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Abstract
Periodontitis is initiated by a bacterial infection and an abnormal immune response of the host resulting in 
the formation of dysbiotic subgingival biofilm and the progressive destruction of the attachment apparatus 
of the teeth. It is believed that disturbances in the local and/or general indicators of oxidative stress are one 
of the mechanisms in the etiopathogenesis of periodontitis. Organisms using oxygen in their metabolic 
processes are equipped with mechanisms that protect against the activity of oxygen-free radicals. They are 
commonly referred to as ‘the antioxidative barrier of the system’. The main enzymatic antioxidants which 
have been widely studied in the gingival fluid, saliva and blood serum of patients with periodontitis are 
superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase (CAT).

The aim of this systematic overview of the literature was to present the current research on the activity 
of these antioxidant enzymes in the gingival fluid, saliva and blood serum of patients with periodontitis.

Findings on the activity of these enzymes in the gingival tissue, gingival fluid, saliva, and blood serum in 
the course of the types of periodontitis that have been classified so far (chronic or aggressive) are quite 
disparate. Their activity in the gingival tissue was usually elevated, whereas in the saliva it was reduced. 
These differences may have resulted from the different methods of biochemically assessing their activity, 
and may have not reflected the stage and/or the risk of progression of periodontitis.
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Introduction 
The existence of reactive oxygen species (ROS) is inte

grally connected to the metabolism of  all aerobic orga
nisms. In physiological conditions, ROS act as the me
diators and regulators of  many biochemical processes. 
However, a disturbance in the balance between the pro
cesses of  production and degradation of  ROS leads to 
damage to cellular components. Oxidative stress can be 
defined as a situation in which a disturbance in this oxi
doreductive balance leads to a temporary or chronic in
crease in the production of ROS and, as a consequence, 
to a disturbance in the cellular metabolism and the degra
dation of cellular components.1 Organisms using oxygen 
in metabolic processes are equipped with mechanisms 
that protect against the activity of oxygenfree radicals.2–4 
Enzymatic antioxidants include superoxide dismutase 
(SOD; EC (Enzyme Commission number) 1.15.1.1), glu
tathione peroxidase (GPx; EC 1.11.1.9) and catalase (CAT; 
EC 1.11.1.6), among others.

Periodontitis is a  multifactorial disease which leads to 
progressive periodontal tissue destruction and is connected  
with dysbiotic biofilm. Pathogenic biofilm is a prerequisite 
for the development of periodontitis, but it cannot initiate 
the disease on its own. It has been proven that periodontitis 
may be related to the local and/or systemic indicators of oxi
dative stress.5 After the immune reaction is initiated by the 
biofilm, neutrophils are the cells that most often occur in 
the gingival fluid of the periodontal pocket. In one study, 
polymorphonuclear leukocytes (PMNs) isolated from pa
tients with early periodontitis produced much more super
oxide anion radical (O2•−) than the cells from the control 
group.6 During the ‘respiratory burst’, catalyzed by nicotin
amide adenine dinucleotide phosphate (NADPH) oxidase, 
hyperactive neutrophils produce large amounts of  O2•−.7 
This radical can be transported to phagolysosomes and 
the extracellular environment and, subsequently, it can be 
transformed into hydrogen peroxide (H2O2) by SOD or 
spontaneous dismutation. This compound can be further 
metabolized by GPx and CAT.8

Superoxide dismutase catalyzes the reaction of  O2•− 
dismutation into oxygen and H2O2. It has been proven 
that SOD also exhibits enzymatic activity toward other 
substrates, for example, singlet oxygen. Three isoforms 
of  SOD (SOD1, SOD2 and SOD3) have been distin
guished; they differ by the type of cofactor, their sensiti
vity to inhibitors and their location in the cell.9–11

