was measured at 
540 nm [17].

Statistical Analysis:
The measured values for the clinical 
parameters and biochemical markers 
were subjected to statistical analysis. The 
values were expressed as mean± SD. The 
p values for mean ± SD were obtained by 
Mann-Whitney U test. p value less than 
0.05 is considered to be statistically 
significant. 

Observations and Results:

Clinical measurements:
The values of clinical measurements are 
listed in Table 1. All clinical parameter 
scores (mean ± SD) were significantly 
higher (p<0.001) in chronic periodontitis 
patients compared to healthy controls.

Biochemical studies:
The values of biochemical parameters 
evaluated in the present study are shown 
in Table 2. The values are expressed as 
mean ± SD and were found to be 
significant (p<0.001) in chronic 
periodontitis patients when compared to 
healthy controls.

Discussion:
Periodontal disease has long been 
recognized as a public health problem. 
Periodontitis is caused by multi factorial 
process triggered by infection of 
peridontium with Gram negative 
bacteria. The response of the host to most 
periodontal infection is chronic 
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Table 1: Clinical parameters: p values for mean ± SD 
obtained by Mann-Whitney U test

Chronic 

Periodontitis

(n=30)

2.38 ± 0.49

2.25 ± 0.53

2.56 ± 0.37

7.68 ± 0.97

Clinical Parameters

Gingival Index (GI)

Plaque Index (PI)

Papillary bleeding Index

(PBI)

Clinical Attachment Loss

(CAL)

Healthy 

Controls

(n=30)

0.68 ± 0.12

0.45 ± 0.44

0.85 ± 0.89

1.83 ± 0.31

p

values

0.001

0.001

0.001

0.001

Table 2: Biochemical parameters: p values for mean ± SD 
obtained by Mann-Whitney U test

Chronic

Periodontitis

(n=30)

824.83 ± 79.5

527.60 ± 83.4

8.27 ± 1.24

0.44 ± 0.07

4.10 ± 0.39

3.35 ± 0.43

Biochemical

Markers

TAOC (µM/L)

RBC-SOD (U/g Hb)

GPx (U/g Hb)

Vitamin C (mg %)

MDA (nM/ml)

CRP (mg/L)

Healthy

Controls

(n=30)

913.17 ± 67.3

292.43 ± 37.8

13.71 ± 1.42

0.63 ± 0.07

2.02 ± 0.25

1.85 ± 0.29

p

values

0.001

0.001

0.001

0.001

0.001

0.001

Graphs: Comparison between the different biochemical 
oxidative stress markers in chronic periodontitis and healthy 
controls (a) TAOC (µM/L),  (b) RBC-SOD (U/g Hb),  (c) GPx 
(U/g Hb), (d) Vitamin C (mg %)  (e) MDA (nM/ml) and (f) 
CRP (mg/L)

(a)



with periodontitis. The significantly 
decreased Total Antioxidant Status 
(TAS), in the peripheral blood in chronic 
periodontitis may be one of the 
pathogenic mechanisms underlying the 
link between periodontal disease and 
several systemic diseases [21]. 

Antioxidant enzymes, superoxide 
dismutase (SOD) and glutathione 
peroxidase (GPx) provides protection 
within the cell against ROS. Three 
isoenzymes of SOD are known in 
humans, Cu-Zn- SOD found in 
cytoplasm and nucleus, mitochondrial 
Mn-SOD and extracellular Cu-Zn-SOD. 
Two forms of GPx are known, classical 
cellular GPx and extracellular GPx 
(eGPx), of which eGPx serves an 
important antioxidant role in many 
extracellular surfaces and spaces [27]. 
The function of SOD is to remove 
damaging ROS from the cellular 
environment by catalyzing dismutation 
of two super oxide radicals to hydrogen 
peroxide (H2O2). GPx reduces H2O2 by 
the oxidation of reduced glutathione. In 
contrast to our findings, Baltacioqlu E et 
al 2006 [23], Canakci V et al 2007 [22] 
and Akalin F A et al 2008 [28] have 
observed significantly lower SOD 
activities in chronic periodontitis 
patients.

