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Abstract
Background: Pseudomonas aeruginosa is an opportunistic pathogen which causes a range of
infections. Satureja khuzestanica essences have antibacterial effect. Aim: This study aimed to
investigate the inhibitory effects of S. khuzestanica essential oil against housekeeping fabD and
exo A genes of Pseudomonas aeruginosa from hospital isolates using RT-PCR technique. Material
and Methods: The inhibition effect was conducted according to the CLSI 2013 standards and
instructions. The minimum inhibitory concentration (MIC) of essence was determined according
to CLSI. Isolates were collected of burn patients in the Motahari hospital, Tehran and cultured
on proper media and confirmed using microbiology and biochemical. Susceptibility and MIC
of S. khuzestanica were determined against P. aeruginosa. Expressions of exoA and Housekeeping
fabD genes were evaluated using RT-PCR in presence and lack tests of S. khuzestanica essence.
Results: Diameter of inhibition zone of S. khuzestanica essence against P. aeruginosa was 25 mm.
MIC of essence was 0.31 μl/ml. Gene expression of exo A under inducing with essential oil of
S. khuzestanica reduced but gene expression of housekeeping gene DNA gyraseA not changed
before and after exposure. Conclusion: Our results showed that S. Khuzestanica could cause
reduction in drug resistance and inhibition of gene expression of exoA in P. aeruginosa. Also, RTPCR is an effective technique for evaluation of gene expression.
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Introduction
Pseudomonas aeruginosa is an opportunistic pathogen that
causes a range of infections, including; wound and hospital
infections, and infections of respiratory tract [1]. P. aeruginosa
is an opportunistic pathogen with ability of infection in both
humans and animals. P. aeruginosa is a main agent of bacteremia
in patients who received organ transplants and is accountable for
approximately 28% of bacteremia cases. Colonization of lungs
with this organism is also a common cause of morbidity and
mortality in patients who suffered from cystic fibrosis [2]. Owing
to the presence of several mechanisms of antimicrobial resistance,
the control of this organism in hospitals is often problematic [3].
This micro-organism is one of the most common pathogens
in hospitals and causes hospital-acquired infections [4]. The
increasing advent of resistant isolates of P. aeruginosa can
cause infections among hospitalized patients [5].
P. aeruginosa generates a diversity of extracellular factors
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which are possibly harmful to ocular tissues. The organism have
a potentially ability to produce a number of proteases; (alkaline
protease, staphylolytic protease, elastase, and protease IV), a
heat-labile and heat-stabile hemolysin, phospholipase C, and
toxins (exoenzyme T, -S, and –U, and exotoxin A [ETA].). ETA
is a type II secreted 66-kDa A-B toxin, whose function is equal
with diphtheria toxin created by Corynebacterium diphtheria.
It is bind to the host using the α2-macroglobulin receptor,
concurency with its internalization, the enzymatic subunit A is
released into the cytoplasm. This subunit transfers adenosine
diphosphate (ADP)-ribose of nicotinamide adenine dinucleotide
(NAD) to elongation factor(EF)-2 and consequently hinders
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protein translation [6]. P. aeruginosa has been increasingly
recognized for its ability to cause significant hospital-associated
with outbreaks of infection, particularly since emerging of
multidrug-resistant strains. Outbreaks of multidrug-resistant
P. aeruginosa colonization or infection have been reported in
urology wards, burn unit, hematology/oncology unit, and adult
and neonatal critical care units [7].
Resistance of bacteria to antibiotics has become one of the main
public health concerns world-wide, and because of the side
effects of conventional antibiotics, further studies have been
just concentrated on discover of newly natural antimicrobial
agents of herbs, animal and other sources. Herbs are rich in
an extensive diversity of secondary metabolites, for example;
tannins, terpenoids, which there are some reports about their
antimicrobial features [8]. The reasons for propensity to use
medicinal plants are; their fairly safe mods, extensive approval
by users. Many researchers have reported the antimicrobial,
antifungal and antioxidant properties of Satureja khuzestanica
essential oils [9].
Satureja khuzestanica Jamzad (SKJ; Marzeh Khuzestani in
Persian language, family of Laminaceae and the Nepetoidae
subfamily) is found in southern and south western regions of
Iran. The plant is characterized with a subshrub, branched stem
about 30 cm high, and having the densely leaf, and covered with
white hairs [10].
Recently, component of the essential oil of S. khuzestanica has
been characterized. The therapeutic properties of this herb such
as; analgesic and antiseptic, antibacterial, antiviral, antifungal
have been proven [11]. Until now, no toxicity or adverse effects of
this plant was reported, for those derivatives of this plant were
candidate as supportive drugs [12].

