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ABSTRACT

EFFECT OF ZINC OXIDE NANOPARTICLES USE AS
ALTERNATIVE TREATMENT FOR PSEUDOMONAS AERUGINOSA

Hiba Adnan ABDULHUSSEIN
Master of Science in Biology
Advisor: Asst. Prof. Dr. Yasar Kemal YAZGAN
Co-Advisor: Asst. Prof. Dr. Mohanad W. Mahdi ALZUBAIDY
April 2022

The current study included collection of 150 samples from Burns and Wounds during
the period from October 2021 to January 2022. Patients with different ages ranging
from 16-70 years from both genders were choosing from different hospitals in Baqubah
city/Diyala Province, Iraq included Baqubah Teaching Hospital and Al-Batool Teaching
Hospital. After culturing the specimens on general culture media, 121 of it were positive
growth for bacteria. Pseudomonas agar, microscopic investigation, biochemical checks
and VITEK 2 Compact were used to isolate Pseudomonas aeruginosa which consist 25
(16.6 %), 16 isolates were from Burns and 9 isolates were from wounds. The anti-
biogram of the isolates was tested against 10 antibiotics which were selected according
to (CLSI 2021). The result showed that Cefepime and polymyxin B were the most
resisted by the bacteria (100%), while Ciprofloxacin and Norfloxacin were the greatest
in effect antibiotics in contrast to P. Aeruginosa (12% and 16%) respectively. The ZnO
NPs preparation was done by sol-gel technique and it was detected by (FTIR), (XRD)
and Field (FE-SEM). The anti-bacterial action of ZnO NPs in contrast to P. Aeruginosa
was conducted at dissimilar concentrations (100 pg/mL, 50 pg/mL, 25 pg/mL and 12.5
ng/mL). Which were examined in contrast to PDR, XDR and MDR isolates, the effects
showed that the highest inhibition area of isolates was at concentration 100 pg/mL and
the lowermost inhibition area was at concentration 12.5 pg/mL. The minimum
inhibition concentration of the Zno NPs was at a concentrations ranging from
2600pg/mL -162.5ug/mL. on PDR, XDR and MDR isolates of the bacterium P.

Aeruginosa.
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OZET

PSEUDOMONAS AERUGINOSA ICIN ALTERNATIF TEDAVI
OLARAK KULLANILAN CINKO OKSIT NANOPARCACIKLARININ
ETKIiSi

Hiba Adnan ABDULHUSSEIN
Biyoloji, Yuksek Lisans
Tez Danismani: Dr. Ogr. Uyesi Yasar Kemal YAZGAN
Es Danisman: Dr. Ogr. Uyesi Mohanad W. Mahdi ALZUBAIDY
Nisan 2022

Mevcut ¢aligma Ekim 2021'den Ocak 2022'ye kadar olan donemde yanik ve yaralardan
toplanan 150 numunenin iizerinde gergeklestirilmistir. Her iki cinsiyetten de yaslar1 16-
70 arasinda degisen hastalar, Irak'in Diyala Eyaletindeki Bakubah sehrindeki Bakubah
Egitim Hastanesi ve Al-Batool Egitim Hastanesi'ni de iceren farkli hastanelerden
se¢ilmislerdir. Numuneler kiiltiir ortaminda kiiltiirlendikten sonra 121 tanesinde bakteri
iremesi pozitif olmustur. Pseudomonas agar, mikroskobik inceleme, biyokimyasal
kontroller ve VITEK 2 Compact kullanilarak 25 izolat (%16,6) Pseudomonas
aeruginosa'dan, 16 izolat yaniklardan ve 9 izolat yaralardan izole edilmistir. Izolatlarin
antibiyogramlari, (CLSI 2021)'e gbre secilen 10 antibiyotige karsi test edilmistir. Sonug
olarak, en fazla bakterinin direng gosterdigi (%100) Cefepime ve polimyxin B iken, P.
Aeruginosa'ya karsi en etkili antibiyotiklerin Ciprofloxacin(%12) ve Norfloxacin(%16)
oldugu tespit edilmistir. ZnO NP'lerin hazirlanmasi sol-jel teknigi ile yapilmis ve
(FTIR), (XRD) ve Field (FE-SEM) ile tespit edilmistir. Farkli konsantrasyonlardaki
ZnO NP'lerin (100 pg/mL, 50pg/mL, 25 ug/mL ve 12,5 pg/mL) P. Aeruginosa’nin
PDR, XDR ve MDR izolatlaria kars1 antibakteriyel etkileri incelenmis, izolatlarin en
yiksek inhibisyon alanmin 100 pg/mL konsantrasyonunda oldugu ve en disiik
inhibisyon alanmnin 12.5 pg/mL konsantrasyonunda oldugu goézlemlenmistir. Zno
Np'lerin minimum inhibisyon alani, P. Aeruginosa bakterisinin PDR, XDR ve MDR
izolatlarinda 2600 pg / mL -162,5ug / mL arasinda degisen konsantrasyonlarda

