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        Abstract



        
          

          Introduction


          Herbal medicine offers alternative ways to combat antimicrobial resistance in the treatment of human diseases. Licorice (Glycyrrhiza glabra) is a medicinal plant with anti-inflammatory, antimicrobial, and antioxidant properties, which has been increasingly explored in dentistry for its potential benefits in managing oral diseases. The aim of this in vitro study was to assess the cytotoxicity of licorice extract gel against Human Oral Fibroblast (HOrF) cells for potential use in oral and dental care.

        


        
          

          Methods


          The gel was formulated by incorporating ethanolic licorice extract into a carbomer-based gel base. To measure cytotoxicity, HOrF cells were used. Cytotoxicity was assessed by measuring the number of live cells at 24, 48, and 72 h time intervals. The plate containing HOrF cells without any substance was considered the control group.

        


        
          

          Results


          The results showed that the licorice extract gel (100 µg/mL) did not exhibit cytotoxicity on HOrF cells at the experimentally tested time points. Statistical analysis showed that there was no significant difference in the cytotoxicity of licorice extract gel (100 µg/mL) between the control and test group at any time of 24, 48, and 72 h.

        


        
          

          Discussion


          Licorice extract gel at 100 µg/mL was non-toxic to human oral fibroblasts, suggesting its safety for oral applications. Fibroblasts are vital for oral tissue maintenance and wound healing, and the gel’s biocompatibility supports its potential use in oral care products. Licorice bioactive compounds, including glycyrrhizin and glabridin, offer anti-inflammatory, antimicrobial, and antioxidant benefits. While these results are promising, further studies, including animal models and clinical trials, are needed to confirm safety and evaluate long-term use. The results suggest that licorice extract gel could be a promising natural alternative for oral care products, though further studies are needed to confirm its clinical effectiveness.

        


        
          

          Conclusion


          Due to the non-toxicity of licorice extract gel (at 100 µg/mL) on HOrF, other oral formulations can be prepared from this material in the studied concentration. It is worth noting that the clinical use of this substance requires further animal and human investigations.
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      1. INTRODUCTION


      Periodontal diseases are classified as the presence of periodontium inflammation caused by certain microorganisms that lead to the progressive destruction of periodontal tissue and bone. Periodontitis has two main causes. One of them is the accumulation of periodontopathogenic bacteria in the gum pocket, while another factor is the host's response to periodontal pathogenic bacteria [1]. In addition to periodontal disease, oral conditions such as dental caries, oral mucositis, halitosis, and candidiasis are common health concerns [2].


      Local treatment of periodontal diseases is more practical due to the destruction pattern and limited damage in periodontal infections. On the other hand, topical drugs provide effective concentrations in the periodontal pocket and do not have the side effects of systemic drug use [3]. To increase the accumulation of an agent at the site of action, a suitable carrier is needed to deliver the antimicrobial agent in a controlled manner and provide the appropriate concentration and effectiveness in the environment. Carbapol is used as a mucoadhesive polymer, and its integration leads to increased mucosal contact time and improved formulation content [4]. This formulation is used in various biomedical preparations due to its known properties, such as biocompatibility, mucosal adhesion, antimicrobial biodegradability, and wound healing. In general, the medicinal form of oral gel can be associated with a slower effect but with a longer duration [4].


      Different traditional medicines have existed in many countries around the world, including those of the Indian subcontinent, such as India, Pakistan, and Bangladesh, and continue to be derived from more than 7,500 plant species. Documenting and investigating the effectiveness of these medicinal substances with the scientific method is very important because a number of important modern medicines are derived from plants used by native people [5]. Herbal medicine offers alternatives to combat antibiotic resistance in the treatment of human diseases. There is a lot of evidence to prove the use of plants for the prevention and treatment of human diseases [6-8]. Herbal remedies, due to their bioactive phytochemicals, have shown promising effects in reducing oral pathogens, modulating inflammation, and enhancing tissue healing. Numerous studies have evaluated plant-based products such as neem, clove, tea tree oil, and miswak for their roles in oral hygiene maintenance and disease prevention [2, 3].


      Licorice (Glycyrrhiza glabra L. (G. glabra)] is a traditional medicinal plant that grows in different parts of the world [9]. Due to its sweet taste, licorice is used worldwide as a sweetener and a flavoring agent in the production of food and medicine, and in the United States of America (USA) it is classified as 'generally safe' by the Food and Drug Administration (FDA) [10]. Licorice is rich in secondary metabolites that have been associated with various health benefits. Secondary metabolites of licorice root have a beneficial effect in the treatment of various diseases such as cancer, tuberculosis, atherosclerosis, peptic ulcer, immunodeficiency, hepatitis, and bacterial infections [7, 10].


