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	 ABSTRACT 
	










	
The oral biofilm contains a wide variety of microorganisms, mostly bacteria, which are responsible for the development of various infections, such as periodontal disease. Periodontal disease is of infectious and inflammatory origin, caused by the present in the biofilm. It acts by destroying the protective and supporting tissues of the dental elements, involving local, systemic, environmental, and genetic factors. Studies show that periodontal disease is directly related to various systemic morbidities, among which we can highlight respiratory problems, where nosocomial pneumonia has stood out, as there is a relationship between it and the microorganisms present in the oral cavity, among which we can highlight Klebsiella pneumoniae The resistance of this bacteria to antimicrobials has become increasingly frequent, so the search for alternative treatments has been increasing, among them natural products, especially essential oils, as they have numerous therapeutic activities against various microorganisms, among them we will highlight the essential oil of Gaultheria procumbens which has antimicrobial, anti-adherent, anti-inflammatory activities, among others. The aim of this research is to analyze the possible antimicrobial and anti-adherent potential of Gaultheria procumbens essential oil against Klebsiella pneumoniae strains. To carry out this research, the Minimum Inhibitory Concentration (MIC) technique was used, which was determined by the microdilution technique in plates containing 96 sterile holes the Minimum Bactericidal Concentration (MBC) will be read 48 hours after the MIC, using plates with 96 holes. The Minimum Adherence Inhibitory Concentration (MIC) was carried out in glass tubes, using a medium with 5% sucrose. This research showed that the Minimum Inhibitory Concentration (MIC) ranged from 256 μg/mL to 512 μg/mL, and the Minimum Bactericidal Concentration (MBC) ranged from 1024 μg/mL to 256 μg/mL. It showed strong and moderate antibacterial, bactericidal and bacteriostatic effects and no anti-adherent effect. The strains tested showed strong and moderate effects on the MIC, and bactericidal and bacteriostatic effects on the MBC, and no anti-adherent effect on the MIC.
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1. Introduction

There are several species of bacteria in the oral cavity, some of which are responsible for forming the biofilm that adheres to tooth surfaces [1]–[6]. As a result, there are several factors that lead this biofilm to enter into dysbiosis, which causes it to become unbalanced, leading to manifestations of oral infections, and it is necessary to control the biofilm so that it enters into symbiosis and avoid the proliferation of pathogenic bacteria [7].

Various oral pathologies can be caused by the accumulation of biofilm, the most frequent of which are caries, periodontal diseases, and halitosis. Regular removal of supragingival and subgingival biofilm can be considered the main factor in the prevention and treatment of these diseases; in addition, removal of supragingival biofilm has been shown to be effective in preventing gingival inflammation and the development of periodontitis. Thus, brushing and disorganizing the biofilm is of the utmost importance to prevent the oral cavity from becoming unbalanced, so it is necessary to emphasize that hygiene is extremely important to avoid any pathology caused by the accumulation of biofilm [8].

Biofilm can undergo changes in its composition, especially in hospitalized individuals, which can lead to the production of pathogens, including respiratory pathogens, among which we can highlight Klebsiella pneumoniae, which causes an infectious process inherent to nosocomial pneumonia [1]–[6]

Klebsiella pneumoniae, a gram-negative bacterium, is considered pathogenic and can cause urinary tract infections, respiratory infections, and bacteremia. It forms biofilms on medical devices such as catheters, which is why it causes many nosocomial infections [9].

The overuse of antibiotics and self-medication has grown a lot in recent years, and this has created a problem for the population, as pathogens create antibiotic resistance. There are multi-resistant bacteria that put human health at risk, and the effectiveness of antibiotics against them is already questionable as a result of their overuse [10].

It is also worth highlighting the use of medicinal plants, which were used in the past by the natives to treat infectious diseases. It is well known that the search for treatments using natural products has been increasing over time, given that medicinal plants have numerous pharmacological activities, as well as their low cost and acceptance by the population [11], [12].

There are also essential oils, which are natural products obtained from the secondary metabolism of plants. Their characteristic is their pleasant smell, which attracts pollinating animals, and they help to separate seeds, as well as help to defend plants. Oils are liquid, volatile, and lipophilic and can be found in various parts of the plant, such as flowers, leaves, roots, and fruit. The study of oils has aroused the interest of the pharmaceutical and food industries, as their use helps to preserve food better, and the pharmaceutical industry has noted that they have antimicrobial, analgesic, anti-inflammatory, and antiviral activities, among others [13].

