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Abstract:

Through dental procedures and environment, periodontal tissues are exposed to many types 
of reactive oxygen species (ROS). Recently, various forms of antioxidants have been 
introduced as an approach to fight dental diseases and improve general gingival health. This 
article focuses on the classification of antioxidants and the link between oxidative stress and 
periodontal disease. The protective mechanisms of antioxidants and how routine dental 
procedures may increase ROS is discussed. The final section reviews the effect of tobacco 
products on gingival health and disease.

An antioxidant is any substance that significantly delays or prevents oxidation of an oxidizable 
substrate1 (Figure 1) . Antioxidants are classified by five methods: mode of function, location of 
action, solubility, structural dependence, and origin and source. Each method is summarized in 
Table 1.2 

The physiologic and pathologic changes in the human body depend on free radical (FR) and reactive 
oxygen species (ROS) interactions (Figure 2 and Figure 3) to maintain normal cellular activities.3 In 
aerobic organisms, the imbalance between ROS generation and antioxidant levels leads to 
increased oxidative stress and cellular degeneration (Figure 3 ). Antioxidants can counter the 
formation of free radicals (Figure 4 and Figure 5) and prevent free radical damage by donating 
electrons.

The involvement of ROS and the antioxidant defense mechanisms in human saliva has been 
demonstrated in various processes of the oral cavity: healing periodontal disease, preventing oral 
carcinogenesis, reducing oral mucosa inflammatory reactions, and ameliorating metal-based 
restoration reactions.4 

The salivary antioxidant system has an essential anticarcinogenic role in the oral cavity, aimed at 
fighting ROS and reactive nitrogen species (RNS) caused by smoking, alcoholic beverages, food, 
carbonated drinks, dental restorations and/or various other volatile sources freely entering the oral 
cavity through the body's largest open gate—the mouth (Figure 6).5 The salivary antioxidant system 
includes various molecules and enzymes. The most important are the uric acid molecule and the 
peroxidase enzyme; both are water-soluble. Uric acid contributes approximately 70% of the total 
salivary antioxidant capacity.6 An animal model showed the anticarcinogenic capability of saliva 
significantly inhibits the initiation and progression of oral cancer.7 In a study using the Ames test, 
saliva inhibited the mutagenicity of oral cancer inducers: cigarette smoke and 4-nitroquinoline 1-
oxide (4NQ0).8 Saliva also plays an important role in preventing cigarette-induced deoxyribonucleic 
acid (DNA) damage.9 This antioxidant capacity of saliva protects against oral cancers.10 However, in 
cases of periodontal disease formation and progression when normal cellular mechanisms are 
hampered, the oxidation process occurs due to an increased ROS production induced by other 
etiologic factors of periodontitis, such as bacterial plaque formation./p> 

Bacterial plaque is the most important substrate in periodontal disease development. A study of 
dental plaque bacteria has implicated its role in inducing "oxygen shock" to activate free radicals and 
the collagen-destroying enzymes. The process of collagen matrix degradation affects not only the 
amount of bone destruction and rate of inflammation but also the free radical damage, mechanical 
trauma, and tissue destruction.11 Antioxidants cause the degradation of mineral deposits, making 
them water-soluble. The calcified dental plaque is composed of calcium carbonate, which is 
converted to calcium bicarbonate, becoming water-soluble as mentioned above. Antioxidants can 
prevent the formation of dental stains that occur from oxidation of both organic and inorganic 
compounds.12

Thus, oxidative stress is caused by an imbalance between the production of ROS and the body's 
ability to produce sufficient antioxidants and repair the resulting damage (Figure 4 and Figure 5). The 
action and protective mechanism of a single antioxidant depends on the concentration, specific 
reactivity of the ROS, and condition of the antioxidant interaction (Figure 1).13

Link Between Oxidative Stress and Periodontal Disease
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Periodontitis affects the teeth's supportive tissues (gingiva, cementum, periodontal ligament, and 
alveolar bone). Periodontitis is caused by disequilibrium between periodontal tissue destruction and 
repair involving the host response to bacterial challenge. Polymorphonuclear leukocytes (PMNs) are 
the primary host defense against periodontal pathogens. Individuals with periodontal disease have 
an imbalance between oxidants and antioxidants. Following bacterial antigen stimulation, ROS or 
free radical molecular species are generated by PMNs, as a result of the inflammatory tissue 
response mechanisms. These mechanisms have been implicated in ROS involvement in periodontal 
disease, including the possible interactions of PMNs with respect to the level of oxidation products 
and transition metal ions, neutrophil dysfunction, and antioxidant levels.14

