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Abstract 
Background: Thymus kotschyanus is an natural essential oil with the boost antimicrobial effects. The present research was 
aimed to assess the antimicrobial effects of T. kotschyanus essential oil, chlorhexidine 0.2% mouthwash and antibiotic 
agents against Enterococcus faecalis and Streptococcus mutans isolated from the periapical cases in vitro condition.  
Methods: Aerial parts of the T. kotschyanus were prepared and used for essential oil extraction. Antimicrobial effects were 
examined using the disk diffusion and MIC and MBC determination.  

Results: The diameter of the growth inhibition zones had ranges between 4.17±0.19 to 11.90±0.24 mm. The highest 

diameter of the growth inhibition zone was recorded for E. faecalis treated with T. kotschyanus (10 mg/ml), while the 
lowest was found for S. mutans treated with T. kotschyanus (2.5 mg/ml). Statistically significant differences were not 
obtained between some concentration of the T. kotschyanus and chlorhexidine, ampicillin, amoxicillin, and metronidazole 
antibiotic agents (P >0.05). The MIC values had ranges between 2.5 to 5 mg/ml. The MBC values ranges between 5 to 10 
mg/ml. The lowest MIC was identified for E. faecalis treated by T. kotschyanus essentiall oil (2.5 mg/ml).  
Conclusion: Overall, in our study it was shown that the essential oil of thyme T. kotschyanus at a concentration of 
10mg/ml.It has effective antimicrobial effects on clinical isolates of S. mutans and E. faecalis. However, the antimicrobial 
effects of T. kotschyanus essential oil were similar to chlorhexidine 0.2% and antibiotics such as ampicillin, amoxicillin, and 
metronidazole. But note It is important that the essential oil is natural and does not have any chemicals or side effects, 
which can be recommended as a mouthwash, especially for periapical infection patients 

 

1. Introduction 

Apical periodontitis infection is more common among 

adults (1). In most cases, apical periodontitis 

infections occur in teeth that have already had their 

roots filled (2). If apical periodontitis is not treated, 

the infection progresses and intraradicular infection, 

extraradicular infection, and the creation of oral cysts 

are associated (3). Microorganisms, especially 

bacteria, play an important role in the development of 

periapical ulcers, the consequences of which are the 

destruction of tooth bone tissue (4). Bone resorption is 

a progressive process carried out by osteoclasts. 

Bacteria can cause tooth decay, periodontal infection 

and damage to the dental pulp through tooth surfaces 

(5). Bacteria that have the ability to colonize in the 

root canal of the tooth cause pulp necrosis and 

inflammation in the tooth bone (6). Colonization of 

bacteria in different areas of the tooth depends on the 

degree of echogenicity of the bacteria in dealing with 

the defense system or antibiotic resistance of the 

bacteria. In case of stable colonization of bacteria in 
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the tooth, it becomes very difficult to heal the 