Glutathione peroxidase catalyzes the reduction of  H2O2 
and organic peroxides with the use of reduced gluta thione. 
Four isoforms of  this enzyme have been distinguished 
(GPx1, GPx2, GPx3, and GPx4). In the active center 
of  each type, selenocysteine can be found, an  amino acid 
which enables the 2electron oxidation of  glutathione.9 
This enzyme plays an  important role in the case of  low 
concentrations of  H2O2 in the cell.12,13 Salivary peroxi
dase (Px) can be further distinguished in the environment  

of  the oral cavity. The Px system consists of  GPx and 
myeloperoxidase (MPO), H2O2, and a  thiocyanate ion 
(SCN−).14,15 In the presence of  H2O2, Px oxidizes SCN−, 
which leads to the formation of bactericidal products, and 
helps regulate the amount of H2O2 produced by bacteria 
and leukocytes (antioxidative activity). Myeloperoxidase, 
synthetized by neutrophils and monocytes, catalyzes the 
oxidation of a chloride ion (Cl−) and the reduction of H2O2 
into hypochlorous acid (HOCl), which forms bactericidal 
chloramines with amines.14,16 Peroxidase is one of  the 
most important antioxidants synthesized by the salivary 
glands, even though it constitutes only 0.01% of the total 
protein content in the saliva.17

The activity of CAT is twofold, depending on the con
centration of  H2O2 in the cell. At high concentrations 
of H2O2, the enzyme catalyzes the reaction of H2O2 dis
mutation, which leads to the production of oxygen that is 
used by the body in metabolic processes. At low concen
trations of H2O2, this enzyme acts as Px, whose activity is 
related mainly to the deactivation of H2O2.12,13

The aim of  this systematic overview of  the literature 
was to present the current research on the activity of anti
oxidant enzymes – SOD, GPx and CAT – in the gingival 
tissue, gingival fluid, saliva, and blood serum of patients 
with periodontitis. It can serve as the basis for estab
lishing the role of  enzymatic antioxidants in the course 
of periodontitis.

Material and methods
This systematic overview of  the literature was carried 

out in accordance with the guidelines of the Preferred Re
porting Items for Systemic Reviews and MetaAnalyses 
(PRISMA).18

The questions regarding the overview were as follows:
– Is there a  difference in the activity of  SOD, GPx and 

CAT in the gingival tissue, gingival fluid or in the saliva 
in relation to the control group?

– In periodontitis, is there a  difference in the activity 
of those enzymes in the blood serum in relation to the 
control group?
The overview referred to all publications in English, 

German, Polish, and Russian concerning research on the 
activity of SOD, GPx and CAT in the course of periodon
titis. Only original in vivo human studies were considered; 
no abstracts, letters to editors, case reports, or review pa
pers were included.

The inclusion criteria were as follows: chronic or ag
gressive periodontitis (CP or AgP) in generally healthy 
individuals; and the presence of at least 15 teeth. The fol
lowing exclusion criteria were adopted: a systemic disease 
affecting the oxidoreductive balance; nicotinism; peri
odontal treatment within 6 months prior to the study; 
pregnancy; or a lack of a control group, defined as healthy 
periodontium or gingivitis.
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The information was obtained from electronic data
bases. Electronic selection was carried out in the MED
LINE (PubMed), Scopus and Polish Medical Bibliogra
phy databases. Works published before the end of 2018 
were included. The following key words were used while 
searching for the potential papers: periodontitis; peri
odontal diseases; oxidative stress; enzymatic antioxi
dants; superoxide dismutase (SOD); glutathione peroxi
dase (GPx); and catalase (CAT). The articles obtained in 
that manner were then independently verified by both 
authors (TK and JT) in terms of the inclusion and exclu
sion criteria.

In the preliminary selection, abstracts, case reports, re
view papers, animal studies, in vitro studies, and repeated 
publications were eliminated. Statistical differences be
tween the activity of SOD, GPx and CAT in the gingival 
fluid, saliva, blood serum, or gingival tissue between pa
tients with periodontitis (the study group) and individu
als with healthy periodontium or gingivitis (the control 
group) had to be determined for the studies to qualify for 
the overview.