      Recently, the benefits of licorice in oral diseases have received much attention. Clinical trials have been conducted worldwide to evaluate the effects of licorice and its metabolites in the prevention and treatment of various oral diseases such as dental caries, periodontal diseases, candidiasis, aphthous ulcers, and debilitating diseases such as oral cancer. In addition, licorice has also been studied as a root canal medicine that can prevent unsuccessful root canal treatments and lead to more effective treatments [8, 11].


      The capacity of licorice to minimize plaque formation turns it into a suitable candidate in the management of periodontitis. Bioactive plant compounds of G. glabra inhibit the growth of periodontopathogenic pathogens and reduce the expression of inflammatory markers at the site of infection. It also terminates the osteoclastic activity that contributes to the destruction of alveolar bone in periodontitis, whereas it strengthens the synthesis of osteoblasts to form new bone [12]. Besides, licorice root compounds with anti-adhesion properties can have favorable antimicrobial and anti-inflammatory effects in the oral cavity [12]. Licorice can act as a strong stimulant of saliva secretion, a natural mechanism to prevent oral caries [13]. Some studies have reported its effect on preventing the growth of Streptococcus mutans, a known cause of tooth decay [14-16]. The aim of this in vitro study was to assess the cytotoxicity of licorice extract gel against Human Oral Fibroblasts [HOrF] for potential use in oral and dental care.

    


    
      

      2. METHODS


      
        

        2.1. Study Design


        This study was an in vitro experimental laboratory study designed to evaluate the cytotoxicity of licorice extract gel on Human Oral Fibroblasts (HOrF). The study followed these key design elements:

      


      
        

        2.2. Study Type: In vitro Experimental


        
          

          2.2.1. Objective


          This study aimed to assess the cytotoxicity of a licorice extract gel for potential use in oral care.

        


        
          

          2.2.2. Cell Line Used


          Human Oral Fibroblast (HOrF) cells were utilized.

        


        
          

          2.2.3. Test Substance


          Licorice extract formulated as a gel at a concentration of 100 μg/Ml was used.

        


        
          

          2.2.4. Control


          The plate containing HOrF cells without any substance was considered the control group.

        


        
          

          2.2.5. Time Points Assessed


          The time points assessed were 24, 48, and 72 hours.

        


        
          

          2.2.6. Outcome Measure


          The outcome measure was the number of viable cells.


          This design enables a controlled assessment of the direct cellular effects of the licorice gel, providing a reliable initial screening of safety before progressing to in vivo studies.

        

      


      
        

        2.3. Sample Size


        Considering that the intervention is performed on the same samples and under the same laboratory conditions, three repetitions were performed for each variable. Therefore, in the 96-well plate, three wells were allocated to each group (N = 9). The sample size was approved by the ethics committee of Tabriz University of Medical Sciences.

      


      
        

        2.4. Preparation of Licorice Extract Gel


        Licorice samples were identified by a botanist (Ph.D. in Botany with expertise in medicinal plants) for their authenticity. After washing, all the samples were dried and powdered for 3 days. The obtained powder was then weighed up to 50 grams and mixed with 100 ml of sterile distilled water in a round-bottom flask with occasional shaking. Then, the extract was filtered through a muslin cloth to remove the coarse residue and finally through Whatman No. 1 filter paper, and stored in a closed, amber-colored container. To prepare the gel, the obtained 1% extract was depressurized in 100 mL of water and stirred on a magnetic stirrer at 500 rpm and a temperature of 30 °C. Afterward, 0.1% of the total weight of Tween 80 surfactant was added to the mixture, and it was stirred again for one hour under the mentioned conditions. Subsequently, 1%w/w of carbomer powder was added to the mixture as a gelling base material. After stirring the final material with a glass stirrer for 10 minutes, licorice extract [100 µg/mL] was prepared in the form of an oral gel. Finally, the prepared gel was sterilized by gamma [7].

      


      
        

        2.5. Cytotoxicity Test


        Human Oral Fibroblast (HOrF) cells were purchased from Shahid Beheshti University of Medical Sciences (Tehran, Iran) as characterized cells.