meydana gelmistir.
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1 INTRODUCTION

Pseudomonas aeruginosa is consider as an omnipresent G-negative aerobic bacteria, an
opportunistic pathogen broadly spread and causes nosocomial infections (Al-Mayali and
Salman 2020) in addition to deadly infections in immune-compromised humans
especially those patients with malignancy, post-surgery, burns that could be severe or
infested with human immune-deficiency virus (HIV) (Gomila et al. 2018) despite the

advent of newer and stronger ant-ibiotics (Amoon et al. 2018).

The strains of P. aeruginosa, especially multi-drug-resistant, which give rise to difficult
complications in many countries, including Irag. The rising spread of nosocomial cases
formed by multidrug-resistant (MDR), extensively drug resistant (XDR) and pan-drug-
resistant (PDR) P. aeruginosa strains poses a threat for anti-microbial treatment (El
Zowalaty et al. 2015).

These bacteria cause a number of types of infection which include wounds,
gastrointestinal, urinary tract, and respiratory tract infections. The infections by these
bacteria are increasing worldwide due to the persistence, adaptation, and resistance
mechanisms of altered types of anti-microbials (Abdallah and Gabur 2021). Also,
infection with P. aeruginosa is predominantly grim to treat as a result of many intrinsic

and acquired tools of antibiotics resistance (Wijaya 2021).

World Health Organization categorized P. aeruginosa as one of the serious pathogens in
its earliest issued out group of anti-biotic unaffected priority pathogens grounded on the
urgency of necessity for different anti-biotics (WHO 2017, Willyard 2017).

Nanoparticles of metal oxides having a size range of 1-100 nm represent a new
orientation that is increasingly being progressed for use in research and medically-care
related implementation (Anbuvannan et al. 2015). ZnO NPs have a large attention due
to its inexpensive production cost, harmless and can be prepared without difficulty

(Jayaseelan et al. 2014). It has a extensive range of bio-medical uses like drug carriage,



anti-malignancy, anti-diabetic, anti-bacterial, anti-fungal and agricultural properties
(Kaur et al. 2015). A Little is identified about the anti-bacterial action of ZnO as
nanoparticles (Jones et al. 2008). In addition, ZnO is one of five zinc compounds that
are presently registered as general recognized as safely by the World Health
Organization (WHO) (Lee et al. 2017).

Aim of the study

The current study aims to explore the antibacterial action of Zinc Oxide Nanoparticles
(ZnO NPs) against multidrug-resistant bacteria (MDR), extensively drug resistant
bacteria (XDR) and pan-drug-resistant bacteria (PDR) isolates of Pseudomonas

aeruginosa by the following steps:

1) Isolation and diagnosis of P. aeruginosa from clinical specimens.

2) Detection of some virulence factors for the isolates.

3) Investigations the occurrence of multi-drug resistant and antibiotic susceptibility

profile in Pseudomonas aeruginosa isolates.

4) Investigations the anti-bacterial action of Zno NPs against MDR, XDR and PDR
isolates of P. aeruginosa, in addition to the minimum inhibitory concentration (MIC)
for the ZnO NPs.



