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Abstract: Periodontitis, a chronic inflammatory disease affecting the supporting structures of 

teeth, is characterized by an imbalance between reactive oxygen species (ROS) production and 

antioxidant defenses, leading to oxidative stress. This review aims to explore the therapeutic 

potential of molecular hydrogen (H2) in periodontitis by examining its mechanisms of action 

in modulating oxidative stress. We summarize current evidence regarding H2's selective 

antioxidant properties, its ability to reduce inflammation, and its potential applications in 

periodontal health. While preclinical studies suggest promising results, further clinical trials 

are needed to validate the efficacy of H2 as a therapeutic agent in periodontitis management.    
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Introduction 

Periodontitis is a prevalent chronic inflammatory disease characterized by the progressive 

destruction of periodontal ligament and alveolar bone, ultimately leading to tooth loss. The 

pathogenesis of periodontitis is complex, involving a dysbiotic microbial community, host 

immune responses, and environmental factors. Oxidative stress, a state of imbalance between 

ROS production and antioxidant capacity, plays a pivotal role in the initiation and progression 

of periodontitis. ROS, including superoxide anions, hydroxyl radicals, and hydrogen peroxide, 

are generated during inflammatory processes and contribute to tissue damage by oxidizing 

lipids, proteins, and DNA. In periodontitis, the excessive production of ROS by inflammatory 

cells and periodontal pathogens overwhelms the endogenous antioxidant defenses, leading to 

oxidative stress. This oxidative stress amplifies inflammation, stimulates bone resorption, and 

contributes to the destruction of periodontal tissues. Conventional periodontal therapy focuses 

on mechanical debridement, antimicrobial agents, and surgical interventions to reduce bacterial 

load and control inflammation. However, these approaches may not fully address the 

underlying oxidative stress component of the disease. Therefore, there is a growing interest in 

exploring novel therapeutic strategies that can effectively modulate oxidative stress and 

promote periodontal tissue regeneration. 

Molecular hydrogen (H2), a small and diffusible molecule, has emerged as a promising 

therapeutic agent due to its selective antioxidant properties and ability to modulate 
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inflammation. H2 has been shown to selectively scavenge cytotoxic ROS, such as hydroxyl 

radicals and peroxynitrite, while preserving physiologically important ROS, such as hydrogen 

peroxide. Moreover, H2 can modulate inflammatory signaling pathways and promote tissue 

repair. This review aims to summarize the current evidence regarding the therapeutic potential 

of H2 in periodontitis, focusing on its mechanisms of action in modulating oxidative stress.    

 

Molecular Hydrogen: Mechanisms of Action 

H2 exerts its therapeutic effects through several mechanisms, primarily related to its 

antioxidant and anti-inflammatory properties.    

• Selective Antioxidant Activity: H2 selectively neutralizes cytotoxic ROS, such as 

hydroxyl radicals (•OH) and peroxynitrite (ONOO−), without affecting physiologically 

important ROS like hydrogen peroxide (H2O2). This selectivity is crucial because 

H2O2 plays a vital role in cellular signaling and host defense.    

• Modulation of Inflammatory Signaling: H2 can modulate inflammatory signaling 

pathways, including the NF-κB pathway, which plays a central role in the pathogenesis 

of periodontitis. By suppressing NF-κB activation, H2 reduces the production of pro-

inflammatory cytokines, such as TNF-α, IL-1β, and IL-6.    

• Enhancement of Endogenous Antioxidant Systems: H2 can enhance the activity of 

endogenous antioxidant enzymes, such as superoxide dismutase (SOD), catalase, and 

glutathione peroxidase. This enhancement contributes to the overall antioxidant 

capacity and helps to restore the balance between ROS production and antioxidant 

defenses.    

• Regulation of Gene Expression: H2 can regulate the expression of genes involved in 

inflammation, oxidative stress, and tissue repair. This regulation contributes to the 

overall therapeutic effects of H2.    

Molecular Hydrogen and Oxidative Stress in Periodontitis 

Preclinical studies have demonstrated the potential of H2 to mitigate oxidative stress and 

inflammation in periodontitis.    

• In Vitro Studies: In vitro studies using periodontal ligament cells and gingival 

fibroblasts have shown that H2 can protect cells from oxidative stress induced by ROS 

and inflammatory mediators. H2 has been shown to reduce ROS production, inhibit 

lipid peroxidation, and enhance cell viability.    

• In Vivo Studies: In vivo studies using animal models of periodontitis have 

demonstrated that H2 can reduce alveolar bone loss, decrease inflammatory cell 

infiltration, and suppress the expression of pro-inflammatory cytokines. H2 has also 

been shown to promote periodontal tissue regeneration and enhance bone formation. 

Potential Applications of Molecular Hydrogen in Periodontal Therapy 

The therapeutic potential of H2 in periodontitis can be explored through various applications, 

including: 
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• Hydrogen-Rich Water: Hydrogen-rich water can be used as an adjunct to 

conventional periodontal therapy to reduce oxidative stress and inflammation.    

• Hydrogen Gas Inhalation: Hydrogen gas inhalation can deliver H2 directly to 

periodontal tissues, potentially enhancing its therapeutic effects. 

• Topical Application: Hydrogen-containing gels or solutions can be applied topically 

to periodontal pockets to reduce inflammation and promote tissue healing. 

• Hydrogen-Releasing Materials: Hydrogen-releasing materials can be used as 

scaffolds or membranes for periodontal tissue regeneration. 

Limitations and Future Directions 

While preclinical studies suggest promising results, several limitations need to be addressed 

before H2 can be widely adopted in clinical practice. 

• Lack of Clinical Trials: There is a limited number of clinical trials evaluating the 

efficacy of H2 in periodontitis. Well-designed clinical trials with larger sample sizes 

are needed to validate the preclinical findings. 

• Optimal Delivery Methods: The optimal delivery methods and dosages of H2 for 

periodontal therapy need to be determined. 

• Long-Term Effects: The long-term effects of H2 on periodontal health need to be 

evaluated. 

Future research should focus on conducting well-designed clinical trials to evaluate the efficacy 

of H2 in periodontitis, determining the optimal delivery methods and dosages, and exploring 

the long-term effects of H2 on periodontal health. 

 

Conclusion 

Molecular hydrogen shows promising therapeutic potential in periodontitis by modulating 

oxidative stress and inflammation. Preclinical studies have demonstrated that H2 can reduce 

ROS production, suppress inflammatory signaling, and promote periodontal tissue 

regeneration. However, further clinical trials are needed to validate these findings and establish 

the efficacy of H2 as a therapeutic agent in periodontitis management 
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