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Abstract

:

Presently, results from a study carried out in this area using the essential oil from the Calyptranthes concinna species, a representative from the Myrtaceae family, are reported. The essential oil was obtained by hydrodistillation and gas chromatography coupled to mass spectrometry was used to identify its chemical constituents. Antibacterial activity was determined using the broth microdilution method, thus obtaining the Minimal Inhibitory Concentration (MIC) value, from which the subinhibitory concentration (MIC/8) was derived. The C. concinna essential oil presented antibacterial activity against both standard and multiresistant bacteria. In addition, the oil demonstrated an antibiotic activity potentiation against Staphylococcus aureus and Escherichia coli when in combination with the antibiotic gentamicin, reducing the MIC from 141.38 μg/mL and 208.63 μg/mL to 64 μg/mL and 128 μg/mL, respectively. Conclusions: Findings from the present study suggest this oil is promising in terms of its antimicrobial activity.
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1. Introduction


Microorganismal resistance, with its main consequence being a difficulty in treating pathologies, increases healthcare costs and mortality rates associated with infections [1], being considered a growing problem for public healthcare around the world [2].



An alternative for tackling this problem is the use of natural products, such as essential oils, in substitution or in combination with antibiotics, as these products possess antimicrobial properties [3,4]. Moreover, these products can be obtained from several botanical families.



The indiscriminate use of antibiotics occurs in different proportions around the world and is associated with factors such as self-medication and inadequate prescription. Indiscriminate use is responsible for the high bacterial resistance report rates that have increased each year [5]. The need for the development of increasingly potent antimicrobials has grown due to diverse needs, such as those presented in the public healthcare field, where the emergence of microbial resistance is a factor reducing the quality of life of individuals and which considerably increases the probability of hospital infection [6].



Myrtaceae is a family of angiosperms composed of approximately 140 genera. These species are trees or shrubs, producing fruits which are mostly edible [7,8,9]. Most of their representatives are important essential oil sources [9].



The Calyptranthes genus, a member of the Myrtaceae family, is composed of approximately 100 species. The biological activity from this genus has been attributed to compounds present in its structure such as benzopyrene or chromene [9,10,11], examples of which include antibacterial activity [12,13], anti-inflammatory activity [14], antiparasitic activity [15,16], antitumor activity [12], antinociceptive activity [14] and antispasmodic activity [12,16], among others.



With the aforementioned in mind, the present study aimed to evaluate the antimicrobial and bacterial resistance modifying potential of the Calyptranthes concinna DC essential oil against standard and multiresistant Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa strains.




2. Materials and Methods


2.1. Botanical Material Collection


Plant material collection of Calyptranthes concinna leaves was carried out in the Butuguara Private Natural Heritage Reserve (Reserva Particular do Patrimônio Natural Butuguara; RPPN), in the municipality of Palmeira-PR, Southern Brazil (25° 20.884′ S and 049° 47.258′ W). The collection was carried out under a license issued by the Environmental Institute of Paraná (No. 284/11). An exsiccate was prepared and deposited in the Spiritist Integrated Faculties Herbarium (Herbário das Faculdades Integradas Espírita), registered under collection number HFIE 8.820 and SISGEN n° AC30A0A.




2.2. Essential Oil Extraction


Extraction of the Calyptranthes concinna essential oil was carried out using the hydrodistillation method in a Clevenger apparatus for a period of 2.5 h, using 50 g of dry leaves in 1 L of distilled water with 3 replicates [17]. The leaves were dried using an electric dryer FANEM, Model 320 SE with air circulation at 40 °C for 24 h. The leaf water content was determined using 20 g of leaves that were dried to a constant weight using an electric dryer FANEM, Model 320 SE with air circulation at 65 °C, in triplicates. Following extraction, the samples were collected and kept in a freezer until further analysis. The yield obtained from the C. concinna essential oil was 0.26% of the dry leaf mass.




2.3. Chemical Composition Determination


Identification of the Calyptranthes concinna essential oil chemical constituents was performed by gas chromatography coupled to mass spectrometry (GC/MS). The essential oil was diluted in dichloromethane at a 1% proportion and 1.0 μL of the solution was injected at a 1:20 flow division in an Agilent 6890 chromatograph (Palo Alto, CA, USA) coupled to an Agilent 5973N selective mass detector. The injector was maintained at 250 °C. Constituent separation was obtained using a HP-5MS capillary column (5%-phenyl-95%-dimethylpolysiloxane, 30 m × 0.25 mm × 0.25 μm) with helium as the carrier gas (1.0 mL min−1). The oven temperature was programmed from 60 to 240 °C at a rate of 3 °C min−1. The mass detector was operated in the electronic ionization mode (70 eV), at a rate of 3.15 sweeps s−1 with mass bands from 40 to 450 u. The transfer line was maintained at 260 °C, the ion source at 230 °C and the analyser (quadrupole) at 150 °C.



For quantification, the diluted samples were injected into an Agilent 7890A chromatograph (Palo Alto, CA, USA) equipped with a flame ionization detector (FID), operated at 280 °C. The same column and analytical conditions described above were used except for the carrier gas, which for this was hydrogen, at a flow rate of 1.5 mL min−1. The percentage composition was obtained using the electronic integration of the DIC signal divided by each component’s total area (area%).



