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Introduction: Oregano essential oil (OEO) is one of the most widely used essential oils worldwide due to its huge
therapeutic benefits. Nevertheless, data on the effects of the endemic species Origanum minutiflorum, also known
as wild or Turkish oregano, is scarce. On the other hand, various chronic lung diseases, characterised by
persistent inflammation, oxidative stress, and common bacterial infections, do not have effective pharmaco-
logical therapy. Hence, the aim of this study is to examine the effects of wild oregano essential oil (WOEO) on
human bronchial epithelial cells and lung pathogens.

Methods: We provided a detailed chemical composition of WOEO using GC-MS and GC-FID analysis. Anti-
inflammatory effects of WOEO were analysed using the qRT-PCR and ELISA methods, while antioxidative
properties were examined by using the dichlorofluorescein assay in BEAS-2B cells. Antibacterial activity was
tested on lung pathogens by using the agar diffusion assay.

Results: The major constituents of WOEO, analysed in this study, were carvacrol, linalool, p-cymene, y-terpinene,
and (E)-caryophyllene. We found that treatment with WOEO attenuated LPS-induced IL8 gene expression and
hydrogen peroxide-induced oxidative stress in BEAS-2B cells. Moreover, WOEO showed an inhibitory effect on
pathogenic bacteria Acinetobacter baumannii and highly resistant Klebsiella pneumoniae commonly seen in
healthcare-associated pneumonia.

Conclusion: Our work presents new insights into the anti-inflammatory, antioxidative, and antimicrobial prop-
erties of WOEO which may be used as a simple and local treatment in various chronic lung diseases.

1. Introduction

The genus Origanum encompasses important medicinal and aromatic
plants which have been used over the years for their exclusive culinary
and therapeutic properties. Origanum species is widely distributed
around the Mediterranean, North African, Euro-Siberian, and Iran-
Siberian regions (Ali et al., 2020; Bayramoglu et al., 2008). Origanum
plants are extensively used in everyday life as a well-known spice for
cooking, but they are also exploited in the food industry and used in
alcoholic beverages and soft drink aromas (Sharifi-Rad et al., 2021).

Origanum species have been traditionally used as a medicinal plant
worldwide. The most commonly studied oregano species is Origanum

vulgare L. Numerous studies of oregano essential oils (OEO), deriving
from various Origanum species, have shown its therapeutic effects in vitro
and invivo (Cheng et al., 2018; Zou et al., 2016; Han et al., 2017). OEO is
an appreciated component in modern phytotherapy due to its antimi-
crobial, anti-inflammatory, antioxidant, antitumor, antimutagenic, and
hepatoprotective properties (Lombrea et al., 2020; Sharifi-Rad et al.,
2021). The ethnopharmacological uses of OEO comprise treatment of
digestive, respiratory, and dermatological disorders (Lombrea et al.,
2020). Essential oils of Origanum sp. have been reported to contain
carvacrol, linalool, borneol, terpinen-4-ol, thymol, p-cymene, and
y-terpinene (Baser, 2002; Demirci et al., 2004; Ozel and Kaymaz, 2004).
OEO has potent biological activities, which are primarily attributed to
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the presence of carvacrol, thymol, and monoterpenes (Sharifi-Rad et al.,
2021). It has been suggested that OEO exerts its effects by modulating
signalling pathways involved in inflammation, tissue remodelling, and
cancer. Previous studies have demonstrated anticancer properties of
OEO by reducing tissue remodelling biomarkers, cell proliferation, cell
migration and colony formation, and by inducing apoptosis. A number
of studies have reported the anti-inflammatory and antioxidative prop-
erties of OEO, including the reduction of proinflammatory cytokine and
chemokine levels, inhibition of mitogen-activated protein kinases
(MAPK) and reactive oxygen species (ROS) production, and an increase
of superoxide dismutase and catalase activity (Sharifi-Rad et al., 2021).
The antimicrobial activities of carvacrol and thymol, as the most
abundant components of oregano oil, have been widely studied (Ros-
tro-Alanis et al., 2019; Barbosa et al., 2020). Specifically, carvacrol has
extensively been tested as an antimicrobial agent in food for the control
of Gram-positive and Gram-negative pathogens, such as Bacillus cereus,
Enterococcus faecalis, Listeria monocytogenes, Staphylococcus aureus,
Escherichia coli 0157:H7, Pseudomonas fluorescens, Salmonella typhimu-
rium, and so-forth (Magi et al., 2015). The antibacterial effects of
carvacrol are mainly based on its ability to disrupt bacterial membrane
(Magi et al., 2015). Carvacrol easily penetrates through the cell mem-
brane of bacteria, leading to disruption of cell membrane integrity and
the release of bacterial cell content (Khan et al., 2017). Chauhan and
Kang (2014) showed that thymol, an isomer of carvacrol, was able to
disrupt bacterial plasma membrane and cause the release of cellular
content. However, the effects of OEO from various species vary due to
differences in the chemical composition of the essential oil, which is
influenced by numerous factors, such as environmental and climatic
conditions (Alkan, 2020). Carvacrol is the major component in the
essential oils of O. onites (57.0 %), O. minutiflorum (52.0 %), and
O. vulgare (59.9 %). However, carvacrol was not the dominant com-
pound in the essential oil of O. syriacum (3.2 %), and it was not detected
in the essential oil of O. majorana (Arslan and Dervis, 2010).

