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Abstract. Periodontal disease can be divided into gingivitis and periodontitis. In 

oral tissue, polymorphonuclear leukocytes (PMNs) are the first defense against 

pathogenic microorganisms. Activated PMNs produce large amounts of reactive 

oxygen species (ROS) that cause the destruction of periodontal tissue via various 

mechanisms and oxidative stress. Hosts are able to release antioxidants to eliminate 

ROS; one of the most effective antioxidants is superoxide dismutase (SOD). Previ-

ous studies have suggested that antioxidant levels, including SOD, are higher for 

periodontitis than for gingivitis or healthy people. In contrast, previous research has 

also found that levels of antioxidants, including SOD, were higher in healthy people 

followed by gingivitis and then periodontitis. Objectives: The purpose of this study 

was to determine differences in salivary SOD levels in patients with gingivitis and 

periodontitis. This was an analytic study with a cross-sectional design. There were 

44 subjects: 22 with gingivitis and 22 with periodontitis recruited from the perio-

dontal installation of the Dentistry Faculty, University of Sumatera Utara, Medan, 

Indonesia. All subjects’ periodontal tissues were examined to determine their peri-

odontal status. Subjects were sampled by collecting 2 ml of saliva and salivary SOD 

levels were measured using a spectrophotometer. The data was analysed using an 

independent t-test. Result: The results showed a significant difference (p<0.05) be-

tween salivary SOD levels of gingivitis patients (12.44±4.43, p=0.377) and perio-

dontitis patients (9.19±3.74, p=0.228). Salivary SOD levels were higher in patients 

with gingivitis than for patients with periodontitis.  
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1 Introduction 
Periodontal diseases (gingivitis and periodontitis) are among the most widespread 

chronic diseases affecting populations worldwide [1]. Gingivitis is characterised by 

inflammation of the gums caused by plaque deposits, with possible bleeding when 

brushed or probed [2]. Gingivitis is limited to inflammation involving only the 

gingival soft tissues. Gingivitis has a high prevalence rate and affects 50%–90% of 

adults worldwide [3,4] 

In its severest form, periodontitis, initiated by plaque biofilm, results in a loss of 

periodontal attachment to the root surface and adjacent alveolar bone, which 
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ultimately leads to tooth loss [5,6]. Prevalence rates of periodontitis among people 

aged 35–44 years are 54% in Taiwan and 47% in the United States [7]. 

Periodontal disease is widely believed to be initiated by microbial interaction, 

which triggers a host response by setting off an inflammatory reaction [8]. Specific 

bacteria induce the release of cytokines thatincrease the number of 

polymorphonuclear leukocytes (PMNs) and their activity. Simultaneously, PMNs 

produce and increase the concentration of reactive oxygen species (ROS) resulting 

in oxidative damage to the periodontal tissue. These destructive mechanisms 

include damage toDNA, lipid peroxidation, and protein and enzyme oxidation 

[9,10,11]. ROS and oxidative stress might be major contributors to the pathogenesis 

of several chronic degenerative diseases [12,13]. 

The host can eliminate ROS and inhibit tissue destruction caused by 

inflammatory reactions; various defence mechanisms are derived from host saliva. 

An important defence mechanism is the antioxidant system; an important 

antioxidant is superoxide dismutase (SOD). SOD catalyses superoxide anions and 

defends the cells against the hazardous effects of ROS [9,12]. 

There are controversial reports of the relationship between SOD and 

inflammation in the oral cavity. Periodontal disease has been observed with lower 

levels of serum SOD compared to healthy patients, and the difference was found to 

be significant [4]. Antioxidant concentrations have been observed to progressively 

decrease from healthy subjects to patients with gingivitis and periodontitis [80]. In 

contrast, Moore et al. [14] and Wei et al. [15] reported that SOD values were 

significantly higher in a chronic periodontitis group compared to a control group 

[14,15]. The purpose of this study was to determine the differences in SOD levels 

in saliva derived from gingivitis and periodontitis patients. 

 

2 Methods 
 

2.1  Patient selection and clinical measurements 

The study’s subjects were patients from the periodontal installation of the Dentistry 

Faculty, University of Sumatera Utara (USU), Medan, Indonesia. Informed consent 

was obtained from subjects willing to participate in the study. Ethical clearance for 

the study was received from the Health Research Ethical Committee, Medical Fac-

ulty, USU. 

Forty-four patients were selected; 22 were gingivitis patients and 22 were perio-

dontitis patients all within the age range of 20–60 years with more than 20 func-

tional teeth. The subject’s periodontal status was determined by measuring pocket-

probing depths (PDs); clinical attachment levels (CALs); plaque index (PI) [16]; 

gingival index (GI) [17]; calculus index and papillary bleeding index (PBI) [17]. 