Gaultheria procumbens is an Ericaceae species native to North America. It is a small shrub with green leaves and red fruits that have aromatic characteristics. It is a medicinal plant that is widely used to treat inflammation, rheumatoid arthritis, swelling pains, chronic tracheitis, and acute and chronic constipation. Its analgesic and anti-inflammatory activities are derived from salicylic acid, especially methyl salicylate (essential oil), which has antioxidant effects. However, few studies have reported the antibacterial activity of the essential oil of this species [14].

2. Objectives

2.1. General

To evaluate the antibacterial and anti-adherent activity of Gaultheria procumbens essential oil against strains of Klebsiella pneumoniae.

2.2. Specific

•   Determine the Minimum Inhibitory Concentration of the essential oil against the different strains of Klebsiella pneumoniae;

•   Verify the Minimum Bactericidal Concentration of Gaultheria procumbe essential oil against strains of Klebsiella pneumoniae.

3. Methodology

3.1. Place of Study

The laboratory tests were carried out in the Microbiology and Biochemistry laboratories of the Federal University of Campina Grande, Patos campus (CSTR), Paraíba state-Brazil.

3.2. Test Substances

Gaultheria procumbens essential oil was purchased from Indústria Harmonie Aromaterapia® (Florianopolis-SC). For the pharmacological tests, the substance was solubilized in DMSO and diluted in distilled water. The concentration of DMSO (dimethyl sulfoxide) used will be less than 0.1% v/v. The project follows the rules of CGEN - the Genetic Heritage Management Council, and is registered on the SISGEN platform under protocol number AAD241D.

3.3. Bacterial Species and Culture Medium

The following strains of Klebsiella pneumoniae (ATCC 13883, Kp 101, Kp 102, Kp 103, Kp 104, and Kp 105) will be used. The inocula were obtained from overnight cultures in MH at 37 °C and diluted in sterile saline solution to obtain a final concentration of approximately 1.5 × 108 colony-forming units per ml (CFU/ml), adjusted for turbidity by comparing with the 0.5 tube of the McFarland scale.

The culture media used in the tests to assess antimicrobial activity were Muller Hinton liquid medium (MH) and Muller Hinton Agar solid medium (AMH). The culture medium was purchased from Difco® and prepared according to the manufacturer’s instructions.

3.4. Determination of the Minimum Inhibitory Concentration (MIC)

The MIC was determined using the microdilution technique in a 96-well plate with a U-shaped bottom. In a 96-well plate, 100 μl of double-concentrated Mueller Hinton broth and 100 μl of Gaultheria procumbens essential oil were added at concentrations of 1024 to 4 μg/ml. The MIC was determined with 10 μl of the microorganism in each cavity, approximately 1.5 × 108 UFC/ml. The penultimate well containing 200 μl of broth was inoculated with the microorganism suspension, being the growth control, and the last well-received only 200 μl of broth, being the negative control. The test was carried out in duplicate. The plates were incubated at 35 °C for 24 hours. After the appropriate incubation time for the tests with the bacteria, the first reading of the results was taken. Next, 20 μl of resazurin sodium solution (SIGMA) was added to sterile distilled water at a concentration of 0.01% (w/v), recognized as a colorimetric oxide-reduction indicator for bacteria. The reading was made visually by the absence or presence of growth of the microorganism through the formation of a cluster of cells (bud). The color of the solution also changed from blue to pink, indicating growth. A further incubation was carried out at 35 °C + or −2. The MIC was determined as the lowest concentration of essential oil that inhibited the visible growth of the microorganism and also by observing the change in color of the solution from blue to pink, indicating the growth of the microorganism [15]–[18].

3.5. Determination of the Minimum Bactericidal Concentration (MBC)

After reading the results, inoculations (10 μl) of three dilutions from the MIC were made into Mueller-Hinton broth medium (100 μl/cavity) in a sterile microdilution plate to determine the MBC. After incubation at 35 °C + or −2 for 24 hours, 20 μl of resazurin was added. The tests were incubated at 37 °C for a further 24 hours to confirm the concentration capable of inhibiting the total growth of the bacterial species, which was verified by a non-change in the color of the indicator dye [19]–[20].