periapical lesions. Bacterial invasion of the dental 

pulp leads to periapical abscess. The position of the 

pulp is inside the hard shell of the tooth, which 

consists of dentin and enamel. This hard coating 

around the pulp can protect it from infections caused 

by microbes in the mouth. With tooth decay, this 

external coating is lost and creates cavities that can 

expose the dental pulp to microbes (6). One of the 

important bacteria related to tooth root infection 

Enterococcus faecalis. Streptococcus mutans prefers 

to eat simple sugars. When you give them sugar, they 

eat it and produce acid. These acids change the pH of 

the mouth. This pH imbalance can lead to the leaching 

of calcium from your teeth. S. mutans the main cause 

is tooth decay (7,8). S.mutans creates an acidic and 

low-oxygen environment in the lesion. This causes 

tooth decay and attracts selected species of lactobacilli 

from food or oral flora (9). S.mutans is a Gram-

positive and facultatively anaerobic cocci and survives 

well in anaerobic environments such as dental cavities 

and is the main cause of tooth decay (10). Tooth decay 

is caused by pathogenic bacteria. They break down 

sugars and carbohydrates in food and turn them into 

acids that destroy tooth enamel and cause tooth decay 

(11). Additionally, tooth decay is the most common 

cause of pulp infection. In the beginning of tooth 

decay, inflammation occurs in the sub odontoblastic 

region. Infectious products, such as 

lipopolysaccharides and lipoteichoic acid, invade the 

periapical region and lead to stimulation of the host's 

immune responses, which leads to bone destruction 

caused by apical periodontitis (12). Enterococcus 

faecalis is a gram-positive, facultative anaerobic 

coccus that is commonly found as a commensal of the 

human gut, but can colonize transiently in the oral 

cavity and cause periodontitis and persistent root canal 

infections (13,14). Recently, E. faecalis and S.mutans 

are resistant to many antibiotics, including ampicillin, 

amoxicillin, and metronidazole (15). These drugs are 

often used to treat dental infections (16). Thyme plant 

with many therapeutic properties is used as a reliever 

of rheumatic, joint and muscle pain, antibacterial and 

antifungal properties, treatment of body infections and 

prevention of inflammation and chronic diseases in 

traditional Iranian medicine. Recent studies have 

shown that thyme has properties It is very strong 

antibacterial (17). The important species of thyme 

include Thymus vulgaris, Thymus daenensis, Thymus 

schimperi, Thymus zygis and Thymus kotschyanus 

(18). Today, with the increase of antibiotic resistance 

among bacteria, the use of plants with medicinal 

properties to treat antibiotic-resistant bacteria has 

increased (19). In traditional medicine, different types 

of thyme are used as antibacterial, antiviral, and 

antacid drugs (20). Two of the most effective phenols 

in thyme oil are carvacrol and thymol, which have 

antioxidant properties (21). Chlorhexidine is one of 

the widely used mouthwashes used in dentistry to treat 

bacterial infections of the mouth and mouth ulcers. 

Chlorhexidine is effective on a wide range of Gram-

positive and negative bacteria, as well as some fungi 

and some viruses. Chlorhexidine overdose has side 

effects that include mouth inflammation, urticaria, 

skin inflammation, dizziness, etc. Therefore, use 

Herbal mouthwashes can be a good substitute for 

chlorhexidine (22). Therefore, the purpose of the 

study, antimicrobial effect of T. kotschyanus against E. 

faecalis and S. mutans isolated from the peri-epical 

cases and comparison of its antimicrobial effect with 

antibiotics and chlorhexidine.  

2. Materials and Methods 

Extraction of the essential oil of T. kotschyanus 

To obtain the essential oil of T. kotschyanus, the aerial 

parts of T. kotschyanus were obtained from the 

research farm of Isfahan city. The seeds of T. 

kotschyanus were completely dried. Then the plant is 

ground and the essential oil was extracted by ethanol 

distillation using a Cloninger machine. The essential 

oil was passed through a 0.45 micrometer microfilter 

using sodium sulfate and stored in a dark glass 

container at a temperature of 4 degrees Celsius and 

away from Sunlight was preserved. The prepared 

treatments included 0.2% chlorhexidine and T. 

kotschyanus essential oil with certain concentrations. 

Bacterial isolation 

Bacteria were isolated from the periapical cases who 

reffered to the hospital for routine check-up (Figure 

1). Swab sample was used for this purpose. The 

collected samples were cultured on a blood agar 

medium incubated aerobically in a jar with a gas pack 

(Oxoid, England) at 37˚C for 24 h. The colonies were 

then sub -cultured and purified on Mitis Salivarius 

Agar (MSA) (HIMedia, India) for 24 h under 

anaerobic conditions at 37˚C. Isolates were identified 

based on many characteristics such as colony 
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morphology on MSA, Gram stain, catalase test, 

growth in 6.5% NaCl, growth in 45˚C, and optochin 

sensitivity. Furthermore, the isolates were identified 

by Vitek 2 system using Vitek 2 Gram -positive 

identification card (GP) (bioMerieux, France).

 

 

Figure 1. Some cases of periapical lesions, abcess, and infections included in the study. 

Translation is too long to be saved 

Investigation of antibiotic resistance 

To prepare bacterial suspension, fresh bacterial 

colonies were transferred to Mueller Hinton Broth 

culture medium (Merck, Germany). The turbidity of 

the microbial suspension is based on the 0.5 

McFarland standard and the absorption was measured 

at a wavelength of 630 nm (23, 24). Then, 8 different 

concentrations of essential oil (20, 10, 5 and 2.5 

microliters) were used in the disk. The final 

concentration of essential oil by adding dimethyl 

sulfoxide included 20 microliters of each 

concentration. Dimethyl sulfoxide was used as a 

negative control in measuring the growth halo 

diameter and Minimum inhibitory concentration 

(MIC) and minimum bacterial concentration (MBC) 

were evaluated (24). 