        Evaluation of cytotoxicity was performed using the MTT method. At first, cells were prepared in culture medium enriched with 10% fetal bovine serum, streptomycin (50 μg/ml), and penicillin (50 units/ml) in an incubator with 5% CO2, a temperature of 37°C, and humidity of 95%. Under sterile conditions, a confluent cell flask was placed under the hood. The supernatant was removed, and the cells were washed with PBS. Trypsin was then added to detach the fibroblasts, causing them to change from an elongated to a spherical shape. Then, the medium enriched with 10% FBS was added to neutralize the added trypsin.Additionally, the cells were transferred into a tube and centrifuged at 1200 rpm for 5 min, allowing them to be completely separated from the culture medium and placed at the bottom of the tube. After centrifugation, the supernatant from the cells was discarded, and the culture medium was enriched with 10% FBS. The cells were then counted using a neobar slide. After culturing the cells and counting them, 30,000 cells were poured into each well of a 96-well plate and placed in a culture medium containing serum in a CO2 incubator for 24 h, until the cells adhered to the bottom of the wells. According to the standard ISO 10993-5, after 24, 48, and 72 h, the supernatant of the cells was removed, and the cell layer was washed with PBS, and MTT (1 mg/ml) solution (Sigma-Aldrich) was applied. The culture plate was again placed in a dark place for 5 h, and after the required time, the cells were washed again with PBS to remove the unreacted MTT with isopropanol solvent (Sigma-Aldrich). An Elizarider device at a 540 nm wavelength was used to measure the cell viability.


        The cell viability was calculated based on the following equation:


        The percentage of viable cells= [Average absorbance of control samples/Average absorbance of treated samples] ×100

      


      
        

        2.6. Statistical Analysis


        SPSS software (version 21) was used for statistical analysis. The results of the studies were reported using descriptive statistical methods. Subsequently, the normality of the data was tested using the Kolmogorov-Smirnov test, and finally, the two-way ANOVA test was used to compare the test and control groups at three time intervals [24, 48 and 72 h]. A p-value of equal to or less than 0.05 is considered significant.

      


      
        

        2.7. Ethical Considerations


        This study was conducted by obtaining the code of ethics from the Ethics Committee of Tabriz University of Medical Sciences [Ethics number: IR.TBZMED.VCR. REC.1402.074]. Human Oral Fibroblast (HOrF) cells were purchased from Shahid Beheshti University of Medical Sciences (Tehran, Iran) as characterized cells.

      

    


    
      

      3. RESULTS


      
        

        3.1. Cytotoxicity Results


        The cytotoxicity results of licorice extract gel (100µg/mL) against HOrF cells showed no toxicity compared to the control group at 24, 48, and 72 hours (Fig. 1).


        According to the two-way ANOVA test, there was no significant difference between the control and test groups at any time (24, 48, and 72 h) (p=0.5).

      

    


    
      

      4. DISCUSSION


      Cytotoxicity results of licorice extract gel against HOrF cells showed no toxicity for this formulation at the studied time points. Statistical analysis showed that there was no significant difference between the control and test groups at any time (24, 48, and 72 h).


      Licorice is a medicinal plant with useful and diverse chemical compounds, and for this reason, it is of great importance in the food and pharmaceutical industries. A triterpene glycoside called glycyrrhizin is obtained from this plant, which is sweet and is used instead of sugar in some countries, such as Japan [17].


      [image: ]
Fig. (1)


      Cytotoxicity results of licorice extract gel (100 µg/mL) against HOrF cells compared to the control group at 24, 48, and 72 h.


      However, another group of compounds that are present in the root of this plant are phenolic-flavonoid compounds, which have been studied in many studies for their anti-inflammatory, antimicrobial, antioxidant, cytotoxic, and anti-cancer properties [18].


