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Abstract: An important therapeutic challenge in clinical settings is Pseudomonas aeruginosa a common
opportunistic bacterium linked to drug resistance. Pseudomonas aeruginosa contains MexA and MexB as
part of its MexAB-OprM efflux pump. This pump aids in the bacteria natural resistance to a variety of
antibiotics. This efflux pump contributes to bacterial resistance to antibiotics. Finding out if the ethanolic
70% extract of Tecoma stans altered the expression of the genes encoding these efflux pump proteins was
the aim of this study. Regarding clinical isolates of P. aeruginosa employing RT-qPCR and MIC to
assess the gene expression of the ethanolic extract of the dried leaves of Tecoma stans. The results
showed that the treated groups levels of MexA and MexB gene expression were significantly lower than
those of the untreated control group. This suggests that by blocking the efflux pump Tecoma stans extract
can increase the effectiveness of drugs against the resistant strain. Tecoma stan components may naturally
block the mechanisms causing bacterial multidrug resistance according to the study.
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Introduction

Bacterial infections which can cause
burn wound sepsis and infection due to
changes in skin physiology are the
primary cause of complications and
deaths among burn patients (1). Patients
with a rip in their protective skin barrier
are more susceptible to bacterial
infection and  colonization by
pathogenic bacteria like (2). P.
aeruginosa is a common Gram-
negative bacterium that belongs to the
Pseudomonadaceae family and can
flourish in a range of environments.
Numerous organisms including plants
animals and—most  importantly—
humans can become infected by the
opportunistic pathogen Pseudomonas

aeruginosa. Specifically, patients with
burn injuries immunocompromised
individuals and those with cystic
fibrosis (3). This  bacterium is a
facultative anaerobe capable of
utilizing a wide range of organic and
inorganic compounds as carbon
sources(4). Because of its multidrug
resistance (MDR) phenotype, P.
aeruginosa poses a serious clinical
challenge. Antimicrobial resistance can
be caused by a number of mechanisms
such as enzyme synthesis protein loss
from the outer membrane target
changes and multidrug efflux systems.
The resistance-nodulation-division
(RND)  family  of  drug/proton
antiporters in particular the Mex efflux
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pumps is an essential part of
aeruginosa. Antibiotic resistance is
largely caused by the MexAB-OprM
system and these pumps serve as
essential defenses accelerating the
emergence of strains that are
extensively drug-resistant (XDR) and
pan drug-resistant (PDR). (5).

As antimicrobial resistance increases
and conventional antimicrobial
medications become less effective,
alternative approaches to combating
microorganisms are gaining popularity.
Plant-based natural compounds known
as phytochemicals have drawn interest
as potential antimicrobial defense
mechanisms. These bioactive
substances have demonstrated potential
in strengthening the body's defenses
against microbial assaults and have a
variety of therapeutic uses (6).
Pseudomonas  aeruginosais an
opportunistic pathogen with a high
level of treatment resistance. because
of the outer permeability barrier
which it is naturally resistant to
manyantibiotics (7). Pseudomonas
aeruginosais a virulent agent having
atendency to develop resistance
to majority of the antibiotics
available for the treatment. It is a
leading cause of life-
threateningnosocomial infections. It’s
intrinsic resistance to many
antimicrobial agents and development
of multidrug resistance  imposes
severe therapeutic ~ problem  for
clinicians (8).

Common names for Tecoma stans
var. stans (L.) Juss. ex Kunth
(Bignoniaceae) include kusi urakame,
koyawari, Palo amarillo, tronadora,
yellow-elder, yellow trumpet bush,
trumpet-flower, yellow bells, trumpet
bush, ginger-thomas, esperanza, and
timboco. It is native to the arid
ecosystems of North America and the
high altitude regions of South America.

(9). This plant, which has naturalized in
tropical and subtropical areas of Asia,
Oceania, and Africa, has antibacterial,
antidiabetic, antiproliferative, anti-
inflammatory, and antioxidant qualities
(10).

This study aimed to evaluate the
effect of a 70% ethanolic extract of
Tecoma stans on the gene expression of
MexA and MexB in Pseudomonas
aeruginosa. It also aimed to determine
the extract’s minimum inhibitory
concentration (MIC) and investigate its
potential as a natural efflux pump
inhibitor  to  enhance  antibiotic
effectiveness against multidrug-
resistant strains.

