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Chapter One Introduction

1.Introduction

Pseudomonas aeruginosa is a Gram-negative bacillus that spreads across
various environments, including water and soil. Human activities, such as sewage
disposal, and contamination with hydrocarbons and pesticides, have affected the
occurrence of this bacterium (Crone et al., 2020). P. aeruginosa possesses several
virulence factors, including quorum-sensing systems, secreted enzymes, toxins, and
the ability to form biofilms, which increase its potential to cause severe infections
(Reynolds and Kollef, 2021). As an opportunistic pathogen, P. aeruginosa is
responsible for various infections in healthcare settings, including ventilator-
associated pneumonia (VAP), ICU-related diseases, bloodstream infections, surgical
and wound infections, urinary tract infections, otitis media, and keratitis (Tuon et al.,
2022).

This bacterium can cause significant tissue damage in immunocompromised
patients by evading immune defenses through adherence, colonization, and biofilm
formation. Additionally, it possesses various virulence mechanisms. P. aeruginosa is
associated with high mortality rates among patients with cystic fibrosis, neonatal
infections, cancer, and severe burns (Lambert et al., 2011; Turkina and Vikstrom,
2019).

Bacteria form communities known as biofilms, which are encased in an
exopolysaccharide matrix (EPS) produced and secreted by the bacteria themselves,
allowing them to adhere to surfaces (Yin et al., 2022). Efflux pumps significantly
contribute to the formation of bacterial biofilms. Numerous studies have demonstrated
that efflux pump expression is up-regulated in biofilms, providing higher resistance to

antibiotics. Bacterial biofilms act as barriers, protecting bacteria from biotic pressures,
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immune responses, and the effects of antibiotics, making infections difficult to
eliminate (Tuon et al., 2022).

When P. aeruginosa cells are present in a biofilm, they exhibit increased
antibiotic resistance. Efflux pumps in P. aeruginosa are found to be more efficient in
biofilm-associated cells compared to planktonic cells (Zhang and Mah, 2008). Many
studies indicate that cells lacking active efflux pumps may struggle to form biofilms
(Kvist et al., 2008). Efflux pumps have evolved as a mechanism for bacteria to
interact with environmental factors (Sanz-Garcia et al., 2022). Their widespread
existence in nature (Langevin and Dunlop, 2018) allows bacteria to persist in their
ecological niches. Efflux pumps play a significant role in antimicrobial resistance
(AMR) due to their beneficial physiological functions for bacteria (Piddock, 2006).
Antimicrobial resistance (AMR) is one of the most serious problems in medicine,
particularly with Gram-negative bacteria (GNB), which are categorized by their
degree of resistance as multidrug-resistant (MDR), pandrug-resistant (PDR), and
extensively drug-resistant (XDR) (Impey et al., 2020). P. aeruginosa has a high
degree of intrinsic resistance to most antibiotics, achieved by decreasing outer
membrane porosity, creating efflux pump proteins that expel antibiotics from the cell,
and producing enzymes such as f-lactamases that inactivate antibiotics (Breidenstein
etal.,, 2011).

Plant secondary metabolites (SMoPs) have been shown to have a high
inhibitory effect on efflux systems in bacterial cells, enhancing antibiotic tolerance.
Medicinal plants with active antibacterial compounds, such as catechol, piperine,
quercetin, resveratrol, and others, can serve as effective inhibitors of bacterial efflux

systems (Garvey et al., 2011; Kumar and Pooja Patial, 2016).
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The aims of the study

The current study aims to investigate the effect of Resveratrol as efflux pumps
inhibitors on bacterial antibiotic resistance and biofilm formation in clinical isolates
of Pseudomonas aeruginosa obtained from lower respiratory tracts in Baquba city,

Irag. The investigation will follow these steps:

1. Isolation and identification of Pseudomonas aeruginosa from lower respiratory

tract infections.
2. Detection of antibiotic susceptibility and some virulence factors in the isolates.

3. Phenotypic and molecular detection of efflux pumps and biofilm formation in the

isolates.

4. Examination of the effect of Resveratrol on antibiotic resistance and biofilm

formation.

5. Study the effect of Resveratrol as efflux pumps inhibitors and their combination
with antibiotics on some gene expression of efflux pumps and bioflm formation
genes.






