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Abstract

@ open accEss

Essential oils (EO) are extracted from different plant species and can be present in different plant organs. Rosemary-pepper EO is composed of around 50%
to 70% thymol, a phenolic compound proven to be active against fungi and bacteria. The active components present in these compounds can affect the vital
functionality of bacterial cells, leading to protein denaturation and cell lysis. Therefore, the present study aims to evaluate in vitro the antibacterial potential of
Lippia origanoides EO against gram-negative bacteria. This is an exploratory study, with a technical-experimental procedure, with a quantitative approach, carried
out at the Federal University of Campina Grande. The strains used were Pseudomonas aeruginosa ATCC 27853, Proteus mirabilis ATCC 25933, and Escherichia coli
ATCC 25922, using concentrations of 1024, 512, 256, and 128 pg/ml using the disc diffusion method in triplicate. After the incubation period, the formation of halos
of bacterial growth inhibition was not observed. There are possible causes for the lack of antibacterial activity of the EO concerning the strains of gram-negative
bacteria used in the study, including the possibility of not containing components with antibacterial properties in concentrations sufficient for the expected activity
at the concentrations tested. Based on the results obtained, the Rosemary-Pepper EO (Lippia organoids) did not demonstrate antimicrobial activity against the
gram-negative bacteria used in the study. Therefore, the development of new research with Lippia origanoides essential oil with gram-positive bacteria is suggested.

Introduction

Essential Oils (EO) are extracted from more than 17,500
plant species and are present in different plant organs
such as flowers, leaves, stems, bark, seeds, and fruits [1].
Economically, essential oils have been highlighted in terms
of their abundance in the environment and the demand
for natural products has increased considerably in recent
years, therefore becoming known and valued products [2].
Furthermore, studies show that essential oils are substances
with high power to combat microorganisms and are low cost,
easily accessible, and less toxic in combating illnesses [3,4].

Pepper rosemary is a plant that belongs to the Verbenaceae
family, which contains several medicinal species of economic
interest, and has been used in traditional Brazilian medicine
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due to its diverse biological activities [5,6]. This species is
predominantly found in the North and Northeast regions of
Brazil, mainly in the Amazon region, where it is used to treat
skin lesions and inflammation of the upper airways, among
other therapeutic purposes [7-9].

The eventual emergence of antimicrobial resistance to
conventional antibiotics available on the market has become
a serious public health problem, directly harming healthcare,
and thus raises the need for studies of alternative substances
capable of obtaining antimicrobial activity [9-12]. In this way,
research on the antimicrobial potential of essential oils gains
space and relevance for combating these diseases [13,14].

Rosemary-pepper EO contains around 50% to 70%
thymol, a phenolic compound with proven activity against
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fungi and bacteria. Pepper rosemary is considered a plant
with great potential for the development of new products in
the pharmaceutical and cosmetic sectors, due to its medicinal
properties. Such potential is particularly relevant in a scenario
of dissemination of antibiotic-resistant bacterial strains,
which has been a challenge for public health. In this context,
rosemary pepper emerges as a promising option for the
development of new compounds with antimicrobial activity,
which may be useful in combating infections caused by these
resistant strains [15-17].

In laboratory studies in Colombia, the antibacterial activity
of L. origanoides was shown to be effective at concentrations
of > 900 pg/ml for thymol, in bacteria such as E. coli,
K. pneumoniae, Acinetobacter spp., and S. aureus [18].
According to studies, the active ingredients in essential oils can
denature proteins, causing the bacteria to die, but the effect of
essential oils depends on some variants, such as the place and
time in which it was collected, influencing the concentration
of antimicrobial compounds that will act on bacteria [19-22].

Therefore, this study aims to evaluate the bactericidal
potential of Lippia origanoides essential oil in vitro in contact
with gram-negative bacteria.

Materials and methods

Type of study and research location

The research is an exploratory study, using a technical-
experimental procedure, with a quantitative approach, to
evaluate the antibacterial potential of Lippia origanoides
essential oil in vitro in contact with gram-negative bacteria.
The laboratory tests were carried out at the CT-INFRA
Microbiology Laboratory at the Teacher Training Center of
the Federal University of Campina Grande, Cajazeiras campus,
in the state of Paraiba.

Test substance

Essential oil taken from the leaves of the rosemary-pepper
plant (Lippia origanoides) was used. This was produced at
Fazenda Lagoa Vermelha, a location belonging to NatEssential,
the company responsible for manufacturing the oil. The oil
was obtained through purchase on the website https://www.
natessential.com.br/alecrim-pimenta.html. In its chemical
composition, according to the information present in the
product’s technical sheet, two components are mainly found:
Thymol (50.40g/100g) and Carvacrol (0.3g/100g) [23].

A solution of this compound was made by diluting this oil
in 2% Tween 80% and 10% DMSO, as well as using sterile
distilled water to obtain the desired concentrations.

