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Abstract 

The objective of this study was to evaluate the antimicrobial potential of essential oil (EO) from L. origanoides 

against Gram-negative bacteria with multidrug resistance (MDR) phenotype and to correlate the results obtained with 

the genetic profile of these microorganisms. The oil was extracted from the leaves of this plant by steam dragging and 

condensation with Clevenger equipment, the chemical components were identified and quantified by gas 

chromatography coupled with mass spectrometry and gas chromatography coupled with the flame ionization detector. 

Twenty clinical isolates and one standard strain of each species were analyzed: E. coli, K. pneumoniae and P. 

aeruginosa (n=63). The antibacterial potential was evaluated by broth microdilution tests. Thymol is the prevalent 

component (87.37%). The EO at a concentration of 312 μg/mL was effective in inhibiting 52% of E. coli strains and 

about 38% of K. pneumoniae. On the other hand, for P. aeruginosa a concentration of 2,500 μg/mL was needed to 

obtain growth inhibition of approximately 38% of the strains. Among the resistance genes detected, the highest 

prevalence was blaCTX-M 1/2, however, even with the presence of these genes, an antimicrobial action of this EO was 

observed. Therefore, the results of this study suggest that the EO of L. origanoides presented an efficient antibacterial 

action with potential use in the fight against infections by MDR microorganisms. 

Keywords: Phytotherapics; Natural products; Infections; Verbenaceae; β-lactamases. 

 

Resumo  

O objetivo deste estudo foi avaliar o potencial antimicrobiano do óleo essencial (OE) de L. origanoides contra 

bactérias Gram-negativas com fenótipo de multirresistência (MDR) e correlacionar os resultados obtidos com o perfil 

genético desses microrganismos. O óleo foi extraído das folhas desta planta por arraste de vapor e condensação com 

equipamento Clevenger, os componentes químicos foram identificados e quantificados por cromatografia gasosa 

acoplada à espectrometria de massas e cromatografia gasosa acoplada ao detector de ionização de chama. Foram 
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analisados vinte isolados clínicos e uma cepa padrão de cada espécie: E. coli, K. pneumoniae e P. aeruginosa (n=63). 

O potencial antibacteriano foi avaliado por testes de microdiluição em caldo. O timol é o componente prevalente 

(87,37%). O OE na concentração de 312 μg/mL foi eficaz na inibição de 52% das cepas de E. coli e cerca de 38% de 

K. pneumoniae. Por outro lado, para P. aeruginosa foi necessária uma concentração de 2.500 μg/mL para obter 

inibição do crescimento de aproximadamente 38% das cepas. Dentre os genes de resistência detectados, o de maior 

prevalência foi o blaCTX-M 1/2, porém, mesmo com a presença desses genes, observou-se ação antimicrobiana deste OE. 

Portanto, os resultados deste estudo sugerem que o OE de L. origanoides apresentou uma ação antibacteriana eficiente 

com potencial de uso no combate a infecções por microrganismos MDR. 

Palavras-chave: Fitoterápicos; Produtos naturais; Infecções; Verbenaceae; β-lactamase. 

 

Resumen  

El objetivo de este estudio fue evaluar el potencial antimicrobiano del aceite esencial (AE) de L. origanoides frente a 

bacterias Gram negativas con fenotipo multirresistente (MDR) y correlacionar los resultados obtenidos con el perfil 

genético de estos microorganismos. El aceite fue extraído de las hojas de esta planta por arrastre de vapor y 

condensación con equipo Clevenger, los componentes químicos fueron identificados y cuantificados por 

cromatografía de gases acoplada a espectrometría de masas y cromatografía de gases acoplada a detector de 

ionización de llama. Se analizaron veinte aislados clínicos y una cepa estándar de cada especie: E. coli, K. 

pneumoniae y P. aeruginosa (n=63). El potencial antibacteriano se evaluó mediante pruebas de microdilución en 

caldo. El timol es el componente predominante (87,37%). El AE a una concentración de 312 μg/mL fue eficaz para 

inhibir el 52% de las cepas de E. coli y aproximadamente el 38% de K. pneumoniae. En cambio, para P. aeruginosa 

fue necesaria una concentración de 2.500 μg/mL para obtener una inhibición del crecimiento de aproximadamente el 

38% de las cepas. Entre los genes de resistencia detectados, el más prevalente fue blaCTX-M 1/2, sin embargo, aun con la 

presencia de estos genes, se observó una acción antimicrobiana de este AE. Por lo tanto, los resultados de este estudio 

sugieren que el AE de L. origanoides presentó una acción antibacteriana eficiente con potencial uso en el combate a 

infecciones por microorganismos MDR. 