Aim
So, this study aimed to investigate the inhibitory effect of S.
khuzestanica essential oil against housekeeping fabD and exo
A genes of P. aeruginosa from hospital isolates using RT-PCR
technique

Materials and Methods
Plant substances
The aerial parts of S. khuzestanica were collected during May
2013 of Lorestan province, Iran and was identified by the
Research Institute of Forests and Rangelands. Then, it was dried
and ground into the powder. The prepared powder was held in
tight bottles for completely protection of light.
Preparation process of the essential oil
Based on the method recommended by the European
Pharmacopeia, dry aerial parts (100g) of S. khuzestanica
were subjected to the hydro distillation for 3 hours, using a
Clevenger-type apparatus; then obtained essential oil was dried
upon anhydrous sodium sulphate and kept at 4°C for further
experiments [13].
Analysis of the essential oil using gas chromatography
Chemical composition of the essential oil and extract were

evaluated by gas chromatography. The gas chromatograph (beifen
3420 capillary gas chromatograph) was equipped with BP-5
capillary column (30×0.25 mm ID × 0.25 mm film thickness)
and the data were taken under the following conditions: initial
temperature 60°C, temperature ramp 3°C for 1 min [14].
Bacterial strains and culture conditions
P. aeruginosa strains were clinically isolated from burn
infections in Motahari hospital of Tehran, Iran. For this study,
5 strains were isolated and they cultured on Nutrient agar
medium. For identification of isolates, they were cultured on
Muller-Hinton agar and confirmed with catalase –oxidase –
O/F- arginine de-hydrolase tests and antibiotic resistance.
Susceptibility testing
Antimicrobial activity was investigated by disk diffusion
method. The bacterial suspension was brought to the 0.5
McFarland. Then with a sterile of bacterial suspension was
taken to inoculate the whole surface of a Muller-Hinton agar.
20 μl of essential oil of S. khuzestanica was applied on a blank
disk and aseptically sited on the inoculated plates. Then, the
incubation of plates was performed for 24 hours at 37°C. After
that, the inhibition zones were measured. Gentamicin 10 μg was
used as a positive control for bacterial inhibition.
Characterize the minimum inhibitory zone
The minimum inhibitory concentration (MIC) was assessed by
dilution method in Muller-Hinton broth agar according to the
CLSI guidelines. Essential oil of S. khuzestanica (SKEO) was
first diluted in DMSO (dimethylsulfoxyde). Serial Dilutions
were carried out with concentrations ranging from 10 μl/ml to
0.019 μl/ml. After 24 hours of incubation at 37°C, from each
concentration inoculated on Muller-Hinton agar and incubated
in 37°C for 24 hours. After this time, the plates investigated.[15].
Extraction of RNA and RT-PCR performance
P. aeruginosa was cultured on Muller-Hinton agar plates
for 24 hours at 37°C. After 24 hours, bacterial isolates
were suspended in Muller-Hinton broth and harvested by
centrifugation (3000 g, and 10 min) and flow through it.
So, P. aeruginosa was cultured on MIC concentration of
S. khuzestanica and incubated at 37°C for 24 hours. After
24 hours, it was harvested by centrifugation (3000xg, 10
min). Then, both of RNAs (before and after adding essence)
were extracted from bacteria with Cinapure kit (Cinagen,
Iran), and RT-PCR was performed in order to determine the
values of mRNA based on the kit direction (Vivantis kit,
Cinagen, Iran). Design of oligonucleotide primers for PCR
were carried out consistent to the sequences of P. aeruginosa
exotoxin A (F; 5ꞌ- TT CGTGGATGAACACCTTGA-3ꞌ;
R; 5ꞌ-TGCTGCACTACTCCATGGTC-3ꞌ). Control (fabD
gene) was used as a housekeeping gene (F; 5ꞌ- GCTCTTCA
GGACCATTCTGG-3ꞌ; R; 5ꞌ- ATCCCTCGCATTCGTCTTC3ꞌ). Then, PCR products were analyzed using gel electrophoresis.

