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ABSTRACT

Essential oils from representatives of the family
Lamiaceae have proven antimicrobial activity. There is
solid scientific evidence for some of them that they have
the potential for synergistic interactions with antibiotic
agents widely used in clinical practice. The present study
aims to investigate the interaction effects of oregano es-
sential oil (OEO) with some conventional antibiotics
against Escherichia coli and Klebsiella pneumoniae tested
by agar methods. For this purpose, we selected Escherichia
coli ATCC25922, Klebsiella pneumoniae ATCCI13883, and
four clinical isolates representing these species. OEO in a
concentration of 2.5% (v/v) was combined with drugs pro-
posed by EUCAST, 2024 (ampicillin, ceftriaxone,
meropenem, gentamicin, ciprofloxacin) and tetracycline.
The essential oil was analyzed using gas chromatography
coupled with mass spectrometry (GC-MS). The analysis of
the Oregano essential oil revealed the main component to
be carvacrol (81,20%). The results from our study showed
that the combinations of OEO with ceftriaxone and
meropenem against Escherichia coli and Klebsiella
pneumoniae and the combinations of the OEO with
gentamycin and ampicillin against Escherichia coli re-
sulted in an increase in the diameter of the zone of inhibi-
tion between 1 and 14 mm. Gentamicin and ciprofloxacin
combined with OEO did not increase the zone of inhibi-
tion in most of the Klebsiella pneumoniae test samples.
While examining the effect of tetracycline combined with
OEO, we did not obtain unequivocal results for strength-
ening the antimicrobial effects against the microbes tested.
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INTRODUCTION

The excessive and irrational use of antibiotics has
led to their ubiquitous accumulation in almost all parts
of the environment and living matter while promoting the
emergence of antibiotic-resistant bacteria [1, 2]. One of
the major threats to global food security, development and
health is the pathogenic microbes that are resistant to mul-
tiple drugs. To combat multidrug-resistant strains, the
WHO has created an action plan that focuses on the de-
velopment of new antimicrobial products. Therefore, the
search for natural compounds that, alone or in combina-
tion with other agents, can be effective as new antibacte-
rial agents is quite active [3].

Various plant-based natural medicines, such as es-
sential oils (EOs), have been investigated for the treatment
and prevention of infectious diseases [4, 5]. EOs are natu-
ral extracts composed of various monoterpenes,
monoterpenoids, sesquiterpenes, and other volatile sub-
stances (esters, ketones, aromatic phenols, alcohols, alde-
hydes, ethers, hydrocarbons, coumarins, and organic ac-
ids) [6]. They exhibit antifungal [7] and antibacterial ac-
tivity [8].

EOs and their constituents can interact with some
antibiotics and are capable of increasing their antimicro-
bial activity. Carvacrol, phenolic monoterpene isomeric
with thymol, is an important component of the essential
oils of Labiatae plants such as Origanum, for example.
This compound has many reported biological activities
such as antioxidant, anticancer and antibacterial [9]. Car-
vacrol, in particular, has been widely investigated in food
production as an antibacterial agent to control Gram-posi-
tive and Gram-negative microorganisms that could con-
taminate them and endanger individual health. There is
increasing scientific evidence that oregano essential oil
(OEO), as well as carvacrol, have synergistic effects when
combined with various antibiotics [10].
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The aim of our study was to investigate the inter-
action effects of OEO with various conventional antibi-
otics against Gram-negative bacteria Escherichia coli and
Klebsiella pneumoniae, measured by agar methods.

MATERIALS AND METHODS

The study was conducted in the Medical College,
Varna, Bulgaria, in July 2024. The statistical software IBM
SPSS Statistics 25 was used to present and analyze the
data.

Gas Chromatography-Mass Spectrometry

For the purposes of the analysis, an apparatus con-
sisting of a gas chromatograph 7890A, a flame ionization
detector and a mass spectral detector 5975C (Agilent Tech-
nologies) was used; column Stabilwax (Restek) with pa-
rameters: length 30m, diameter 0.25mm and film coating
thickness 0.25um at the following temperature program:

initial temperature 65°C, increase to 170°C with 1.5°C/
min; analysis duration 70 min; injector and detector tem-
peratures 250°C, FID temperature: 250°C; carrier gas hy-
drogen with a flow rate of 0.8 ml/min; carrier gas helium
with a flow rate of 0.8 ml/min; scanning range of the mass
spectral detector m/z=40-450; injected sample volume 1.0
pl in 100:1 flow split mode. Compounds were identified
by comparing retention times and relative Kovach indi-
ces (RI) with those of standard substances and mass spec-
tral data from the NIST’08 (National Institute of Stand-
ards and Technology, USA) and Adams Libraries.