      The anti-inflammatory, anti-adhesive, and antimicrobial properties of licorice have beneficial effects in oral diseases such as dental caries, gingivitis, periodontitis, aphthous ulcers, and oral cancer [11]. The final goal of the study on licorice oral gel is to use its antibacterial effects or other beneficial effects in the prevention and treatment of infectious diseases of the mouth, gums, and teeth. Additionally, this gel should not be cytotoxic to the cells of the mouth, gums, and teeth. Therefore, in this study, we investigated the toxicity of this gel on HOrF cells. Despite this, the antimicrobial effects of different strains of these plants have been attributed to the presence of compounds such as terpenes and terpenoids. It has been proven that these compounds can disrupt the work of the cell membrane structures of bacteria, causing disruption in the permeability of membrane barriers, and causing the death of bacteria by disrupting the chemo-osmosis control of the cell [11]. Additionally, the phenolic compounds in licorice can disrupt the bacterial cytoplasmic membrane, increasing its permeability and releasing the main internal components, thereby destroying the bacterium. On the other hand, these active ingredients can cause dysfunction in electron transfer, ATPase enzyme activity, and absorption of nutrients by bacteria [11]. Licorice extract provides a wide range of active substances that provide essential nutrients to cells. For example, this extract contains calcium ion, glucose, potassium, vitamin C, vitamin E, fructose, zinc ion, amino acid, sucrose, and many other substances, all of which stimulate normal cell growth [19]. Licorice also contains antioxidant compounds such as flavonoids, which are reported to be 100 times more powerful antioxidants than vitamin E [20]. It also contains glycyrrhizin, which has a similar mechanism to testosterone because it is a plant hormone that increases protein production and growth [21].


      In our study, the gel of this extract at a concentration of 100 µg/mL did not show cytotoxicity against HOrF cells. The study by Khazarai et al. demonstrated that licorice plant extract had a significant effect on gastric and intestinal cancer cell lines, causing the destruction of cancer cells through the induction of apoptosis, while it did not have a significant negative effect on normal cells [14]. Mohsin et al. also showed that licorice extract at a dose of 12.5 mg had no cytotoxic effect (MTT method) on normal mouse spleen cells [22]. Karimi et al. investigated the cytotoxicity of different concentrations of nanoemulsion containing licorice extract on HepG2 liver cells and SK-MEL-3 skin cancer cells by the MTT method. The results of this evaluation on HepG2 cells showed that the concentrations of 2500, 1250, and 630 μg/ml of nanoemulsion caused cell toxicity and caused the death of more than 50% of the cells (IC50=401 μg/ml) (p<0.05) while having no significant and negative effect on normal cells [23].


      Recently, Heidari et al. reported that postbiotics offer a promising novel approach to dental caries prevention by targeting cariogenic bacteria and modulating the oral microbiome through multiple mechanisms. Postbiotics have revealed a multipotential capacity in preventing and managing dental caries; they can inhibit the growth of cariogenic bacteria, regulate oral microbiota, enhance host immunity, and maintain a neutral mouth pH [24].


      
        

        4.1. Study Limitations


        
          

          4.1.1. In vitro Nature


          The study was conducted in a controlled laboratory environment using human oral fibroblasts, which may not fully replicate the complex interactions in the oral cavity.

        


        
          

          4.1.2. Limited Concentration Range


          Only one concentration (100 µg/mL) of licorice extract gel was tested, and other concentrations might yield different cytotoxicity results.

        

      


      
        

        4.2. Study Strengths


        
          

          4.2.1. Use of Standardized In Vitro Methods


          Our study employed accepted and validated in vitro cytotoxicity protocols using Human Oral Fibroblasts (HOrF), which are relevant and commonly used cell models for evaluating oral care products. This enhances the reliability of our methodology.

        


        
          

          4.2.2. Consistent Results across Time Points


          The absence of cytotoxicity at all tested time points (24, 48, and 72 h) suggests a stable and consistent safety profile of the licorice gel at the selected concentration.

        


        
          

          4.2.3. Scientific Basis and Precedents


          Previous literature has shown the biocompatibility and therapeutic potential of licorice extracts in various biomedical applications. Our findings align with these reports and provide additional evidence, specifically for gel formulations.

        

      

    


    
      

      CONCLUSION


      Herbal medicine offers alternative ways to combat antibiotic resistance in the treatment of human oral and periodontal diseases. The aim of this in vitro study was to assess the cytotoxicity of licorice extract gel against Human Oral Fibroblasts (HOrF) for potential use in oral and dental care applications. In conclusion, licorice extract gel at 100 μg/mL demonstrated no cytotoxic effects on human oral fibroblasts, suggesting its potential as a safe ingredient in oral care formulations at the studied concentration. However, further in vivo and clinical studies are required to evaluate its therapeutic efficacy, optimal dosage, and long-term safety profile in managing oral diseases. Long-term effectiveness and toxicity tests in clinical phases and diverse populations, allowing for consideration of age, lifestyle, dietary habits, and oral health status, could establish the herbal medicine as a vital component of widespread caries prevention plans.