Palabras clave: Hierbas medicinales; Productos naturales; Infecciones; Verbenáceas; β-lactamasas. 

 

1. Introduction  

Gram negative bacilli are organisms present in various environments and that participate in the balance of the habitats 

to which they are related, but when subjected to unfavorable situations they have the remarkable ability to take advantage of 

survival strategies. Multidrug-resistant bacteria are a matter of preoccupation in the global health area, as they narrow or even 

eliminate the existing therapeutic options (Fernández, et al., 2016). 

These microorganisms can resist by several mechanisms such as: enzymatic products, alteration of membrane 

proteins, in addition to that, the genetic material can be easily transmitted between bacterial cells through specific cell structure 

(Ting, et al., 2018). The action of β-lactamases on Gram negative bacteria is more favorable and efficient, since they are 

distributed in the periplasmic space, inactivating the antimicrobial before it has contact with the target of action present in the 

cytoplasmic membrane (Pragasam, et al., 2016). 

Essential oils are a complex of volatile organic chemicals produced by secondary metabolites responsible for the 

biological activities of plants. Terpenes, aromatic and aliphatic compounds such as alcohols, esters, ethers, aldehydes, ketones, 

lactones, phenols and phenolic ethers are among the most prevalent components in these substances (Puškárová, et al., 2017).  

From the semi-arid region of northeastern Brazil, Lippia origanoides Kunth (Verbenaceae) is an aromatic plant with 

insecticidal, antibacterial, larvicide, acaricide, and anti-inflammatory properties, among others (Baldim, et al., 2019). Thymol 

and carvacrol, commonly found in the essential oil of Lippia leaves, target the cell membrane, affecting electrostatic balance 

and other vital functions. The efficiency of these extracts is related exactly to the complexity of the compounds that behave 

synergistically (Khan & Ahmad, 2011).  

Given the above, the purpose of this study was to evaluate the antimicrobial potential of the essential oil from L. 

origanoides against Gram-negative bacteria with multidrug resistance (MDR) phenotype and to correlate the results obtained 

with the genetic profile of these microorganisms. 
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2. Materials and Methods 

The research, guided by Resolution N° 466/12 of the Brazil National Health Council, complies with ethical aspects 

and obtained a favorable opinion by the Research Ethics Committee of the State University of Vale do Acaraú, Sobral, Ceará, 

Brazil (4,633,262/ 2021). In order to follow the criteria established by Law N° 13.123/15 and its regulations, Lippia 

origanoides was registered in the database of the National System for the Management of Genetic Heritage and Associated 

Traditional Knowledge under N° AEBF288. 

 

2.1 Obtaining essential oil 

Fresh leaves of L. origanoides, HUVA exsicate n° 23.372, were cleaned with flowing water followed by distilled 

water. The oil was obtained by hydrodistillation, this procedure consisted of steam dragging and condensation with Clevenger 

equipment. For approximately 3 hours of boiling, the hydrolate is obtained (Ehlert, et al., 2006).  

 

2.2 Determination of chemical composition 

2.2.1 Gas chromatography coupled to mass spectrometry (GC-MS) 

The qualitative analysis of the oils was performed by GC-MS using an Agilent model GC-7890B/MSD-5977A 

(quadrupole), with electron impact at 70 eV, HP-5MS methylpolysiloxane column (30m x 0,25mm x 0,25μm, Agilent), helium 

carrier gas with flow rate 1,00 mL/min (8,8 psi) and constant linear velocity of 36,8 cm/s, injector temperature 250 °C, detector 

temperature 150 °C, transfer line temperature 280 °C. The identification of the compounds was performed by analyzing the 

fragmentation patterns displayed in the mass spectra with those present in the database provided by the equipment (NIST 

version 2.0 of 2012 – 243,893 compounds) and literature data (Moita, et al., 2022). 

