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Background: Oxidative stress, characterized by the excessive production of reactive oxygen species 

(ROS), is a key factor in the progression of periapical inflammation and impaired tissue healing in 

endodontic infections. Conventional irrigants and medicaments, while effective, may cause cytotoxicity 

and adverse reactions. Polyherbal formulations, which combine multiple herbal extracts, can enhance 

therapeutic efficacy through synergistic effects, providing natural alternatives that may improve healing 

and reduce complications in endodontic therapy. The study aimed to evaluate the antioxidant potential of a 

polyherbal formulation combining Ocimum sanctum (Tulsi) and Cinnamomum zeylanicum (Cinnamon) 

extracts.  
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Methods: Fresh leaves of Ocimum sanctum and bark of Cinnamomum zeylanicum were collected, 

processed, and subjected to aqueous extraction. The antioxidant activity of the polyherbal formulation was 

assessed using three in vitro assays – DPPH radical scavenging, H2O2 scavenging and FRAP assay. 

Results: The polyherbal formulation demonstrated significant antioxidant activity in all assays.  The DPPH 

and H2O2 assays confirmed enhanced free radical neutralization and oxidative stress mitigation 

respectively, while the FRAP assay indicated superior reducing capacity. 

Conclusion: The polyherbal combination exhibits substantial antioxidant potential, making it a promising 

biocompatible alternative or adjuvant to conventional chemical agents used in endodontic treatment 

protocols. Further clinical studies are needed to validate its efficacy and safety in endodontic therapy. 

Keywords: Ocimum sanctum, Cinnamomum zeylanicum, antioxidant, polyherbal, endodontics, oxidative 

stress, reactive oxygen species, irrigant, intracanal medicament. 

Introduction:  

Endodontic infections, characterized by microbial invasion of the pulp and periapical tissues, 

are a significant concern in dental practice due to their complex nature and potential to cause 

extensive tissue damage 1,2. Effective management of these infections is crucial to ensure 

successful root canal treatment, prevent post-treatment complications, and promote tissue 

healing.3,4 Traditionally, endodontic therapy has focused on the mechanical and chemical 

removal of microorganisms from the root canal system.5 However, recent research has 

highlighted the critical role of oxidative stress in the pathogenesis of endodontic infections and 

the subsequent impact on tissue healing, emphasizing the potential therapeutic benefits of 

antioxidants in endodontics.6,7 

Oxidative stress occurs when there is an imbalance between the production of reactive oxygen 

species (ROS) and the body’s antioxidant defenses, leading to cellular and tissue damage. 8,9 

In the context of endodontic infections, oxidative stress is primarily driven by the host’s 

immune response to microbial invasion.10 During infection, immune cells such as neutrophils 

and macrophages are recruited to the site of infection, where they generate ROS as part of the 

respiratory burst aimed at destroying pathogens.11 While ROS play an essential role in 

microbial killing, excessive ROS production can lead to collateral damage to the surrounding 

tissues, exacerbating inflammation and contributing to the destruction of periapical tissues. 
12,13 This oxidative damage is particularly concerning in chronic endodontic infections, where 

persistent inflammation can result in the formation of periapical lesions, characterized by bone 

resorption, tissue necrosis, and impaired healing. 14 Studies have shown that high levels of 

oxidative stress markers are present in periapical lesions, indicating that oxidative damage 

plays a significant role in the progression of these lesions.14  Patients with chronic apical 

periodontitis exhibited elevated levels of malondialdehyde (MDA), a marker of lipid 

peroxidation, in periapical tissues, suggesting ongoing oxidative damage.15 

In endodontics, use of antioxidants in clinical protocols can mitigate oxidative damage to 

dentinal tissues, enhance the healing of periapical lesions, and modulate the host’s immune 

response.6,16 Traditional irrigants and intracanal medicaments, such as sodium hypochlorite 

and calcium hydroxide, are widely used for their potent antimicrobial properties and ability to 
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dissolve organic tissue. However, these agents are not without limitations, including 

cytotoxicity to periapical tissues, potential for severe inflammatory responses, and risks 

associated with their extrusion beyond the apex. 5,17  In recent years, there has been a growing 

interest in the use of natural products that often exhibit a broad spectrum of biological 

activities, including antioxidant and anti-inflammatory properties, which can be beneficial in 

clinical settings. 18,19 Research has shown that antioxidants derived from natural sources, such 

as herbal extracts, offer significant benefits in reducing oxidative stress and promoting tissue 

regeneration.20,21 Two such promising natural agents are Ocimum sanctum and Cinnamomum 

zeylanicum, which have a long history of use in traditional medicine and have notable 

antioxidant properties. Ocimum sanctum contains bioactive compounds which have 

demonstrated potent antioxidant and anti-inflammatory effects.22 Similarly, Cinnamomum 

zeylanicum is rich in cinnamaldehyde, a compound with strong antioxidant activity.23 These 

extracts not only offer antioxidant protection but also possess antimicrobial properties, making 

them suitable candidates for use as irrigants and intracanal medicaments in endodontics.21,24 

