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ABSTRACT: 
Background: Reactive oxygen species induce molecular damage and disturbed redox signaling, that result in the loss of 

bone homeostasis, increased pro-inflammatory mediators, and MMP overexpression and activation, leading to apical tissue 

breakdown. On the other hand, oxidative stress has been strongly involved in the pathogenesis of atherosclerosis, where a 

chronic inflammatory process develops in the arterial wall. Aims and objectives: To determine the association of oxidative 

stress and the production of inflammatory mediators MMP-9 and interleukin 6 (IL-6) in systemic events in radicular cyst 

growth. Materials and methods: Patients with periapical granulomas and Radicular cysts with clinical attachment loss > 3 

mm, probing depth > 5 mm, bleeding on probing, round, well-defined radiolucencies of periapical tissues in radiograph were 

included into the present study. Results: The mean ages of patients and controls were 46 and 49 years, respectively. Mean 

patient BMI (24.30 ± 3.60 kg/m2) were higher than mean control BMI (28.02 ± 3.60 kg/m2). Levels of serum MDA (p ≤ 

0.031), IL-6 (p ≤ 0.033), TNF-alpha (p ≤ 0.003), and MMP-9 (p ≤ 0.032) were significantly increased in patients as 

compared to those in the control group. However, the levels of SOD (p ≤ 0.004) and GPx (p ≤ 0.032) were significantly 

decreased in patients compared to controls. Conclusion: Proinflammatory cytokines and the bone-resorbing mediators plays 

a well-established role in the development of radicular cysts. Moreover, an increase in the lipid peroxidation level and the 

rise in the reactive oxygen species has an important role in the pathogenesis of radicular cyst. 
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INTRODUCTION 
Oxidative stress is involved in the pathogenesis of a 

variety of inflammatory disorders. Radicular cyst 

usually results in the formation of an apical lesion, 

caused by the immune response to endodontic 

infections.
1
 Reactive oxygen species (ROS) produced 

by phagocytic cells in response to bacterial challenge 

represent an important host defense mechanism, but 

disturbed redox balance results in tissue injury. 

During endodontic infection, ligation of Toll-like 

receptors (TLRs) on phagocytes' surface triggers 

activation, phagocytosis, synthesis of ROS, activation 

of humoral and cellular responses, and production of 

inflammatory mediators, such as, cytokines and 

matrix metalloproteinases (MMPs).
2
 ROS induce 

molecular damage and disturbed redox signaling, that 

result in the loss of bone homeostasis, increased pro-

inflammatory mediators, and MMP overexpression 

and activation, leading to apical tissue breakdown. On 

the other hand, oxidative stress has been strongly 
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involved in the pathogenesis of atherosclerosis, where 

a chronic inflammatory process develops in the 

arterial wall.
3
 Cystic growth involves the provision of 

stimulus by antigens, microbes, fibroblasts, and 

growth factors that causes the inflammatory response 

by releasing various cytokines which leads to the 

explosive cell division and the epithelial proliferation 

in a cystic cavity continues, cells in the middle of the 

mass become deficient of nutrients which leads to the 

central necrosis.
4
 These degenerative necrotic tissues 

in the cystic lumen are chemotactic for neutrophils 

that causes the influx into the cystic lumen and these 

contents have a higher osmotic load as compared to 

the surrounding tissues. The MMPs usually expressed 

in infectious and necrotic odontogenic lesions
5
 and the 

ROS signaling may activate MMPs like MMP-2 and 

MMP-9.  

ROS constitute an important host defense mechanism 

against invading pathogens. Hence, the combination 

of bacterial phagocytosis and secretion of proteolytic 

enzymes and immuno-modulatory compounds that 

assist in the killing and digestion of bacteria.
6 

Oxidants can cause tissue injury via damage to 

deoxyribonucleic acid (DNA) and proteins, 

peroxidative injury to lipid membranes, activation of 

proinflammatory cytokines, and proteases like MMPs 

and interleukins.
7 

RCs arise to control the infection as 

the low intensity chronic stimulus triggered by 

bacterias and their products provides conditions to the 

organism, confining the aggression to the periapical 

region. During these events of defense, different cells 

produce cytokines, mainly interleukin 1 (IL-1), IL-6 

and tumor necrosis factor alpha (TNF-α), which are 

involved in this immunoinflammatory response and 

play a role in bone resorption and in the stimulation of 

mitogenesis.
8 

So, the present study was conducted  to 

determine the association of oxidative stress and the 

production of inflammatory mediators MMP-9 and 

interleukin 6 (IL-6) in systemic events in radicular 

cyst growth.
 

 

MATERIALS AND METHODS 

Total 40 patients were included into the study in 

which 30 men and 10 women, aged between 20 to 40 

years were included into the study from the 

Department of Dentistry of a private dental college. 

The ethical clearance was obtained from the ethical 

committee of the institution. 