2 LITERATURE REVIEW

2.1 Common Features of Pseudomonas Aeruginosa

Pseudomonas aeruginosa is G-negative bacillus and motile existing nearly everywhere
in the environment such as in soil, water, plants, animals, and humans, it is considered
as one of the main nosocomial pathogens which feature a high percentage of patient

morbidity and mortality (Klockgether and Timmler 2017)

Pseudomonas aeruginosa is consider an opportunistic bacterium that infects immune-
compromised or hospitalized patients preferably and causes more or less serious
infections that may lead to death, from local to systemic. There are limited nutritional
requirements for this pathogen and it can adapt to a wide range of environmental
conditions. Because of the high propensity of this pathogen to establish resistance,
treatment of P. aeruginosa infections with antibiotics has also been difficult, thereby
contributing to its pathogenicity. Several healthcare organizations have identified multi-
drug resistant isolates of P. aeruginosa as significant threat to public health. This
pathogen has been described as a crucial research target for the production of innovative
therapies, given its high prevalence with associated high mortality rates and restricted
treatment options (Tacconelli 2017, WHO 2017).

Pseudomonas aeruginosa strains are usually motile via a singular polar flagellum. The
optimum growth temperature of P. aeruginosa is 37°C, while its extreme growth
temperature is 42°C (Brooks et al. 2016). Bacterial colonies appear cloudiness through
the semi-solid media (around the stabbing area), which is an evidence of the motility of
P. aeruginosa by its polar flagella (Moore et al. 2006). P. aeruginosa is an aerobic
bacillus that can be considered an opportunistic pathogen. It is a highly flexible
microorganism capable of tolerating conditions of low oxygen with low nutrient levels
and it can live and grow at temperatures ranging from 4-42°C (Stover et al. 2000). P.
aeruginosa produces pigments that inhibit the growth of bacteria of other kinds of

bacteria. The most significant pigments are Pyocyanin, a water-soluble blue pigment,
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and Pyoverdin, a green-yellowish pigment also known as Pseudobactin, which is toxic
to the host cells (Orlandi et al. 2015).

This bacterium can produce various pigments, comprising the bluish-green Pyocyanin
and yellowish-green fluorescein, along with the potential for other pigments, such as
yellow Pyoverdin, dark Pyorubin, and dark black Pyomelanin, to be produced by certain
strains (Cohen et al. 2016). Occasionally P. aeruginosa strains produce only Pyoverdin,
which is difficult to distinguish these strains from the other five fluorescent
Pseudomonas species (Luis et al. 2020). P. aeruginosa possesses a mucous layer to
produce the alginate slime layer which inhibits the process of phagocytosis. In addition
to multi-layers of extra-cellular polysaccharides (Al-Daraghi and Al-Badrwi 2020).
Pseudomonas has slight nutritional supplies for their growth as a group and able to
custom a extensive range of environmental nutrition sources, P. aeruginosa frequently
requires acetate and ammonia which consider a basis of carbon and nitrogen,
respectively. Also, P. aeruginosa is capable of anaerobic growth and does not ferment,
but rather obtains energy from sugar oxidation. In environments with low
concentrations of nutrients such as dry-surfaces of the hospital operating rooms,
hospital rooms, health center, and medical apparatus, along with sinks and showers, this
slight nutritional requirement supports it to grow and consequently has proven to be an

important source of nosocomial infection (Farahi et al. 2018).

In many countries, including Irag, P. aeruginosa isolates, particularly multidrug-
resistant, have initiated grim complications. The growing occurrence of nosocomial
multidrug-resistant (MDR) infections, extensively drug-resistant (XDR) and pan drug-
resistant (PDR) of P. aeruginosa strains poses a big challenge to anti-microbial remedy
(El Zowalaty et al. 2015). Due to its high conflict to various groups of anti-biotics and
its capability to cause severe health-related as well as nosocomial infections, P.
aeruginosa is consider one of the greatest significant bacterial species for public health

reasons (Nielsen 2015).



2.1.1 Pathogenicity

P. aeruginosa is an opportunistic human pathogen, especially in patients who are
immunocompromised (Al-Mayali and Salman 2020), often fatal infections
(Palavutitotai et al. 2018), and can also cause plant disease (Schroth et al. 2018). It
deems one of the most causative agents of nosocomial contagions in Baghdad (Al-
Shimmary et al. 2017).

