COMPLEMENTARY MEDICINE JOURNAL ,
: . Volume 15, Issue 4, Winter 2025 i

https://cmja.arakmu.ac.ir/

CrossMark

Original Article

Evaluation of the Antimicrobial Activity of Thyme Extract and its Effect
on the Expression of MexXY-OprM efflux Pump against Clinical Isolates of
Pseudomonas Aeruginosa

Shokufeh Hamidnia'*, Atousa Vaziri2"¥, Fouzieh Moghadami3, Maryam Sadrnia?*

1. Master of Science, Department of Biology, Payame Noor University, Tehran, Iran

2. Associate Professor, Department of Biology, Payame Noor University, Tehran, Iran

3. Assistant Professor, Department of Biology, Payame Noor University, Tehran, Iran

* Cotresponding author: Maryam Sadrnia & Atousa Vaziri, Department of Biology, Payame Noor
University, Tehran, Iran. Email: msadrnia@pnu.ac.ir & a_vaziri@pnu.ac

DOI: 10.22034/cmja.15.4.333

How to Cite this Article:

Hamidnia Sh, Vaziri A, Moghadami F, Sadrnia M. Evaluation of the Antimicrobial Activity of Thyme Extract and its
Effect on the Expression of MexXY-OprM efflux Pump against Clinical Isolates of Pseudomonas Aeruginosa
Complement MedJ. 2025;15(4): 333-344. DOI: 10.22034/cmja.15.4.333

Received: 23 February 2026 Abstract

Accepted: 25 April 2026 Introduction: The emergence of multidrug-resistant Pseudomonas aeruginosa
requires alternative therapeutic approaches. This study aimed to investigate the

Keywords: effect of Thyme extract on the expression of the MexXY-OprM efflux pump of this
bacterium.

Efflux pump . . .

MexXY-OprM Methods: Different concentrations of thyme extract ethanolic solvent were

gRT PCR prepared, and the minimum inhibitory concentration (MIC) and minimum

Thyme extract Bactericidal concentration were investigated on clinical strains of multidrug

resistant Pseudomonas aeruginosa by microdilution method. Expression of mexX
gene was evaluated by comparison with standard strain. The purity and
concentration of extracted RNA were determined, and cDNA was synthesized with
the relevant kit. gqRT PCR process was performed with specific primers. Isolates
exposed to the extract were grown at a concentration lower than the MIC, and gene
expression was examined in presence and absence of the extract.

Results: The MIC values were obtained at 250 and 125 for 7 and 3 isolates,
respectively. The MBC results were 125 and 25/31mg/ml. The changes in the mexX
gene expression in bacteria were evaluated based on their relative comparison with
the standard Pseudomonas aeruginosa PAOT1 and together. Of 10 isolates, 6
samples showed a significant decrease in their mexX gene expression (P<0.05).
Sample S2 showed an increase in expression. A significant decrease (P<0.05) was
indicated in the mexX expression in 6 isolates with multiple resistance, suggesting
that thyme extract reduce the activity of efflux pump. Furthermore, 3 samples had a
decrease; however, the level of the mexX expression reduction was not significant.
Conclusion: These findings suggest the use of Thyme extract as an adjunctive
therapy against multidrug-resistant Pseudomonas aeruginosa, especially targeting
efflux pumps. Further research is needed to optimize its formulation.
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INTRODUCTION

Given the limited availability of effective
antibiotics, especially in resource-constrained
healthcare systems, such as Iran, the need for
alternative antimicrobial strategies is urgent.
The investigation of the natural plant
compounds, such as common thyme has great
potential in this field. Thyme has been
traditionally used in the Iranian medicine for
centuries, and its known antimicrobial
properties make it a promising candidate for
combating resistant bacterial infections.
Furthermore, relying on locally available
plants, such as thyme can reduce the need for
expensive imported antibiotics and make
treatment more accessible. The present study
was defined due to the priority of studies in the

field of increasing antibiotic resistance.
METHODS

This applied study utilized an experimental
laboratory method. In this study, thyme plant
was first prepared, and thyme extract was
extracted by maceration and ethanol solvent
method. Clinical strains of Pseudomonas
aeruginosa isolated from medical centers with
multidrug resistance were re-cultured in the
laboratory. Different concentrations of thyme
extract were prepared, and the minimum
inhibitory concentration and minimum lethal
concentration of thyme extract on the isolates
were examined using the microdilution
method. To examine gene expression, the
samples were cultured in liquid culture and
then extracted using an RNA extraction Kkit.
After examining the purity and concentration
of the extracted RNA, cDNA was synthesized
with its own synthesis kit. Then, at this stage,
the Real-Time PCR process was performed
with its special master and the specific mexX
primer with the relevant program in the Real-
Time PCR device. The results were examined
using PRISM software. In the next stage, the
bacteria exposed to the extract were grown at a
concentration below the minimum inhibitory
concentration (MIC), and RNA was extracted
again and gene expression was examined this
time in the presence of the extract. Finally, the
expression level in the presence and absence of