Statistical analysis
Data analyzed by SPSS (version 22.00) using chi square minimal
statistical significance was considered as p < 0.05 significant.
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Table 1: Chemical compositions (%) of S. khuzestanica essential
oil analyzed by GC/MS
S.no
%c
RIb
RTa
Compound
1
0.28
935
4.081
α –Pinene
2
0.39
990
5.157
β –Myrcene
3
0.49
1016
5.77
α –Terpinene
4
3.11
1023
5.964
p-Cymene
5
0.19
1027
6.067
β –Phellandrene
6
1.24
1056
6.828
ɣ - Terpinene
7
0.91
1098
7.944
Linalool
8
0.35
1162
9.89
Borneol
9
0.65
1173
2.26
Terpinene-4-o1
10
0.19
1291
13.992
Thymol
11
90.88
1296
14.164
Carvacrol
12
0.15
1413
17.757
(Z)-Caryophyllene
13
0.21
1502
20.464
β –Bisabolene
14
0.18
1574
22.57
Caryophyllene oxide
RTc: Retention time (min), RIb: Retention indices determined on HP5MS capillary column, %a: calculated from TIC data

Results
Analysis of the essential oil using gas chromatography
The chemical compounds of S. khuzestanica essential oil are
summarized in Table 1. The major compound of essential oil
was Carvacrol (92%), followed by p-Cymene (3.11%).
Susceptibility testing results
The diameter of inhibition zone in disk diffusion method
with S. khuzestanica essential oil and the minimum inhibitory
concentration (MIC) values of S. khuzestanica essential oil on
P. aeruginosa isolates showed that the essential oil had a strong
antimicrobial activity against selected isolates. The diameters
of inhibition zone (mm) for strains 1, 2, 3, 4, 5 were 25, 23, 26,
24 and 25, respectively. Also, the MIC for all selected strains
was 0.31 μl/ml.

RT-PCR results
Figure 1 clearly shows that the expression of pathogenic genes
exotoxin A (exoA) declined after exposure of bacteria with oil,
but expression of fabA after and before exposure did not change.

Figure 1: Left: Results of RT-PCR related to the exosA gene before
and after encountering with essence of S. khuzestanica. Right: Results
of RT-PCR related to the fabD gene before and after encountering with
essence of S. khuzestanica.

Discussion
In burns due to the skin destruction as the first line of body
defense system, a patient is very susceptible to infections. One
of the most important bacteria associated with infection in
burn patients is P. aeruginosa. The most important virulence
factor of P. aeruginosa is exotoxin A. Exotoxin A in addition
to pathogenicity, also plays a role in biofilm formation, and