Material and methods
Sample Collection

A total of 100 clinical samples were
obtained from burn and wound patients
who attended treatment at Nasiriyah
General Hospital in Thi Qar
Governorate during the period from
September 2024 to January 2025.
Isolation and Identification of
Pseudomonas aeruginosa

Laboratory diagnosis was made
based on biochemical and
morphological tests, and the VITEK-2
Compact system was used for
confirmation. 36 P. aeruginos isolates
were identified from a total of 100
samples, and all P. aeruginosa isolates
were tested for sensitivity to nine types
of antibiotics. The results showed that
the isolates were resistant to most of the
antibiotics used in this study, the results
showed that all strains of P. aeruginosa
highest  resistance to  Cefazolin,
Cefepim, Gentamicin, Amikacin and
Ciprofloxacin with a prevalence of
(100.0%). and  resistance to
Ceftazidime (62.86) and
Piperacillin/tazobactam at (51.43%)
and the Ilowest resistance was
Imipenem. (5.71%) and Meropenem
(11.43%), and ten isolates with multiple
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antibiotic resistance were selected.
Collection of (Tecoma stans. L)

The leaves of Tecoma stans were
collected from the garden of the
internal departments of the Veterinary
Medicine  college, University of
Baghdad, which were identified by the
specialist in the Department of Life
Sciences, College  of  Science,
University of Baghdad, The leaves
were washed with water, dried at room
temperature, ground using a mill, and
then stored at 4°C for further analysis.
Preparation of Tecoma stans Extract

Following air drying in the shade,
100 g of fresh Tecoma stans leaves
were ground into a powder using a
coffee grinder. The powder was placed
in a volumetric cylindrical flask with
1000 ml of 70% ethyl alcohol to create
a ratio of 1/10 (W/V). Following a 24-
hour period of mixing the solution with
a magnetic stirrer device, the liquid was
filtered through four layers of medical
gauze before being filtered once more
via Whatman (No. 1) filter paper. To
get crude extract, the filtered mixture
was concentrated for 72 hours at 40°C
in an incubator. The extract, which had
a yield of 10 grams, was kept at 4°C in
a dark, sterile screw bottle until it was
needed (11).

Determination of Minimum
Inhibitory Concentration (MIC) of
Tecoma stans

The minimum inhibitory
concentrations (MIC) of Tecoma stans
extract were determined using a 96-
well  microtiter plate and broth
microdilution method. The extract was
prepared by constructing successive

two-fold dilutions on the plate. The
working solution was made with broth
containing 256 mg/ml. The extract was
then moved to the next row, mixed with
100 pl of broth, and incubated at 37°C
for 18-20 hours. The lowest extract
concentrations were visually
determined using broth microdilutions
(12).
Preparation of primers

Primers that used in this study are
listed in (Table 1)
Analysis of (QRT- PCR) Assay

The Qubit® 1st-Step RT-gPCR
System (Qubit®- USA) was used to
amplify  mRNA  particles.  The
amplification reaction was done using
the master amplification reaction listed
in Table (2), together with the Qubit
2nd-Step RT-PCR and the Qubit®-
USA listed in Table (3). Experiments
were conducted to synthesize various
properties of annealing temperature
and..cDNA.
The approach of Delta Ct (AACY)

Relative gene expression was
analyzed using the comparative
threshold cycle (Ct) method, also
known as the Livak method (13). A
calibrator sample—such as an untreated
control or any appropriate reference—
was used to normalize expression levels
across samples.
Statistical analysis

The statistical study was conducted
using SPSS version 26, developed by
IBM Company in Chicago, Illinois. The
molecular result was exploration by
using Chi-square (¥2) test. P values less
than (0.05) is considered. Data were
expressed as mean + SD.

Table (1): - Primers used in this Study

Primer name Sequence (5°-3") Production size Reference

F CAACAGCTCGACCCGATCTAC

MexA
R| GAATTCGAGGCGACCTTCCAG 171 bp

MexB F TCCTCGTGTTCCTGGTGATGT
R| TGTTGATCGAGAAGCCGAACG 129 bp Newly Designed

165 IRNA F CCGCTAATACCGCATACGTCC

R GCCTTTACCCCACCAACTAGC 102 bp
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Table (2): Components of RT-PCR interaction.

Component Volume per 20ul Reaction
Luna Universal gPCR Master Mix 10 pl
Forward Primer 1l
Reverse Primer 1 ul
cDNA Template 5ul
Nuclease-free water 3ul
Total 20ul

Result and discussion
Quantification of MexA and MexB
Expression by Real-Time PCR

Amplification was measured as a
cycle threshold or Ct value which
shows that low Ct values indicate high
gene expression and high Ct values
indicate low gene expression, after
treatment with Tecoma stanc ethanolic
extract for p. aeruginosa mexA and
mexB gene, as shown in Tables 3, 4.
The Tecoma stans ethanolic extract
effect on gene expression of P.
aeruginosa mexA and mexB gene.The
infamous Gram-negative bacterium P.
aeruginosa is well-known for its
multidrug resistance (MDR), which is
mostly caused by its efflux pump
systems, especially the MexAB-OprM
pump, which is controlled by genes like
mexA, natural substances that can block
these efflux pumps have drawn a lot of
interest since they may be able to
increase the effectiveness of currently
used antibiotics (14).