 

2.2.2 Gas chromatography coupled to the flame ionization detector (CG-DIC) 

The quantitative analysis was performed by CG-DIC using a Shimadzu model CG-2010 Plus, RTX-5 

methylpolysiloxane column (30m x 0.25mm x 0.25μm), injection mode with 1:30 flow division, gas nitrogen carrier with flow 

1.0 mL/min (84,1 kPa) and constant linear velocity of cm/s, injector temperature 250 °C, detector temperature 280 °C. 

Identification of compounds was performed by comparing their retention indices with those of known compounds, obtained by 

injecting a mixture of standards containing a homologous series of C7-C30 alkanes and literature data (Moita, et al., 2022) 

 

2.3 Bacterial strains 

Sixty isolates, one more standard strain from each specimen (E. coli, K. pneumoniae, P. aeruginosa), were used in the 

experiments. These are part of a biological collection formed at Laboratory of Microbiology and Parasitology of the FAMED 

(FUC/Sobral) and come from hospitals located in the city of Sobral/CE, Brazil. 

The reactivation of specimens stored in a freezer at -80 ºC was carried out by adding a 50 µl aliquot of the culture in a 

test tube containing 5,0 mL of Brain Heart Infusion broth, which was subsequently incubated for 18 hours at 35 ºC. After 

growth, the inoculum was seeded on a plate with MacConkey Agar using a sterile bacteriological loop and incubated again at 

35 ºC for 24 h. After growth, the purity of the sample was confirmed by observing the morphological and dyeing 

characteristics by Gram stain (Morais, et al., 2019). 

 

2.4 Broth Microdilution Test 

The determination of the Minimum Inhibitory Concentration (MIC) of L. origanoides oil was performed in triplicate 

according to microdilution methodology in 96-well polystyrene plates standardized in accordance with the document M07-A11 
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10 th edition, Methods for Diluition Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically, a standard 

developed through the conceptual process of Clinical and Laboratory Standards Institute (CLSI, 2018). 

The wells of columns 1 to 11 were filled with 100 μL culture medium, after 100 μL the essential oil at an initial 

concentration of 2,500 µg/mL was added to column 1 and following the microdilution process, the other desired decreasing 

concentrations were obtained. Finally, each well received 100 μL of bacterial suspension adjusted to approximately 5x107 

CFU/mL according to the 0.5 MacFarland scale. The last column was reserved for the controls: negative (only culture 

medium), positive (bacterial suspension plus culture medium), toxicity (bacterial culture plus diluent - Tween 80 at 0.02%). 

Lines D and H were turbidity control, in this case, culture medium more essential oil in their respective dilutions.  

Then, the microplate was incubated at 35 °C for 24 h and after this period it was analyzed by an ELISA reader (BIO 

Trak II – Plate Reader®) with a wavelength of 620 nm to quantify bacterial growth through turbidity (Fernandes, et al., 2016). 

 

2.5 Minimum Bactericidal Concentration (MBC) 

The determination of the Minimum Bactericidal Concentration (MBC) was performed according to the method 

proposed by Hafidh et al., (2011). After determining the MIC, 10 μl from the wells where there was no visible microbial 

growth were transferred to Petri dishes containing Muller Hinton Agar medium, which were then incubated at 35 °C for 24 h in 

the aerobic growth oven. MBC was considered the lowest concentration of the compound where there is no cell growth on the 

surface of the inoculated agar (99.9% microbial death). 

 

2.6 Resistance profile analysis by the presence of ESBL 

The Vitek 2 system carried out ESBL phenotypic identification and antimicrobial susceptibility tests (BioMérieux). 