Both authors (TK and JT) independently obtained 
the following data from each study: the author, the year 
of publication, the country of the study, the sample size, 
the age of  the participants, the definition of periodonti
tis, the method of the biochemical test, the average values 
of SOD, GPx and CAT in the biological fluids assessed, 
and the pvalue along with the type of statistical test car
ried out.

Results
The initial overview identified 1,108 items thematical

ly related to the role of oxidative stress in periodontitis. 
After careful analysis, 19 papers meeting the inclusion 
criteria were selected. In the final qualification, 4 stu dies 
with endpoints different from the adopted ones were 
excluded.19–22 Finally, 11 controlled clinical studies were 
classified for the overview,23–33 along with 4 clinical in
tervention studies.34–37 The process of  selecting works 
for the systematic review is presented in Fig. 1.

Fig. 1. Flow chart of the study selection process for the systematic review
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with CP than in the control group (p < 0.05). It was also 
observed that the highest concentrations occurred in the 
gingival fluid rather than in the blood or saliva of patients 
with periodontitis.34

Dhotre et al. assessed the activity of SOD in the blood 
serum of  a  group of  25 patients with periodontitis.26 
A lower activity of SOD was observed in this group than 
in the control group (p < 0.001).26

Sukhtankar et al. studied the activity of  SOD in the 
gingival tissue of 20 patients with CP, aged 24–55, and in 
20 individuals with healthy periodontia the same age.35 
A significantly higher SOD activity was observed in the 
gingival tissue of patients with periodontitis than in the 
control group (p = 0.00003).35

Thomas et al. carried out a  test for the SOD concen
tration in the blood serum of  patients with periodonti
tis, patients with gingivitis and individuals with no clini
cal changes in the periodontium.36 It was found that the 
SOD concentration in the blood serum of  individuals 
with periodontitis and gingivitis were significantly lower 
(p < 0.001) than in the healthy group.36

Sreeram et al. assessed the concentration of SOD in the 
blood serum of a group of 150 patients with periodonti
tis, aged 41.0 ±12.2 years.27 The control group consisted 
of  150 patients without clinically noticeable changes in 
the periodontium, aged 34.2 ±12.0 years. A significantly 
lower activity of SOD was reported in the blood serum 
of the study group (p = 0.000).27

Trivedi et al. conducted a  study on a  group of  30 pa
tients with CP, aged 25–45.28 The control group consist
ed of  30 periodontally healthy people, also aged 25–45. 
A  significantly lower activity of  SOD was found in the 
saliva of  patients with periodontitis than in the control 
group (p  <  0.01). Moreover, an  inverse correlation was 
proven between salivary SOD activity and the concentra
tion of MDA, a marker of lipid peroxidation.28

Ghallab et al. assessed SOD activity in the gingival 
fluid of 50 patients with periodontitis, broken down into 
2 equal groups of CP and AgP.29 The control group con
sisted of  15 people with no clinical lesions in the peri
odontium. The activity of SOD in the gingival fluid was 
significantly lower in both experimental groups (p < 0.01) 
and it was the lowest in patients with AgP.29

Narendra et al. conducted a study on a group of 78 pa
tients with periodontitis, including 32 patients, aged 
18–28, with AgP and 46 patients, aged 30–62, with CP.30 
Fifty periodontally healthy individuals, aged 20–52,  
comprised the control group. A  significantly lower 
SOD activity was found in the blood serum and gin
gival fluid of patients with AgP and CP in comparison 
with the control group (p < 0.001). A lower SOD acti
vity was also observed in the blood serum of patients 
with AgP than in patients with CP (p < 0.001). Likewise, 
a significantly lower SOD activity was found in the gin
gival fluid of AgP patients as compared to those with 
CP (p < 0.001).30