Despite the extensive research on the individual properties of these botanicals, there is a 

paucity of studies investigating their combined effects. The combination of Ocimum sanctum 

and Cinnamomum zeylanicum offers a synergistic approach to enhancing antioxidant defenses 

and antimicrobial efficacy. Combination or synergy in botanical formulations can lead to 

increased efficacy, where the combined effect of the constituents surpasses the sum of their 

individual effects.25 This synergy is particularly advantageous in mitigating oxidative stress 

and reducing microbial load, both of which are critical in endodontic treatments. This study 

aims to fill this gap by evaluating the synergistic antioxidant potential of a 

combined/polyherbal Ocimum sanctum and Cinnamomum zeylanicum formulation through a 

series of in vitro assays —DPAP, H2O2, and FRAP. 

Materials and methods: 

 

Collection of plant materials:  

 

Fresh leaves of Ocimum sanctum and Cinnamomum zeylanicum bark sticks were procured 

from a local market in Chennai. The authenticity of the plant materials was confirmed by a 

botanist. 

 

Preparation of polyherbal extract:  

 

The collected plant materials were thoroughly cleaned twice with distilled water to remove 

any impurities and dirt. The cleaned Ocimum sanctum leaves and Cinnamomum zeylanicum 

bark sticks were then air-dried at room temperature for 48 hours to remove excess moisture. 

The dried plant materials were ground into a fine powder using a mechanical grinder. Five 

grams of Ocimum sanctum leaf powder and five grams of Cinnamomum zeylanicum bark 

powder were accurately weighed using an analytical balance (Figure 1A and 1B). The 

weighted powders were mixed with 50 ml of distilled water in a clean beaker. The mixture 

was heated using a heating mantle at 70°C for 10 minutes, ensuring continuous stirring to 
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facilitate the extraction process. After heating, the mixture was allowed to cool to room 

temperature. The cooled mixture was filtered through Whatman No.1 filter paper to remove 

any solid residues. 

 

Concentration of the extract and storage: 

The filtered extract was further concentrated by placing it in a heating mantle, allowing the 

water to evaporate until the volume was reduced to approximately 5 ml (Figure 1C). The 

concentrated extract was then transferred to a clean container and subjected to drying under 

controlled conditions to preserve the therapeutic constituents of the plants. The dried extract 

was reconstituted with a small volume of distilled water to ensure homogeneity. The prepared 

extract was placed in an orbital shaker set at 100 rpm and maintained at room temperature for 

24 hours. After incubation, the extract was stored in a sterile, airtight container at 4°C until 

further use in the experimental assays. 

Evaluation of antioxidant activity: 

To evaluate the antioxidant properties of the polyherbal extract, three in vitro assays were 

performed: DPPH (2, 2-Diphenyl-1-picrylhydrazyl) radical scavenging assay, hydrogen 

peroxide (H2O2) scavenging assay, and ferric reducing antioxidant power (FRAP) assay. 

DPPH Radical Scavenging Assay: To assess the DPPH radical scavenging activity, a 0.1 

mM DPPH stock solution was prepared using methanol. For each test, a fresh working solution 

of 20 µM DPPH was created. Various concentrations of the polyherbal extract (ranging from 

10 µg/mL to 50 µg/mL) were added to 200 µL of the DPPH solution in a 96-well plate. The 

mixture was then incubated at room temperature for 30 minutes, shielded from light. The 

absorbance was recorded at 517 nm using a microplate reader. Methanol was used as a blank 

control. Ascorbic acid at 1 mg/mL was used as the reference standard. The scavenging activity 

of the polyherbal extract was calculated with the following equation: 

% DPPH Scavenging Activity = [(Acontrol – Asample) / Acontrol] × 100 

 

where Acontrol represents the absorbance of the DPPH solution without the sample and Asample 

is the absorbance of the DPPH solution mixed with the polyherbal extract.  