O. minutiflorum O.Schwarz & P.H.Davis is an endemic species, also
known as wild or Turkish oregano, with scarcely explored biological
effects. Studies on O. minutiflorum have shown its antioxidative effects in
cell-free systems, and antibacterial, insecticidal, and anticancer effects
in vitro (Elmastas et al., 2018; Oke and Aslim, 2010; Sokmen et al., 2020;
Dorman et al., 2004; Arserim et al., 2021; Evrendilek, 2015; Cetin et al.,
2009; Cetin and Yanikoglu, 2006). The oil content of wild oregano has
been investigated by different authors and most studies have demon-
strated that carvacrol was found to be the major constituent (42-84 %).
The other major constituents were p-cymene, y-terpinene, borneol, with
their quantities raging between 4.3-8.1 %, 1.7-5.1 %, 0.3-5.3 %,
respectively (Kirimer et al., 1995; Dadalioglu and Evrendilek, 2004;
Spyridopoulou et al., 2019).

Various chronic lung diseases such as chronic obstructive pulmonary
disease (COPD), asthma, cystic fibrosis, and pulmonary fibrosis,
although different have some common features. These include activated
immune and structural cells that produce pro-inflammatory mediators
and oxidative stress leading to excessive and self-perpetuating airway
inflammation and tissue destruction (Grondona et al., 2014; Yang et al.,
2018; Roesch et al., 2018; Desai et al., 2018). Increased oxidative stress
causes chronic lung inflammation, disease progression, and acute ex-
acerbations, which are associated with significant morbidity and mor-
tality (Barnes, 2020a, 2020b). In addition, common bacterial
colonization of the lower respiratory tract in patients with chronic lung
diseases is responsible for a lung inflammatory response leading to
exacerbation of the disease (Grondona et al., 2014). Currently, there are
no effective disease modifying therapies for many chronic lung diseases
and there is an urgent need for the development of novel approaches,
which concurrently target inflammation, oxidative stress, and bacterial
infection in the lungs (Barnes, 2013; Cantin et al., 2015; Barnes, 2020a,
2020b).

