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Antimicrobial Activity of Thyme and Rosemary Oils against
Pseudomonas aeruginosa Strains
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ABSTRACT

N owadays, a remaining scientific interest is exhibited to the antimicrobial effect of essential oils, due to their
unique and complex biological potential. In this study, owing to the significance of the essential oils, inves-
tigating the antimicrobial properties of thyme and rosemary oils against 8 different Pseudomonas aeruginosa
strains which have different antibiotic resistance patterns was aimed. For this purpose, antibiotic resistance
analysis was carried out with 11 different antibiotics by Kirby Bauer Disc Diffusion method and it was found that
the strains were resistant to trimethoprim/sulfamethoxazole, tetracycline 100%; aztreonem, meropenem, imi-
penem 50%; on the other hand, the strains were sensitive to piperacillin, ceftazidime and amicasin. As a result
of determination of antimicrobial potential of the essential oils, the thyme oil was found to be very effective as
an antimicrobial agent but the rosemary oil was effective only two P. aeruginosa strains. While thyme oil was
found to be more effective at high concentration (1/2), antimicrobial effect was detected even at the lowest con-
centration (1/20). Although there are some studies concerning about essential oils' antimicrobial effectiveness
on multidrug P. aeruginosa in literature, this study differs from others because of the thyme oil has been found
to be very effective to multidrug resistant P. aeruginosa strain (P5) which was resistant to 8 different antibiotic
groups. Consequently, this study signalizes that with the antimicrobial effect of thyme oil, it could be used for the
treatment of MDR P. aeruginosa infections in the near future.
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6z

G inimUzde, esansiyel yaglarin antimikrobiyal etkilerine, 6zgtin ve kompleks biyolojik potansiyelleri nedeniyle
artan bir ilgi s6z konusudur. Bu ¢alismada esansiyel yaglarin énemi nedeniyle farkli antibiyotik direng patern-
leri olan 8 farkli Pseudomonas aeruginosa susuna karsi kekik ve biberiye yaglarinin antimikrobiyal 6zelliklerinin
arastirilmasi amaclandi. Bu amacla Kirby Bauer disk difizyon ydntemi ile 11 antibiyotik icin antibiyotik direng
analizi gerceklestirildi. Suslar %100 trimetoprim/silfometaksazol ve tetrasiklin, %50 aztreonam, meropenem,
imipenem direncli olarak bulundu; diger yandan suslar piperasilin, seftazidim ve amikasine duyarhdir. Esansiyel
yaglarin antimikrobiyal potansiyellerinin belirlenmesi sonucunda, kekik yagi antimikrobiyal ajan olarak cok etkili
bulundu. Fakat biberiye yaginin yalniz iki P. aeruginosa susuna etkili oldugu gorildi. Kekik yagi ylksek derisim-
lerde (1/2) daha etkili olarak bulunurken diistik derisimlerde (1/20) bile antimikrobiyal etki belirlendi. Literattirde
esansiyel yaglarin coklu ilag direncli P. aeruginosa lzerindeki antimikrobiyal etkinlikleri ile ilgili bazi calismalar
olmasina ragmen bu calisma kekik yaginin 8 farkli antibiyotik grubuna direncli olan coklu ilac direncli P. aerugi-
nosa susuna karsi cok etkili bulunmasi nedeniyle digerlerinden farkhdir. Sonug olarak bu calisma kekik yaginin
antimikrobiyal etkisi ile yakin gelecekte ¢oklu ilag direngli P. aeruginosa infeksiyonlarinin tedavisi icin kullanilabi-
lecegdini gosteriyor.
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INTRODUCTION
Pseudomonas aeruginosa is a gram-negative
pathogen that causes a variety of serious
infections predominantly inimmunocompromised
and inpatients [1,2]. However, nosocomial
infections caused by multidrug resistant P.
aeruginosa (MDR) present a very serious problem
for the control of clinical infections in recent
years [3]. Due to the presence and increase of
numerous drug-resistant strains an instant need
occurs in order to develop novel antimicrobial
agents [4]. In recent years, due to the instruction
about the treatment effect of plants used in
folk remedy was published by World Health
Organization, in developing countries researches
which arerelatedtocomplementry and alternative
medicine are increasingly getting more important
[5]. Nowadays, determining the antimicrobial
activity of essential oils acquired from plants
becomes more of anissuein order to discover new
antimicrobial agents against multidrug resistant
strains [6,7]. Because of the antimicrobial activity
and activation of digestive system of essential oils
that are extracted from spices, they are getting
more important [8]. Owing to the antiparasitic,
anthelmintic, antiseptic, antidiabetic anelgesic,
expectorant and tranquilizer properties of these
essential oils, they are traditionally used in many
parts of the world [9]. In addition to this, essential
oils have biological activities such as antioxidant
and hypercholesterolemia [10]. Because of these
potential antimicrobial effects of essential oils,
we aimed to research the antimicrobial activity of
thyme and rosemary oils against P. aeruginosa
which have different antibiotic resistance patterns
in our study.