As a nosocomial bacterium, P. aeruginosa has the ability to colonize wounds and
catheters and thus can be promoted among various hospital sectors such as urology
units, burns units, and intensive care units (ICUs) (Al-Saeedi and Raheema 2019).
Urinary tract infections, primary skin infections (burn and wound with blue-green pus),
eye infection, ear infection, soft tissue infections, intra-abdominal infections (Tang et al.
2017), bacteremia (Hilliam et al. 2020), and cystic fibrosis (CF) that caused by patients
with lung infections which consider the dominant lung infecting organism (O'Toole
2018), was communal infections resulted from this bacterium (Al-Dahmoshi 2017). P.
aeruginosa is capable of invading tissues and producing toxins that lead to complex
infections, colonizes the mucous membrane and skin, and thus causes infections that are
stimulated by pili and then by the growth of virulent factors such as toxins and enzymes
such as protease, which break down protein fibers to reveal bacterial receptors, and its
ability to attack tissues that rest on its conflict to phago-cytosis and the host immune
defenses and its excretion of external enzymes and toxins such as protease, elastase,
coagulase, hemolysin, lipase, gelatinase, DNase, as well as alkaline phosphatase,
lecithinase which are external virulence agents that break down physical barriers and
participate in invasion bacterial (Al-Mamari 2019). Its infection efficacy and antibiotic
resistance capacity have made the organism recognized as a public health threat (Golle
et al. 2017). Where P. aeruginosa has recently been announced by the World Health
Organization to be one of the main concern pathogens for which new anti-biotics are
desperately desired (WHO 2019).

In intensive care units (ICU), P. aeruginosa ranks among the most dreaded of the top

five microbial causing thermal burns, pulmonary, blood-stream, urinary tract,



postsurgical wounds, septicemia and soft-tissue infections (Veesenmeyer et al. 2009). It
was besides the 2nd prominent reason of nosocomial pneumonia (14 ~ 16%), the 3rd
utmost public reason of urinary tract infections (7 ~ 11%), the 4th utmost recurrently
isolated pathogen in surgical place infections (8%), and the 7th primary contributor to
infections of blood-streams 2~6% (Lister et al. 2009).

2.1.2 Epidemiology

P. aeruginosa is extensive spread microorganism in natural habitations. It can be
isolated from different environmental places like plants, soil, water, animals and
humans (Kordes et al. 2019). However, it is rarely isolated from sea water (except the

water outfalls from sewage and polluted river estuaries) (Schroth et al. 2018).

Approximately, any kind of hospital instrument or tool has been implicated as a closet
for P. aeruginosa, including, antiseptics, disinfectants, eyewash solutions, and
intravenous fluids. These sources may serve as an epicenter for the spreading of the
organism in common origin outbreaks, and this frequently is the result of poor
sterilization (Brooks et al. 2016).

Many Iraq's studies have shown that the frequency of P. aeruginosa in burn contagions
had a high ratio, as it ranged between 32-66% in provinces of Karbala, Kirkuk, Hilla
and Baghdad, with the highest percentage recorded in Baghdad, Karbala, Hilla and
Kirkuk (Al-Saadi 2009, Al-Khafaji 2016, Khorsheed andAl Abdeen 2017). Also, P.
aeruginosa isolated from wound infections recorded as highest percentage (23.5%)
among the other bacterial genera isolated in Baghdad Province (Mun et al. 2009). In
Tikrit city, P. aeruginosa was recorded the highest rate in middle ear infections reached
up to 42% (Kamal et al. 2018).

The direct and indirect contact between patients, and using the polluted surgical tools

assists the spreading of these organism. Whereas, the bacterium possesses the capability



to survive in dis-infectants, treatments and fluid medications, such as eye drops and
masks that used for anesthesia (Al-Daraghi and Al-Badrwi 2020).

2.1.3 Virulence factors

Various types of virulence factors (Ullah et al. 2017) are released by P. aeruginosa,
such as hemolysin, lipopolysaccharide, flagellum, type IV pili, quorum sensing,
pigments, siderophores, and a group of enzymes such as proteases, elastase, sialidases
(or called neuraminidase), Dnase, gelatinase, as well as several toxins such as exotoxin
A and the type Il secretion system (T3SS) toxins like exotoxin U, exotoxin Y, exotoxin
T, and exotoxin S (Mahdavi et al. 2017). These factors enable bacteria to make and
withstand infections or diseases in various host hosts and tissues (Yeboah 2021). These
factors are major virulence factors that affect the immune system in different ways, and
these factors damage the immune system of their host and represent a barrier to
antibiotics that reduce the effectiveness of antibiotics, leading to ineffective and failure