Superoxide dismutase 

The qualified studies on the activity of SOD in patients 
with periodontitis in comparison with a  control group 
are presented in Table 1. Three studies reported a higher 
activity of  SOD in the gingival tissue of  patients with 
periodontitis than in the control group.23,24,35 A  higher 
SOD activity in the blood serum of patients with peri
odontitis than in the control group was found in only 
1 study,34 and a lower activity was observed in as many as 
5 studies.23,26,27,30,36 The lowest SOD activity was found 
in the blood serum of  patients with AgP.30 In 1 study, 
a higher SOD activity occurred in the saliva of patients 
with periodontitis in relation to the control group,34 and 
in 2 others it was lower.25,28 In 1 paper, a higher acti vity 
of  SOD was observed in the gingival fluid of  patients 
with periodontitis than in the control group,34 whereas 
in 2 other studies it was significantly lower.29,30 The low
est activity of  SOD was observed in the gingival fluid 
of patients with AgP.30

In 2005, Panjamurthy et al. carried out a  study on 
a group of 25 males with CP.23 The control group consisted 
of 25 males with clinically healthy periodontia. A higher  
activity of SOD was observed in both the gingival tissue 
and the blood serum of  patients with periodontitis as 
compared to the control group (p = 0.001).23

Also in 2005, Akalin et al. conducted a study on a group 
of 26 patients with CP, aged 31–52, and 18 people with 
clinically healthy periodontia, aged 22–29.24 The acti
vity of  SOD in the gingival tissue in the CP group was 
significantly higher than in the case of the control group 
(p  =  0.0001). Although the experimental group showed 
a lower SOD activity in the gingival fluid than the control 
group did, the difference was not statistically significant 
(p = 0.356).24

Canakci et al. assessed SOD activity in a group of 30 pa
tients (15 males and 15 females), aged 31–63, with CP.25 
The control group consisted of 30 periodontically healthy 
patients (15 males and 15 females), aged 27–59. It was 
found that SOD activity in the saliva was significant
ly lower in patients with CP than in the control group 
(p < 0.05). Additionally, in patients from the experimen
tal group, a significant positive correlation between SOD 
and GPx was observed. A significant negative correlation 
between SOD activity in the saliva and the biomarkers 
of oxidative damage – the 8OHdG protein and malon
dialdehyde (MDA) – was also observed. No significant 
correlations between SOD activity in the saliva and the 
indicators of  the clinical condition of  the periodontium 
were found.25

Wei et al. conducted a study on a group of 48 patients 
(27 males and 21 females), aged 40.1 ±7.3 years, with 
CP.34 The control group consisted of 35 people (19 males 
and 16 females) with clinically healthy periodontia, aged  
42.1 ±7.7 years. The concentrations of SOD were higher 
in the blood serum, saliva and gingival fluid of  patients 
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Table 1. Summary of the activity of superoxide dismutase (SOD) in patients with periodontitis

Study, year,  
country

Size of the control and experimental 
groups, age [years]