 

Hydrogen Peroxide (H2O2) Scavenging Assay: The hydrogen peroxide scavenging activity 

was tested following a modified Halliwell method. A reaction mixture containing 1 mL of 100 

µL of 28 mM 2-deoxy-2-ribose was prepared. The polyherbal extract was added in varying 

concentrations (10-50 µg/mL) alongside 200 µL of 200 µM ferric chloride, 200 µL of EDTA, 

and 100 µL of ascorbic acid. After incubation at 37°C for 1 hour, the absorbance was measured 

at 532 nm using a UV spectrophotometer. Vitamin E was employed as the positive control. 

Scavenging activity was determined using the formula:  

 

% Hydroxyl radical scavenging activity = [(Acontrol – Asample) / Acontrol] × 100 
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Where Acontrol is the is the absorbance without the test sample, and Asample includes the 

polyherbal extract. 

Ferric Reducing Antioxidant Power (FRAP) Assay:  

To determine the ferric reducing antioxidant power (FRAP), several reagents were prepared, 

including 300 mM acetate buffer at pH 3.6, 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) in 40 

mM HCl, and 20 mM FeCl₃.6H₂O. The FRAP reagent was freshly mixed in a ratio of 10:1:1 

(acetate buffer: TPTZ: FeCl₃.6H₂O). 3.6 mL of the FRAP reagent was mixed with 0.4 mL of 

distilled water and incubated at 37°C for 5 minutes. Various concentrations of the polyherbal 

extract (10-50 µg/mL) were added to the solution, incubated for 10 minutes at 37°C, and 

absorbance was measured at 593 nm. A standard curve was constructed using ferrous sulfate 

(FeSO₄.7H₂O) solutions to quantify the reducing power of the extract. 

Statistical Analysis  

The antioxidant activity of the polyherbal extract was evaluated using SPSS version 2.0. 

Results are presented as mean ± standard deviation (SD), derived from three independent 

experiments. A one-way ANOVA was applied to assess statistical differences between groups, 

with a significance level of p < 0.05. 

Results: 

The combined polyherbal extract Ocimum sanctum and Cinnamomum zeylanicum 

consistently exhibited significant antioxidant activity across all three assays (Figure 2).The 

assay results exhibited a clear dose-response effect, where higher extract concentrations were 

associated with progressively stronger antioxidant activity.. The statistically significant 

findings across all assays (p < 0.05) exhibit the polyherbal extract’s potential as a powerful 

antioxidant agent.  

 

The DPPH assay highlights the extract’s capacity to neutralize free radicals, an essential 

function in preventing the initiation of oxidative chain reactions that can lead to cellular 

damage. The polyherbal extract demonstrated a strong antioxidant capacity in the DPPH assay, 

with results showing a concentration-dependent increase in free radical scavenging activity 

(Figure 2A). The results show that 10 μg/ml, 20 μg/ml, 30 μg/ml, 40 μg/ml, 50 μg/ml of the 

polyherbal extract has higher inhibition of DPPH free radicals than compared with ascorbic 

acid (standard).  

The H2O2 assay highlights the extract’s capacity to mitigate oxidative stress, which is a key 

factor in protecting cells from damage associated with various chronic conditions. In the H2O2 

scavenging assay, the polyherbal extract exhibited a significant dose-dependent reduction in 

hydrogen peroxide levels (Figure 2B ), further confirming its antioxidant potential. The results 

show that 10 μg/ml, 20 μg/ml, 30 μg/ml, 40 μg/ml, 50 μg/ml of the polyherbal extract has 

higher percentage of hydroxyl radical scavenging activity than Vitamin E (standard).  
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The FRAP assay highlights the extract’s substantial reducing power, indicating its role in 

neutralizing oxidative agents and maintaining redox equilibrium within biological systems. 

The results of the FRAP assay further supported the strong antioxidant activity of the 

polyherbal extract with a concentration-dependent increase in reducing power (Figure 2C). 

The findings show that 10 μg/ml, 20 μg/ml, 30 μg/ml, 40 μg/ml, 50 μg/ml of the polyherbal 

extract has higher ability to donate electrons and reduce ferric ions (Fe3+) to ferrous ions (Fe2+) 

than 0.1 - 1.5 mM FeSO4.7H2O in methanol (standard).  