treatments

2.1.3.1 Hemolysis

It is a potential virulence agent produced by bacteria, which could endanger human
health. It causes lysis of red blood cells by disrupting the cell membrane, and hemolysin
is believed to be in charge for various events in the host cell. Since red blood cells
(RBCs) consider gorgeous in iron-containing heme, the degradation of RBCs discharges
heme in the surrounding medium, which allows the bacteria to absorb free iron.
Hemolysin is thereason for tissue damage, assisting bacterial proliferation, the release of
host nutrients, and may moreover adapt host signaling pathways that affect many
manners, which include host cell survival, inflammatory responses, and cyto-skeletal
dynamic. Most P. aeruginosa produces beta-hemolysin, which is the entire blood lysis.

Enzyme virulence factors that damage tissue include hemolysin (Reda et al. 2017).



2.1.3.2 Pigment production

P. aeruginosa yields various pigments. The utmost main of which is the blue-green
pigment of Pyocyanin pigment, which is observed on the surface of the cultivated petri-
dish and is mentioned to as the blue pus, Pyomelanin pigment is black and pyorubin
pigment is red (Riedel et al. 2022).

Pyocyanin is a product that consider the secondary metabolism. It belongs to the family
of phenazine because it has the nucleus of phenazine, and in addition to being a
virulence agent. It acts as a bio-sensor signal molecule, participating in a diversity of
vital activities which include gene expression, and it keeps the vitality of the generating
germ cells. It supplies the foundation of the bio-film and is distinguished by its
antibacterial and antifungal activity and cause oxidative damage to tissues, in particular
to oxygenated tissues such as the lung and it participates in oxidative stress that
promotes the alteration of the host's mitochondrial electron transport (Aykac et al.
2017).

2.1.3.3 Biofilm formation

Bio-films are populations of micro-organisms adhering to the surface that could be
biotic or not biotic and enclosed by a matrix of exo-polysaccharide (EPS) or as
microbial groups living in a self-produced matrix principally be made of poly-
saccharides, extra-cellular DNA, and proteins (Ciofu and Tolker-Nielsen 2019). It is a
common cause of chronic infection and is regulated by QS systems (Mukherjee et al.
2018). It is normal that biofilms show an environmental role and have a major influence
in medicine through the development of healthcare-associated infections. Biofilm
formation by P. aeruginosa is one of the main causes of therapeutic failure and
increases morbidity and mortality through its protection against the host's immune
system and antibiotic therapy. It is estimated to be involved in 65 % of infectious
diseases and more than 80 % of bacterial infections caused by the National Institutes of
Health (NIH) (Jamal et al. 2018).



The main stage in the production of biofilms is the synthesis of the extracellular matrix.
It contains all components except for bacterial cells. Matrix is the main structural
feature of bacterial biofilm by containing up to 90 % of total organic matter. It is
strongly hydrated and is mainly composed of exopolysaccharides, proteins, nucleic
acids, and minerals. Their composition depends on the type of bacteria and the
conditions of growth. Helps to strengthen the structure of biofilms while maintaining
high elasticity. It also plays a defensive function as it increases the tolerance of bacteria
to antimicrobials by forming a physical barrier that prevents their spread to other
environmental factors (pH, UV rays, changes in osmotic pressure, dehydration) and
tolerance mechanisms, for example, contributes to distinct extra-cellular matrix or an-
aerobic environments (Brauner et al. 2017, Trastoy et al. 2018). Hence, when P.
aeruginosa is presented in stress circumstances, biofilm formation is frequently related
to higher anti-microbial resistance compared to the planktonic form and helps to avoid
the host's immune response (Skariyachan et al. 2018).

P. aeruginosa infection associated with the development of biofilms is extra common in
immune-compromised patients and patients who have medical devices implantation in
the lungs and middle ear, in addition to in patients with contact lenses, catheters, and
other implants. The development of these bacteria may be asymptomatic inside the
human body till the bacteria form a bio-film that overcomes the immune-system. These
biofilms could be lethal in patients with cystic fibrosis and primary ciliary dyskinesia
(Gerrard et al. 2016).