Preparation of MIC and MBC using disc diffusion 

method 

To determine the diameter of the halo of non-growth 

for MIC and MBC of bacteria, the disc diffusion 

method was used (26-29). After the bacterial culture, 

sterile blanck discs with a thickness of 6 mm 

containing the concentrations of essential oils were 

used on the culture medium, then the culture medium 

was kept for16-24 h and incubated at a temperature of 

37°C. A caliper was used to measure the diameter of 

the growth halos (30). To compare the effect of 

essential oils, 0.2% chlorhexidine mouthwash was 

used by disking method. MIC of essential oil was 

determined by microbroth dilution method. For each 

treatment in a 96-well microplate, 1 to 8 

corresponding to dilutions of 20 to 0.16 microliters of 

essential oil were considered. Then it was incubated 

for 16-24 hours at 37 °C. After incubation, the amount 

of optical absorption of the microplate wells was read 

in an ELISA reader at a wavelength of 630 nm. In 

addition, the created turbidity was checked by visual 

examination of the wells. The lowest dilution of the 

tested substance was considered as MIC and the next 

well was considered as MBC. Each experiment was 

repeated three times (31,32). 

Statistical analysis 

Statistical analysis was performed using Minitab 

statistical software version 16 and comparison of 

means was performed using Duncan's test at 1% 

statistical level. The data obtained from the 

experiment were entered into the Excel program for 

statistical analysis. P value < 0.05 is considered a 

significant level (33-345). 

3. Results 

Disk diffusion 

Table 1 demonstrations the growth inhibition zone of 

T. kotschyanus against E. faecalis and S. mutans 

isolated from the peri-epical cases and comparison of 
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its antimicrobial effect with antibiotics and 

chlorhexidine. The diameter of the growth inhibitory 

zones was between 4.17±0.19 and 11.90±0.24 mm. 

The most growth inhibitory zones were obtained in E. 

faecalis bacteria treated with T. kotschyanus 10mg/ml, 

while the lowest and most zones were obtained. 

Growth inhibition in S. mutans bacteria treated with T. 

kotschyanus 2.5mg/ml was obtained. Statistically, 

there was no significant difference between the other 

dilutions of T. kotschyanus and the antibiotic agent's 

chlorhexidine, ampicillin, amoxicillin and 

metronidazole.

 

Table 1. The growth inhibition zone of T. kotschyanus against E. faecalis and S. mutans isolated from the peri-epical 

cases and comparison of its antimicrobial effcet with antibiotics and chlorhexidine. 

Concentrations 

zone (mm) 

S. mutans E. faecalis 

T. kotschyanus 

20 10.88±0.31 a 11.90±0.24 a 

10 7.21±0.14 b 8.29±0.27 b 

5 5.33±0.26 c 7.15±0.09 c 

2.5 4.17±0.19 d 6.30±0.41 d 

Chlorhexidine 0.2% 9.75±0.42 a 10.55±0.18 a 

Ampicillin 10.20±1.00 a 11.28±0.64 a 

Amoxicillin 9.28±0.11 a 10.25±0.36 a 

Metronidazole 9.12±0.34 a 10.55±0.63 a 

         *Dissimilar shows significant differences about P <0.05. 

MIC and MBC results 

In figures 2 and 3, MIC and MBC concentrations of T. 

kotschyanus and chlorhexidine are compared. MIC 

values were between 2.5 and 5 mg/ml. MBC values 

were between 5 and 10 mg/ml. The lowest MIC was 

detected for E. faecalis treated with T. kotschyanus 

essential oil (2.5 mg/ml). 

 

Figure 2. MIC and MBC concentrations of T. kotschyanus essential oil in contradiction of bacteria. 
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Figure 3. MIC and MBC concentrations of chlorhexidine in contradiction of bacteria. 

4. Discussion 

From a clinical view, it is important to assess the role 

of new methods in dental sciences (36-43). In this 

regard, several studies have been conducted to assess 

the microbial community of dental lesions and also 

suggested the use of natural essential oils as in 

treatment of microbial infections (44-56). 