In this study, the chemical composition of commercially available
wild oregano essential oil (WOEO), O. minutiflorum (Probotanic), was
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determined by gas chromatography-mass spectrometry (GC-MS) and gas
chromatography-flame ionization detector (GC-FID) analysis. Anti-
inflammatory effects of WOEO were tested in human bronchial epithe-
lial cells by measuring the expression and production of interleukin 8
(IL8)/chemokine 8 (CXCL8), as one of the primary pro-inflammatory
chemokines implicated in inflammation and acute exacerbation in
chronic inflammatory lung diseases (Barnes et al., 2003). Moreover, the
antioxidative properties of WOEO were analysed by measuring the level
of intracellular oxidative stress in human bronchial epithelial cells. Also,
the antibacterial effects of WOEO were tested on two lung pathogenic
bacteria, Acinetobacter baumannii and Klebsiella pneumoniae.

2. Material and methods
2.1. WOEO

The WOEO (930 pg/uL) obtained from Probotanic (Republic of
Serbia) is commercially available pure organic oil intended for oral
consumption. The composition of WOEO is determined by GC-MS, as
shown in Table 1. The WOEO tested on BEAS-2B cells was freshly and
completely solubilized in dimethyl sulfoxide (DMSO, Sigma-Aldrich).

2.2. GC-MS and GC-FID analysis

Analysis was carried out with an Agilent 7890 A apparatus equipped
with a 5975 C MSD, FID, and a HP-5MS fused-silica capillary column
(30 m x 0.25 mm, film thickness 0.25 pym). The carrier gas was helium
(1 mL min~! at 210 °C). The injector temperature was 250 °C, with an
injection volume of 1 uL, split ratio, 10:1. MS detection was carried out
under source temperature conditions of 230 °C and an interface tem-
perature of 315 °C. The EI mode was set at electron energy, 70 eV with
mass scan range of 40-550 amu. The temperature was programmed
from 60 °C to 300 °C at a rate of 3 °C/minute. Components were iden-
tified based on their linear retention index relative to Cg-Csz3 n-alkanes
and comparisons with data reported in literature (Adams4 and NIST17
databases). The relative abundance of compounds (Table 1) was

Table 1
Analysis of WOEO by GC-MS and GC-FID.

Compound RI" RI %

a-Thujene 924 924 0.2
a-Pinene 931 932 0.4
Camphene 945 946 0.3
p-Pinene 974 974 0.1
Myrcene 988 988 0.7
a-Phellandrene 1003 1002 0.1
a-Terpinene 1015 1014 0.7
p-Cymene 1022 1020 3.5
p-Phellandrene 1026 1025 0.2
1,8-Cineole 1033 1026 0.2
y-Terpinene 1055 1054 2.4
(Z)-Sabinene hydrate 1069 1065 0.4
a-Terpinolene 1086 1086 0.1
Linalool 1103 1095 4.6
Borneol 1167 1165 1.2
Terpinen-4-ol 1178 1174 0.5
a-Terpineol 1193 1186 0.2
Thymol 1294 1289 1.1
Carvacrol 1308 1298 78.2
(E)-Caryophyllene 1419 1417 1.5
Aromadendrene 1439 1439 0.2
a-Humulene 1454 1452 0.1
p-Bisabolene 1510 1505 1.1
S-Cadinene 1525 1522 0.1
Spathulenol 1581 1577 0.1
Caryophyllene oxide 1588 1582 0.2
Total 98.4

@ Experimental retention index
b Literature-reported retention index (Adams, 2007)
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calculated from signal intensities in the GC-FID traces.
2.3. BEAS-2B cell culture

A normal human bronchial epithelial cell line BEAS-2B (ATCC CRL-
9609) was cultured in RPMI medium supplemented with 10 % fetal
bovine serum (FBS, Gibco), 100 ug/mL streptomycin and 100 U/mL
penicillin (Sigma) at 37 °C and 5 % CO». The cells were maintained up to
90 % confluency. All experiments were performed at least three times,
independently.

2.4. Lactate dehydrogenase (LDH) release assay

Cellular cytotoxicity was determined by measuring the activity of
LDH from the culture medium. The activity of LDH was measured
spectrophotometrically using a CyQUANT LDH Cytotoxicity Assay Kit
(Thermo Fisher), as per the manufacturer’s instructions. Briefly, BEAS-
2B cells were treated with WOEO 100-0.01 pg/mL, lipopolysaccharide
(LPS, Sigma) 100 ng/mL, and hydrogen-peroxide (H205, Sigma) 300 pM
and LDH activity was determined by measuring absorbance at 490 nm
and 680 nm, using a plate reader (Infifnite Multimode Reader Tecan).