-

Oo Al Gl eV S s s poslal &y iy iinna] (il pum pall o 8 R e g o
Umns Claag ¢ YOV ETTY YY) e bl lod) Gkl il e (pe o sibay () aiayall
¢ a4l m PLaeruginosa LSy JLamil sae 4 aal dul pall cy jal G sall Guin g gee Jia il sladl)
IS el an) Jis il e M0 ¢ slall culaliadd Y el dulia ¢ 55l pall Jalge (ans e Caisl)
MIC ) oWl L) 31 o s Lpall Bt Y1 (s 6 e ol (383 cliind RS dasiind
S e s obadl (e S5 Jil byl s D0 jay (a5l 5 510 5 S 5l 5 il (galiadl
(mexA&oprJ) @il Clauaa s (psSID&peElA) Lo sl Lnde Y1 Sl (o Y el e Jafiall ae Lagia
MDR #a2=ziall 45 523 44 glaall &Y jall

Calfl) i Ciauag) 5 (Yor) Aall & seaa (w0 P, oaeruginosa J) oe e Y (1Y) Cuadld
Blood agar sl )\ Jass Je aall Jlaty alad) ay 591 Caatil & jall () 55l pall Jal go (anal (5 sedaall
LA Je Y v e ZR0 AV TN vty Ay gl BB W (5 0S5 g (il ) A
4k Adabus g Bhall labiaal) (e lilide e 6 VY 2 @l Y¢ Jsbal) clabiaall Aulual) jldl mua )
Ly ‘(7.\ + )Y ¢ Cefepime dbcaall CulS shall clabiaal daglial 4w Je) o) | ulall Gal #Y) L)
alas e @ el daglie o 58 OS5 (2 Y) ¥ Norfloxacin  sbeaall cilS ds slae A J8) cuils
Sl e (ZVY )Y ¢ (ZVO)YYA ¢« (ZVY.2)Y . (XDR) 5 (MDR) 5 (PDR) s laall

O Y all slae) < e D) Ay sl Anie V) 0585 il e i 8 dle Ll U5 i e 5 S
(Ve MYV Lasigiag (Z0) v d ) (Av) vcmia 5 (ZYY.Y) A asgias (Z171,71) V7 o8 (e Alaladll
(MIC) Y Ladidll 3 5l (el ) Lay) il il <o jelal WS, JMil) e (7Y4))) Vi
ONY-Y 5 o) aslbadll o/ ) & s S VYA e GaalaS sl g 5 il 5 S 6la g juall (ol
Sle Jo/ a5 Sk 1o v Yo e Al 5 Ske V1Y ) Aldladl 8 ) sladll Ju/ ol e 5 Sile
Aldlaall 2ay ) 53l

s s adall psID , pelA sy Clia oo ClSH (PCR) @l e sl il Jeli L) ¢ jal o
O @l e Gadiy Ao e duedd hall Claiias (S8 3,80 Oprd , mexA Sl 5 4 sl 82 V)
. pelA, psID, mexA & opr] <liall Jasi (Z) ++) &Y jall ases



P. oo S¥3e SN b QRT-PCR i Aails Zan,¥) cilil aded il el Al s aas
5 Ol gl g5l 5 auleS ol g sl JU Lilelas asy (MIDR ) 32l 455330 4 adl - geruginosa
. (pbadl) (e JS xe combination 4ss e s (G Gldiaal GladiaS ) Jg 5 jaben )l

2y folding J) Jame &l 3 pelA cpall suad 8 AL ) pas cllla ol Adlad) 4 jall il & ekl
el 223 folding J) Jaxe gl 3 ppadll (& (aliadl Cilas Lain VoA Sl Hundly dlalall
e Vo 805 v VA LAY Guliadl e JS pe Ladiall ey GanlaS e g ) il g ¢ gl e
po 4iledae 3ay psID Asall ApEe D S cpall paed 4 Gl Sl Cacagl Ly L sl
I dame O Cun S sl g 5 ll 5 S sl g janall ae (3831 Claiias Jafie ey (S 5l 5 yund)
I ey 1L Alalaall 22y ddila 305 iy culS 5 gl e v AE 5 1Y 5 0 9A (55l folding
(Slslh e VY 5 ) v Canal 3 Sl gl

Ol 518 g ) gil) 5 oS 618 g Honally Alalaall 22 VIV ) oY mexA ceall folding J) Jaxe oS

g0 s s il Y 50 Ao day sl 3 i) el alial olllis S Lk ¢ 15l e

Cabiaally A glaall 233N Y jall Alabae il S Dl e v 49 5 0 Qe g o AN bl e S

dl Jame gl 3 oprd oeall il gl ) 4xe slias JS ey adiall g (S 18 5 ) il 9 (S 18 5 jnally
SISl e VTS 1150 0950 Y 5 ) Yo dldedll aas folding