MATERIALS and METHODS

Essential oils: In the present study essential
oils, which were extracted from Thymus vulgaris
(thyme oil) and Rosmarinus officinalis (rosemary
oil), were provided from a herbal store in Ankara,
Turkey.

Bacterial strains: In this study, 8 P. aeruginosa
strains isolated from different clinical materials
were used. These strains were cultured onto
nutrient and EMB (Eozin-Methylen Blue) agar.
After that non-lactose fermented colonies were

selected and cultured onto Cetrimide agar,
which is selective and differentiating media for
P. aeruginosa, and incubated overnight at 37°C.
Then selected colonies were identified [11].

Antimicrobial assay (Disc Diffusion Assay): P.
aeruginosa strains were also evaluated for their
susceptibilities towards 11 different antimicrobial
agents by Kirby Bauer Disc Diffusion method [12].

Determination of antimicrobial activity of the
essential oils: In order to detect the antimicrobial
effect of essential oils, "Agar Well Diffusion”
method was carried out [13]. For this purpose, the
bacterial isolates were cultured overnight at 37°C
on Brain Heart Infusion Broth. Bacterial cultures
weredilutedin sterile saline solution (0.09% NaCl)
and the optical density (OD 600) was adjusted
according to the tube 0.5 of McFarland turbidity
to prepare a standardized inoculum with UV-
Visible Spectrophotometer (Shimadzu-UV 1700)
(1.5 x 108 CFU/ml). Afterwards, petri dishes with
20 ml of Mueller Hinton Agar, which contain of 1
mL bacterial culture suspension, were prepared.
Following the solidification of medium, wells with
7.0 mm diameter extend were created. In addition
to this, each essential oil (thyme and rosemary)
was diluted in methanol to the test concentration
(1/2,1/5,1/8, 110, 1/15 and 1/20), was added into
wells (25 pl) for each test microorganism and
same volume (25 ul) of methanol was used as a
control. The inoculated plates were incubated at
37°C for 24 h. After incubation, the diameters of
the bacterial inhibition zones were measured.

RESULTS

In this study, antibiotic patterns of clinical P.
aeruginosa strains were determined by disc
diffusion method for 11 different antibiotics (Table
1.

Antibiotic susceptibilities of P. aeruginosa
strains were indicated in Table 2. When the
antibiotic susceptibilities of P. aeruginosa strains
were examined, it was found that P5, which was
resistant to all antibiotics, was the most resistant
P. aeruginosa strain in our study (Table 2).