Studies have demonstrated that
some flavonoids may inhibit the
expression of efflux pump genes,
including mexA, in P. aeruginosa (15)
, additionally, quercetin, a flavonoid
found in various plants, has been found
to downregulate the expression of
mexA and other efflux pump genes,
increasing P. aeruginosa susceptibility
to antibiotics. Tecoma stans is a plant
that contains a number of biologically
active chemicals, including flavonoids,
a class of compounds derived from
plants known for their wide-spectrum
antimicrobial activity (16). Quinones

are another compound with potent
antibacterial qualities that may be able
to reduce P. aeruginosa efflux pumps.
For example, anthraquinones had been
demonstrated to inhibit the activity of
the MexAB-OprM  efflux  pump
effectively blocking P. aeruginosa.
Alkaloids are another class of bioactive
compounds found in Tecoma stans
which make P. aeruginosa more
vulnerable to antibiotics. Additionally,
contain terpenoids, especially
triterpenes, which are recognized for
their antibacterial qualities. It has been
demonstrated that certain triterpenoids
prevent P. aeruginosa efflux pumps
from functioning, also, observed that
the triterpenoid ursolic acid, which is
present in a variety of plants, inhibits
the MexAB-OprM efflux  pump,
increasing  the  effectiveness  of
antibiotics against P. aeruginosa (17).
The use of Tecoma stans extracts may
lead to a significant reduction in MexA
gene expression, as evidenced by
studies utilizing synthetic SiRNA
targeting this gene, which resulted in
decreased mRNA levels (18).

Comparative Analysis: Although Me
XA and MexB were not specically studi
ed, their relationship implies that since
both are a member of the same efflux sy
stem, blocking MexA may have an indir
ect effect on MexB expression (19). The
antibacterial activity of Tecoma stans
extracts' antibacterial qualities, as
shown by a number of tests, imply that
they may reduce resistance by lowering
the expression of MexA and MexB
(20).
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Table (3): shows the gene expression of p. aeruginosa mexA gene before and after treatment with
Tecoma stans ehanolic extract.

Samples 16sCRTN A mcéIA ACT | AACT Fold MEAN
1. 11.89 13.96 2.07 0 1
2. 14.56 21.37 6.81 0 1
oerore 3 916 | 1206 | 2.9 0 1| 1002000
4, 9.78 12.8 3.02 0 1
5. 13.44 11.66 -1.78 0 1
1. 9.95 13.3 3.35 1.28 0.41
2. 9.4 17.19 7.79 0.98 0.50
After 3. 8.56 16.15 7.59 4.69 0.03 0.2+
treatment 0.12b
4, 8.74 16.08 7.34 4.32 0.05
5. 9.44 13.47 4.03 5.81 0.01
**p<0.01

Table (4): shows the gene expression of p. aeruginosa mexB gene before and after treatment with
Tecoma stans ehanolic extract.

CT CT
Samples 16sRNA mexb ACT AACT Fold MEAN
1. 11.89 14.03 | 2.14 0 1
2. 14.56 15.13 | 0.57 0 1
Befor
treatment 3. 9.16 12.29 | 3.13 0 1 1.00 +0.00 a
4. 9.78 13.07 | 3.29 0 1
5. 13.44 12.93 | -0.51 0 1
1. 9.95 13.35 34 1.26 0.41
2. 9.4 16.33 | 6.93 6.36 0.01
After 3. 8.56 1555 | 6.99 | 3.86 006 | 0.118+0.076b
treatment
4. 8.74 15.38 | 6.64 3.35 0.09
5. 9.44 14.04 4.6 5.11 0.02
**n<0.01
Conclusion causing bacterial multidrug resistance,
The present research shows that according to the study. These results
Tecoma stans' ethanolic  extract show Tecoma stans' potential as an

drastically reduced the expression of the
MexA and MexB genes in P.
aeruginosa clinical isolates, revealing
that it might possess the ability to block
the efflux pump. The extract may
increase the value of antibiotics against
resistant strains of P. aeruginosa by
reducing the expression of these genes.
Tecoma stans components  may
naturally inhibit the mechanisms

additional treatment to fight antibiotic

resistance, providing an innovative
treatment  approach  for  clinical
application.
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