2.5. Quantitative real time-polymerase chain reaction (QRT-PCR) assay

BEAS-2B cells (1.3 x10°) were seeded and pre-treated the following
day with DMSO < 0.04 % (positive control) or WOEO 10 pg/mL, for 30
min. Next, the cells were treated with LPS 100 ng/mL and DMSO < 0.04
% (positive control) or LPS 100 ng/mL and WOEO 10 pg/mL, for 23.5 h.

Total RNA was isolated from BEAS-2B cells using the RNeasy Plus
Mini Kit (Qiagen) according to the manufacturer’s instructions. RNA
purity and concentration were determined by BioSpec-nano (Shimadzu
Corporation).

cDNA was synthesized from 1 pg of total RNA using the High Ca-
pacity cDNA Reverse Transcription Kit (Thermo Fisher) as per manu-
facturer’s instructions. TagMan Gene Expression Assays (Thermo Fisher)
for IL8 and endogenous control, glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) gene, were used for RT-PCR via a 7500 Real-Time PCR
system (Applied Biosystems) following the manufacturer’s protocols.
RT-PCR reactions were carried out in 10 pL, in duplicates. Relative
quantification by AACT method was used to calculate IL8 gene expres-
sion relative to a positive control (DMSO), which was used as a cali-
brator. Results were analysed using Applied Biosystems 7500 System
Software.

2.6. Engyme-linked immune sorbent (ELISA) assay

The supernatants of BEAS-2B cells pre-treated with DMSO < 0.04 %
(positive control) or WOEO 10 pg/mL and treated with LPS 100 ng/mL
and DMSO < 0.04 % (positive control) or LPS 100 ng/mL and WOEO 10
pg/mL were collected after 24 h and stored at — 20 °C until analysis. IL8
was quantified using a Human IL8/CXCL8 DuoSet ELISA kit (R&D sys-
tems), according to the manufacturer’s instructions. The optical density
of each sample was determined at 450 nm and 570 nm using a plate
reader (Infifnite Multimode Reader Tecan).

2.7. Dichlorofluorescein (DCF) assay

Measuring the level of intracellular oxidative stress was performed in
BEAS-2B cells treated with WOEO and hydrogen peroxide using a DCF
assay, as previously described (Popovic et al., 2019).

BEAS™2B cells, 5 x 10°, were seeded in 96-well plate. The following
day the cells were left non-treated (negative control), treated with
DMSO < 0.04 % (positive control) or WOEO 10 pg/mL for 24 h. The cells
were then incubated with 10 uM 2',7’-dichlorofluorescin diacetate
(DCFH-DA) for 30 min. After the cells were washed with PBS, a medium
with 300 pM hydrogen-peroxide (Sigma) was added to the positive
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control sample and WOEO treated cells, whereby fluorescence was
measured via a plate reader (Infifnite Multimode Reader Tecan) imme-
diately after treatment administration. The fluorescence readings were
performed every 5 min during 3 h, with excitation at 485 nm and
emission at 530 nm.

The data deriving from the fluorescence reading was used for
calculating the area under the curve (AUC). The AUC for each sample
was subtracted for the AUC of the blank sample that represents cells
treated with DCFH-DA and culture medium (negative control). The
fluorescence was calculated relative to the positive control sample,
namely the cells treated with DMSO and H04, which was taken as 100
%. Each experiment was performed in four replicates.