This automated system utilizes antibioticcontaining cards (AST N105 card) as suggested by the Clinical and Laboratory 

Standards Institute - CLSI (CLSI, 2018). Previous studies carried out by the present research group investigated the presence 

of some resistance genes in these bacterial samples. For genotypic characterization, the genomic DNA of the bacteria was 

extracted with the Easy DNATM kit (Invitrogen, USA). The DNA obtained was evaluated for its stability by electrophoresis 

performed at 120V for 40 minutes in a 0.8% agarose gel with ethidium bromide, 10 µl of genomic DNA plus 2 µl of 

bromophenol blue. The quantification of the extracted product was performed in a spectrophotometer (Gene Quant, 

Amersham, USA). This genetic material was subjected to conventional Polymerase Chain Reaction (cPCR) to detect the 

blaCTX-M, blaTEM, blaSHV, blaGES, blaIMP and blaKPC genes with parameters described by (Rocha, et al., 2019; dos Santos, et al., 

2018). The data, referring to the resistance profile due to the presence of ESBL genes, were associated with the values obtained 

for MIC and MBC to try to relate the different inhibition values with the presence of certain genes. 

 

2.7 Statistical analysis 

The difference between the means of the replicates was evaluated by One-way ANOVA test with Bonferroni 

post-test, with the support of the GraphPad® Prism version 5.04 for Windows (GraphPad Software, San Diego California 

USA). Differences with p < 0.05 were considered significant. 

 

3. Results and Discussion  

The constituents of the essential oil of L. origanoides found are shown in the Table 1. It was observed that the 

chemical compound that presented the highest concentrations, being the major constituent was thymol (87.37%). 
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Table 1. Chemical composition of the essential oil of Lippia origanoides. 1Calculated IK values. 2IK values of the literature 

(Adams, 2007). 

Compound 1IKcalc 2IKlit Area (%) 

α-Pinene 941 939 0,54 

Myrcene 998 990 0,44 

p-Cymene 1030 1024 4,45 

Eucalyptol 1038 1031 0,65 

Terpinen-4-ol 1183 1177 0,52 

α-Terpineol 1198 1188 0,21 

Thymol methyl ether 1240 1235 0,36 

Thymol 1296 1290 87,37 

β-Caryophyllene 1423 1419 3,11 

Aromandendrene 1443 1441 0,36 

α-Caryophyllene 1458 1454 0,18 

γ-Muurolene 1480 1479 0,06 

Bicyclogermacrene 1497 1500 0,29 

δ-Cadinene 1527 1523 0,21 

Spathulenol 1582 1578 0,15 

Caryophylene oxide 1586 1583 0,98 

Total Composition 99,89 

Source: Elaborated by the authors. 

 

Thymol is one of the monoterpenic phenols significantly present in essential oils of plants included in the 

Verbenaceae family (Aloysia triphylla, Laosaurus gracilis, Lasius grandis, Lippia origanoides). Biologically, it has an 

antioxidant, anti-inflammatory, local anesthetic, healing and antiseptic action, with an emphasis on antibacterial and antifungal 

properties (Amalraj, et al., 2020). Alcohols are also common chemical components present in essential oils, with a structure of 

intense binding affinity with various molecules such as proteins or glycoproteins. Thus, they demonstrate a high potential to 

permeate cell walls, leading to the loss of cytoplasmic material (Pérez Zamora, et al., 2018). 

All isolates used in this study were beta-lactamase producers according to the susceptibility profile automatically 

traced at the time that they were identified. Among the genes investigated, blaCTX-M1/2 was the most prevalent in all samples. 

However, the presence of this resistance gene did not prevent the bactericidal action of the oil in question. The result with the 

E. coli (EC 42) that harbored blaCTX-M1/2 and blaTEM genes was the same when compared to the standard sample ATCC 25922 

that did not have such genes, showing an inhibitory and bactericidal action on concentration of 312 µg/mL for both. 

The essential oil had an inhibitory and bactericidal action in 10 (50%) of the E. coli samples analyzed at a 

concentration of 625 μg/mL. At this same concentration, a bactericidal effect was observed in 8 (40%) isolates of K. 

pneumoniae. Regarding P. aeruginosa isolates, the OE proved to be less effective for most, since it showed a bactericidal 

effect for only 6 (30%) nosocomial isolates and for the standard strain, but with the highest tested concentration of the 

compound (2,500 μg/mL) for 5 (71.4%) of these, and in 2 (33.3%) isolates and in the standard strain the MIC was equal to 

CBM (2,500 μg/mL). Furthermore, in 4 (20%) strains the OE, at the concentrations tested, did not show an inhibitory effect. 