When the antimicrobial effects of essential oils



S.D. Gir et al. / Hacettepe J. Biol. & Chem., 2017, 45 (3), 435-442 | 437
Table 1. The codes, content of discs and zone diameters of antibiotics.
Antibiotics Code Content of disc Zone diameter (mm)
R | S
Aztreonam ATM 30 ug <15 16-21 >22
Piperacillin PIP 10 ng <17 - >18
Ceftazidime CAZ 30 ng <14 15-17 >18
Cefepime FEP 30 pg <14 15-17 >18
Meropenem MEM 10 ng <13 14-15 >16
Imipenem IMP 10 ng <13 14-15 >16
Ciprofloxacin CIP 5ug <15 16-20 >21
Amikacin AN 30 ug <14 15-16 >17
Tobramycin NN 10 ng <12 13-14 >15
SL;'S“;&?%;;% o TMP/SXT 1.25/23.75 ug <10 11-15 >16
Tetracycline TE 30 ug <14 15-18 >19
R: Resistant I: Intermediate S: Sensitive
Table 2. Antibiotic susceptibility patterns of Pseudomonas aeruginosa strains.
ATM PIP CAZ FEP MEM IMP CIP AMK NN TMR/SXT Te
P1 R S S R R R S S R R R
P2 S S S S S S S S S R R
P3 S S S S S S S S S R R
P4 R S R S S S S R R
P5 R R R R R R R R R R R
P6 R S S S S R S S S R R
P7 S S S S S S S S S R R
P8 R S S R R R R S R R R

P1-P8: P. aeruginosa strains.

ATM: Aztreonam, PIP: Piperacillin, CAZ: Ceftazidime, FEP: Cefepime, MEM: Meropenem,
IMP:Imipenem, CIP: Siprofloxacin, AMK: Amicasin, TOB: Tobramycin, TMP/SXT: Trimethoprim/Sulfamethoxazole, Te:

Tetracycline.

were assayed in different concentrations, it was
determined that the thyme oil was found to be
very effective as an antimicrobial agent (Table 3).

As well as, thyme oil indicated the highest
antimicrobial activity against the one of the
multidrug resistant P. aeruginosa strain which
was resistant to 11 different antibiotics. When
the antimicrobial activities according to different
thyme oil concentrations have been examined, the

thyme oil at % concentrain in absolute methanol
was found to be the most effective concentration
to all P. aeruginosa strains. In addition to this,
thyme oil was effective to multidrug resistant P.
aeruginosa even at the lowest concentration (1/20)
(Table 3). On the other hand, it was indicated that
the rosemary oil was effective against only two P.
aeruginosa strains (Table 4).
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Table 3. The inhibition zones obtained with thyme oil against P. aeruginosa strains.

T (1/2) T (1/5) T(1/8) T (1/10) T (1/15) T (1/20)

P1 14 14 13 13 13 12
P2 15 15 15 14 14 12
P3 16 14 12 12 12 1
P4 15 13 12 12 12 12
P5 20 19 18 15 15 15
P6 15 14 12 12 0 0
P7 15 14 14 14 14 13
P8 13 13 " 1 10 10

The inhibition zone in diameters (mm).

Dilution ratios of thyme oil: 1/2, 1/5,1/8, 1/10, 1/15, 1/20.

Table 4. The inhibition zones obtained with rosemary oil against P. aeruginosa strains.

R (1/2) R (1/5) R (1/8) R (1/10) R (1/15) R (1/20)

P1 13 0 0 0 0 0
P2 0 0 0 0 0 0
P3 0 0 0 0 0 0
P4 0 0 0 0 0 0
P5 0 0 0 0 0 0
P6 13 13 ll 0 0 0
P7 0 0 0 0 0 0
P8 0 0 0 0 0 0

The inhibition zone in diameters (mm).
Dilution ratios of rosemary oil: 1/2,1/5,1/8,1/10, 1/15, 1/20.

DISCUSSION

Because of the increasing antibiotic resistance
in P. aeruginosa strains, which are the main
agent of hospital acquired infections, we need
new antimicrobial agents for treatment. Due
to the development of antibiotic resistance
in microorganisms, researchers are aimed to
discover more effective antimicrobial drugs
[7]1. The antimicrobial activities of essential
oils are based on a number of small terpenoids
and phenolic compounds (thymol, carvacrol
and eugenol), which, they consist, indicate high
antimicrobial activity in pure form [14]. The most
important characteristic of essential oils and their
components is their hydrophobicity, which allow
them to interact with the lipids of the bacterial
cell membrane and mitochondria, disturbing
the structure of cell membrane to effect its

permeability. As a result, this loss of important
molecules and ions from bacterial cells will lead
to death. Moreover, some compounds also cause
drug resistance in several gram-negative bacteria
by targeting efflux mechanisms [15-17].