2.8. Agar diffusion assay (disc-variant)

Antimicrobial activity of WOEO was assessed against Acinetobacter
baumannii ATCC 19606 and Klebsiella pneumoniae ATCC BAA2146 ac-
cording to Valgas et al. (2007). The test was performed by pouring 7 mL
of soft (0.7 %) LA agar into petri dishes with solid LA (Luria agar),
approximately 10°-10° cells of indicator strain per mL of medium. After
spilling the indicator strains, sterile disks (Identification Discs, Abtek
Biological) were arranged on the surface of the petri dishes. The anti-
microbial activity of various concentrations of WOEO, from concen-
trated oil to 1 pg/uL (930, 500, 100, 50, 10, and 1 pg/uL), was tested.
Serial dilutions were prepared with DMSO, which was also used as a
negative control. A 5 pL volume of appropriate oil concentration was
applied to the sterile discs. The cups were first incubated for 3 h at 4 °C
to allow the discs to absorb the oil as well as possible, and then at 37 °C,
aerobically, for 24 h.

2.9. Statistical analysis

The data is expressed as mean =+ standard deviation. The statistical
significance of the differences between treatment and control was
examined using a Student’s t-test. A p-value of less than 0.05 was
considered significant. Statistical analysis was carried out and graphs
were prepared by using GraphPad Prism 6 software.

3. Results
3.1. Analysis of WOEO by GC-MS and GC-FID

Twenty-seven constituents in the WOEO (O. minutiflorum) were
determined, with the major components being 78.2 % carvacrol, 4.6 %
linalool, 3.5 % p-cymene, 2.4 % y-terpinene, and 1.5 % (E)-car-
yophyllene (Table 1).

3.2. Cytotoxicity

Treatment of BEAS-2B cells with WOEO of 10 pg/mL and lower
concentrations and LPS 100 ng/mL for 24 h, as well as 300 pM hydrogen
peroxide for 3 h, showed cytotoxicity of less than 5 %.

3.3. WOEQ attenuated LPS-induced IL8 gene expression

The effect of WOEO on LPS induced inflammatory response was
analysed in BEAS-2B cells treated with WOEO and LPS for 24 h. LPS-
induced IL8 gene expression was significantly decreased (p = 0.0063)
by treatment with 10 pg/mL of WOEOQ, as shown in Fig. 1. The decrease
of LPS-induced IL8 gene expression was 40.2 % in comparison to the
positive control sample (DMSO and LPS treatment).

3.4. IL8 secretion

The secretion of IL8 was analysed in a medium of BEAS-2B cells
treated with WOEO and LPS for 24 h. In comparison to non-treated cells
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Relative expression of the /L8 gene
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DMSO <004 % - + -
WOEO 10 pg/mL - - +
LPS100ng/mL - + +

Fig. 1. WOEO decreases LPS-induced expression of the IL8 gene in BEAS-2B
cells. BEAS-2B were pre-treated with DMSO < 0.04 % or WOEO 10 pg/mL
for 30 min and then treated with LPS 100 ng/mL and DMSO < 0.04 % (positive
control) or LPS 100 ng/mL and WOEO 10 pg/mL respectively, for 23.5 h.
Relative expression of the IL8 gene was analysed by TagMan gene expression
assay using the qRT-PCR method and calculated by the AACT method. WOEO
non-treated BEAS-2B cells were used as a calibrator. Data is expressed as mean
+ standard deviation; N = 3; * * p = 0.0063.

(negative control), treatment of BEAS-2B cells with 100 ng/mL of LPS
(positive control) showed significant induction of IL8 secretion (1046
+ 153 versus 1372 + 135 pg/mL p = 0.050). However, there was no
effect of WOEO 10 pg/mL on IL8 secretion in comparison to the positive
control sample (1357 + 59 versus 1372 + 135 pg/mL), as shown in
Fig. 2.
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Fig. 2. WOEO did not affect LPS-induced secretion of IL8 in BEAS-2B cells.
BEAS-2B were pre-treated with DMSO < 0.04 % or WOEO 10 pg/mL for 30 min
and then treated with LPS 100 ng/mL and DMSO < 0.04 % (positive control) or
LPS 100 ng/mL and WOEO 10 pg/mL respectively, for 23.5 h. Secretion of IL8
was measured via the ELISA method. Data is expressed as mean =+ standard
deviation; N = 3. Secretion of IL8 between non-treated BEAS-2B cells (negative
control) and the positive control sample was significant; * p = 0.050.
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3.5. WOEQO decreased hydrogen peroxide-induced oxidative stress