Discussion: 

The present study aimed to explore the antioxidant potential of a polyherbal extract containing 

Ocimum sanctum (holy basil) and Cinnamomum zeylanicum (cinnamon) through a series of 

well-established in vitro assays. The results demonstrated that the polyherbal extract exhibited 

significant antioxidant activity, as evidenced by its performance in the DPPH, H2O2, and FRAP 

assays. These findings support the hypothesis that the combination of these two herbs has a 

synergistic effect on antioxidant efficacy, providing a natural alternative for managing 

oxidative stress in endodontic therapy. 

During endodontic infections, excessive production of reactive oxygen species (ROS) 

exacerbates inflammation, leading to periapical tissue damage, bone resorption, and impaired 

tissue regeneration.14,26 ROS, which include free radicals like superoxide anion and hydroxyl 

radical, as well as non-radical species like hydrogen peroxide, can damage cellular 

components, leading to apoptosis or necrosis. 27–29 To counteract ROS, the body deploys 

antioxidant defense mechanisms, including enzymatic systems (e.g., peroxidases) and non-

enzymatic antioxidants (e.g., vitamins and uric acid). However, when ROS production exceeds 

the body’s antioxidant capacity, a state known as oxidative stress occurs, leading to further 

tissue damage. 8,30–32 Oxidative stress plays a critical role in the pathogenesis of endodontic 

diseases, 7 contributing to tissue destruction and delaying the healing process further 

complicating the resolution of endodontic infections.14 This oxidative damage contributes to 

the breakdown of periapical tissues, particularly bone, during the host defense process. 11,33–35 

The ability to neutralize ROS through antioxidant mechanisms is therefore essential for 

enhancing the success of endodontic treatment, promoting periapical healing, and minimizing 

complications such as persistent infection and post-treatment inflammation.6 

Antioxidants have the potential to neutralize these ROS, thereby reducing oxidative stress and 

promoting tissue healing.16,36 The inclusion of antioxidants into endodontic procedures, 

whether as irrigants or intracanal medicaments, could offer additional therapeutic benefits by 

helping in modulating inflammation, protecting tissues from oxidative damage, and supporting 

the regeneration of damaged periapical tissues. 26 Recent studies have also underscored the 

importance of antioxidants in reducing ROS-induced damage to both hard and soft tissues, 

enhancing the host's immune response, and promoting healing.37 Given the increasing interest 

in biocompatible and natural adjuncts in dental care, the antioxidant properties of herbal 

extracts like those from Ocimum sanctum and Cinnamomum zeylanicum are particularly 

relevant.20 These natural compounds could serve as effective alternatives or complements to 
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conventional chemical agents used in endodontic therapy, offering additional benefits related 

to ROS neutralization and tissue repair with potentially fewer adverse effects. 38 

Ocimum sanctum, also known as holy basil, is known for its rich content of several phenolic 

compounds, flavonoids, and tannins that have been shown to exhibit strong free radical 

scavenging activity.22,39,40 These compounds can donate electrons to neutralize free radicals, 

thus interrupting chain reactions that lead to cellular damage.24 Cinnamomum zeylanicum, on 

the other hand, contains cinnamaldehyde, eugenol, and other polyphenols which are potent 

antioxidants known to neutralize free radicals and prevent oxidative damage.23,41 

Cinnamaldehyde, in particular, has been shown to inhibit lipid peroxidation and scavenge 

ROS, which are critical in preventing oxidative stress-related tissue damage.23 

While these individual herbal extracts have been studied extensively for their medicinal 

properties including antioxidant potential, this study employs a novel approach to assess the 

synergistic antioxidant potential of a polyherbal combination for use in endodontic protocols. 

A growing body of research supports the concept of polyherbal synergy.42,43 For instance, 

several studies have reported that combining multiple herbs with known antioxidant activities 

resulted in a formulation with significantly improved free radical scavenging abilities 

compared to the individual components. 37,44 The rationale behind polyherbal formulations lies 

in their ability to harness the combined effects of various bioactive compounds present in each 

plant extract that can interact in ways that enhance their overall therapeutic efficacy by 

potentially targeting multiple pathways simultaneously compared to individual 

components.45,46 Such synergism supports the use of these herbal combinations in clinical 

settings, where complex biological environments may benefit from multifaceted therapeutic 

interventions 47. This is crucial in endodontic therapy, where the multifactorial nature of 

delayed healing, tissue inflammation and infection requires a comprehensive approach to 