In the present study, antimicrobial effect of T. 

kotschyanus essential oil was tested against S. mutans 

and E. faecalis bacteria and then compared with 

ampicillin, amoxicillin, and metronidazole antibiotics 

and also chlorhexidine. Findings showed the higher 

antimicrobial effects of the T. kotschyanus essential oil 

against E. faecalis. Effective factors in the 

antimicrobial activities of herbal essential oils include 

the type of chemical compounds in essential oils, 

synergistic effects. It should be noted that the 

antibacterial mechanism of different essential oils is 

different from each other. In studies, it has been 

shown that herbal essential oils are effective against 

gram bacteria positive have more effect than gram-

negative bacteria (57 ,58). The reason that gram-

positive bacteria are sensitive to all kinds of plant 

killers can be related to the structure of the bacteria. In 

gram-negative bacteria, the presence of 

lipopolysaccharide (LPS) greatly reduces the 

penetration of hydrophobic compounds. The structure 

of LPS does not exist in gram-positive bacteria, and 

this causes the penetration of hydrophobic compounds 

into the bacteria. Of course, gram-positive bacteria 

have a strong peptidoglycan wall. Among the 

disadvantages of this layer, we can point out the low 

density against small molecules, which makes it easy 

for antibiotic compounds to penetrate through the 

bacteria (59). Also, gram positive bacteria can reduce 

the release of hydrophobic compounds of essential 

oils due to lipophilic acid lipophilic end units (60). In 

a previous study, the strong effects of T. kotschyanus 

essential oil on a variety of bacteria including 

Staphylococcus aureus, Escherichia coli (61), 

Streptococcus.spp (62), Salmonella. typhimurium and 

Pseudomonas aeruginosa (63) were shown. 

Interestingly, the effect of plant essential oils on 

bacterial strains with multidrug resistance (MDR) 

including Acinetobacter baumannii, P. aeruginosa, 

and S. aureus was shown (64). Edible nature of T. 

kotschyanus essential oil and its high antimicrobial 

effects, make it safe to use a dental antimicrobial 

agent, especially for the treatment of periapical cases.  

Translation is too long to be saved 

5. Conclusion 

Overall, in our study it was shown that the essential 

oil of thyme T. kotschyanus at a concentration of 

10mg/ml.It has effective antimicrobial effects on 

clinical isolates of S. mutans and E. faecalis. 

However, the antimicrobial effects of T. kotschyanus 

essential oil were similar to chlorhexidine 0.2% and 

antibiotics such as ampicillin, amoxicillin, and 

metronidazole. But note It is important that the 

essential oil is natural and does not have any 
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chemicals or side effects, which can be recommended 

as a mouthwash, especially for periapical infection 

patients. 

References 

[1] Rossi‐Fedele G, Rödig T. Effectiveness of root 

canal irrigation and dressing for the treatment of 

apical periodontitis: A systematic review and 

meta‐analysis of clinical trials. International 

Endodontic Journal. 2022 May 17. 

[2] Pirani C, Camilleri J. Effectiveness of root canal 

filling materials and techniques for treatment of 

apical periodontitis: A systematic review. 

International Endodontic Journal. 2022 Jun 23. 

[3] Sun X, Yang Z, Nie Y, Hou B. Microbial 

communities in the extraradicular and 

intraradicular infections associated with 

persistent apical periodontitis. Frontiers in 

cellular and infection microbiology. 2022 Jan 

12;11:1391. 

[4] Buonavoglia A, Zamparini F, Lanave G, 

Pellegrini F, Diakoudi G, Spinelli A, Lucente 

MS, Camero M, Vasinioti VI, Gandolfi MG, 

Martella V. Endodontic microbial communities 

in apical periodontitis. Journal of Endodontics. 

2023 Feb 1;49(2):178-89. 

[5] Siqueira Jr JF, Rôças IN, editors. Treatment of 

endodontic infections. Quintessenz Verlag; 2022 

Jun 22. 

[6] Ørstavik D. Apical periodontitis: microbial 

infection and host responses. Essential 

endodontology: prevention and treatment of 

apical periodontitis. 2019 Dec 9:1-0. 

[7] El-Telbany M, El-Didamony G, Askora A, Ariny 

E, Abdallah D, Connerton IF, El-Shibiny A. 

Bacteriophages to control multi-drug resistant 

Enterococcus faecalis infection of dental root 

canals. Microorganisms. 2021 Mar 3;9(3):517. 

[8] Chai M, An M, Zhang X. Construction of a 

TiO2/MoSe2/CHI coating on dental implants for 

combating Streptococcus mutans infection. 

Materials Science and Engineering: C. 2021 Oct 

1;129:112416. 

[9] Blancas B, Lanzagorta MD, Jiménez‐Garcia LF, 

Lara R, Molinari JL, Fernandez AM. Study of 

the ultrastructure of Enterococcus faecalis and 

Streptococcus mutans incubated with salivary 

antimicrobial peptides. Clinical and 

Experimental Dental Research. 2021 

Jun;7(3):365-75. 