SOD in the experimental  
vs. control group Periodontitis definition p-value

Panjamurthy et al., 
200523 
India

experimental group (CP): 25 
age: 25–35

control group: 25 
age: 25–35

gingival tissue ↑

blood ↓

PD > 3.5 mm, 
presence of furcation  

and tooth mobility

gingival tissue  
0.001

blood 
0.001

Akalin et al., 
200524 
Turkey

experimental group (CP): 26  
age: 31–52

control group: 18  
age: 22–29

gingival tissue ↑ 

gingival fluid ↓ NS 

PD ≥ 5 mm, 
50% periodontal bone loss

gingival tissue 
0.0001

gingival fluid 
0.356

Canakci et al., 
200925 
Turkey

experimental group (CP): 30 
age 31–63

control group: 30 
age: 27–59

saliva ↓ PD ≥ 4 mm, 
30% periodontal bone loss

<0.05

Wei et al., 
201034 
China

experimental group (CP): 48 
age: 40.1 ±7.3

control group: 35 
age: 42.1 ±7.7

blood ↑ 

saliva ↑

gingival fluid ↑

according to the AAP criteria  
from 1999

blood  
<0.05

saliva  
<0.05

gingival fluid  
<0.05

Dhotre et al., 
201226 
India

experimental group (CP and AgP): 25

control group: 25
blood ↓ PD ≥ 4 mm,  

CAL ≥ 4 mm
<0.001

Sukhtankar et al., 
201335 
India

experimental group (CP): 20 
age: 24–55

control group: 20 
age: 24–55

gingival tissue ↑
PD ≥ 5 mm or CAL ≥ 2 mm 

in at least 4 teeth, with radiographic 
evidence of bone loss

0.00003

Thomas et al., 
201436 
India

experimental group (CP): 25

control group (gingivitis): 25

control group (healthy): 25

blood

CP –lowest  
gingivitis – medium  

healthy – highest

CAL ≥ 5 mm 
in at least 30% of the sites

<0.001

Sreeram et al., 
201527 
India

experimental group (CP): 150 
age: 41.0 ±12.2

control group: 150 
age: 34.2 ±12.0

blood ↓

BOP in >30% of the periodontal sites, 
with PD of 1–3 mm,  

BOP and CAL ≥3 mm in >30%  
of all sites in the mouth

0.000

Trivedi et al., 
201528 
India

experimental group: 30 
age: 25–45

control group: 30 
age: 25–45

saliva ↓ PD > 5 mm  
in at least 30% of the sites

<0.01

Ghallab et al., 
201629 
Egypt

experimental group (AgP): 25 
age <35

experimental group (CP): 25 
age >35

control group: 15 
age: >20

gingival fluid

AgP – lowest 
CP – medium 

control – highest

according to the AAP criteria  
from 1999

<0.01

Narendra et al., 
201830 
India

experimental group (AgP): 32 
age: 18–28

experimental group (CP): 46 
age: 30–62

control group: 50 
age: 20–52

blood

AgP – lowest 
CP – medium 

control – highest

gingival fluid

AgP –lowest 
CP – medium 

control – highest

according to the AAP criteria  
from 1999

blood  
<0.001

gingival fluid  
<0.001

Age presented as range or as mean ± standard deviation (SD).  
CP – chronic periodontitis; AgP – aggressive periodontitis; NS – non-significant; PD – pocket depth; AAP – American Academy of Periodontology; CAL – clinical 
attachment level; BOP – bleeding on probing; ↑ – higher; ↓ – lower.
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Glutathione peroxidase 

A summary of the studies on the activity of GPx in pa
tients with periodontitis in comparison with a  control 
group which were selected for this review is presented 
in Table 2. A higher activity of GPx in the gingival tissue 
of patients with periodontitis was found in 2 studies.23,32 
A higher activity of GPx was observed in the blood serum 
of patients with periodontitis as compared to the control 
group in 1 study,23 and in 2 studies, the observed activity 
was lower.26,27 A statistically insignificantly higher activity 
of GPx was observed in the saliva of patients with peri
odontitis in relation to the control group in 1 study,31 and 
in 2 reports, the activity was lower.25,33

Panjamurthy et al. observed a higher activity of GPx in both 
the blood and the gingival tissue of patients with CP as com
pared to individuals from the control group (p = 0.001).23

Tsai et al. carried out a study on the activity of GPx 
in the saliva on a  group of 21 patients (13 males and  
8 females) with CP and 22 patients with clinically healthy 
periodontia.31 No significant differences were observed in 
the salivary activity of  this antioxidant enzyme between 
the compared groups.31

Borges et al. assessed GPx activity in the gingival tis
sue of  9 individuals with CP, aged 52.9 ±5.0 years, and 
in 9 individuals with no inflammatory changes in the  

periodontium, aged 51.1 ±9.6 years.32 A  significantly 
higher GPx activity was observed in patients with CP than 
in the control group (p = 0.006).32 