 

INCLUSION CRITERIA 

 Patients with periapical granulomas and 

Radicular cysts  

 clinical attachment loss > 3 mm, probing depth > 

5 mm 

 bleeding on probing 

 round, well-defined radiolucencies of periapical 

tissues in radiograph  

 

EXCLUSION CRITERIA 

 patients receiving antibiotic therapy  

 compromised periodontal status 

 pregnant and lactating women 

 any chronic infection or depression.  

Our control group consisted of 15 subjects (9 men 

and 6 women) with, 

 healthy, attached gingiva 

 no signs of periodontal disease nor bleeding on 

probing.  

Method of execution involves the assessment of body 

mass index (BMI) and collected blood samples to 

evaluate MMP-9, IL6, Superoxide Dismutase (SOD), 

Malondialdehyde (MDA), and Glutathione Peroxidase 

(GPx) levels via a chemical assay. Levels of TNF-

alpha and IL-6 were measured via enzyme-linked 

immunosorbent assay. Statistical analysis was done by 

using SPSS Version 21.0 and the variables were 

shown as mean ± standard deviation (SD). Patient and 

control values were compared using the student ‘t’ 

test and p ≤ 0.05 was considered significant 

 

RESULTS 
The mean ages of patients and controls were 46 and 

49 years, respectively. Mean patient BMI (24.30 ± 

3.60 kg/m2) were higher than mean control BMI 

(28.02 ± 3.60 kg/m2). Levels of serum MDA (p ≤ 

0.031), IL-6 (p ≤ 0.033), TNF-alpha (p ≤ 0.003), and 

MMP-9 (p ≤ 0.032) were significantly increased in 

patients as compared to those in the control group 

(Table 1). However, the levels of SOD (p ≤ 0.004) 

and GPx (p ≤ 0.032) were significantly decreased in 

patients compared to controls. 

 

TABLE 1: Levels of circulating biochemical variables in patients with a periapical cyst 

 

 

 

 

 

 

 

 

DISCUSSION 

Immune-mediated damage of periodontal supporting 

tissues causes periodontitis which leads to the   loss of 

teeth. Apical lesions can progress to form an radicular 

cysts which is mainly due to the increased levels of 

MMP-9.
9
 In our study we found the significantly 

increased levels of serum MDA, IL-6, TNF-alpha, and 

MMP-9 in patients when compared to patients of 

VARIABLES CONTROLS (N=15) SUBJECTS (N=40) P-VALUE 

MDA (nmol/ml) 1.26 ± 0.02 4.20 ± 0.18 0.031 

SOD (nmol/ml) 0.12±0.02 0.02±0.01 0.004 

GPx (nmol/ml) 7.76±1.68 5.79±1.89 0.032 

IL-6 (pg/ml) 4.87±0.51 7.64±1.89 0.033 

TNF-α (pg/ml) 27.86±4.12 31.67±5.69 0.003 

MMP-9 (pmol) 42.55±3.64 155±6.93 0.032 
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control group. While the previous studies suggested 

that  RC formation is mainly due to the degradation of 

collagen via MMPs 
9
. However, another study says 

that the primary factor in RC formation is due to 

collagenases.
10

 Henrique et al. says that the separation 

of epithelium from the connective tissues leads to the 

progression of lesion and recurrence.
11

 

An experimental study reported a significant elevation 

in the levels of MDA, which may be an indicator of 

oxidative stress.
12

 The production of reactive oxygen 

species after the activation of polymorphonuclear 

leukocytes may help in the formation of inflammatory 

lesions. The imbalance of oxidative species in the 

periapical part may cause the development of 

asymptomatic periapical lesions.
13

 Non-toxic levels of 

ROS increase proinflammatory mediators, and 

enzymes of the extracellular matrix that leads to the 

destruction of apical tissue and the formation of apical 

lesions.
14 

According to the present study the levels of 

SOD and GPx were significantly decreased in patients 

when compared to controls. The total antioxidant 

status indicates the ability of antioxidants to scavenge 

free radicals and the reduced activity of SOD and GPx 

may cause the development of the lesion further 

which may results into the oxidative stress.
15 

Oxidative non-proteolytic activation of MMP causes 

the periodontal inflammation. The exact mechanism 

of involving MMP-9 in intracellular signaling is 

unclear. MMP-9 may have an important role in the 

angiogenesis of odontogenic cysts and ROS can 

directly activate MMP-8 and MMP-9 in periodontal 

tissues via oxidizing enzymes. Signaling molecules 

like chemokines, cytokines, and growth factors may 

be handled by the active form of MMPs, regulating 

their bioavailability and function.
16,17 

 

CONCLUSION 

Proinflammatory cytokines and the bone-resorbing 

mediators plays a well-established role in the 

development of radicular cysts. Moreover, an increase 

in the lipid peroxidation level and the rise in the 

reactive oxygen species has an important role in the 

pathogenesis of RC. 
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