2.2 Antibiotics

Antibiotics are therapeutic agents that used in modern healthcare due to its powerful
activity in fighting of life-threatening infections. Antibiotics are defined as natural
organic substances with the ability to inhibit/kill the other competitive organisms. It is
produced by some particular microorganisms at low concentrations. A long time ago,
human tried to find treatments of microbial infections. Dyes, molds, and also heavy

metals were thought to be used for healing. The practice of anti-microbial steward-ship



revolves about the concept of optimizing anti-microbial healing and decreasing adverse

events through economically accountable means (Cunha et al. 2018).

2.2.1 Mechanism of action of antibiotics

Mechanisms of action of antibiotic on the bacterial cell can be divided into five
categories (Etebu and Arikekpar 2016, Chaudhary et al. 2017):

e Cell wall synthesis inhibition (Penicillins e.g. Ticarcillin)

e Protein synthesis inhibition (Aminoglycosides e.g. Amikacin)

e Nucleic acid synthesis inhibition (Fluoroquinolones e.g. Levofloxacin)
e Folate synthesis inhibition (Trimethoprim)

e Disruption structures of the cytoplasmic membrane (Daptomycin)

2.2.2 Anti-biotic resistance of P. aeruginosa

Anti-biotic resistance can be defined as the ability of microbes to defeat the
antimicrobial agents intended to kill them. Recently, antibiotics resistance is the greatest
global public health challenges. In 2017, the World Health Organization (WHO)
published a list of 12 genera and/or families, prioritized for the development of
alternative antimicrobials. They categorized them into critical, high, and medium.
Carbapenems-resistant genera were classified as one of the main priority critical group
of antimicrobial resistance of clinical, environmental, and control strains of P.

aeruginosa (Shrivastava et al. 2018).

Unfortunately, nowadays, many people around the world are dying due to the
untreatable infections caused by the development and break-out of anti-biotic resistance.
In addition, the antibiotics resistance causes significant economic loss to the health care
centers and hospitals of the high cost of treatment and the long duration of the patient’s
stay in hospital (Yusuf et al. 2017, Ullah et al. 2017).
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The methods of intrinsic and acquired anti-biotic resistance of P. aeruginosa due to
only restricted number of anti-biotics are persist unclear in handling of infections that
caused by this bacteria. The disproportionate usage of anti-biotics through handling
quickens the development of multi-drug resistant in P. aeruginosa strains. This lead to
an unsuccessfulness of the use anti-biotic healing against this micro-organism (Esmaeili
et al. 2019).

In 2013, the Center for Disease Control (CDC) was published a table of anti-biotic
resistance dangers and then modernized the table in 2019. The table was ordered in a
levels of “urgent threats”, “serious threats” and "concerning threats". The serious threats
are those antibiotics that requirement checking as they have the capability to become
impending threats to the public health. Those Gram-negative bacteria which involved
multi-drug resistant of P. aeruginosa. The high percentage in morbidity and mortality in
affected patients is because the elevating in the antibiotic resistance in
immunocompromised patients and healthcare-associated with this pathogen (Rocha et
al. 2019, McCutcheon et al. 2018). Based on the drug resistance patterns of the
organism, P. aeruginosa is divided into different phenotypes. These are included multi-
drug resistant (MDR), extensively-drug resistant (XDR) and pan-drug resistant (PDR)

(Golle et al. 2017).

1) Multi-drug resistant (MDR) as being acquired non-sensitive to at minimum 1 anti-
biotic in 3 or more anti-microbial groups (Hawkey et al. 2018). The MDR of P.
aeruginosa is related to increase morbidity and mortality and delaying hospital
stay.

2) Extensive-drug resistance (XDR) is defined as non-sensitive bacteria to at
minimum 1 agent in all but 2 or less anti-microbial groups (i.e. bacterial isolates
persist susceptible to only 1 or 2 groups) (Hawkey et al. 2018).

3) Pan-drug resistant (PDR) is well-defined as non-sensitive to all anti-biotics in all

anti-microbial groups (Hawkey et al. 2018).