Strains studied

The antimicrobial activity of combinations be-
tween antibiotics and OEO was studied against the strains
of Escherichia coli and Klebsiella pneumoniae, presented
in Table 1. Four of the strains are clinical isolates, and
two of them are reference strains of microbes.

Table 1. Escherichia coli and Klebsiella pneumoniae strains were tested n a study of the antimicrobial activity

of conventional antibiotics with OEO.

Number in Clinical material/
the study Bacterial species Source

1 Esherichia coli ATCC25922 reference strain

2 Esherichia coli urine

3 Esherichia coli urine

4 Klebsiella pneumoniaeee ATCC13883 reference strain

5 Klebsiella pneumoniaeee sputum

6 Klebsiella pneumoniaeee wound

OEOQ, antibiotic and clear disks, agar media

The OEO used in this experiment is 100% pure with
certified organic ingredients and are commercially avail-
able. The antibiotic disks with which we tested the antimi-
crobial activity of the compounds (HiMedia) were provided
by Ridacom, Bulgaria. The antimicrobial activity test was
performed on Mueller-Hinton agar (HiMedia), which were
also provided by Ridacom, Bulgaria.

Antimicrobial activity evaluation test

The antimicrobial activities combinations of antibi-
otics with OEO were investigated using the Kirby-Bauer
disk diffusion sensitivity test. We also independently ex-
amined the action of each of the studied antimicrobial
agents. The selection of antibiotics against each of the test
strains, presented in Table 1, was made according to the
instructions in EUCAST, 2024 [11].

Primarily, we planted a densitometer-standardized
(Grant Bio DEN-1, UK) 0.5 MF microbial culture of the re-
spective strain on the surface of Mueller-Hinton agar. We
left the media for approximately 15 minutes at room tem-
perature until their surfaces were completely dry. Then, in
each media with the microbial culture, we placed three
disks (d=6 mm) in the following combinations and con-
centrations with active agents:

- Disk soaked with 100 ul 2.5% (v/v) OEO;
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- Factory prepared antibiotic disk in a concentration
according to EUCAST, 2024,

- A second identical antibiotic disk, additionally
soaked with 100 ul 2.5% (v/v) OEO.

OEO solution was made by using 1% DMSO liquid.
All the samples were prepared in triplicate and then incu-
bated for 24 hours at 37°C. The obtained zones of inhibi-
tion were measured in mm and compared to each other, as
well as for all antibiotics, results were confirmed for their
effect on the respective microbe: S-sensitive or R-resistant,
following the instructions laid down in EUCAST, 2024.

A list of antibiotics included in the study are pre-
sented in Table 2.

Table 2. List of antibiotics studied.

Antibiotics (ATBs) | Abbreviation | Chemical Family
Ampicillin AMP Beta-lactams
Ceftriaxone CRO Beta-lactams
Meropenem MEM Beta-lactams
Gentamycin GEN Aminoglycosides
Ciprofloxacin CIP Quinolones
Tetracyclin TET Tetracyclines
6219



Statistical processing of the results

We applied a Paired samples t-test (t-test for de-
pendent samples) to investigate whether there was a sta-
tistically significant difference between the mean values
of antimicrobial effects between antibiotics and the com-
bination of OEO with antibiotics (Table 3). For the sig-
nificance level of the statistical test, we set 0.=0,05.

RESULTS AND DISCUSSION

This oil was analyzed for its chemical constituents
using retention times and Kovats retention indices (RI)
compared to standard compounds, along with mass
spectrometry data from the NIST 08 (National Institute of
Standards and Technology, USA) and Adams Libraries, as
detailed in Table 2. The GC-MS analysis identified a to-
tal of 22 constituents in OEO, including p-Cymene, Y-
Terpinene, B-Linalool, carvacrol, and B-Bisabolene, among
others. The results showed that carvacrol is the predomi-
nant compound, constituting 81.20% of the EO [12].

A large number of documented studies focus on the
antibacterial activity of EOs based on direct contact with
pathogenic bacteria [13, 14]. A study conducted by Baicus
A, et al., 2022 reports that the OEO appears to have high
efficacy against Escherichia coli and Klebsiella pneu-
moniae. It has been proven that carvacrol, a substitute in
OEO, has synergistic effects when combined with various
antibiotics [15].

A study conducted by Si H, et al., 2008 reported
that the antibacterial effects of OEO in combination with
fluoroquinolones, doxycycline and lincomycin showed
synergism against E. coli and accordingly, their conclu-
sion was that these ombinations administered to treat in-
fections caused by E. coli, can significantly reduce the
effective dose of these antibiotics and minimize their side

effects [16].

Ozel Y, et al., 2022, similar to our study using agar
methods, proved that combinations of carvacrol or thymol
with gentamycin and tetracyclin showed mostly synergistic
interactions against all the studied bacteria [17].