4. Results and Discussion

The antimicrobial activity of essential oils is assessed through the lowest concentration of the test substance required to inhibit the growth of the exposed microorganism; this value is known as the Minimum Inhibitory Concentration (MIC). In this experiment, the essential oil of Gaultheria pocumbens (Whintergreen) had an antibacterial effect on five of the six strains of Klebisiella pneumoniae with MIC values ranging from 256 μg/mL to 512 μg/mL, and the sixth strain had a MIC greater than 1024, as shown in Table I.
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The minimum bactericidal concentration (MBC) aims to assess whether the substance being analyzed is capable of killing or inhibiting the growth of bacteria. The results of the minimum bactericidal concentration (MBC) ranged from 1024 to 256 μg/mL. As shown in the Table II.
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As proposed by Sartoratto et al. [21] (2004), the antimicrobial activity of essential oils is classified as strong when they have a MIC of up to 500 μg/mL, moderate for MIC values between 600 and 1500 μg/mL, and weak for MICs above 1500. Thus, the results identified in this study show that the essential oil of Gaultheria pocumbens (Whintergreen) has a strong inhibition against the Klebsiella pneumoniae ATCC strain and Klebsiella pneumoniae 101, while Klebsiella pneumoniae 102, 103 and 104 showed moderate inhibition and Klebsiella pneumoniae 105 showed no inhibition.

According to Hafidh et al. [22], for a substance to be considered bactericidal or bacteriostatic according to its MIC, it must be equal to or twice as high as the MIC or the MIC must be greater than twice the MIC. Therefore, the results found in this study show that the essential oil of Gaultheria pocumbens (Whintergreen) has bactericidal potential against the ATCC strain and bacteriostatic potential against strains 101, 102, 103 and 104.

Corroborating the data in this research, the study by Nicolik et al. [23] showed the antimicrobial effect of Gaultheria pocumbens essential oil against a wide range of Gram-positive and Gram-negative bacteria and fungi, as well as good antioxidant and anti-radical potential. In addition, the essential oil inhibited the growth of all the microorganisms tested, including Streptococcus mutans orally, inhibiting the formation of biofilm, and was also able to inhibit fungi such as Candida albicans. In this study, eight components were found with methyl salicylate being the most dominant in the essential oil of G. procumbens, which may lead to its antibacterial effect.

The study by Verdi et al. [24] also showed the antibacterial activity of the essential oil of G. procumbens. To carry out the present study, the same MIC and MBC techniques used in this study were used, and the results showed efficacy against various microorganisms, including Aeromonas caviae, Candida albicans, and Mycobacterium fortuitum.

As well as the study cited that the essential oil of Gautheria procumbens has an anti-inflammatory effect, Michel et al. [14] research shows that the dried leaf stratum of G. procumbens contains considerable amounts of antioxidant polyphenols, which have significant dose-dependent SET and HAT antioxidant capacities in vitro, and also has moderate anti-inflammatory activity, which is related to its phenolic composition. In view of this, phenolic acids are mainly responsible for the antioxidant capacity tested in the study, while flavonoids are the main determinants of the anti-inflammatory effects.

In the study by Olszewska et al. [25], also that the plant species Gaultheria procumbens can be a plant used in phytotherapy, its aerial parts, leaves, and stems are rich in polyphenols with anti-inflammatory and antioxidant effects, so in the study the extracts of these parts were used. With this, it was able to inhibit two important pro-inflammatory cyclooxygenase enzymes (COX-2 and hyaluronidase), and most of them, except gaultherin, exerted potent direct antioxidant activity. In addition, it showed cell safety, which was confirmed for all the compounds by flow cytometry.

5. Conclusion

This research shows that the essential oil of Gaultheria pocumbens (Whintergreen) had an antibacterial effect, with bactericidal and bacteriostatic characteristics, against the strains tested in the methodology applied. However, more studies need to be carried out to confirm this potential, especially in vivo studies.

Conflict of Interest

Authors declare that they do not have any conflict of interest.

References

[1] De Oliveira LCBS, Carneiro PPM, Fischer RG, Tinoco EMB. A presença de patógenos no biofilme bucal de pacientes com pneumonia nosocomial. Rev Bras Ter Intensiva. Outubro de 2007;19(4):428–33. doi: 10.1590/S0103-507X2007000400004.

[2] Barbosa JCS, Lobato OS, De Menezes SAF, Pinheiro HHC. Perfil dos pacientes sob terapia intensiva com pneumonia nosocomial: principais agentes etiológicos. Rev Odontol UNESP. Agosto de 2010;39(4):201–6, Available from: https://www.revodontolunesp.com.br/article/588018b07f8c9d0a098b4d82/pdf/rou-39-4-3.pdf.