Culture mediums

To carry out the tests, the culture medium used was
Mueller-Hinton Agar and BHI Broth. Before being manipulated,
these media were solubilized in distilled water and sterilized
in an autoclave at 121°C for 15 minutes.
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Microorganisms

Gram-negative bacterial strains from the ATCC (American
Type Culture Collection) were used, with the species being
Pseudomonas aeruginosa ATCC 27853; Proteus mirabilis ATCC
25933, and Escherichia coli ATCC 25922.

Bacterial inoculums

The bacterial strains were inoculated into BHI broth and
kept in an oven for 24 hours at 37°C. After the incubation
period, minimal amounts of the suspension were applied
to the sterile BHI solution in another tube, until it became
cloudy. This suspension had a turbidity similar to the 0.5
McFarland scale, where it was adjusted with the help of the
spectrophotometer.

Disk-diffusion method

Screening investigations of natural products for
pharmacological activity are essential for the discovery of
new medicines. The screening was carried out using the
disk diffusion method, accepted by the FDA (Food and Drug
Administration) and established as a standard by CLSI (Clinical
and Laboratory Standards Institute) [24]. For this, an aliquot
of 20 uL of the solution from the essential oil was used on 6
mm diameter filter paper discs, in the different concentrations
chosen for the test, reducing from 1024 to 128 pg/mL. To
recognize whether the solvents DMSO and Tween 80 caused
any interference in the test results, a negative control was
prepared where 20 uL of the solvents DMSO (10%) and Tween
80 (2%) were placed on paper discs and, to For the Fontrol,
the antibacterial gentamicin (30 pcg) was used.

The plates were aseptically closed and incubated at 37 °C
for 24 hours in a bacteriological oven so that readings could
be carried out [24]. Finally, the presence or absence of halos
was observed, where these were measured with the aid of a
millimeter ruler.

Statistical analysis

All experiments were performed in triplicate. The results
were subjected to statistical treatment using GraphPad
Prism® 5.0 software (GraphPad Software, Inc.,, San Diego,
CA). The data obtained were subjected to analysis of variance
(ANOVA) and expressed as the mean + standard deviation.
Differences were evaluated using the paired t-test and were
considered significant when p < 0.05.

Results

Initially, the disk-diffusion method was applied, which
is postulated by Bauer, characterized by diffusing an
antimicrobial through the culture medium. After this, the
plates of the diameters of the growth inhibition halos were
read, as shown in Table 1.

Gentamicin is a natural antibiotic from the aminoglycoside
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Table 1: Diameter of bacterial growth inhibition zones for O.E. Lippia origanoides,
gentamicin, and control against strains of Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 25922, Proteus mirabilis ATCC 25933 and strains of Pseudomonas
aeruginosa ATCC 27853.

Growth Inhibition Halo Diameter (mm)

Microorganisms Lippia origanoides (ng/mL) Gentamicin (pg)

1024 512 256 128 10

Pseud(;n;térz:a;;lggl;ginosa Ut u* | U* u* 23,6 +2,3 Ut
ESAC’;‘I(eIgCZhSigZC;" U o v U# 22+1 Ut
Pr:fgé Zgga3b3ms LA L U 22+1 Ut

*C - Solvent/diluent control: Discs impregnated with a solution of DMSO (10%) and
Tween 80 (2%); U* - It was not possible to visualize the formation of a halo of inhibition
of bacterial growth in the concentration of the substance used in the disk diffusion
method.

class. It is a drug of first choice due to its low commercial
cost, good stability, and low rate of pathogenic resistance. In
this sense, its mechanism of action consists of binding to the
cellular components of bacteria and inducing the production
of abnormal proteins, which are acutely toxic to them.
Furthermore, it has bactericidal activity against the following
resistant microorganisms: Salmonella sp, Pseudomonas
aeruginosa, Escherichia coli, Klebsiella pneumoniae, and gram-
positive bacteria such as Streptococcus sp. and Staphylococcus
sp [25-27].

With this, it was possible to demonstrate that, given the
concentrations tested, the rosemary-pepper essential oil
did not present an antibacterial effect against the bacteria
Pseudomonas aeruginosa ATCC 27853; Proteus mirabilis ATCC
25933 and Escherichia coli ATCC 25922 (Figure 1).

The antibiotic gentamicin was used as a positive control,
where sensitivity was observed for the bacteria selected in the
study, in addition to the negative control, which showed that
Tween 80 and DMSO do not have antimicrobial properties, as
already predicted.

Discussion

The main elements of essential oils have been widely
studied for their effectiveness in treating infectious diseases.
These substances are often compounds with antimicrobial
action against a wide range of microorganisms, including
those that are resistant to conventional antibiotics and
antifungals. This range of use of essential oils is extensive and
covers varied purposes [28].

Regarding the pharmacological action of these compounds,
it is observed that they have antiseptic, carminative,
stomachic, and expectorant properties, among others [29].
This antimicrobial activity is commonly related to compounds
such as eugenol, allicin, thymol, and carvacrol. Such active
ingredients, due to their hydrophobic characteristic, operate
by cleaving the microbial cell wall, consequently losing their
function [30].