The antioxidative property of WOEO was examined using a DCF
assay that enables the detection of intracellular level of oxidative stress
by measuring the kinetics of oxidized DCFH-DA fluorescence. The cells
treated with WOEO had significantly lower level of oxidative stress than
the control cells (DMSO) (Fig. 3). The level of oxidative stress, in cells
treated with WOEO, was more than three times lower when the cells
were exposed to 300 pM hydrogen peroxide (28.90 % versus 100.00 %,
p = 0.0002).

3.6. Antimicrobial activity

The antimicrobial activity of WOEO was tested on two pathogenic
bacteria that are capable of causing lung infections, Acinetobacter bau-
mannii ATCC 19606 and Klebsiella pneumoniae ATCC BAA2146 (Fig. 4).
The results showed that at a concentration of 930 pg/uL (1), 500 pg/uL
(2), 100 pg/uL (3) and 50 ug/uL (4) WOEO had an inhibitory effect on
both tested pathogenic bacteria due to the appearance of a bright inhi-
bition around the disk where the test substance was applied. In addition,
the application of WOEO at a concentration of 10 pg/uL (5) had a weak
inhibitory effect on Acinetobacter baumannii and no effect on Klebsiella
pneumoniae. WOEO did not show an inhibitory effect at a concentration
of 1 pg/uL (6) on the tested bacteria. DMSO was used as a negative
control (7) (Fig. 4).

4. Discussion

Chronic inflammatory lung diseases, such as COPD and asthma, are
among the leading causes of severe illness and death, affecting more
than 540 million people worldwide (Soriano et al., 2020). Chronic lung
diseases are characterized by inflammation and oxidative stress associ-
ated with the destruction of lung tissue and the progression of disease, as
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Fig. 3. WOEO decreases hydrogen peroxide-induced oxidative stress in BEAS-
2B cells. BEAS-2B cells were treated with DMSO < 0.04 % (positive control)
or WOEO 10 pg/mL. After 24 h the cells were incubated with 10 pM DCFH-DA
for 30 min, then 300 uM H,0, was added and DCF fluorescence was measured.
Obtained DCF fluorescence readings were used for calculating the area under
the curve (AUC). The AUC of the non-treated cells (negative control) was
subtracted from the AUC of the positive control sample and WOEO treated cells.
DCF fluorescence in the positive control sample was taken as 100 %. Data is
expressed as mean + standard deviation; N = 3. The difference of DCF fluo-
rescence between the positive control sample and the cells treated with WOEO
was significant; * ** p = 0.002.
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Fig. 4. Antimicrobial activity of WOEO on Acinetobacter baumannii ATCC 19606 (A) and Klebsiella pneumoniae ATCC BAA2146 (B). Numbers from 1 to 7 represent a
decreasing concentration of WOEO from concentrated oil to 1 pg/pL (930, 500, 100, 50, 10 and 1 pg/uL). DMSO was used as a negative control sample.