[3] Kuboniwa M, Tribble GD, Hendrickson EL, Amano A, Lamont RJ, Hackett M. Insights into the virulence of oral biofilms: discoveries from proteomics. Expert Rev Proteomics. 2012 Jun;9(3):311–23. doi: 10.1586/epr.12.16. Available from: https://pesquisa.bvsalud.org/portal/resource/pt/sbiblio-874542.

[4] Pasich E, Walczewska M, Pasich A, Marcinkiewicz J. Mechanizm i czynniki ryzyka powstawania biofilmu bakteryjnego jamy ustnej [Mechanism and risk factors of oral biofilm formation]. Postepy Hig Med Dosw (Online). 2013 Aug 2;67:736–41, Polish. Available from: https://phmd.pl/resources/html/article/details?id=55394&language=en.

[5] Roriz VM, Boaventura VL, Dalbello DNG. Perfil periodontal e episódios de pneumonias nosocomiais em pacientes internados em uma UTI: estudo piloto. Rev Odontol Bras Central. 2014;23(67):428–33. Available from: https://docplayer.com.br/26108564-Perfil-periodontal-e-episodios-de-pneumonias-nosocomiais-em-pacientes-internados-em-uma-uti-estudo-piloto.html.

[6] Janus MM, Keijser BJ, Bikker FJ, Exterkate RA, Crielaard W, Krom BP. In vitro phenotypic differentiation towards commensal and pathogenic oral biofilms. Biofouling. 2015;31(6):503–10. Available from: https://pubmed.ncbi.nlm.nih.gov/26212722/.

[7] Kilian M, Chapple IL, Hannig M, Marsh PD, Meuric V, Pedersen AM, et al. The oral microbiome—an update for oral healthcare professionals. Br Dent J. 2016 Nov 18;221(10):657–66. Available from: https://pubmed.ncbi.nlm.nih.gov/27857087/.

[8] Pedrazzi V, de Souza SLS, Cimões R, Gusmão ES. Métodos mecânicos para o controle do biofilme dentário supragengival. Revista Periodontia. 2008;18(3):60–6. Available from: https://repositorio.usp.br/item/001697970.

[9] Schroll C, Barken KB, Krogfelt KA, Struve C. Role of type 1 and type 3 fimbriae in Klebsiella pneumoniae biofilm formation. BMC Microbiol. 2010;10(1):179–80. Available from: https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-10-179#citeas.

[10] Porfírio Z, Melo-Filho GC, Alvino V, Lima MRF, Sant’Ana AEG. Atividade antimicrobiana de extratos hidroalcoólicos de Lafoensia pacari A, Lythraceae, frente a bactérias multirresistentes de origem hospitalar. Rev Bras Farmacogn. 2009;19(3785–9. Available from: https://www.scielo.br/j/rbfar/a/6wcq4sbkL3c9XwHYZz9GB5b/?lang=pt.

[11] Yunes RA, Pedrosa RC, Cechinel Filho V. Fármacos e fitoterápicos: a necessidade do desenvolvimento da indústria de fitoterápicos e fitofármacos no Brasil. Quím Nova [Internet]. 2001;24(1):147–52, Available from: https://www.scielo.br/j/qn/a/xKJp5JFgRDh7wbsfLD5kKVR/#.

[12] Palombo EA. Traditional medicinal plant extracts and natural products with activity against oral bacteria: potential application in the prevention and treatment of oral diseases. Evid Based Complement Alternat Med. 2011;2011:680354.

[13] Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of essential oils—A review. Food Chem Toxicol. 2008;46(2):446–75. Available from: https://pubmed.ncbi.nlm.nih.gov/17996351/.

[14] Michel P, Dobrowolska A, Kicel A, Owczarek A, Bazylko A, Granica S, et al. Polyphenolic profile, antioxidant and anti-inflammatory activity of eastern Teaberry (Gaultheria procumbens L.) leaf extracts. Molecules. 2014 Dec 8;19(12):20498–520. Available from: https://pubmed.ncbi.nlm.nih.gov/25493634/.

[15] Bona EA, Pinto FG, Fruet TK, Jorge TC, De Moura AC. Comparação de métodos para avaliação da atividade antimicrobiana e determinação da concentração inibitória mínima (CIM) de extratos vegetais aquosos e etanólicos. Arq Inst Biol. 2014;81:218–25.

[16] Clinical and Laboratory Standards Institute. Reference method for broth dilution antifungal susceptibility testing of yeasts. Fourth International Supplement. CLSI document M27-4 [Internet]. 2012. Available from: https://clsi.org/media/1897/m27ed4_sample.pdf. Acesso em 28 jul. 2023.