Canakci et al. found that the GPx concentration in the 
saliva was significantly lower in patients with periodonti
tis than in individuals from the control group.25 Moreover, 
a significant positive correlation was observed between GPx 
and SOD in patients from the experimental group. A signifi
cant negative correlation was also observed between GPx 
activity in the saliva and the biomarkers of oxidative damage 
(8OHdG and MDA) (p < 0.05). No significant correlations 
between GPx activity in the saliva and the indicators of the 
clinical condition of the periodontium were found.25

Dhotre et al. observed a significantly lower SOD activity 
in the blood serum of patients with periodontitis than in 
the control group (p < 0.001).26

Miricescu et al. carried out a study on the salivary acti
vity of GPx in a group of 20 patients with CP (5 males and 
15 females), aged 51.26 ±7.40 years.33 Twenty individuals 
with no clinical lesions in the periodontium were selected 
for the control group. The activity of  GPx in the saliva 
of patients with periodontitis was significantly lower than 
in the control group (p < 0.05).33

Sreeram et al. observed that GPx activity in the blood 
serum of  patients with periodontitis was significantly 
lower than in the case of the control group (p = 0.000).27

Table 2. Summary of the activity of glutathione peroxidase (GPx) in patients with periodontitis

Study, year,  
country

Size of the control and experimental 
groups, age [years]

GPx in the experimental 
vs. control group Periodontitis definition p-value

Panjamurthy et al., 
200523 
India

experimental group (CP): 25 
age: 25–35

control group: 25 
age: 25–35

gingival tissue ↑ 

blood ↑ 

PD > 3.5 mm, 
presence of furcation  

and tooth mobility

gingival tissue 
0.001

blood 
0.001

Tsai et al., 
200531 
Taiwan

experimental group (CP): 21

control group: 22
saliva ↑ NS not specified >0.05

Borges et al., 
200732 
Brazil

experimental group (CP): 9 
age 52.9 ±5.0

control group: 9 
age: 51.1 ±9.6

gingival tissue ↑ PD ≥ 5 mm, 
CAL ≥ 3 mm

0.006

Canakci et al., 
200925 
Turkey

experimental group (CP): 30 
age 31–63

control group: 30 
age: 27–59

saliva ↓ PD ≥ 4 mm, 
30% periodontal bone loss

<0.05

Dhotre et al., 
201226 
India

experimental group (CP and AgP): 25

control group: 25
blood ↓ PD ≥ 4 mm,  

CAL ≥ 4 mm
<0.001

Miricescu et al., 
201433 
Romania

experimental group (CP): 20 
age: 51.26 ±7.40

control group: 20

saliva ↓ PD ≥ 4 mm, 
>30% periodontal bone loss

<0.05

Sreeram et al., 
201527 
India

experimental group (CP): 150 
age: 41.0 ±12.2

control group: 150 
age: 34.2 ±12.0

blood ↓

BOP in >30% of the periodontal sites, 
with PD of 1–3 mm,  

BOP and CAL ≥3 mm in >30% of all 
sites in the mouth

0.000

Age presented as range or as mean ± standard deviation (SD).
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Catalase 

Table 3 presents a  summary of  CAT activity in pa
tients with periodontitis in comparison with a control 
group based on the studies which qualified for this re
view. A higher CAT activity was observed in the gin
gival tissue of  patients with periodontitis in 1 study 
and the result was statistically significant.23 A  higher 
CAT activity was found in the blood serum of patients 
with periodontitis as compared to the control group 
in 1 study,23 whereas in another study it was lower.37 
A  statistically significant lower CAT activity was ob
served in the saliva of patients with periodontitis than 
in those from the control group in 1 study.28

Panjamurthy et al. observed a  significantly higher 
CAT activity in both the blood and the gingival tissue 
of patients with periodontitis as compared to individu
als from the control group (p = 0.0001).23

Borges et al. did not observe any significant differ
ence in CAT activity in the gingival tissue of the experi
mental group in comparison with the control group  
(p = 0.523).32