[10] Loesche WJ. Role of Streptococcus mutans in 

human dental decay. Microbiological reviews. 

1986 Dec;50(4):353-80. 

[11] Nomura R, Matayoshi S, Otsugu M, Kitamura T, 

Teramoto N, Nakano K. Contribution of severe 

dental caries induced by Streptococcus mutans to 

the pathogenicity of infective endocarditis. 

Infection and immunity. 2020 Jun 

22;88(7):e00897-19. 

[12] Salehi B, Kregiel D, Mahady G, Sharifi-Rad J, 

Martins N, Rodrigues CF. Management of 

Streptococcus mutans-Candida spp. oral 

biofilms’ infections: Paving the way for effective 

clinical interventions. Journal of clinical 

medicine. 2020 Feb 14;9(2):517. 

[13] Dai X, Ma R, Jiang W, Deng Z, Chen L, Liang Y, 

Shao L, Zhao W. Enterococcus faecalis-Induced 

Macrophage Necroptosis Promotes Refractory 

Apical Periodontitis. Microbiology Spectrum. 

2022 Aug 31;10(4):e01045-22. 

[14] Voit M, Trampuz A, Gonzalez Moreno M. In 

Vitro Evaluation of Five Newly Isolated 

Bacteriophages against E. faecalis Biofilm for 

Their Potential Use against Post-Treatment 

Apical Periodontitis. Pharmaceutics. 2022 Aug 

25;14(9):1779. 

[15] Kitagawa H, Izutani N, Kitagawa R, Maezono H, 

Yamaguchi M, Imazato S. Evolution of 

resistance to cationic biocides in Streptococcus 

mutans and Enterococcus faecalis. Journal of 

Dentistry. 2016 Apr 1;47:18-22. 

[16] Giriraju A, Yunus GY. Assessment of 

antimicrobial potential of 10% ginger extract 

against Streptococcus mutans, Candida albicans, 

and Enterococcus faecalis: an in vitro study. 

Indian journal of dental research. 2013 Jul 

1;24(4):397. 

[17] Prasanth Reddy V, Ravi Vital K, Varsha PV, 

Satyam S. Review on Thymus vulgaris 

traditional uses and pharmacological properties. 

Med Aromat Plants. 2014;3(164):2167-0412. 

[18] Mahdi I, Bakrim WB, Bitchagno GT, Annaz H, 

Mahmoud MF, Sobeh M. Unraveling the 

phytochemistry, traditional uses, and biological 

and pharmacological activities of Thymus 

algeriensis Boiss. & Reut. Oxidative Medicine 

and Cellular Longevity. 2022 May 25;2022. 

[19] Jahani R, Mojab F, Mahboubi A, Nasiri A, 

Tahamtani A, Faizi M. An in-vivo study on 

anticonvulsant, anxiolytic, and sedative-hypnotic 



JCLMM 2/11 (2023) |1643–1651 

 
 

 
          

effects of the polyphenol-rich Thymus 

Kotschyanus extract; evidence for the 

involvement of GABAa receptors. Iranian 

Journal of Pharmaceutical Research: IJPR. 

2019;18(3):1456. 

[20] Khoshsokhan F, Poormeidani A, Babalar M, 

Fatahi Moghadam MR. Analysis of the essential 

oils of Thymus kotschyanus L.(10 populations) 

from Iran. 

[21] Tohidi B, Rahimmalek M, Arzani A. Variations 

in chemical composition and bioactive 

compounds of Thymus kotschyanus Boiss. & 

Hohen populations originated from different 

collection sites. Journal of Essential Oil Bearing 

Plants. 2018 Sep 3;21(5):1272-83. 

[22] Liu T, Chen YC, Jeng SL, Chang JJ, Wang JY, 

Lin CH, Tsai PF, Ko NY, Ko WC, Wang JL. 

Short-term effects of Chlorhexidine mouthwash 

and Listerine on oral microbiome in hospitalized 

patients. Frontiers in Cellular and Infection 

Microbiology. 2023; 13:1056534. 

[23] Shapiro S, Giertsen E, Guggenheim B. An in 

vitro oral biofilm model for comparing the 

efficacy of antimicrobial mouthrinses. Caries 

Res, 2002; 36(2): 93-100. 