Chemical constituent identification was obtained by comparing their mass spectra with those of spectra databases [18,19], as well as by their linear retention indices, calculated from the injection of a homologous hydrocarbon series (C7–C26) and compared with data from the literature [20].




2.4. Drugs and Reagents


Gentamicin and Oxacillin (Sigma Co., St. Louis, MO, USA) were the antibiotics used in the experiments. Both drugs were dissolved in sterile distilled water until reaching a concentration of 1024 μg/mL. Ten milligrams from each essential oil used in the study was weighed into separate tubes and diluted in 1 mL of dimethyl sulfoxide (DMSO) and sterile distilled water until reaching a concentration of 1024 μg/mL.



To read the experiments, the resazurin sodium reagent (Sigma-Aldrich, St. Louis, MO, USA) was used as a colorimetric indicator of bacterial growth through the oxidation-reduction method [21,22].




2.5. Microbial Strains


The microorganisms used in the experiments were obtained from the Laboratory of Microbiology and Molecular Biology (Laboratório de Microbiologia e Biologia Molecular; LMBM) of the Regional University of Cariri (Universidade Regional do Cariri; URCA). The standard strains used were Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923 and Pseudomonas aeruginosa ATCC 9027. The multiresistant strains used were S. aureus 10, P. aeruginosa 24 and E. coli 06.




2.6. Minimum Inhibitory Concentration Determination


The Minimum Inhibitory Concentration (MIC) was determined by the broth microdilution method adapted from [23]. For the procedures, inocula from the 24 h growth cultures grown on petri dishes in Heart Infusion Agar—HIA (Difco Laboratories Ltd., Franklin Lakes, NJ, USA) were prepared. A loop from each strain was suspended in 0.9% saline solution and compared to the McFarland turbidity scale (1 × 105 CFU/mL) at 0.5.



Eppendorf® tubes containing 1.5 mL of solution were prepared. From this solution, 10% corresponded to the bacterial inoculum and the remainder of the solution was supplemented with 10% Brain Heart Infusion Broth (BHI) culture medium (1350 μL). Subsequently, 100 μL were added to a 96-well microdilution plate; thereafter, a 1:1 serial microdilution was performed up until the penultimate cavity, with the last well being used as a microbial growth control. Concentrations ranged from 512 to 0.5 μg/mL. The plates were then taken to a microbial growth incubator for 24 h at 37 °C.



For reading the MIC, 20 uL of resazurin solution were used and the solution was observed for any colour changes following an oxidation-reduction reaction at room temperature during 2 h. A colour change from blue to pink is interpreted as the occurrence of bacterial growth [21,22]. The procedures were performed in triplicates.




2.7. Essential Oil Modulating Effect on the Activity of Clinically Used Antibiotics


To verify if the essential oils could modify the action of antibiotics used against multiresistant bacteria, the method proposed by [24] was used. The compounds were evaluated at a subinhibitory concentration (MIC/8) so there would be no bacterial growth inhibition by direct action.



For these procedures, Eppendorf® tubes with a volume of 1500 μL of the solution were prepared, 10% of which corresponded to the bacterial inoculum (150 μL) and the essential oils (MIC/8 μL). The control solution was prepared in Eppendorf® tubes containing 1350 μL BHI and 150 μL of the bacterial suspension. Subsequently, the plates were filled with 100 μL of the solution and microdiluted using 100 μL of the antibiotics at a 1:1 ratio up to the penultimate cavity; the last well was used as a bacterial growth control. All procedures were performed in triplicates and readings were performed using resazurin.




2.8. Statistical Analysis


The results obtained in the tests were analysed using the geometric mean in a two-way ANOVA with Bonferroni’s post hoc test (p < 0.05 considered as significant).





3. Results


Chemical Composition Determination


In the C. concinna DC. chemical analysis, the following compounds were identified at greater proportions; elemicin (17.9%), alpha-cadinol (8.5%), Globulol (7.7%), cis-beta-guanene (7.4%), alpha-pinene (6.6%) and beta-pinene (6.2%), described in Table 1.



Results obtained from the Minimal Inhibitory Concentration (MIC) experiments using representatives from the Myrtaceae family are described in Table 2.



The C. concinna essential oil presented antibacterial activity against S. aureus ATCC (203.18 μg/mL) standard strains, in addition to showing antibacterial activity against Pseudomonas aeruginosa for both the standard and multi-resistant strains obtaining MIC values of 406.37 μg/mL and 645.08 μg/mL, respectively.



The essential oil modulatory effect was tested in association with the antibiotics gentamicin and oxacillin in order to evaluate a possible interaction between them, to verify if a synergistic or antagonistic activity exists, that is, if the substances in association would improve or impair antimicrobial action. A synergistic effect was observed in the association with the aminoglycoside gentamicin obtaining a MIC reduction from 141.4 to 64 μg/mL against S. aureus and from 208.6 to 6 μg/mL against E. coli (Figure 1).