The values can be seen in tables 2, 3 and 4. The greater resistance of P. aeruginosa can be attributed to the excellent ability to 

form biofilm and the action of efflux pumps, intrinsic characteristics of this species (Moradali, et al., 2017). 
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Table 2. MIC, MBC of L. origanoides essential oil against E. coli isolates and ATCC 25922, and presence of the investigated 

resistance genes. 

E. coli samples Essential oil of L. origanoides 

µg/mL 

ESBL genes 

 MIC MBC   

EC 03 625 625   

EC 04 625 625   

EC 08 625 625  CTX-M 1/2 

EC 10 625 625   

EC 11 625 625   

EC 12 625 625  CTX-M 1/2 

EC 16 312 312   

EC 18 625 625  CTX-M 1/2 

EC 22 625 625   

EC 23 312 1,250  CTX-M 1/2 

EC 29 625 625   

EC 31 625 625   

EC 32 312 312   

EC 33 312 312   

EC 34 312 312  CTX-M 1/2 

EC 37 312 625   

EC 38 312 312   

EC 39 312 312   

EC 40 312 625  

CTX-M 1/2 

TEM 

SHV 

EC 42 312 312  
CTX-M 1/2 

TEM 

ATCC 25922 312 312  - 

Geometric mean 461 536   

Source: Elaborated by the authors. 
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Table 3. MIC, MBC of L. origanoides essential oil against K. pneumoniae isolates and ATCC 70063, and presence of the 

investigated resistance genes. 

K. pneumoniae samples Essential oil of L. origanoides µg/mL ESBL genes 

 MIC MBC   

KP 01 312 312   

KP 02 312 312  

CTX-M 1/2 

TEM 

SHV 

KP 05 312 312   

KP 06 312 312   

KP 07 312 312   

KP 09 312 625   

KP 13 312 312   

KP 14 1,250 1,250   

KP 17 1,250 1,250   

KP 19 1,250 1,250   

KP 20 1,250 1,250   

KP 21 1,250 1,250   

KP 24 625 625   

KP 25 625 625   

KP 26 625 625   

KP 28 625 625   

KP 35 625 625   

KP 36 625 1,250  CTX-M 1/2 

KP 41 625 625  CTX-M 1/2 

KP 49 312 625   

ATCC 70063 2,500 2,500   

Geometric mean 744 803   

Source: Elaborated by the authors. 
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Table 4. MIC, MBC of L. origanoides essential oil against P. aeruginosa isolates and ATCC 15442, and presence of the 

investigated resistance genes. 

P. aeruginosa samples Essential oil of L. origanoides 

µg/mL 
ESBL/KPC/IMP genes 

 MIC MBC   

PA 02 625 2,500  

SHV 

CTX-M 1/2 

KPC 

PA 04 625 2,500   

PA 06 312 625  CTX-M 1/2 

PA 08 2,500 2,500  

CTX-M 1/2 

TEM 

GES 

PA 09 1,250 -  

CTX-M 1/2 

TEM 

IMP-1 

PA 12 2,500 -  
CTX-M 1/2 

GES 

PA 13 - -  
CTX-M 1/2 

GES 

PA 14 1,250 -  CTX-M 1/2 

PA 15 2,500 -   

PA 16 625 -  SHV 

PA 17 312 1,250  SHV 

PA 20  1,250 -   

PA 22 1,250 -   

PA 23 - -  CTX-M 1/2 

PA 28 2,500 -   

PA 30 2,500 -  GES 

PA 31 - -   

PA 32 - -   

PA 33 2,500 2,500  TEM 

PA 34 2,500 -  TEM 

ATCC 15442 2,500 2,500   

Geometric mean 1,309 685   

Source: Elaborated by the authors. 