therefore is considered as a factor in antimicrobial resistance [16].
Because of the extreme resistance of P. aeruginosa to antibiotics
and disinfectants, find complementary treatment is required.
The genomes of different organisms have many genes that
products of some of them are very required at certain times.
While the products of some other genes, which are known as
the Housekeeping genes in all careers of living cells are needed.
fabD is a Housekeeping gene and its product has a role in the
biosynthesis of fatty acids, and plays no role in the pathogenesis [17].
In this study, RT-PCR technique has been used to study essential
oil effect of S. Khuzestanica on gene expression of exotoxin A.
RT-PCR technique is a rapid and highly sensitive method which
frequently used to evaluate the expression of the desired gene
and is capable to provide semi-quantitative information of gene
expression rate [18].
Carvacrol is one of the most effective compounds of S.
Khuzestanica which have ability to effect on membranes,
proteins and genes, even is able to effect on electron transport
chain and even uses as food [19,20].
Qing-huan Yin studied the anti-inflammatory and pre-peptic
effects of carvacrol on hepatocellular carcinoma cell line HepG2 and revealed that carvacrol had anti liver cancer property.
In this study has been investigated the effect of carvacrol on
eukaryotic cells and is able to inhibit the growth of cancer cells
[21].
A research was conducted by Ultee and et al., presented the
bactericidal and bacteriostatic properties of carvacrol such as;
ion leakage, loss of turgor pressure, the impact on the synthesis
of DNA, decreased metabolic activity [22]. Like mentioned above
studies, we found that carvacrol had the antimicrobial properties
and its inhibitory concentration on P. aeruginosa (MIC) is 0.31
μg/ml and it became clear that these results are consistent with
other researches.
In research conducted by Sara et al. [23] showed that carvacrol
possesses inhibitory effect against the production of heat shock
protein 60 (HSP60) and flagellum synthesis in E. coli O157:
H7. In this study, western blot technique was used [23]. The study
was conducted by Ultee and colleagues showed that carvacrol
had bactericidal and bacteriostatic properties as well as some
properties such as leakage of essential ions, loss of turgor
pressure, and the impact on the synthesis of DNA, decreased
metabolic activity [24]. In line with this study, we also found that
the S. khuzestanica had a bacteriostatic and bactericidal activity.
In a study conducted by Kim et al. [25] examined the antibacterial
effects of carvacrol on Salmonella typhimurium and strains
resistant to rifampicin. They showed that carvacrol had potent
antibacterial effects against both strains [25]. We also studied the
antibacterial effects of essential oil of S. khuzestanica, which has
a high concentration of carvacrol, the results showed this plant
has potent antibacterial effect on the bacterium. Amiri et al.
studied the anti-bacterial effect of essential oil of S. khuzestanica
on infectious bacteria of respiratory tract [20]. Like their study,
our study showed that the essential oil of S. khuzestanica have
very large bactericidal effects on P. aeruginosa. Carvacrol
like the phenolic compounds acts by increasing the secretion
of the bacterial cell membrane to H +, K +, and reduces the
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ATP and impact on the DNA and RNA and consequently death
of bacteria [26]. In study of Ghodrati and colleagues in 2015
surveyed the antimicrobial activity of S. khuzestanica against
Candida albicans, E. coli, S. epidermidis and Bacillus cereus
by both disk diffusion and micro dilution methods using plant
extracts of S. khuzestanica, in which, the most its activity
was against yeast Candida albicans and lowest was observed
against S. epidermidis and E. coli with MIC= 0.1- 0.19 μg/ml
that indicated that the MIC of extract was lower than MIC of
essential oil [27]. Zerrin and colleagues studied the carvacrol
effect on cancer cells H-RAS and N-RAS, and the results
showed carvacrol had cytotoxic effects on the cells in dose and
appropriate time [28]. The results showed that cells and genes with
high activity show greater sensitivity to antimicrobial agents.
Our results also suggest that bacterial cells are more sensitive
in logarithmic a growth phase. Llana-Ruiz-Cabello and et al.
[29]
investigated the cytotoxic effects of carvacrol on cervical
cancer cells (HELA cells and SITRA) also, cytotoxic effects of
carvacrol were determined by MTT and LDH technique [29]. The
results of our study with other studies also concluded that the
carvacrol with less concentration is effective on eukaryotic cells.
In addition, cancer cells because proliferate faster, their DNA,
RNA, membrane; cytochrome oxidase and protein synthesis are
more sensitive to carvacrol than normal cells. So we conclude
that the natural cells show more resistance to carvacrol. Our
study also showed that prokaryotic cells for inhibition of gene
expression are needed to more concentrations of carvacrol,
because prokaryotes have a cell wall and outer membrane,
the influence of carvacrol takes place slower [29]. Their results
showed that the cells and genes with high activity have a greater
sensitivity to antimicrobial agents. Our results also suggest that
bacterial cells are more sensitive in logarithmic growth phase.
In 2012, A study examined anti-proliferative effects of carvacrol
against liver cancer cells (HEPG-2) and results showed that
carvacrol inhibits cell proliferation by inducing apoptosis, [30]
also, their results revealed that the cells and genes with high
activity have a greater sensitivity to antimicrobial agents. Chou,
Chiang and et al. in 2013 examined effects of carvacrol for the
release of calcium, cell survival, apoptosis and formation of
channel in cancer cells of human mouth, results showed that
carvacrol causes calcium release, formation of channels in oral
cancer cells and eventually causes apoptosis through activate
caspase-3 [31]. Real Time PCR technique has been used to
evaluate the expression of eukaryotic and prokaryotic times and
times, also this technique has been used to study gene analysis
of benzevat and salysilat in two strains of P. aeruginosa, but
we used of RT-PCR technique as semi-quantitative. The
preference and excellence of Real time- RT-PCR is that shows
the gene expression as semi-quantitative, quietly. But we used
dilution method and semi quantative RT-PCR in order to show
expression of exoA as quantatively.

So with bactericidal or bacteriostatic substances can assess
inhibitory effect on gene expression. In this study, was exposed
P. aeruginosa with MIC concentration of S. Khuzestanica and
gene expression level were measured by Q-PCR. And then in
next step, it can be offered as a treatment for patients with burns
infection.

One of the innovations of this research is that for the first
time, RT-PCR technique was used for evaluate the effect of
S. Khuzestanica on gene expression of exotoxin A from P.
aeruginosa.
It be noted, in this study, the initial tests have confirmed that
this substance have inhibitory effect on P. aeruginosa. And
we know that in in vivo, the break point of drugs is important.

Conclusion
Our results showed that S. Khuzestanica could cause reduction
in drug resistance and inhibition of gene expression of exoA
in P. aeruginosa. Also, RT-PCR is an effective technique for
evaluation of gene expression.
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