The essential oil originating from Lippia origanoides
mainly contains carvacrol and thymol, the latter being in high
concentrations. It is reiterated that the thymol component
has antimicrobial and bactericidal characteristics [31].
Santos Filho and collaborators observed in their studies that
the composition of the plant species Lippia origanoides has
around 23 compounds, with abundant components of thymol
(47.2%), p-cymene (16.0%), and E-caryophyllene (11.3%)
[32]. However, variations in the concentration of these
compounds found in O.E in the Lippia species analyzed can
also be found in the literature [33-36]. The effect of strongly
lipophilic action, which is concentrated on the plasma
membrane of the cell of this microorganism, harms cellular
integrity, increasing its permeability. This results in the
release of cytoplasmic contents, lysis, and death of cells [37].

In this sense, the active components from essential oils can
penetrate the lipid structure of the bacteria’s cell wall, causing
protein denaturation to occur, as well as the disruption of the

Figure 1: Result of the disc diffusion test performed with the essential oil Lippia origanoides in a plate with the bacterium Pseudomonas aeruginosa ATCC
27853 (A), Escherichia coli ATCC 25922 (B) and Proteus mirabilis ATCC 25933 (C).
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cell membrane. Therefore, after cell lysis, the bacteria begin
a process of death. Furthermore, the antibacterial activity
of L. origanoides essential oils can alter protein synthesis,
enzyme secretion, and the conversion of energy and nutrition,
therefore altering the vital mechanisms for the functioning
of microorganisms. Therefore, the antibacterial activity of
rosemary-pepper essential oil lies in its ability to penetrate
the cell walls of bacteria [22].

Inthe presentstudy,antibacterial activity testswere carried
out using Rosemary-pepper essential oil and its dilutions. The
results obtained demonstrated that the essential oil tested
did not exhibit antimicrobial activity against the bacteria
studied. This lack of activity may be related to the insufficient
concentration of the active components of the essential oil, as
well as the specific characteristics of the bacterial strains used
in the study, which may present resistance mechanisms that
render the essential oil ineffective.

Although the essential oil in question did not show
antibacterial activity against the gram-negative bacteria used
in this study, this does not prevent further research to evaluate
the potential antibacterial effect of this oil concerning gram-
positive bacteria. [tis important to highlight that the structural
differences in the cell wall between these two types of
bacteria can influence sensitivity to antimicrobial compounds,
and, therefore, Rosemary-Pepper essential oil may present
antibacterial activity against gram-positive bacteria.

It is proven that the action of essential oils may have a
greater power of action on gram-positive bacteria, due to
the greater interaction with the hydrophobic components of
the cell wall concerning the gram-negative bacteria, which
contain hydrophilic components. However, there is still a need
to clarify some mechanisms, due to the divergence of results
observed in studies available in the literature [38,39].

In this sense, a study carried out in Montes Claros,
observed that rosemary-pepper oil caused bacteriostatic
and bactericidal effects on species of Staphylococcus spp.
and Streptococcus spp. isolated from the milk of sheep with
mastitis. Furthermore, it is noteworthy that this action was
observed at the highest concentration that was tested (150
uL/mL). There was also the formation of an inhibition halo in
all bacteria used in the test, at a concentration of 150 pL/mL,
through the disk diffusion test [36].

However, research carried out by Silva and collaborators
demonstrates the effectiveness of Lippia origanoides essential
oil for an antimicrobial effect using the Escherichia coli ATCC
25922 strain isolated from the environment, poultry inputs,
cellulite lesions, and chicken liver. The divergences in results
may be related to the concentration of the oil used in the
studies, where in this study the highest concentration used was
1024 pg/mlL, whereas in Silva’s research, the MIC found was
0.54 mg/ml, concluding that the effects of this oil can be found
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if there is an increase in concentrations, and consequently in
the biological constituents of antimicrobial action [40].

That said, the divergence in antimicrobial activity observed
between research available in the literature and the results of
the present study may be due to the choice of bacterial species
studied, where it is observed that the inhibition halos, and
consequently the antibacterial effect, could be verified with
gram-positive bacteria, contrary to what was observed in the
gram-negative bacteria analyzed in this article, which exposes
the greater bactericidal effect of Lippia origanoides oil on
gram-positive bacteria [41].

Conclusion

Based on the results obtained, it was verified that the
essential oil of Rosemary-Pepper (Lippia origanoides) did
not present antimicrobial activity against the gram-negative
bacteria Escherichia coli ATCC 25922, Proteus mirabilis ATCC
25933 and Pseudomonas aeruginosa ATCC 27853 at the tested
concentrations of 1024, 512, 256 and 128 pg/mL. The lack of
antibacterial activity suggests that the essential oil extracted
from Lippia origanoides contains low concentrations of
chemical substances with antibacterial effects against
the strains examined. This suggests that the amount used
in the experiment was not sufficient to demonstrate the
antimicrobial effect of the methodology used.
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