    

  


  
    
      

      AUTHORS’ CONTRIBUTIONS


      The authors confirm their contributions to the paper as follows: E.A.: Study conception and design, E.I.K. and H.I.K.: Data collection, draft manuscript; P.N. and M.H.S.: Analysis and interpretation of results were conducted. All authors reviewed the results and approved the final version of the manuscript.

    


    
      ABBREVIATION


      
        
          
            	

            	
          


          
            	HOrF

            	= Human Oral Fibroblas
          

        
      

    


    
      

      ETHICAL STATEMENT


      The study was approved by the Ethics Committee of Tabriz University of Medical Sciences, Iran (Approval No. IR.TBZMED.VCR.REC.1402.074).

    


    
      

      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      

      AVAILABILITY OF DATA AND MATERIALS


      The data supporting the findings of the article will be available from the corresponding author [M.H.S] upon reasonable request.

    


    
      

      FUNDING


      This research was financially supported by the Vice Chancellor for Research at Tabriz University of Medical Sciences, Tabriz, Iran [Grant number: 70343].

    


    
      

      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    Declared none.


    REFERENCES


    
      
        
          	

          	
        


        
          	[1]

          	Williams R.C.. Periodontal disease., N Engl J Med. 1990; 322(6): 373-382.

          [CrossRef] [PubMed]
        


        
          	[2]

          	Kathayat G., Selvido D.I., Skallevold H., Rokaya M., Bhattarai B., Marya A., Rokaya D.. Chauhan D.N., Singh P.R., Chauhan N.S., Shah K.Natural oral care and herbal products for oral diseases and oral hygiene maintenance., Pharmacological Studies in Natural Oral Care. Wiley; 2023: 47-59.

          [CrossRef]
        


        
          	[3]

          	Selvido D.I., Skallevold H.E., Bhattarai B.P., Dashaputra R., Syed A.U.Y., Rokaya D.. Chauhan D.N., Singh P.R., Chauhan N.S., Shah K.Alveolar bone protective effects of natural products., Pharmacological Studies in Natural Oral Care. Wiley; 2023: 299-310.

          [CrossRef]
        


        
          	[4]

          	Rawat S., Warade S., Lahoti S., Prakash V., Patil C., Aurangabad M.. In situ gel formulation of ornidazole for the treatment of periodontal disease., Current Pharma Research. 2010; 1(1): 61.

        


        
          	[5]

          	Ríos J.L., Recio M.C.. Medicinal plants and antimicrobial activity., J Ethnopharmacol. 2005; 100(1-2): 80-84.

          [CrossRef] [PubMed]
        


        
          	[6]

          	Petrovska B.B.. Historical review of medicinal plants' usage., Pharmacogn Rev. 2012; 6(11): 1-5.

          [CrossRef] [PubMed] [PubMed Central]
        


        
          	[7]

          	Khan S.F., Shetty B., Khan A.M., Fazal I.. Formulation and in-vitro characterization of herbal licorice gel for periodontal therapy., Journal of Research in Pharmacy. 2022; 26(4): 1037-1051.

          [CrossRef]
        


        
          	[8]

          	Sidhu P., Shankargouda S., Rath A., Hesarghatta Ramamurthy P., Fernandes B., Kumar Singh A.. Therapeutic benefits of liquorice in dentistry., J Ayurveda Integr Med. 2020; 11(1): 82-88.

          [CrossRef] [PubMed]
        


        
          	[9]

          	Dastagir G., Rizvi M.A.. Glycyrrhiza glabra L. (Liquorice., Pak J Pharm Sci. 2016; 29(5): 1727-1733.

          [PubMed]
        


        
          	[10]

          	Scientific opinion on the safety of ‘Glavonoid®’, an extract derived from the roots or rootstock of Glycyrrhiza glabra L., as a novel food ingredient., EFSA. 2011; 9(7): 2287.

          [CrossRef] EFSA Panel on Dietetic Products N.
        


        
          	[11]

          	Najafi S., Koujan S.E., Manifar S., Kharazifard M.J., Kidi S., Hajheidary S.. Preventive effect of glycyrrhiza glabra extract on oral mucositis in patients under head and neck radiotherapy: A randomized clinical trial., J Dent. 2017; 14(5): 267-274.

          [PubMed] [PubMed Central]
        


        
          	[12]

          	Jain HK, Swami PN, Gujar KJIJAP. Formulation and evaluation of an antimicrobial mucoadhesive dental gel of azadirachta indica and glycyrrhiza glabra., International Journal of Applied Pharmaceutics. 2019; 11(2): 176-184.