[24] Haghighati F, Jafari S, Beitollahi J. Comparison 

of antimicrobial effects of ten Herbal extracts 

with chlorhexidine on three different oral 

pathogens: An in vitro study. Hakim Res J, 2003; 

6(3): 71-6. (Persian) 

[25] Jalalvand, A. R., Zhaleh, M., Goorani, S., 

Zangeneh, M. M., Seydi, N., Zangeneh, A., & 

Moradi, R. Chemical characterization and 

antioxidant, cytotoxic, antibacterial, and 

antifungal properties of ethanolic extract of 

Allium Saralicum R.M. Fritsch leaves rich in 

linolenic acid, methyl ester. Journal of 

Photochemistry and Photobiology B: Biology, 

2019; 192, 103–112. 

[26] Ranjbar R, Shahreza MH. Prevalence, antibiotic-

resistance properties and enterotoxin gene profile 

of Bacillus cereus strains isolated from milk-

based baby foods. Tropical Journal of 

Pharmaceutical Research. 2017 Sep 

7;16(8):1931-7. 

[27] Ranjbar R, Shahreza MH, Rahimi E, Jonaidi-

Jafari N. Methicillin-resistant Staphylococcus 

aureus isolates from Iranian restaurant food 

samples: Panton-Valentine Leukocidin, SCCmec 

phenotypes and antimicrobial resistance. 

Tropical Journal of Pharmaceutical Research. 

2017 Sep 7;16(8):1939-49.  

[28] Mashak Z, Jafariaskari S, Alavi I, Sakhaei 

Shahreza M, Safarpoor Dehkordi F. Phenotypic 

and genotypic assessment of antibiotic resistance 

and genotyping of vacA, cagA, iceA, oipA, 

cagE, and babA2 alleles of Helicobacter pylori 

bacteria isolated from raw meat. Infection and 

drug resistance. 2020 Jan 29:257-72.  

[29] Hasanpour Dehkordi A, Khaji L, Sakhaei 

Shahreza MH, Mashak Z, Safarpoor Dehkordi F, 

Safaee Y, Hosseinzadeh A, Alavi I, Ghasemi E, 

Rabiei-Faradonbeh M. One-year prevalence of 

antimicrobial susceptibility pattern of 

methicillin-resistant Staphylococcus aureus 

recovered from raw meat. Trop Biomed. 

2017;34(2):396-404.  

[30] Mozaffari B, Mansouri Sh, Rajabalian S, 

Alimardani A, Mohamadi M. In vitro study 

between anti-bacterialand cytotoxic effects of 

Chlorhexidine and Persica mouthrinses. Journal 

of Dental School Shahid Beheshti University of 

Medical Sciences, 2005; 23(3): 494- 509. 

[31] Ranjbar R, Yadollahi Farsani F, Safarpoor 

Dehkordi F. Antimicrobial resistance and 

genotyping of vacA, cagA, and iceA alleles of 

the Helicobacter pylori strains isolated from 

traditional dairy products. Journal of Food 

Safety. 2019 Apr;39(2):e12594. 

[32] Shapiro S, Giertsen E, Guggenheim B. An in 

vitro oral biofilm model for comparing the 

efficacy of antimicrobial mouthrinses. Caries 

Res, 2002; 36(2): 93-100. 

[33] Shahreza MS, Dehkordi NG, Nassar MF, Al-

Saedi RM. Virulence characters and oligotyping 

of Pseudomonas aeruginosa isolated from meat 

and assessment of the antimicrobial effects of 

Zataria multiflora against isolates. ACADEMIC 

JOURNAL. 2022. 

[34] Shahreza MS, Dehkordi NG, Nassar MF, Al-

Saedi RM. Genotyping of Campylobacter jejuni 

isolates from raw meat of animal species. 

Academic Journal of Health Sciencies: Medicina 

balear. 2022;47(4):52-7. 

[35] Shahreza MHS, Soltani A. Genotyping and 

antibiotic resistance of methicillin-resistant 

staphylococcus aureus strains isolated from raw 

and frozen meat samples and assessment of the 

antimicrobial effects of origanum vulgare against 



JCLMM 2/11 (2023) |1643–1651 

 
 

 
          

MRSA isolates. International Journal of Health 

Sciences, 2022; 6(S6), 4840–4852. 

[36] Mosharaf R, Abolhasani M, Fathi AH, Rajabi A. 

The Effect of Ferrule/Crown Ratio and Post 

Length on the Applied Stress and Strain 

Distribution to the Endodontically Treated 

Maxillary Central Teeth: A Finite Element 

Analysis. Frontiers in Dentistry. 2023 May 

14;20(16). 