the extract was compared.
RESULTS

The strains studied had multiple resistance,
which is why the isolates prepared in the
laboratory were examined and confirmed. For

this purpose, an antibiogram test was
performed. The antibiotic disks of cefepime,
aztreonam, norfloxacin, levofloxacin,

ceftriaxone, and amikacin were used. Only one of
the antibiotics, aztreonam, showed a growth
inhibition zone, indicating its sensitivity. The
others did not show a zone due to resistance.

Since the aim of the study was to determine the
effect of the extract on strains with multiple
resistance, these isolates were selected. However,
the sensitive strain was also selected to determine
the effect of the extract on clinical isolates. The
results of the experiment showed that antibiotic-
sensitive strains (i.e., non-multiple-resistant) did
not differ significantly in terms of resistance to
thyme, compared to multi-resistant strains. All
isolates were resistant to concentrations of 50%
and 25%; however, out of 20 samples, 2 samples
showed a 100% growth inhibition zone around the
disk (they were sensitive). The sensitive isolate
showed growth inhibition zones around both 50%
and 100% of the disks; however, no growth
inhibition zone was observed around the 25% disk.
The isolates were sensitive to ampicillin as a
control.

Changes in the expression of the mexX gene in
bacteria were evaluated based on their relative
comparison with the standard strain Pseudomonas
aeruginosa PAO1 and together. Out of 10 isolates
of Pseudomonas aeruginosa bacteria with a multi-
resistant phenotype, 6 samples showed a significant
decrease in their mexX gene expression (P<0.05).
Three samples showed a decrease; however, the
level of the mexX expression was not significant.
Sample S2 showed an increase in the expression,

although it was not significant.
DISCUSSION

This study aimed to investigate the effect of thyme
extract on the expression of the mexX gene, part of
the mexXY efflux pump system, in Pseudomonas
aeruginosa. Since the clinical isolates studied were
multidrug resistant, the possibility of the pump
being active and expressed in them was considered
very high. In the first stage, the submitted isolates
were cultured on a specific culture medium of
cetrimide agar for purification. The growth of
bacteria that turned the medium green and had
fluorescent pigments was considered as the
confirmation of the presence of Pseudomonas
aeruginosa. In addition, the antibiotic resistance of
these isolates was also evaluated. The MIC of
thyme extract was determined for each isolate, and
the bacteria were cultured in the presence of this
extract. After RNA extraction, Real-Time PCR was
performed to examine the expression of the mexX
gene under two different conditions: once in
isolates grown without the extract and again in
isolates grown in the presence of the extract.
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Comparison of the results showed that in some
isolates, the expression of the mexX gene was
significantly reduced in the presence of thyme

extract.
CONCLUSION

This study showed that thyme extract has
concentration-dependent antimicrobial
activities against Pseudomonas aeruginosa
with multidrug resistance to antibiotics. The
significant reduction in the expression of the
mexX gene in 6 out of 10 isolates indicates its
potential as a therapeutic agent. However, the
change in the regulation of efflux pump and the
need for higher requirements of thyme extract
require further research to optimize its
formulation and use in current combination
therapies. Future studies should focus on
elucidating the exact mechanisms of action of
thyme extract, from its effect on efflux pumps
and other cellular targets, to resistance
strategies to combat antibiotic resistance.

Overall, the study conducted showed that
thyme extract has good potential as an
antimicrobial agent against Pseudomonas
aeruginosa. The fact that thyme extract can

reduce mexX expression in most isolates is very
promising, as it suggests that thyme extract may re-
sensitize resistant bacteria to antibiotics. However,
the differences in the response of different isolates
to gene expression and the need for high
concentrations of thyme extract make its use as a
stand-alone treatment problematic. It can be said
that thyme extract is a promising candidate for
further research. Its ability to inhibit Pseudomonas
aeruginosa and reduce the expression of efflux
pumps in many strains makes it a valuable tool in
the fight against antibiotic resistance. With further
studies, it may be possible to fully characterize its
properties and provide new and effective
treatments for infections caused by this pathogen.
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