          [CrossRef]
        


        
          	[13]

          	Ahmadi-Motamayel F., Akbari E., Mahjoub R., Alikhani M., Poorolajal J.. Effect of chewing gum containing glycyrrhiza glabra, honey, and vitamin e on oral health., J Herb Med. 2023; 43(5): 100831.

          [CrossRef]
        


        
          	[14]

          	Khazraei-Moradian S., Ganjalikhani-Hakemi M., Andalib A., Yazdani R., Arasteh J., Kardar G.A.. The effect of licorice protein fractions on proliferation and apoptosis of gastrointestinal cancer cell lines., Nutr Cancer. 2017; 69(2): 330-339.

          [CrossRef] [PubMed]
        


        
          	[15]

          	Helmy N., Hafez S., Farid A.. Efficacy of licorice on salivary streptococcus mutans levels vs chlorhexidine mouthwash in high caries risk patients: A randomized clinical trial., J Contemp Dent Pract. 2021; 22(8): 914-921.

          [PubMed]
        


        
          	[16]

          	Ahn S.J., Cho E.J., Kim H.J., Park S.N., Lim Y.K., Kook J.K.. The antimicrobial effects of deglycyrrhizinated licorice root extract on Streptococcus mutans UA159 in both planktonic and biofilm cultures., Anaerobe. 2012; 18(6): 590-596.

          [CrossRef] [PubMed]
        


        
          	[17]

          	Fenwick G, Lutomski J. Liquorice, glycyrrhiza glabra L.—Composition, uses and analysis., Food Chemistry. 1990; 38: 119-143.

          [CrossRef]
        


        
          	[18]

          	Fiorillo L.. Chlorhexidine gel use in the oral district., Gels. 2019; 5(2): 31.

          [CrossRef] [PubMed]
        


        
          	[19]

          	Shiina Y., Funabashi N., Lee K., Toyoda T., Sekine T., Honjo S., Hasegawa R., Kawata T., Wakatsuki Y., Hayashi S., Murakami S., Koike K., Daimon M., Komuro I.. Relaxation effects of lavender aromatherapy improve coronary flow velocity reserve in healthy men evaluated by transthoracic Doppler echocardiography., Int J Cardiol. 2008; 129(2): 193-197.

          [CrossRef] [PubMed]
        


        
          	[20]

          	Basar N., Oridupa O.A., Ritchie K.J., Nahar L., Osman N.M.M., Stafford A., Kushiev H., Kan A., Sarker S.D.. Comparative cytotoxicity of glycyrrhiza glabra roots from different geographical origins against immortal Human Keratinocyte (HaCaT), Lung Adenocarcinoma (A549) and Liver Carcinoma (HepG2) cells., Phytother Res. 2015; 29(6): 944-948.

          [CrossRef] [PubMed]
        


        
          	[21]

          	Thakkar P.J., Madan P., Lin S.. Transdermal delivery of diclofenac using water-in-oil microemulsion: Formulation and mechanistic approach of drug skin permeation., Pharm Dev Technol. 2014; 19(3): 373-384.

          [CrossRef] [PubMed]
        


        
          	[22]

          	Mohsin A., Al-Dujaily S., Haba M.. In vitro cytotoxicity evaluation of novel combined plant crude aqueous extract of licorice and maca., Ann Trop Med Public Health. 2019; 22(8): 10-18.

          [CrossRef]
        


        
          	[23]

          	Karimi Taheri Z., Aarabi M.H., Nazari Alam A., Nejati M., Shayestehpour M., Gilasi H.R., Salehi A., Shahaboddin M.E.. Evaluating the anti-proliferative effects of nanoemulsion containing licorice extract and lavender essential oil on cancer., Journal of Arak University of Medical Sciences. 2021; 24(1): 84-97.

          [CrossRef]
        


        
          	[24]

          	Heidari F., Heboyan A., Rokaya D., Fernandes G., Heidari M., Banakar M., Zafar M.. Postbiotics and dental caries: A systematic review., Clinical and Experimental Dental Research. 2025; 11(1): e70114.

          [CrossRef]
        

      
    

  


  

OEBPS/Images/e18742106397999_F1.jpg
y percentage

50 m24h
magh
m72h

control

groups





OEBPS/Images/cover.jpg
ISSN: 1874-2106

The
Open Dentistry
Journal

The Safety of Licorice Extract Gel for Potential

Use in Oral Care

TR

o

BENTHAM OPEN