 

Studies have shown that the chemical composition of essential oils are preponderant in the final results of the 

proposed objectives, and the knowledge generated promote to new discoveries and improvements. Pandini et al., (2017) used 

the essential oil of Guarea kunthiana abundant in α-zingiberene, which showed bactericidal activity against standard strains of 

Salmonella enterica ATCC 14028; Proteus mirabilis ATCC 25933 and P. aeruginosa ATCC 27853, but it was not efficient 

against E. coli ATCC 25922 and K. pneumoniae ATCC 13883 even with a concentration of 7,000 μg/mL for both MIC and 

MBC. 

In figures 1, 2 and 3, we can visualize the action of L. origanoides essential oil against the bacteria studied, showing 

that the presence of the resistance genes studied did not impair its inhibitory capacity. So, EO at a concentration of 312 μg/mL 

had a bactericidal effect against the E. coli (EC 34) that harbored blaCTX-M 1/2 gene, as well as against ATCC 25922 that did not 

have these resistance genes, a similar behavior was observed in EC 42, which carries more than one ESBL gene (Figure 1).  
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Figure 1. Growth of E. coli strains. ATCC 25922 and clinical isolates with at least one identified ESBL gene (EC8, EC12, 

EC23 and EC34), as well as clinical isolates with more than one identified ESBL gene (EC40 and EC42) and L. origanoides 

essential oil activity at 312 µg/mL. Statistically significant values *** (p ≤ 0.001) and ** (p ≤ 0,01) compared to control. 
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Source: Elaborated by the authors. 

 

In relation to K. pneumoniae isolates, OE had a bactericidal effect even in those that contained ESBL genes, including 

a smaller MBC (312 μg/mL) to eliminate the KP 2 strain, which carried three of the analyzed resistance genes, than the 

bactericidal concentration required for the ATCC 70063 strain that did not have any ESBL gene (p ≤ 0.001) (Figure 2). 

 

Figure 2. Growth of K. pneumoniae strains. ATCC 70063 and clinical isolates with at least one ESBL gene identified (KP36 

and KP41), as well as clinical isolates with more than one ESBL gene identified (KP2) and L. origanoides essential oil activity 

at 312 μg/mL. Statistically significant values * (p ≤ 0.05) and *** (p ≤ 0,001) compared to control. 
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Source: Elaborated by the authors. 

 

The results obtained with P. aeruginosa also followed the same behaviors (Table 4 and Figure 3). Concentrations of 

625 μg/mL and 1,250 μg/mL of EO were required to obtain a bactericidal effect against PA06 and PA17 strains, respectively, 
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both with ESBL genes. However, to obtain a bactericidal effect against the ATCC 15442 strain that did not carry these genes, a 

concentration of two to four times higher was necessary (p ≤ 0.001). 

 

Figure 3. Growth of P. aeruginosa bacterial strains. ATCC 15442 and clinical isolates with at least one ESBL gene identified 

(PA6, PA14, PA16, PA17, PA23, PA30, PA33 and PA34), as well as isolates with more than one ESBL gene (PA2, PA8, PA9, 

PA12 and PA13), and L. origanoides essential oil activity at 1,250 μg/mL. Statistically significant values ** (p ≤ 0.01) and *** 

(p ≤ 0,001) compared to control. 
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Source: Elaborated by the authors. 

 

Imane et al., (2020) tested six essential oils: Rosmarinus officinalis L., Zingiber officinale Roscoe, Melaleuca 

alternifolia Cheel, Cymbopogon winterianus, Salvia sclarea L. and Syzygium aromaticum against multidrug-resistant bacteria 

such as E. coli ESBL and obtained good bactericidal results, emphasizing that the action of compounds does not depend on the 

antibiotic susceptibility profile. The vast chemical composition of substances stands out in biological action. The MIC and 

MBC of S. aromaticum against E. coli ESBL was 210 µg/mL, with the same result for strain ATCC 25922 and for K. 

pneumoniae ATCC 70063. These results are similar to those obtained in the present study, since the MIC and MBC obtained 

for E. coli strains, for example, were 312 µg/mL for ATCC 25922 and also for 35% of the resistance profile samples tested. 