[17] Palomino JC, Martin A, Camacho M, Guerra H, Swings J, Portaels F. Resazurin microtiter assay plate: simple and inexpensive method for detection of drug resistance in Mycobacterium tuberculosis. Antimicrob Agents Chemother. 2002;46(8):2720–2.

[18] Ostrosky EA, Mizumoto MK, Lima ME, Kaneko TM, Nishikawa SO, Freitas BR. Métodos para avaliação da atividade antimicrobiana e determinação da concentração mínima inibitória (CMI) de plantas medicinais. Rev Bras Farmacogn. 2008;18(2):301–7.

[19] Guerra FQ, Arrua JM, Oliveira WA, Da Costa JG. Chemical composition and antimicrobial activity of Cinnamomum zeylanicum Blume essential oil on multi-drug resistant Acinetobacter spp. strains. Biofar. 2012;8(1):62–70.

[20] Ncube NS, Afolayan AJ, Okoh AI. Assessment techniques of antimicrobial properties of natural compounds of plant origin: current methods and future trends. Afr J Biotechnol. 2008;7(12):1797–806.

[21] Sartoratto A, Machado AL, Delarmelina C, Figueira GM, Duarte MC, Rehder VL. Composição e actividade antimicrobiana dos óleos essenciais de plantas aromáticas utilizadas no Brasil. Rev Bras Microbiol. 2004;35(4):275–80.

[22] Hafidh RR, Abdulamir AS, Vern LS, Bakar FA, Abas F, Jahanshiri F, et al. Inibição do crescimento de agentes patogênicos bacterianos e fúngicos altamente resistentes por um produto natural. Rev Microbiol Aberta. 2011;5:96.

[23] Nikolic M, Markovic T, Mojovic M, Pejin B, Savic A, Peric T, et al. Chemical composition and biological activity of Gaultheria procumbens L. essential oil. Ind Crops Prod. 2013;49:561–7.

[24] Verdi CM, Machado VS, Machado AK, Klein B, Bonez PC, de Andrade ENC, et al. Phytochemical characterization, genotoxicity, cytotoxicity, and antimicrobial activity of Gautheria procumbens essential oil. Nat Prod Res. 2022 Mar;36(5):1327–31. Available from: https://pubmed.ncbi.nlm.nih.gov/33356559/.

[25] Olszewska MA, Owczarek A, Magiera A, Granica S, Michel P. Screening for the active anti-inflammatory and antioxidant polyphenols of Gaultheria procumbens and their application for standardisation: from identification through cellular studies to quantitative determination. Int J Mol Sci. 2021 Oct 26;22(21):11532. Available from: https://pubmed.ncbi.nlm.nih.gov/34768963/.











	[image: images]
	© 2023 Nóbrega et al.This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original source is cited.





Table of Contents


	
Evaluation of the Antibacterial Activity of Gaultheria procumbens Essential Oil Against Klebsiella pneumoniae Strains






Guide


	
Evaluation of the Antibacterial Activity of Gaultheria procumbens Essential Oil Against Klebsiella pneumoniae Strains





OEBPS/Images/table-2.png
TABLE II: MiNiMUM BACTERICIDAL CONCENTRATION (MIC) IN uG/ML OF Gaultheria procumbens ESSENTIAL OIL AGAINST
DIFFERENT STRAINS OF Klebsiella pneumoniae.

KP ATCC KP 101 KP 102 KP 103 KP 104
1024 pglmL + - - - -
512 uglmL + - - - -
256 nglmL + - - — _

Legend: (KP) Klebisiella pneumoniae (+) Inhibition (—) No inhibition.
Source: Author (2023).
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TABLE I: MiNnmmuM INHIBITORY CONCENTRATION (MIC) IN uG/ML OF Gaultheria procumbens ESSENTIAL OIL AGAINST
DIFFERENT STRAINS OF Klebsiella pneumoniae

KP ATCC KP 101 KP 102 KP 103 KP 104 KP 105

1024 pglmL + + + + + *
512 pglmL + + + - + *
256 nglmL + + - — _ %
128 pglmL - - - — _ %

64 pglmL - - - — _ %

32 uglmL - - - _ _ "
Controle negativo - - - - — _
Controle positivo + + + + + +

Legend: (KP) Klebisiella pneumoniae (+) Inhibition (—) No inhibition (x) greater than 1042 pg/mL.
Source: Author (2023).
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