Gingivitis subjects were categorised by the following criteria: GI >1, pocket PDs 

<4 mm and absence of clinical attachment loss and bone loss determined radio-

graphically. Subjects with periodontitis were considered if at least two non-adjacent 

sites per quadrant with pocketPDs>5 mm were present, clinical attachment loss, and 

radiographically determined bone loss.  
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The exclusion criteria were medical conditions that could affect the results, sub-

jects that had taken vitamins, anti-inflammatory drugs or antibiotics in the three 

months prior, pregnant women, lactating woman, smokers and alcoholics. 

 

2.2  Collection of samples 

Unstimulated whole saliva samples were collected using as pitting method. Seated 

patients were instructed to allow saliva to pool in the bottom of their mouth and 

drain into a collection tube. Saliva collection was performed for 5 minutes with a 1-

minute interval to remove the saliva into a collection tube; up to 2 ml of saliva was 

collected from each subject. The collected saliva was taken to the laboratory at the 

USU medical faculty in a cooling box. Collected saliva was stored in the freezer (-

80°C) if not checked immediately. 

 

2.3  Salivary SOD analysis 

Collected saliva was transferred from the collection tubes to Eppendorf tubes and 

centrifuged at 10000 rpm for 60 seconds at 7°C before analysis. Salivary SOD levels 

were measured using an EnzyChrom™ Superoxide Dismutase Assay Kit (ESOD-

100) which included 20 mL assay buffer, 120 µL SOD enzyme, 600 µLxanthine, 

20 mLdiluent, 120 µL XO enzyme, and600 µL WST-1. Salivary SOD levels were 

measured using a spectrophotometer. 

 

2.4  Statistical analysis 

Using the Shapiro-Wilk test, the distribution of each data was tested for normality 

before analysis. An independent t-test was used to examine differences in salivary 

SOD levels of gingivitis and periodontitis patients. 

 

3 Results 
The study’s demographic data included gender, age group, tooth brushing fre-

quency, tooth brushing time and time of last visit to a dentist (Table 1). 

Most of the subjects were women; the gingivitis group was comprised of subjects 

aged less than 30 years old, and the periodontitis group was predominantly aged 

30–50 years (78.6%)  

All subjects brushed at least once daily; the predominant tooth brushing fre-

quency for both groups was 2–3 times a day. The brushing routine, for both groups, 

was mostly done at bath time. In the gingivitis group, as many as 14 subjects 

(60.9%) had visited a dentist in the last three months. In the periodontitis group, the 

number of subjects who had visited the dentist 1–3 months ago (56.3%) was equal 

to the number of subjects who had visited the dentist within the last three months 

(39.1%). 

The average score of plaque index, gingival index, calculus index, and papillary 

bleeding index were higher on the periodontitis group than gingivitis group (Table 2). 
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Table 1. Demographic data of gingivitis patients and periodontitis patients 

Variable 
Gingivitis 

N(%) 

Periodontitis 

N(%) 
Total 

Gender: 

a. Male 

b. Female 

 

6(46.2) 

16(51.6) 

 

7(53.8) 

15(48.4) 

 

13 

31 

Aged: 

a. <30 years old 

b. 30-50 years old 

c. >50 years old 

 

19(100) 

3(21.4) 

0(0) 

 

0(0) 

11(78.6) 

11(100) 

 

19 

14 

11 

Tooth-brushing Frequency: 

a. 1 times/day 

b. 2-3 times/day 

c. >3 times/day 

 

1(33.3) 

21(52.5) 

0(0) 

 

2(66.7) 

19(47.5) 

1(100) 

 

3 

40 

1 

Tooth-brushing Time: 

a. After breakfast and before bed 

b. Every bath time 

d. Morning only or evening only 

 

1(25) 

20(54.1) 

1(33.3) 

 

3(75) 

17(45.9) 

2(66.7) 

 

4 

37 

3 

Dental visit pattern: 

a. 1-4 weeks ago 

b. 1-3 months ago 

c. > 3 months ago 

 

1(20) 

7(43.8) 

14(60.9) 

 

4(80) 

9(56.3) 

9(39.1) 

 

5 

16 

23 

 
Table 2. Clinical examination of the oral cavity of gingivitis and periodontitis patients 

Variable 
Gingivitis (n=22) 

Mean ± SD 

Periodontitis (n=22) 

Mean ± SD 

Plaque Index 59.34 ± 15.83 64.08 ± 13.34 

Gingival Index 0.80 ± 0.40 1.005 ± 0.52 

Calculus Index 1.21 ± 0.58 1.61 ± 0.44 

Papillary Bleeding Index 50.77 ± 16.75 55.63 ± 24.56 

 

Table 3. Normality test of SOD levels in gingivitis and periodontitis group 

Group x ± SD p  

Gingivitis (n=22) 12.44 ± 4.43 0.377 

Periodontitis (n=22) 9.19 ± 3.74 0.228 

Shapiro-Wilk test; significant p > 0.05 

 

The normality test used in this research was the Shapiro-Wilk test. The p values of 

these two groups indicated that the data was normally distributed (p> 0.05) (Table 3). 