well as with common pathogen expansion responsible for most of the
acute exacerbations of the disease (Grondona et al., 2014; Yang et al.,
2018; Roesch et al., 2018; Desai et al., 2018; Barnes, 2013; Barnes,
2016). In the past decades there has been no significant improvement in
the therapy of chronic lung diseases, which is inefficient in controlling
lung inflammation and oxidative stress (Barnes, 2013; Cantin et al.,
2015; Funke and Geiser, 2015; Soriano et al., 2020; Gross and Barnes,
2017; Mitri et al., 2020). Moreover, inappropriate use of antibiotics in
chronic lung diseases has been found to be associated with antimicrobial
resistance, which is already considered a serious threat to public health
(Bremmer et al., 2019; Llor and Bjerrum, 2014). OEO is one of the most
widely used essential oils worldwide. Its beneficial biological effects
have been attributed to the presence of carvacrol, thymol, and other
monoterpenes (Sharifi-Rad et al., 2021; Pontes-Quero et al., 2021;
Aljaafari et al., 2021). Accordingly, in the last decades, the use of various
OEOs in the biomedical field, has attacked a lot of attention, due to its
therapeutic potential as immunomodulatory, anti-inflammatory, anti-
oxidant, and antibacterial mediators (Pontes-Quero et al., 2021; Aljaa-
fari et al., 2021). Because of its volatility, WOEO can easily reach the
upper and lower parts of the respiratory tract, and be an effective locally
administrated treatment in chronic lung diseases (Horvath and Acs,
2015). However, there are no reports on the effects of WOEO on human
respiratory epithelial cells which are also directly exposed to microbes.

Recent studies have shown anti-inflammatory and antioxidative ef-
fects of OEO in murine macrophages, porcine intestinal epithelial cells,
and human dermal fibroblasts (Cheng et al., 2018; Zou et al., 2016; Han
and Parker, 2017). In LPS-induced murine macrophages, OEO treatment
efficiently reduced the activation of MAPK, protein kinase B, and nu-
clear factor kB activity, as well as the expression and secretion of
pro-inflammatory mediators IL1f, IL6 and tumor necrosis factor (TNF)
(Cheng et al., 2018). It has been suggested that the beneficial effects of
OEO on human health are due to two phenolic derivatives, carvacrol and
thymol, but also two other minor constituents such as monoterpene
hydrocarbons y-terpinene and p-cymene (Alkan, 2020).

In this study, we showed that carvacrol, which is thought to be
responsible for most of the therapeutic effects of various oregano oils,
was the major constituent (78.2 %) of analysed WOEO (O. minutiflorum,
Probotanic), as reported by other workers in the field (Kirimer et al.,
1995; Dadalioglu and Evrendilek, 2004; Spyridopoulou et al., 2019). For
the first time, we demonstrated that WOEO decreased LPS-induced IL8
gene expression and hydrogen peroxide-induced oxidative stress in
human bronchial epithelial cells. Moreover, results presented in this
study showed that WOEO possesses an inhibitory effect on lung

pathogenic bacteria Acinetobacter baumannii and Klebsiella pneumoniae.

As regards the WOEO analysed in this study, the content of carvacrol,
which is thought to be responsible for the inhibition of expression and
secretion of pro-inflammatory cytokines, was high (Lombrea et al.,
2020). It was also found that treatment of BEAS-2B cells with WOEO
prevented LPS-induced IL8 gene expression, while there was no effect on
IL8 secretion (Figs. 1 and 2). In the study of Han and Parker (2017), no
effect of OEO on IL8 secretion was detected using dermal fibroblasts,
which is consistent with results obtained in our study using bronchial
epithelial cells. However, to date, there is no report on the effect of
WOEO on IL8 in human bronchial epithelial cells. Inflammatory lung
conditions are followed by elevated expression and release of IL8, a
potent neutrophil chemoattractant and activator, which is implicated in
neutrophilic inflammation of the lungs in chronic lung diseases
(Mukaida, 2003). Apart from immune cells such as monocytes and
neutrophils, bronchial epithelial cells represent one of the major sources
of IL8 in the lungs (Barnes et al., 2003). Results presented in this study
showed that treatment of human bronchial epithelial cells with WOEO
significantly decreased LPS-induced IL8 gene expression (Fig. 1), which
may have a beneficial effect in many inflammatory lung conditions.