Ribeiro et al., (2020) tested several essential oils against antibiotic resistant E. coli, P. aeruginosa and K. pneumoniae 

isolates and demonstrated better activity of cinnamon and Chinese oregano (Cinnamomum cassia and Origanum compactum) 

with the best MIC results, with 250 μg/mL for E. coli and K. pneumoniae samples and 500 μg/mL for P. aeruginosa. The other 

compounds tested had a MIC as from 1,000 μg/mL. The highlighted activities were related to the prevalence of 

cinnamaldehyde in Chinese cinnamon and carvacrol in oregano. The authors described that penetration of oils is more difficult 

in Gram negatives due to the presence of the outer membrane, which does not prevent the compounds from gaining access to 

the cells, even if slowly, through porins or by destructuring the unsaturated fatty acids that make up the external structure and 

therefore disordering the cell. The main mechanisms of action described are: membrane destabilization, enzymatic inhibitions, 

such as ATPase activity, interruption of cell division or failure of efflux pump activity. 

Freitas et al., (2020) tested essential oil extracted from the leaves of Baccharis coridifolia against E. coli and P. 

aeruginosa multiresistant and obtained divergent results from the findings in this study, since, for P. aeruginosa there was an 

inhibitory effect with a MIC of 128 μg/mL, while there was no effect for E. coli. The effects are attributed to sesquiterpenes 

such as germacrene D and α-caryophyllene as main components. 
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Veras et al., (2017) analyzed the behavior of L. origanoides essential oil against some microorganisms and obtained 

MIC of 256 μg/mL for K. pneumoniae ATCC 10031 and 512 μg/mL for E. coli ATCC 25922 and P. aeruginosa ATCC 15442, 

values one more time, similar to the studies already mentioned and close to this research. The main constituents identified were 

thymol (84.9%), ethyl-methyl-carvacrol (5.33%), and p-cymene (3.01%). 

While Morais et al., (2016) working with essential oil of L. origanoides collected from São Gonçalo do Abaeté, in the 

state of Minas Gerais, Brazil, found MIC of 2,000 μg/mL for samples of P. aeruginosa ATCC 9027 and E. coli ATCC 11229, 

the plants compound originating from this region had isoborneol (14.66%), bornyl acetate (11.86%), α-humulene (11.23%) as 

prevalent components. The yield and chemical composition of essential oils are determined by a combination of natural and 

genomic factors, being therefore variable and these variations will determine physical, chemical, biological and organoleptic 

properties, defining the usual and commercial purpose of the substance (Saraiva, et al., 2020). 

A review published by Pérez Zamora et al., (2018) evidenced results of tests with essential oil of L. origanoides that 

presented MIC values of 256 μg/mL for K. pneumoniae and 512 μg/mL for P. aeruginosa and E. coli, results similar to those 

found in the present study. In addition, L. origanoides essential oil was active against strains of Candida sp., Staphylococcus 

aureus, Streptococcus mutans, Providencia rettigeri, Enterobacter cloacae and Enterococcus faecalis. The studies mentioned 

in the review above used microorganisms from standard strains and isolated from foods such as milk and cheese. 

The secondary components of essential oils, even at low concentrations, can contribute to the overall efficiency of 

antimicrobial activity through synergistic interaction with other constituents. Thus, the main components, representing many 

times more than 85% of the total, are not responsible for the high performance of an antibacterial activity alone (Pandini, et al., 

2017).  

A limitation of this study would be the fact that we did not test separately the antimicrobial action of thymol, the main 

component of the EO of L. origanoides, against the pathogens analyzed. 

 

4. Conclusion  

The results of this research showed that the essential oil extracted from the leaves of L. origanoides has an inhibitory 

and bactericidal action against ESBL-positive Gram-negative pathogens, an action that can be attributed to the prevalence of 

thymol and other secondary terpenes in its composition, and that this action is not restricted by the presence of resistance genes 

that encode beta-lactamases conferring advantages in the virulence of microorganisms. 

In this way, the antibacterial action against nosocomial isolates makes the compound promising for improving the 

performance of currently inactive drugs or even for the development of new drugs aimed at the treatment of nosocomial 

infections, suggesting complementary studies. 
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