4. Discussion


The study by the authors of [10] also reported a significant concentration of monoterpenes, such as pinenes occuring in greater quantity, in addition to sesquiterpenes and eudesmol isomers. According to the author, this characteristic is frequent in essential oils collected from Brazil, these being commercially important volatile compounds [25]. The authors of [26] studied the chemical composition of essential oils from the Calyptranthes genus and identified a high concentration of cyclic sesquiterpenes such as Caryophyllene, Germacran and Cadinanol, in accordance with the present study, which are considered common compounds in Myrtaceae.



When comparing the antibacterial activity of the C. concinna essential oil with other plants from the same genus, Calyptranthes pallens demonstrated an antibacterial effect against S. aureus with a MIC of 39 μg/mL, obtaining similar results against P. aeruginosa (MIC = 625 μg/mL) [27]. However, studies with Calyptranthes microphylla did not demonstrate any antibacterial effect against the same bacteria using the disk diffusion method [28]. These different results may be due the different chemical composition among these species, as well as the different methodologies used.



The antimicrobial activity of the analysed essential oil may be associated with the fact essential oils can alter cell membrane structure and permeability [29], especially due to the hydrophobic nature of compounds present in essential oils, which cause alterations in the enzymatic system and genetic material loss [30]. This is the first study portraying the C. concinna antibacterial activity.



Aminoglycosides are antibiotics which inhibit protein synthesis by altering the conformation of the bacterial ribosome [31,32]. Resistance to aminoglycosides and other drugs has been a major threat to public health, where its main mechanism of resistance may be due to enzymatic inactivation or antibiotic efflux [33]. Increased antibacterial activity or resistance reversal classify these products as antibiotic activity modifiers [34].



An antagonistic effect against S. aureus was observed in the association with the antibiotic oxacillin. The antagonistic effect of essential oils may be explained by these compounds binding to the active site the antibiotic would occupy or even due to possible antibiotic chelation mechanisms, thus diminishing the antibiotic’s spectrum of action [1,35].



Despite the possibility of using this natural product to potentiate antibiotic activity, some limitations must be overcome, such as the use of pharmaceutical nanoformulations as nanospheres, liposomes and complexes with cyclodextrin, as well as bioactivity evaluations using in vivo models.




5. Conclusions


Natural product research has gained prominence over time with the obtained results stimulating in-depth studies and investments in these. The possibility of using essential oils for antimicrobial treatment may reduce both microbial resistance and the cost these processes demand. The essential oil under study showed clinically relevant antimicrobial activity for in vivo treatment, in addition to potentiating the action of aminoglycosides.



Therefore, the results presented herein will hopefully contribute to the growth of essential oil studies and stimulate more in-depth experiments for confirmation of their therapeutic potential.
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Figure 1. Potentiating effect of the Calyptranthes concinna Essential Oil (EOCc) against antibiotics (p < 0.05). 
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Table 1. Chemical composition of the Calyptranthes concinna Essential Oil (EOCc).
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	IRa
	IRb
	Composition
	%





	924
	930
	α-thujene
	0.2



	932
	937
	α-pinene
	6.6



	969
	976
	Sabinene
	0.6



	974
	979
	β-pinene
	6.2



	988
	992
	Myrcene
	1.6



	1022
	1028
	p-cyeno
	0.9



	1024
	1032
	Limonene
	3.3



	1054
	1062
	γ-terpinene
	0.2



	1174
	1181
	terpinen-4-ol
	1.9



	1374
	1374
	α-copaene
	0.5



	1389
	1390
	β-elemene
	0.9



	1409
	1406
	α-gurjunene
	0.5



	1417
	1416
	(E) -β-caryophyllene
	1.8



	1430
	1436
	β-copaene
	1.2



	1452
	1451
	α-humulene
	0.6



	1458
	1458
	allo-aromadendrene
	0.9



	1478
	1475
	γ-muurolene
	0.5



	1485
	1479
	germacrene D
	1.4



	1492
	1493
	cis-beta-guanene
	7.4



	1494
	1501
	bicyclogermacrene
	0.7



	1513
	1522
	delta-cadinene
	4.5



	1555
	1569
	Elemicin
	17.9



	1577
	1580
	Spatulenol
	5.6



	1590
	1584
	Globulol
	7.7



	1592
	1592
	Viridiflorol
	5.1



	1600
	1601
	Rosifoliol
	2.9



	1627
	1627
	1-epi-baseball
	0.9



	1644
	1645
	alpha-muurolol
	4.3



	1652
	1654
	α-cadinol
	8.5



	1766
	1755
	Drimenol
	2.6



	
	
	Total identified (%)
	97.9







IRa: Literature Retention Index; IRb: Calculated Retention Index.
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Table 2. Minimum inhibitory concentration of the EOCc (μg/mL).
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	Bacteria
	S.A ATCC

25923
	P.A ATCC

9027
	E.C ATCC

25922
	S.A 10
	P.A 24
	E.C 06





	C. concinna
	203.18
	406.37
	≥1024
	≥1024
	645.08
	≥1024







S.A: Staphylococcus aureus; P.A: Pseudomonas aeruginosa, E.C: Escherichia coli.
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