[37] Fathi A, Rismanchian M, Yazdekhasti A, 

Salamati M. Accuracy of tooth‐implant 

impressions: Comparison of five different 

techniques. Clinical and Experimental Dental 

Research. 2023 Apr 12. 

[38] Hashemi S, Tabatabaei S, Fathi A, Asadinejad 

SM, Atash R. Tooth Graft: An Umbrella 

Overview. European Journal of Dentistry. 2023 

Apr 14. 

[39] Tosan F, Rahnama N, Sakhaei D, Fathi AH, Yari 

A. Effects of doping metal nanoparticles in 

hydroxyapatite in Improving the physical and 

chemical properties of dental implants. 

Nanomedicine Research Journal. 2021 Nov 

1;6(4):327-36. 

[40] Ghasemi E, Fathi AH, Parvizinia S. Effect of 

three disinfectants on dimensional changes of 

different impression materials. Journal of Iranian 

Dental Association. 2019 Jul 10;31(3):169-76. 

[41] Monirifard R, Abolhasani M, Tahani B, Fathi A, 

Choobdaran A. Relationship of personality traits 

and patient satisfaction with fixed implant 

prosthodontic treatments. Journal of Iranian 

Dental Association. 2019 Oct 10;31(4):182-8. 

[42] Mehrabanian M, Ahari UZ, Fathi A, Parizi MM. 

Comparison of Dental Health Status in 

Schizophrenic Patients with Healthy Individuals. 

Clinical Schizophrenia & Related Psychoses. 

2021 Sep 15;15(2). 

[43] Ebadian B, Fathi A, Khodadad S. Comparison of 

the effect of four different abutment screw 

torques on screw loosening in single implant-

supported prosthesis after the application of 

mechanical loading. International Journal of 

Dentistry. 2021 Jul 19;2021. 

[44] Nasiri K, Amiri Moghaddam M, Etajuri EA, 

Badkoobeh A, Tavakol O, Rafinejad M, Forutan 

Mirhosseini A, Fathi A. Periodontitis and 

progression of gastrointestinal cancer: current 

knowledge and future perspective. Clinical and 

Translational Oncology. 2023 Apr 10:1-1. 

[45] Saliminasab M, Jabbari H, Farahmand H, Asadi 

M, Soleimani M, Fathi A. Study of antibacterial 

performance of synthesized silver nanoparticles 

on Streptococcus mutans bacteria. Nanomedicine 

Research Journal. 2022 Oct 1;7(4):391-6. 

[46] Alijani HQ, Fathi A, Amin HI, Lima Nobre MA, 

Akbarizadeh MR, Khatami M, Jalil AT, 

Naderifar M, Dehkordi FS, Shafiee A. 

Biosynthesis of core–shell α-Fe2O3@ Au 

nanotruffles and their biomedical applications. 

Biomass Conversion and Biorefinery. 2022 Nov 

26:1-5. 

[47] Aminian A, Fathi A, Gerami MH, Arsan M, 

Forutan Mirhosseini A, Seyed Mohammad T. 

Nanoparticles to overcome bacterial resistance in 

orthopedic and dental implants. Nanomedicine 

Research Journal. 2022 Apr 1;7(2):107-23. 

[48] Mirzaei K, Fathi A, Asadinejad SM, Moghadam 

NC. Study the antimicrobial effects of Zataria 

multiflora-based mouthwash on the microbial 

community of dental plaques isolated from 

children: A candidate of novel plant-based 

mouthwash. Academic Journal of Health 

Sciencies: Medicina balear. 2022;37(3):58-63. 

[49] Mousavi E, Khosravi A, Sedigh SS, Mayanei 

SA, Banakar M, Karimzadeh M, Fathi A. 

Exosomes derived from mesenchymal stem 

cells: Heralding a new treatment for 

periodontitis?. Tissue and Cell. 2023 Mar 

13:102070. 

[50] Fathi AH, Fardi E, Ahari UZ, Mirsadeghi MN, 

Oraie F. The relationship between periodontitis 

and preeclampsia: A systematic review. Iranian 

Journal of Obstetrics, Gynecology and Infertility. 

2021;24(11):79-86. 

[51] Moghadam NC, Fathi A, Salehi A, Rad MB. 

Distribution of bacteria isolated from the cases 

of maxillofacial surgery. Academic Journal of 

Health Sciencies: Medicina balear. 

2022;47(4):21-5. 