The human periodontal ligament has 
shown to possess the enzyme SOD which 
offers biological protection against ROS. 
Bacterial lipopolysaccharides also 
stimulates superoxide release from 
gingival fibroblast, suggesting that the 
induction of SOD may represent an 
important defense mechanism of the 
fibroblasts during inflammation [29]. In 
the present study increased RBC-SOD 
activity in chronic periodontitis supports 
the above findings as part of the systemic 
response. Various studies conducted by 
Panjamurthy K et al 2005 [30], Wei D et 
al 2010 [29] and Tonque M O et al 2011 
[31] have observed higher SOD activity 
in chronic periodontitis group than in 
controls which is in accordance with our 
study.

The present study has obtained lower 
GPx activity in whole blood of chronic 
periodontitis group than in controls. The 
study conducted by Tsai CC et al 2005 
[32] has shown no significant change in 
salivary GPx in chronic periodontitis and 
healthy controls. Patel S P et al 2009 [4] 
have observed direct proportionality in 
GPx activity in GCF with the severity of 
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inflammation. This response has both 
local and systemic inflammatory 
manifestations [18]. These inflammatory 
manifestations may lead to oxidative 
stress. The present study has focused on 
the relationship between periodontitis 
and biochemical oxidative stress 
markers.

Total antioxidant capacity (TAOC) 
reflects full spectrum of antioxidant 
activity against various reactive oxygen 
and nitrogen radicals. The total 
a n t i o x i d a n t  a s s a y  m e a s u r e s  
predominantly the low molecular weight 
chain breaking antioxidants, such as 
urate, ascorbate, bilirubin etc. Generally, 
low total antioxidant capacity indicates 
o x i d a t i v e  s t r e s s  o r  i n c r e a s e d  
susceptibility to oxidative damage [19]. 

Oxidative stress is implicated in the 
pathogenesis of periodontitis. Various 
studies have associated periodontitis 
with TAOC. Capple IL (2007) [20], 
observed lower GCF TAOC levels in 
chronic periodontitis compared to 
healthy controls. However, plasma 
TAOC has not shown significant 
differences in chronic periodontitis and 
healthy controls. The present study has 
observed lowered plasma TAOC in 
patients with chronic periodontitis as 
compared to healthy controls. Similar to 
the present findings, various studies have 
observed compromised TAOC in chronic 
periodontitis compared to healthy 
controls. Konopka T et al (2007) [21] and 
Canakci V. et al (2007) [22] have 
observed lower TAOC in saliva, gingival 
blood and peripheral blood of subjects 
with chronic periodontitis as compared to 
the healthy control group. Similarly 
Baltacioqlu E et al (2006) [23], Akalin FA 
(2009) [24], D' Aiuto F et al (2010) [25] 
and Abou Sulaiman et al (2010) [26] have 
associated reduced antioxidant capacity 

(b)

( C )
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complement factor 1 (C1q). It has been 
demonstrated that CRP levels are higher 
in periodontitis patients than in healthy 
subjects [41]. Studies conducted by 
Nadeem M et al 2009 [42], Gani DK et al 
2009 [43], Thakare KS 2010 [44], and 
Masi S et al 2011 [45] have observed 
elevated CRP levels in chronic 
periodontitis as compared to the control 
group, which supports our findings.

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 have 
shown higher inflammatory and 
oxidative stress markers, and lowered 
antioxidant defense. Further studies 
based on large sample size are needed to 
establish these findings and also to reveal 
the mechanism of pathogenesis of 
periodontitis at a molecular level. 

Conclusion: 
The study can be concluded on the note 
that, patients with chronic periodontitis 
show higher oxidative stress which is 
evident from the levels of biochemical 
oxidative stress markers. The imbalance 
between oxidant and antioxidant reflects 
higher ROS activity which leads to 
periodontal inflammation and its 
pathogenesis. Our study helps to add to 
the existing knowledge of periodontitis 
as an inflammatory disorder and its 
association with systemic biochemical 
oxidative stress markers, which may be 
of help in clinical management of the 
disease.
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