treatment.2,48  

In the present study, the combination of Ocimum sanctum and Cinnamomum zeylanicum 

demonstrated a synergistic antioxidant effect, suggesting that these herbal extracts can interact 

in ways that potentiate each other's effects, resulting in greater neutralization of reactive 

oxygen species (ROS) and providing a more potent defense against oxidative stress than either 

would alone. 46 The results from the DPPH assay in the present study showed that the 

polyherbal extract had a higher scavenging capacity. This indicates that the combination of 

these two herbs amplifies their antioxidant capacity, possibly through complementary 

mechanisms of action. In the H2O2 assay, the polyherbal extract demonstrated significant 

hydrogen peroxide scavenging ability, further confirming its potential to mitigate oxidative 

stress. Finally, the FRAP assay indicated that the polyherbal extract had a strong ability to 

reduce ferric ions, which is indicative of its capacity to donate electrons and counteract 

oxidative damage. These findings align with previous research suggesting that combining 

different herbs with distinct bioactive compounds can lead to a more pronounced therapeutic 

effect, as the compounds may work together to enhance each other’s efficacy.43,44 This is likely 

due to the presence of these multiple bioactive compounds that can target different pathways 

of oxidative stress, leading to a more comprehensive antioxidant effect.18,46  
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The synergistic effects observed in this study provide a scientific basis for the use of polyherbal 

formulations in endodontics and other fields of dentistry, where oxidative stress plays a pivotal 

role in disease progression and tissue damage.  Additionally, the antimicrobial activity of these 

herbal extracts could further enhance their role in endodontic therapy. Both Ocimum sanctum 

and Cinnamomum zeylanicum have been reported to possess significant antimicrobial 

properties against a wide range of oral pathogens. 49,50 This dual action of reducing oxidative 

stress while combating infection makes the polyherbal extract a promising candidate for use 

in root canal irrigation and as an intracanal medicament.51,52 

Thus, the use of natural antioxidants such as Ocimum sanctum and Cinnamomum zeylanicum 

in a polyherbal formulation presents a biocompatible alternative to conventional agents such 

as sodium hypochlorite and calcium hydroxide, potentially reducing the risk of adverse 

reactions while offering additional benefits related to ROS neutralization and tissue repair. 

Future research should explore the integration of these herbal extracts into endodontic 

protocols, evaluating their efficacy in combination with conventional treatments or as 

standalone agents. 

While the findings of this study are promising, several limitations should be acknowledged. 

The in vitro nature of the assays provides valuable insights into the antioxidant properties of 

the polyherbal extract but does not fully capture its potential effects in a clinical setting. 

Further studies are needed to assess the biocompatibility and efficacy of the polyherbal extract 

in vivo, particularly in terms of its impact on periapical healing and microbial eradication. 

Moreover, while this study focused on the antioxidant potential of the polyherbal extract, 

future research should explore its effects on other aspects of endodontic therapy, such as 

biofilm disruption, dentin conditioning, and long-term outcomes following root canal therapy. 

Clinical trials are essential to determine the safety and efficacy of these herbal extracts in 

endodontic practice. 

Conclusion: 

This study highlights the significant antioxidant potential of a polyherbal extract containing 

Ocimum sanctum and Cinnamomum zeylanicum, demonstrating its ability to neutralize free 

radicals and mitigate oxidative stress through various in vitro assays. . The synergistic effects 

of these two herbs offer a promising natural alternative or adjunct to conventional endodontic 

irrigants and medicaments, potentially improving treatment outcomes by reducing ROS-

induced damage and promoting tissue healing. The integration of herbal antioxidants into 

endodontic therapy could provide a biocompatible, effective, and patient-friendly approach to 

managing oxidative stress and inflammation, paving the way for future clinical applications.  

FIGURE LEGENDS: 

 

Figure 1: (A) Five grams of commercially available Ocimum sanctum leaf powder; (B) Five 

grams of commercially available Cinnamomum zeylanicum bark powder; (C) Concentration 

of filtered extract in a laboratory heating mantle to a volume of 5 ml. 
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Figure 2: Results of antioxidant properties of the polyherbal extract in the conducted assays 

compared to standards: (A) DPPH (2, 2-Diphenyl-1-picrylhydrazyl) radical scavenging assay; 

(B) Hydrogen Peroxide (H2O2) scavenging assay; (C) Ferric Reducing Antioxidant Power 

(FRAP) assay. 
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