A new study conducted by Drioiche A, et al., 2024
reveals that EOs from different species of Oregano com-
bined with the same conventional antibiotic could dem-
onstrate different and even opposite interactions with it.
They used a checkerboard assay to evaluate the synergism
of EOs from O. compactum and O. elongatum with nine
antibiotics against 20 Gram-negative bacterial strains.
Similar differences were also documented for antimicro-
bial activity against K. pneumoniae and other Gram-nega-
tive bacteria by other authors [2].

A gold standard to analyze synergistic interactions
between antibiotics and other microbial growth inhibitors
is determination by checkerboard assay. A large number
of such studies have been conducted with combinations
of different types of EOs with conventional antibiotics
[17, 18] and, more specifically, with OEO and antibiotics
[2]. In our study, we compared some of the results cur-
rently obtained with the same and similar combinations
tested with one of the standard techniques for suscepti-
bility testing in clinical practice — the disk-diffusion sen-
sitivity test.

We observed the antimicrobial action of OEO of a
given antibiotic, as well as the combination between the
two agents, for the purposes of our study. We performed
the tests on Mueller-Hinton agar with measurement of the
obtained zone of inhibition. We set the concentrations of
antibiotics following the instructions of EUCAST, 2024,
and for OEO - a concentration of 2.5% (v/v). The results
are presented in Table 3.

Table 3. Antimicrobial activity of combining oregano essential oil (OEO) with conventional antibiotics against
Escherichia coli and Klebsiella pneumoniae, studied by disk-diffusion method (diameter of zone of inhibition - mm).

A+ CRO+ MEM GEN+ CIP+ TET+
OF0 A OEO eRo OEO VEM +0EO GEN OEO cip OEO TET OEO
10pg + 30pg + 10pg + 10pg Spg +
2.5% 10pg | 2.5% | 30ug | 2.5% | 10pg | 2.5% 10pg | 2.5% Bug | 2.5%
(viv) (viv) (viv) (viv) (viv) (viv)
EUCAST, Se"14 Se"25 Se"22 Se™7 Se"25
2024 R<14 R<22 R<16 R<17 R<22
1 Esherichia col 19 13 16 K 37 K 2 25 27 45 47 0 kY]
ATCC25922
Esherichia coli | 17 12 % 20 26 K7 K3 13 17 16 16 20 2
Esherichia coli | 17 12 2 - 2 K73 37 18 0 14 18 18 2%
Klebsiella
4 pneumoniae 2 14 K] 3% K] B 42 25 0 45 4 27 K]
ATCC13883
Klebsiella
0 . 19 1 % %5 % 37 2 2 19 15 2 2
pneumoniae
Klebsiella
6 ) 20 14 2 2 K3 3 2 21 2 2 2 %
pneumoniae
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In our study, we evaluated the antimicrobial effects
of combining OEO with antibiotics using agar media tech-
niques. Some of the combinations included beta-lactam
antibiotics (ampicillin, ceftriaxone and meropenem).

According to the results of our study, several trends
emerged related to the combined effect of ampicillin and
OEO. For some of the clinical isolates of Escherichia coli
and Klebsiella pneumoniae ATCC13883, the combination
demonstrated much higher efficiency (26 — 30 mm, S) com-
pared with the active agents separately (Oregano — 17-21
mm; ampicillin — 12-14mm, according to EUCAST, 2024
S>14). The combined effect of ampicillin with OEO
against Escherichia coli was stronger than ampicillin
alone; this result was reported by other studies [19]. Other
isolates (5 and 6) of Klebsiella pneumoniae were resist-
ant to ampicillin (their genetically determined resistance
to ampicillin is well known), but with the combined ef-
fect with OEO, an inhibitory activity (11-14 mm) was re-
ported. In isolate 5, however, it is still insufficient to reach
the sensitivity threshold. A study conducted by Silva SL.
et al., 2023 also reported that when used in association
with ampicillin, OEO showed a synergistic effect for some
strains of K. pneumoniae [20]. The most significant con-
clusion, however, is that the presented strains are mostly
resistant to ampicillin (R<14 mm), but in combination
with OEO and the antibiotic, the results show sensitivity
in almost all strains (5/6) (p=0,01).

When testing the other two beta-lactam antibiot-
ics, ceftriaxone and meropenem, with OEQO, the results
were unequivocal — they showed higher antimicrobial ac-
tivity. All zones of inhibition increased in diameter be-
tween 1-6 mm when monitoring the antimicrobial activ-
ity of ceftriaxone against Esherichia coli and Klebsiella
pneumoniae. Three clinical isolates (2, 3 and 6) demon-
strated resistance to ceftriaxone, but when combined with
OEO, inhibition zones were reported between 26-29 mm,
S>25 (p=0,263). All tested strains were highly suscepti-
ble to meropenem (Se”22) with inhibition zones between
32-38 mm. When meropenem was added to OEQO, the zones
of inhibition increased between 2-4 mm (35-42 mm)
(p=0,04).