 
Table 4. The Difference of SOD levels in gingivitis and periodontitis group 

Group x ± SD p(sig) 

Gingivitis 12.44 ± 4.43 
0.012 

Periodontitis 9.19 ± 3.74 

Independent T-test; significant p < 0.05 
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The difference in SOD levels between the groups was calculated using an independ-

ent t-test; the average SOD level for the gingivitis group was higher than for the 

periodontitis group. and the difference was statistically significant (p=0.012) (Table 

4). 

 

4 Discussion 
In gingivitis and periodontitis patients, the host has evolved a highly sophisticated 

and complex antioxidant protection system to protect the periodontal tissue against 

ROS [18]. One of the antioxidants that can overcome ROS and inhibit oxidative 

stress is SOD; it is localised within human periodontal ligament and may represent 

a primary defence mechanism within gingival fibroblasts against release of excess 

superoxide [19].Several studies have examined the association of antioxidants with 

periodontal disease and the association of SOD with gingivitis and periodontitis 

disease. Thomas et al. [5] reported that SOD level were higher in healthy people 

compared to gingivitis and periodontitis patients.There findings were confirmedby 

Karim’s [8] research that showed that the concentration of antioxidants in periodon-

titis patientswas lower compared to people with gingivitis and healthy people. Both 

studies were also confirmed by Novakovic’s [20] research that showed a decrease 

in SOD activity in patients with chronic periodontitis compared with healthy indi-

viduals, and the decreased SOD activity was accompanied by reduced antioxidant 

concentration.Additionally, Kim’s [12] research was also in agreement: higher SOD 

activity was found in healthy controls compared to patients with chronic periodon-

titis. 

In contrast, Moore et al. [14] showed that there was no difference between the 

total number of salivary antioxidants in patients with chronic periodontitis 

andhealthy people. Moore et al.’s[14] research was supported by Wei's [15] study 

of SOD concentrations, total oxidative status and melano-di-aldehyde levels in peo-

ple with periodontal disease. Wei's [15] research suggests that SOD is higher in 

individuals with periodontitis compared to healthy individuals. 

The results of the current study showed a significant difference (p<0.05) in sali-

vary SOD levels between gingivitis patients and periodontitis patients; gingivitis 

patients had higher SOD levels compared to patients with periodontitis.The results 

of this study agree with Thomas [5], Karim [8], Novakovic [20] and Kim’s [12] 

studies; SOD in patients with periodontal disease was lower than healthy peo-

ple.This is due to an inflammatory relationship that occurs in periodontal disease 

with the antioxidant activity of the body. In unhealthy individuals, there is an in-

crease in oxidative stress due to higher oxidant counts compared to some antioxi-

dants, whereas in healthy individuals, there is a balance between oxidants and anti-

oxidant counts [21]. Decreased antioxidants and increased oxidative stress leads to 

increased periodontal tissue damage in gingivitis and periodontitis. The decline in 

antioxidants and the increasing state of oxidative stress with continued inflamma-

tion, if not promptly treated, will exacerbate periodontal tissue damage and result 

in tooth loss [8]. 

The results of the current study also showed a difference in the severity of in-

flammation occurring with gingivitis and periodontitis; periodontitis inflammation 

is more severe than gingivitis inflammation. This was confirmed by the results of 
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the oral examinations performed on both groups. In the periodontitis group, there 

were increased PDs,an average pocket depth of6.22 mm and attachment loss. 

Higher inflammatory activity in periodontitis compared to gingivitis results in lower 

antioxidants associated with periodontitis compared to gingivitis; one of the declin-

ing antioxidants is SOD. There was a decrease in SOD with a probing depth of more 

than six mm [8].This couldbe one of the causes of the higher SOD levels in the 

gingivitis group compared to the periodontitis group. 

However, the results of the current study contradict Moore et al.’s [14] where no 

difference was found between the total number of antioxidants in the saliva of peo-

ple with periodontitis and healthy people. The results of the current study are also 

in contrast to Wei et al. [15] that showed higher SOD counts in patients with chronic 

periodontitis compared to healthy patients. 

These studies’ differing results may have occurred because of several factors, 

including different inclusion and exclusion criteria, sample differences and research 

methods. In Wei et al.’s [15] research, the subjects were patients with chronic peri-

odontitis compared with healthy controls. In the current study, both groups of sub-

jects were patients with periodontal disease. Moore et al.’s [14] research included 

only seven patients with periodontal disease who were not balanced with the num-

ber of healthy samples. In the current study, the two sample groups were balanced; 

each consisted of 22 individuals. 

SOD is one of the antioxidants that plays an important role in the development 

of periodontal tissue inflammation. SOD functions by catalysing superoxide that 

protects body cells and prevents the inflammation process caused by free radicals. 

SOD can be produced in the body by itself, but the antioxidant cannot work opti-

mally if not induced by secondary antioxidant intake derived from food. The higher 

intake of antioxidants derived from food improves maintain of antioxidants in the 

body [22]. 

 

5 Conclusions 
This research concluded that there was a difference between salivary SOD levels in 

gingivitis and periodontitis patients. Patients with gingivitis had significantly higher 

salivary SOD levels compared to patients with periodontitis. 
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