The possible association between low antioxidant levels and periodontal infection has been the 
subject of several studies. A previous study indicated 8-hydroxydeoxyguanosine (8-OHdG) levels (a 
marker for oxidative damage in chronic inflammatory diseases) correlate with periodontal health.15 
Chemically, 8-OHdG is generated from guanosine by the action of reagents that generate oxygen 
radicals.15 Individuals with periodontal disease have a significant increase in the activities of 
enzymatic and nonenzymatic antioxidants in gingival tissue compared to healthy control patients. 
These results show an important correlation between oxidative stress biomarkers and periodontal 
disease.16 Another important biomarker for oxidative damage is protein carbonylation. This process 
of incorporating the carbonyl groups into proteins by various oxidative pathways has been shown in 
some studies17—an ROS reacts with proteins to generate products with a reactive carbonyl species, 
leading to the formation of protein carbonyl derivatives (aldehydes and ketones).16 The elevated 
protein carbonylation in serum and increased levels of gingival crevicular fluid (GCF) indicated the 
amount of both systemic and local/periodontal protein carbonylation correlate with periodontal 
status.18

In the oral microflora, the increased level of systemic oxidative stress will lead to a generalized 
decrease of serum immunoglobulin G (IgG) antibody.19 Other minor modifiers, such as the level or 
condition of the oral microbial environment, status of periodontal disease, and smoking, can also 
directly influence the serum IgG levels.19 To identify microbial species associated with destructive 
periodontal disease progression, one study used serum IgG antibody against suspected periodontal 
pathogens in order to detect disease-susceptible or disease-resistant individuals.20 The formation of 
IgG subclasses in humans is necessary to react with different types of antigens, and its expression 
may help define the diseased condition.19,21 The isotype-specific and IgG subclass-specific antibody 
synthesis can influence the stress and mediators of oxidative stress. These mechanisms were 
shown in a study in which increased plasma IgG2 levels was not observed in smokers. The oxidative 

stress generated by smoking decreased the reaction of IgG2 antibody to oral microbes.22

One of the key ROS sources in periodontal tissues is the phagocyte-generated nicotinamide adenine 
dinucleotide phosphate oxidase (NOX2). In cases of aggressive periodontitis, this increased ROS is 
attributed to the patient's genetics and the action of oral pathogens to increase the NOX2 function.23 
A positive association was found between plasma reactive oxygen metabolites (ROM)—a measure 
of blood ROS—and clinical gingival attachment levels in patients who are in the maintenance phase 
of periodontal therapy.24 Although it remains unclear whether the increased plasma ROM level is a 
cause or a result of periodontal disease, some research has shown periodontal therapy is effective in 
reducing plasma ROM level.25 A study reported, "...plasma glutathione peroxidase levels in gingival 
crevicular fluid of patients with gingivitis or periodontitis increased proportionality with the severity of 
disease."26 The relationships between the levels of GCF, interleukin1ß (IL-1ß), and thiobarbituric 
acid is an important experimental parameter for treatment and monitoring the patterns of periodontal 
disease progression.27 Although most university-based clinical studies have shown promising 
results, further research is needed to try some assays that may help define specific markers in 
periodontal disease.28

A particularly important aspect of oxidative stress is the systemic oxidative stress that is involved in 
many diseases, such as diabetes mellitus, heart failure, atherosclerosis, myocardial infarction, and 
respiratory disease. An association has been observed that people who have periodontal disease 
often show increased glucose levels. Patients with well-controlled diabetes (measured by blood 
glycated hemoglobin levels) have less severe periodontal disease than those who have poorly 
controlled diabetes.29 In cardiovascular disease (CVD), the same bacteria that causes periodontal 
infection can enter the bloodstream and contribute to the chemistry that forms arterial plaques and 
clogs arteries.30-31 Consequently, these inflammatory products may cause atherosclerosis, which 
reduces blood supply to the tissues and organs. People who have periodontal disease are at high 
risk for coronary heart disease and carotid intima-medial thickening.32 The moderate elevation of C-
reactive protein (CRP) is a predictor of increased risk for CVD.33 Periodontal infections also can lead 
to a higher risk for respiratory disease. People who normally smoke and those with poor immune 
response are more susceptible to respiratory diseases, including pneumonia, bronchitis, 
emphysema, and chronic obstructive pulmonary disease.34 