When monitoring the antimicrobial effect of gen-
tamicin against strains of Escherichia coli and Klebsiella
pneumoniae, both isolated from the clinic and reference
strains, except one, showed sensitivity with inhibition
zones between 18-25 mm (for isolate 2 - 13 mm, S>17).
The effects of combining gentamicin with OEO against
Escherichia coli resulted in an increase in the diameter
of the inhibition zone by 2-12 mm, and the most signifi-
cant result was that in isolate 2, the combination of gen-
tamicin with OEO resulted in a threshold of sensitivity
(from 13 mm to 17 mm, S>17) (p=0,188, t=-1,964, CI [-
19,145, -7,145]). Examining the action of this combina-

tion against strains of Klebsiella pneumoniae, a more
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powerful antimicrobial effect was reported only against
Klebsiella pneumoniae ATCC13883, but against the two
clinical isolates 5 and 6, this trend did not persist, the
action did not change or even decreased (p=0,547). How-
ever, some authors report that there are clinical isolates
of Klebsiella pneumoniae in which the combination of
gentamicin and Oregano EO shows a synergistic interac-
tion with an antimicrobial effect [20].

While testing the antimicrobial activity of
ciprofloxacin against Escherichia coli and Klebsiella
pneumoniae, three clinical isolates were resistant (S>25,
R<22). Ciprofloxacin combined with 2.5% (v/v) OEO
leads to the same or slightly increased zone of inhibition
against Klebsiella pneumoniae (p=0,300) as also ob-
served against Escherichia coli (p=0,225). A study de-
scribed by Sena G, et al., 2024 tracked the antimicrobial
effects of ten essential oils combined with conventional
antibiotics, measured by determining the minimum inhibi-
tory concentration. They conclude that against E. coli,
OEO induced a four to sixteen-fold reduction in the MIC
values of ciprofloxacin, ampicillin, ceftriaxone, and gen-
tamicin [20]. These results also overlap with our observed
tendencies of these antibiotics to enhance their antimi-
crobial effects with OEO against E. coli. We found no pub-
lished studies regarding the growth inhibitory effect of
ciprofloxacin and OEO against Klebsiella pneumoniae.

The EUCAST 2024 guidelines state that among the
representatives of the family Enterobacterales, the pres-
ence of susceptibility to tetracycline is monitored only
for the treatment of Yersinia enterocolitica infections, and
this is measured by the method of serial dilutions for de-
termination of MIC. For the remaining members of
Enterobacteriales, the activity for some tetracyclines
ranges from insufficient to variable. However, a signifi-
cant number of studies have been done specifically to in-
vestigate the action of tetracycline and doxycycline
against Escherichia coli and Klebsiella pneumoniae, as
well as their combinations with OEO to monitor possible
synergistic effects [19, 20]. We also tracked the inhibi-
tory effect of this combination measured by the disk dif-
fusion method and the results showed an increase in the
zone of inhibition in three of the isolates between 2-8 mm
(1, 3 and 4) and no change in antimicrobial activity in
the remaining three (2, 5 and 6), i.e. for the action of tet-
racycline combined with OEO, we have no unequivocal
results for strengthening the antimicrobial effects against
Escherichia coli (p=0,300) and Klebsiella pneumoniae
(p=0,423) — the increased antimicrobial effect is mainly
manifested in the reference strains with known genetic
characteristics.

CONCLUSION

The results from our study were most conclusive
with the combinations of 2.5% (v/v) OEO with ceftriaxone
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(30pg), meropenem (10pg) against Escherichia coli and
Klebsiella pneumoniae and the combination of OEO with
gentamicin (10pg) and ampicillin (10ug) against Es-
cherichia coli. In all these cases, combining these drugs
with 2.5% (v/v) OEO led to an increase in the diameter of
the zone inhibition between 1 and 14 mm. Another sig-
nificant result is that in combinations of OEO with ampi-
cillin and ceftriaxone against clinical isolates Escherichia
coli and Klebsiella pneumoniae, which demonstrated re-
sistance to the antibiotics administrated alone, their com-
bination with OEO led to a threshold of susceptibility be-
ing reached. The same trend was observed in the antimi-
crobial effects of the combination of gentamicin with OEO

Gentamicin and ciprofloxacin, when combined
with OEQO, did not increase the inhibition zone in most
of the Klebsiella pneumoniae test samples. When exam-
ining the effect of tetracycline combined with OEO, we
did not obtain unequivocal results for strengthening the
antimicrobial effects compared to the test microbes — the
increased antimicrobial activity is mainly manifested in
the reference strains with known genetic characteristics.
There was no clear trend for this increase in antimicro-
bial efficacy among clinical isolates.
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