The antimicrobial effectiveness of essential
oils are classified as strong, medium and weak
[18]. Particularly cinnamon, clove, pimento,
thyme, oregano and rosemary herbs have high
antimicrobial activity [19]. For this reason, in the
present study thyme and rosemary oils were
tested for their antimicrobial activities against
the Pseudomonas aeruginosa strains which have
different antibiotic resistance patterns. For this
purpose, antibiotic susceptibilities profiles of 8
P. aeruginosa strains were determined with 11
different antibiotics (Table 2). When the antibiotic
susceptibilities of P. aeruginosa strains were
analyzed, all strains in this study were resistant to



trimethoprim/sulfamethoxazole and tetracycline.
Similar to our study, 7 different P. aeruginosa
strains  were resistant to trimethoprim/
sulfamethoxazole [20]. Multi-drug efflux systems
in P. aeruginosa strains display high resistance
to trimethoprim/sulfamethoxazole and it was
shown that mexABoprM efflux system is primarily
responsible for the intrinsic resistance of P.
aeruginosa strains to these synthetic antibacterial
agents [21].

Due to the fact that it does not have a
cross-allergic reaction with the antibiotics such
as penicillin and cephalosporin (except from
ceftazidime) and is not inhibited by metallo-beta
lactamases the aztroenam is frequently used in
the treatments of P. aeruginosa infections [22-
24]. However, the aztreonam resistance ratios
of the P. aeruginosa strains used in our study
are found to be a very high ratio as 50%. It is
thought that this high aztreonam resistance
ratio seen in the P. aeruginosa strains results
from the fact that the resistant strains transfer
their resistance gene to the sensitive strains.
Moreover, the ability of microorganisms that
produce ESBL and-or AmpC type enzymes to
hydrolyze wide-spectrum cephalosporins is one
of the most important reasons for the increase in
the aztreonam resistance. Similar with the other
studies carried out in this field, high aztreonam
resistance was seen [25,26].

Although carbapenems are the main
antibiotics that are used for the treatments of the
infections that are caused by the P. aeruginosa
strains which have multi-drug resistance, the
resistance has considerably decreased in recent
years. For this reason, imipenem and meropenem
antibiotics from the carbapenem group were
included in our study; however, the resistance
of the P. aeruginosa strains to these antibiotics
was found to be notably high. The carbapenem
resistance of P. aeruginosa has generally multi-
factors especially in the cases that there are
no enzymes such as metallo-beta lactamases
that hydrolyze carbapenems [27]. Low external
membrane permeability, the activities of MexAB-
OprM efflux pumps, inducible or depressed
chromosomal AmpC beta-lactamases and
penicillin-binding protein PBP-5 have significant
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roles in the development of
resistance [28].

carbapenem

On the other hand, while OprD porin loss
has a significant role in the imipenem resistance
increasing in P. aeruginosa, its effect on the
meropenem resistance is lower. Moreover,
Although the over-expression of the MexAB-
OprM efflux system does not have any effect
on the imipenem due to its meropenems’ 2'
heterocyclic side chain structure, it is known that
it reduces the effectiveness of the meropenems.
Even, MexCD-Oprd and MexXY-OprM efflux
systems contribute in the meropenem resistance
[29,30]. Although it is known that the resistance
development of the meropenem that is one
of the carbapenem group antibiotics is more
complex than the resistance development of
the imipenems and the meropenems are more
effective than the imipenems in vitro studies, no
significant difference between the imipenems
and meropenems in terms of effectiveness was
found in our study [31].

Aminoglycosides have a significant place for
the treatment of the P. aeruginosa infections.
For this purpose, it was seen that the amicasin
antibiotic included in our study was effective
on 8 P. aeruginosa strains. Amikacin among the
aminoglycosides is more effective against the
P. aeruginosa strains due to its being affected
by less aminoglycoside modifying enzymes and
its resistance development is less. Similar with
the other studies carried out in this field, the
amikacin susceptibility was found considerably
high [32,33].