Sources of Free Radical Insults in Dental Therapy

In dentistry, many commonly used dental materials may form free radicals (Figure 6). Although there 
are no major health concerns about the components of dental materials used in clinical procedures, 
studies have evaluated the following: 

Bleaching agents: During tooth whitening procedures, 3% to 35% hydrogen peroxide (H2O2) can 

leak onto the oral mucosa membrane and irritate soft tissues, causing pain. H2O2 has oxidative 

ability, and the hydroxyl radical (-OH) that is generated exert biologic reactions, such as 
inflammation, carcinogenesis, aging, and mutation.35 

Composite fillings: Composite resin components may be cytotoxic-damaging or destroying cells. 
Primary human periodontal ligament and pulp fibroblasts were more responsive than 3-day transfer, 
inoculum 3 x 105 cells (3T3) and gingival fibroblasts with respect to the tested materials, including 
urethane dimethacrylate, Bowen monomer, isopropyliden-bis (2-hydroxy-3-[4-phenoxy]-
propylmethacrylate, dimethoxybenzoin, and N,N-dimethyltetradecylamine or moderate (2-
hydroxyethyl methacrylate), benzyl methacrylate, camphorquinone, dimethyl-p-toluidine, and 2-(4-
dimethyl-aminophenyl) ethanol.36 In addition, chemically cured composite resins contain the initiator 
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benzoyl peroxide,37 which is carcinogenic38 and can impair the cellular pro- and antioxidant redox 
balance.39-40 

Dental cements: Eugenol is widely used as a component of zinc oxide eugenol cement in dentistry 
and is used in the oral environment.41 Eugenol produced radicals in alkaline solutions, with an 
optimum pH of 9.5. The cytotoxicity of eugenol-related compounds was significantly associated with 
the production of phenoxyl radicals.42

Ceramic restorations: These have radioactive fluorescing agents that may lead to silica granuloma.43 

Silica granuloma is one type of chronic inflammatory reaction that has been shown to generate free 
radicals in vivo where elevated levels of inducible nitric oxide synthase (iNOS) are in the tumor 
tissue. Nitric oxide (NO) thus facilitates vascular permeability, which accelerates nutritional supply to 
the tumor tissue, and hence sustains the rapid tumor group.44

Metals in restorations: A current issue in dental practice is the use of metals in fillings, braces, 
bridges and other prosthodontic restorations. Toxicity studies on commonly used metal salts found in 
fixed prosthodontic restorations, showed that Zn and Cu released from gold alloys, and Ni released 
from nickel-chromium alloys, have a highly significant cytotoxic activity on fibroblast cell cultures.45-46

Dental implants: Current dental implants are made of titanium, which is efficacious for oral 
rehabilitation procedures. The presence of nanoscale titanium dioxide (TiO2) at implant surfaces47 

provides a wide-band gap semiconductor48 that produces radicals O2
-, H2O2, or OH-, when 

illuminated with ultraviolet light.49 These free radicals are used to destroy bacteria,50 and the 
nanostructured TiO2 on most dental implant surfaces acts to absorb the incident radiation and 

become activated by sterilizing the surface chemically.51 However, some in vitro studies on other cell 

types showed that titanium dioxide had an inductive effect on oxidative stress and apoptosis in PC12 
cells.52 The testing of different particle sizes (nano to micro) of titanium dioxide demonstrated an 
increased production of IL-1ß as mediated by ROS and cathepsin B in macrophage-like human THP
-1 cells, suggesting its involvement in inflammatory reactions.53

Nicotine-Induced Free Radical Formation and Periodontal Disease

Recent studies have shown tobacco use may be one of the most significant risk factors in the 
development and progression of periodontal disease because it promotes a high degree of ROS 
release, culminating in heightened oxidative damage to gingival tissue, periodontal ligament, and 
alveolar bone (Figure 6).54 Many studies have shown the effects of continued smoking on persistent 
gingival bleeding,55 vertical bone loss,56 and poor treatment outcomes.57 Similarly, in vitro studies 
have demonstrated nicotine inhibits the attachment and growth of gingival and periodontal ligament 
fibroblasts58 and decreases fibroblast migration through the Rac-GTP signaling pathway.59 