[52] Fathi A, Rismanchian M, Dezaki SN. 

Effectiveness of Different Antimicrobial Agents 

on Malodor Prevention in Two-Stage Dental 

Implants: A Double-Blinded Randomized 

Clinical Trial. European Journal of Dentistry. 

2022 Jul 12. 

[53] Mohammad WT, Alijani H, Faris P, Salarkia E, 

Naderifar M, Akbarizadeh MR, Hashemi N, 

Iravani S, Jalil AT, Saleh MM, Fathi A. Plant-

mediated synthesis of sphalerite (ZnS) quantum 



JCLMM 2/11 (2023) |1643–1651 

 
 

 
          

dots, Th1-Th2 genes expression and their 

biomedical applications. South African Journal 

of Botany. 2023 Apr 1;155:127-39. 

[54] Ghasemi E, Fathi AH, Parvizinia S. Effect of 

three disinfectants on dimensional changes of 

different impression materials. Journal of Iranian 

Dental Association. 2019 Jul 10;31(3):169-76. 

[55] Fathi A, Salehi A. Antimicrobial resistance 

properties of Helicobacter pylori strains isolated 

from dental plaque and saliva samples. 

Academic Journal of Health Sciencies: Medicina 

balear. 2022;37(1):29-33. 

[56] Mortezagholi B, Movahed E, Fathi A, Soleimani 

M, Forutan Mirhosseini A, Zeini N, Khatami M, 

Naderifar M, Abedi Kiasari B, Zareanshahraki 

M. Plant‐mediated synthesis of silver‐doped zinc 

oxide nanoparticles and evaluation of their 

antimicrobial activity against bacteria cause 

tooth decay. Microscopy Research and 

Technique. 2022 Nov;85(11):3553-64. 

[57] Dehkordi FS, Tirgir F, Valizadeh Y. Effects of 

Guajol® ointment synthesized from medicinal 

smoke condensate of jennet feces on burn wound 

healing on Wistar rat. InVeterinary Research 

Forum. 2017, 8(3):215. 

[58] Chouhan S, Sharma K, Guleria S. Antimicrobial 

Activity of Some Essential Oils-Present Status 

and Future Perspectives. Medicines (Basel). 

2017 Aug 8;4(3):58. 

[59] Galgano M, Capozza P, Pellegrini F, Cordisco M, 

Sposato A, Sblano S, Camero M, Lanave G, 

Fracchiolla G, Corrente M, Cirone F. 

Antimicrobial Activity of Essential Oils 

Evaluated In Vitro against Escherichia coli and 

Staphylococcus aureus. Antibiotics. 2022 Jul 

20;11(7):979. 

[60] Man A, Santacroce L, Jacob R, Mare A, Man L. 

Antimicrobial Activity of Six Essential Oils 

Against a Group of Human Pathogens: A 

Comparative Study. Pathogens. 2019 Jan 

28;8(1):15.  

[61] Candelaria-Dueñas S, Serrano-Parrales R, Ávila-

Romero M, Meraz-Martínez S, Orozco-Martínez 

J, Ávila-Acevedo JG, García-Bores AM, 

Cespedes-Acuña CL, Peñalosa-Castro I, 

Hernandez-Delgado T. Evaluation of the 

Antimicrobial Activity of Some Components of 

the Essential Oils of Plants Used in the 

Traditional Medicine of the Tehuacán-Cuicatlán 

Valley, Puebla, México. Antibiotics (Basel). 

2021 Mar 12;10(3):295.  

[62] Magi G, Marini E, Facinelli B. Antimicrobial 

activity of essential oils and carvacrol, and 

synergy of carvacrol and erythromycin, against 

clinical, erythromycin-resistant Group A 

Streptococci. Front Microbiol. 2015 Mar 

3;6:165. 

[63] Mahboubi M, Heidarytabar R, Mahdizadeh E, 

Hosseini H. Antimicrobial activity and chemical 

composition of Thymus species and Zataria 

multiflora essential oils. Agriculture and natural 

resources. 2017;51(5):395-401. 

[64] Zhiani R, Dolatabadi S, Imani H, Moradi M, 

Emrani S. A Comparison of the Chemical 

Composition of Flowering Shoot Thymus 

kotschyanus and Thymus vulgaris by using GC-

Mass and Antimicrobial Effects of the Bacteria 

Staphylococcus aureus and Pseudomonas 

aeruginosa. Journal of Essential Oil Bearing 

Plants. 2016;19(7):1639-47. 

 

 

 