After the antibiotic susceptibility patterns
of the P. aeruginosa strains used in our study
were determined, antimicrobial activities of the
essential oils were researched. It was determined
that the antimicrobial activities of thyme and
rosemary oils used for this purpose were
different. Due to the fact that essential oils vary
from according to the herb type whose chemical
compositions areextracted from, the antimicrobial
activities of these oils were found different from
each other. Even their chemical contents show
changes according to the extraction technigue
of the essential oils obtained from the same
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herb species, geographical region where the
herbs are collected, the maturation period of the
herbs [34]. When the bacterial inhibition zone
diameters of essential oils were investigated, it
was found that the thyme oil was very effective
as an antimicrobial agent. According to different
studies similar to our study; thyme oil has been
found to be effective as an antimicrobial agent,
10-15 and 15-20 mm zone diameters have also
been observed [35,36]. In another study, the
inhibition zone diameters have been formed as
approximately 30-40 mm for P. aeruginosa [37].

When the antimicrobial activities of thyme
oil according to different concentrations have
been examined, the thyme oil at 2 concentration
in absolute methanol was found as the most
effective concentration. Similar to our study,
excessive concentrations of thyme oil were
significantly more effective as an antimicrobial
agent [38]. In contradistinction to our study, it
was indicated that the lowest concentration (1%)
of thyme oil was found to be more effective [39].

Rosemary oil was found to be effective against
only 2 P. aeruginosa strains in high concentrations
as distinct from thyme oil. According to another
study similar to ours, inhibition zones of about 10-
13 mm wererecorded for the high concentration of
the rosemary oil [35]. Another contrast studies,
the bacterial growth inhibition effect of rosemary
oil was not determined [40,41]. This variation in
antimicrobial activities reported in the different
investigations could be based on some ecological
factors related with plant species or the use of
the active principle compounds.

There are researches in the literature about
the effects of the essential oils on the multidrug
resistant P. aeruginosa strains. Because of
improving effective agents against multi drug
resistant pathogensis gettingimportant therefore
an alarming increase in antimicrobial resistance.
In recent studies, multi-drug resistance has been
identified as being resistant to at least three of
the antibiotic groups which are aminoglycosides,
antipseudomonal penicillins, cephalosporins,

carbapenems and fluoroquinolones  [42].
According to this identification, multi-drug
resistance was determined in 3 of the strains
used in our study. It was determined that among
the essential oils used in our study, thyme oil was
the most effective against MDR P. aeruginosa
strain that was resistant to all antibiotics used
in the study (Table 2 and Table 3). In the study
carried out in a similar way with our study, it was
determined that the thyme oil was effective on
different MDR P. aeruginosa strains and could be
used for the treatments of serious infections [37].
Moreover, it was stated that multidrug resistant
P1strain was one of the strains that affected from
rosemary oil (Table 2 and Table 4). According
to different study which is similar to our study,
rosemary oil was seen to be more active toward
drug resistant strains of some bacteria than the
susceptible ones [41]. Like our study, Zampini and
friends are determined that rosemary oil affected
multidrug resistant P. aeruginosa strains [43]. In
spite of the high resistance development against
the antibiotics used frequently in clinic, due
to the fact that the strains are sensitive to the
essential oils the issue has been thought that the
antimicrobial effect mechanism of essential oils
might be different from conventional antibiotics.
Although there are some studies concerning
about the antimicrobial activity of thyme and
rosemary oils in the literature, this study differs
from others because of the thyme oil has been
found to be very effective to multidrug resistant
P. aeruginosa strain (P5) which was resistant to
8 different antibiotic groups. As a result of this
study, even low concentrations of thyme oil
were found to be effective toward multi drug
resistant strains of P. aeruginosa as intended in
our study. For this reason, it is thought that the
antimicrobial effect mechanisms of the essential
oils are different from the antibiotics.

CONCLUSION

The data obtained from the study reveal that
treatment for multidrug resistant P. aeruginosa
strains can be carried out with essential oils
in the near future. As a result of this, hospital
acquired infections caused by multi drug



resistant P. aeruginosa isolates can be prevented
effectively. But in order to use thyme oil for the
treatment of hospital acquired infections, further
investigations regarding the in vitro and in vivo
toxicity should be conducted.
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