Furthermore, chemicals in tobacco also can affect healing and cause poor treatment outcomes.57 

Other tobacco products can harm periodontal health. Smokeless tobacco can cause gingival 
recession and worsen periodontal disease. Both cigar and cigarette smokers have the same degree 
of tooth and bone loss; however, pipe and cigarette smokers had a similar rate of tooth loss. All 
tobacco products cause a higher oral cancer risk, halitosis, stained teeth, bone loss, loss of taste, 
less successful periodontal treatment, less success with dental implants, gingival recession, mouth 
sores, and facial wrinkling.57,60

Several studies have evaluated the cellular mechanisms induced by tobacco smoking that negatively 
influence oral health. In addition to stimulating production of ROS, smoking may reduce antioxidant 
levels. A dose-related reduction of salivary and gingival crevicular fluid superoxide dismutase levels 
was found in both light and heavy smokers compared to nonsmokers.61 Smokers also had 
significantly lower serum levels of vitamin C than other levels of nonenzymatic antioxidants, such as 
vitamins A and E and coenzyme Q10. Nicotine is a chemical substance that can affect everyone by 
either direct contact or secondhand inhalation.62 Song et al63 employed a urine cotinine test for the 
determination of smoking status. Cotinine is a neuroactive metabolite of nicotine, which is useful in 
monitoring patients with cognitive and behavioral disorders.64 High levels of urine cotinine have been 
found in nonsmokers, illustrating the significance of passive smoking exposure.63 At the cellular 
level, protein content was significantly decreased and cell membranes were damaged in the 
presence of nicotine. Nicotine concentrations higher than 3.9 mm revealed changes in the 
morphology of the cytoskeletal elements, microtubules, and vimentin. Moreover, cells exposed to 
nicotine have increased vacuoles and decreased fibroblast growth at concentrations higher than 7.8 
mM.65 Nicotine doses between 10.5 mM and 15.5 mM cause irreversible toxicity compared with 
lower concentrations.65 In addition, nicotine decreased cell-signaling molecules and altered the 
response to transforming growth factor-ß1 (TGF-ß1) by decreasing the morphologic change from 
fibroblast to myofibroblast cells,66 supporting the theory that nicotine interferes with wound closure by 
changing the gingival fibroblast ability to contract wounds. 

Human periodontal ligament (PDL) cells respond to nicotine and tobacco extracts nearly the same 
way as gingival fibroblasts by changing morphology and structure, with decreased growth and 
attachment through cytoskeletal disruption.67 PDL cells were flattened in the control groups but 
rounded in the smoking groups, indicating a change in cytoskeletal structure. The investigators 
suggested cigarette smoking compromises PDL cell adhesion to root surfaces, which might affect 
periodontal regeneration following therapy.68 Recent studies have also shown that nicotine 
decreases PDL and gingival fibroblast migration but treatment with antioxidants reverse the cellular 
behavior and increase migration rates.69 

Conclusion

ROS compromises the body's ability to fight infection and repair tissue in periodontal disease, as 
well as in many systemic conditions. Based on a new classification system of periodontal disease,70 
further studies can help establish the link between periodontal disease and other elevated markers 
of inflammation in systemic diseases, such as diabetes, heart failure, atherosclerosis, myocardial 
infarction, and respiratory disease.71-76 

Dental products as well as dietary and environmental compounds are among the many sources of 
ROS. In particular, tobacco smoking promotes ROS release, resulting in heightened oxidative 
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damage to periodontal tissues. Tobacco plays a significant role in many diseases, because it affects 
almost every organ and reduces general and oral health of both smokers and nonsmokers. 

Antioxidant treatment can block the production of ROS or obstruct its effects and may be 
therapeutically valuable in reducing the risk for many dental maladies. Recent abstracts presented at 
national meetings have focused on the application of bioactive antioxidant compounds that can 
counteract effects of nicotine on gingival and periodontal ligament cells. Some of the most promising 
technologies use an engineered mammalian phloretin-adjustable control element to program 
expression of difficult-to-produce protein therapeutics during standard bioreactor operation in 
subcutaneous implants.71 This research could provide alternative modes of drug delivery for 
antioxidant compounds for future clinical trials in the treatment of chronic periodontitis.
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