Thomas et al. carried out a  study on CAT activity in 
25 patients with periodontitis, 25 patients with gingivitis 
and 25 periodontally healthy individuals.37 They showed 
a  significantly lower CAT activity in the blood serum 
of patients with periodontitis than in patients with gingi
vitis and individuals with no inflammatory lesions in the 
periodontium (p < 0.001).37

Trivedi et al. reported a  lower CAT activity in the 
saliva of patients with periodontitis than in the control 
group (p  <  0.001).28 A  negative correlation between 
CAT activity and the MDA concentration was also ob
served.28

Conclusions
Antioxidant enzymes, such as SOD, GPx or CAT, pro

tect the structural and tissue integrity by preventing the 
harmful activity of  oxygenfree radicals. An  imbalance 
between the production of oxygenfree radicals and anti
oxidative mechanisms plays an important role in the etio
pathogenesis of  periodontitis. The activity of  enzymatic 
antioxidants varies greatly in the course of periodontitis, 
especially in the gingival fluid and saliva. In the gingival 
tissue and blood serum, their activity is usually higher. 
These differences may result from the initial mobilization 
of  the antioxidative reserves, which leads to an  increase 
in the activity of  antioxidant enzymes. Another prob
able explanation is a pathological increase in neutrophil 
activity and the oxidative burst of PMNs. Even with the  
nominal activity of antioxidant enzymes, the oxidoreduc
tive balance is disturbed. Thus, the varied advancement 
of periodontitis is reflected by the activity of the enzyma tic 
antioxidants. It is possible that the current classification  
of the advancement and progression risk of periodontitis 
created by Page and Eke insufficiently translates into the 
tissue, salivary and serum activity of  those antioxidative 
factors. Due to a small number of studies and the small 
sample sizes of  the study groups, it was not possible to 
carry out a  metaanalysis. Significant limitations of  the 
studies that have been carried out so far include very di
verse methodologies of  the biochemical analyses (anti
oxidant activity expressed in different units, which makes 
it difficult to combine studies in a  metaanalysis), very 
diverse definitions of  periodontitis, failure to assess the 
influence of the duration of periodontitis, and incomplete 
eradication of local and general factors, which may affect 
the antioxidant activity under study.

Table 3. Summary of the activity of catalase (CAT) in patients with periodontitis

Study, year,   
country

Size of the control and experimental 
groups, age [years]

CAT in the experimental 
vs. control group

Periodontitis definition p-value

Panjamurthy et al., 
200523 
India

experimental group (CP): 25 
age: 25–35

control group: 25 
age: 25–35

gingival tissue ↑ 

blood ↑ 

PD > 3.5 mm, 
presence of furcation and tooth 

mobility

gingival tissue 
0.001

blood 
0.001

Borges et al., 
200732 
Brazil

experimental group (CP): 9 
age 52.9 ±5.0

control group: 9 
age: 51.1 ±9.6

gingival tissue NS
PD ≥ 5 mm, 
CAL ≥ 3 mm

0.523

Thomas et al., 
201437 
India

experimental group (CP): 25

control group (gingivitis): 25

control group (healthy): 25

blood

CP –lowest 
gingivitis – medium 

healthy–highest

CAL ≥ 5 mm 
in at least 30% of the sites

<0.001

Trivedi et al., 
201528 
India

experimental group: 30 
age: 25–45

control group: 30 
age: 25–45

saliva ↓ PD > 5 mm 
in at least 30% of the sites

<0.001

Age presented as range or as mean ± standard deviation (SD).
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Further studies aimed at explaining the role of  oxida
tive stress in the occurrence and course of periodontitis 
are undoubtedly necessary. The inclusion and exclusion 
criteria should be unified, as they may affect differences 
in the results between authors. Perhaps the new classifica
tion of periodontitis created during the World Workshop 
on the Classification of Periodontal and Periimplant Dis
eases and Conditions will be linked to the local and/or 
general activity of the enzymatic antioxidants in a better 
and more homogeneous way. These studies may have im
portant therapeutic implications in the local use of anti
oxidants in periodontitis treatment.
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