Additionally, increased oxidative stress plays an important patho-
physiological role in chronic lung diseases by amplifying the inflam-
matory response in the lungs (Barnes et al., 2003). Results obtained in
this study showed that the level of hydrogen peroxide-induced oxidative
stress was significantly lower in WOEO treated human bronchial
epithelial cells. This is in accordance with the study of Zou et al. (2016),
which reported antioxidative effects of OEO by suppressing the forma-
tion of ROS and malondialdehyde, as well as by an increase of the nu-
clear factor-erythroid 2-related factor-2 in porcine intestinal epithelial
cells. However, the antioxidant activity of WOEO has, so far, been
confirmed only in radical scavenging and metal chelating activity assays
(Elmastas et al., 2018; Oke and Aslim, 2010; Sokmen et al., 2020; Dor-
man et al., 2004). The antioxidant effects of oregano oil are thought to
be due to carvacrol, thymol, and p-cymene, which have the ability to
form chemical complexes with metal ions and free radicals (Lombrea
et al., 2020). Since increased oxidative stress is implicated in inflam-
mation, corticosteroid resistance, and acute exacerbations of many
chronic lung diseases it is likely that supplements with antioxidative
effects would be effective in the treatment of chronic inflammatory lung
diseases (Barnes, 2020a, 2020b). Results of our study and others have
shown that OEO and WOEO possess antioxidative activities and enhance
endogenous antioxidant defense which may be valuable in the allevia-
tion of increased oxidative stress in the lungs.
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Microbial expansion is common in chronic lung diseases and asso-
ciated with elevated inflammation leading to a decline in lung function
(Huffnagle and Dickson, 2015). The antimicrobial activity of WOEO has
been tested by a large number of authors on different pathogenic bac-
teria, including foodborne pathogens, plant pathogens, various
ciprofloxacin-resistant Campylobacter spp., and so-forth (Oke and Aslim,
2010; Dadalioglu and Evrendilek, 2004; Baydar et al., 2004; Var-
dar-Unlii et al., 2007; Aslim and Yucel, 2008; Altundag et al., 2011). The
antimicrobial activity of WOEO against various pathogenic bacteria that
cause pneumonia was also examined (Vardar-Unlii et al., 2007). In this
study, the antimicrobial activity of WOEO on two Gram-negative
opportunistic pathogens Acinetobacter baumannii ATCC 19606 and
Klebsiella pneumoniae ATCC BAA2146 was demonstrated. Both patho-
gens are commonly connected with ventilator-associated pneumonia
and different types of healthcare-associated infections, which can be
lethal among patients with pneumonia and other chronic lung diseases
(Horvath and Acs, 2015; Salemi et al., 1995). Moreover, Klebsiella
pneumoniae ATCC BAA2146 is Extended-Spectrum f-Lactamase positive
and New Delhi Metallo-p-Lactamase producing strain resistant to a
broad spectrum of antibiotics (Li et al., 2014). Bacterial infections are
usually managed by prevention and treatment with antibiotics. How-
ever, overuse of antibiotics may lead to drug resistance in bacteria,
especially in nosocomial pulmonary infections. Therefore, research is
currently focused on the use of natural antibacterial agents, such as
oregano oil, for the effective treatment of various bacterial infections.
Therefore, it is highly important that WOEO acts against these patho-
gens, which could be one of the ways to alleviate the problem of anti-
biotic resistance, especially in terms of nosocomial pulmonary
infections.

This study provided data on the anti-inflammatory and antioxidative
effects of WOEO (O. minutiflorum) by lowering the expression of the IL8
gene and the level of intracellular oxidative stress in human bronchial
epithelial cells. Because of the lack of effective treatments for neutro-
philic inflammation and oxidative stress, which are amplified in many
chronic lung diseases, there is a need for the development of novel drugs
with anti-inflammatory and antioxidative effects. WOEO holds enor-
mous promise for its beneficial effects on human bronchial epithelial
cells, and can be used in the alleviation of symptoms in chronic lung
diseases. Apart from these properties, WOEO also exhibited antibacterial
activities against two common pathogens involved in hospital-
associated, ventilation-associated, and healthcare-associated pneu-
monia, Acinetobacter baumannii ATCC 19606 and Klebsiella pneumoniae
ATCC BAA2146.
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