To confirm the accurate application of these explanations, bacterial isolates had better to

be tried against totally or almost all of the anti-microbial agents within the anti-
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microbial groups (Magiorakos et al. 2012). The pan-drug resistance, the deficiency of
antibiotics effectiveness in contrast to MDR P. aeruginosa isolates and remains the dis-
semination of such strain result in serious challenges in the infection control

administration (Murugan et al. 2018).

2.2.3 Mechanism of antibiotic resistance in Pseudomonas aeruginosa

The tools resistance are defense approaches developed by microbes to help them survive
and avoid the effects of antibiotics. P. aeruginosa has turn into an imperative and
recurrent opportunistic nosocomial pathogen. This organism is categorized by a native
resistance to multiple categories of anti-microbials which initiating difficulty in treating
infections which could be lead to high morbidity and mortality (Hassuna et al. 2020).
As well known, P. aeruginosa is difficult to control by agents like antibiotics and

antiseptics.

The extensive use of antibiotics to treat the infections caused by this bacterium has led
to an emerge of strains with multiple antibiotic resistance increased over time, making it
one of the furthermost shared health complications, specifically for those patients
remaining in hospitals (Dantas and Sommer 2014). P. aeruginosa related resistance is
frequently can be classified into intrinsic/native resistance and acquired or modified
resistance (Blair et al. 2015). Figure 2.1 summarizes the types of mechanisms of

resistance in P. aeruginosa.
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Figure 2.1 P. aeruginosa resistance by diiferent mechanisms (Pachori et al. 2019)

2.2.3.1 Intrinsic resistance

P. aeruginosa contain remarkable intrinsic apparatuses of resistance and is capable of
obtaining numerous mechanisms of anti-biotic resistance, displays inherent resistance to
anti-microbial agents by a diversity of mechanisms: (1) reduced permeability of the
outer-membrane, (2) efflux systems that actively push anti-biotics out of the cell, and

(3) creation of anti-biotic incapacitating enzymes (Moore and Flaws 2011).

(1)  Outer membrane permeability

The outer membrane (OM) of P. aeruginosa principally feats as a penetrability barrier
and reports a extensive spectrum of intrinsic anti-biotic resistance (Purro et al. 2018).
The outer membrane (OM) is an asymmetric bi-layer comprising of lipo-poly-
saccharides (LPS) in the outer leaf-let and phospholipids in the interior leaf-let, non-

specific porins, and definite up-take channels are embedded.

2 Efflux systems
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Among the mechanical resistance that the bacteria use in contrast to anti-biotics, efflux
pump activity increasing, which mechanism by improving the efflux of anti-biotics
from the bacterial cell, is one of the greatest noticeable and thus a potential object of
mixture remedy and can be ordered into 5 classes: resistance-nodulation-division
(RND) family, major facilitator superfamily (MFS), ATP-binding cassette (ABC)
superfamily, small multidrug resistance (SMR) family, and multidrug and toxic
compound extrusion (MATE) family (Cepas and Soto 2020).

(3)  Antimicrobial inactivating enzymes

It is consider one of the focal tools of intrinsic resistance that used by the bacteria is the
formation of anti-biotic incapacitating enzymes that disruption down or adapt anti-
biotics, which is the hydro-lytic deactivation of the beta-lactam ring in Penicillins and
Cephalosporins by a bacterial enzyme termed beta-lactamase. Beta-lactamases are
enzymes that covalently bind to the lactam ring, hydrolyze it, and render the antibiotic
ineffective (Torok et al. 2009). In this group, Beta-lactamases, Chloramphenicol,
Aminoglycosides, and Erythromycin-modifying enzymes are the most common
examples (Sharkey and O'Neill 2019).

2.2.3.2 Acquired resistance

Acquired resistance happens when a specific micro-organism obtains the capability to
resist an anti-microbial agent or because it is not affected by the antibiotics to which it
was previously susceptible. Acquired resistance comes from major chromosome or
extra-chromosomal structures (plasmids, transposons, etc.) (Aljanaby and Aljanaby
2018).

Chromosomal resistance results from mutations that randomly change the bacterial
chromosome. These mutations can be triggered by certain physical and chemical factors
(Majeed and Aljanaby 2019). Extra-chromosomal resistance depends on extra-

chromosomal genetic material that can be transmitted via plasmids, transposons, and
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integrons (Jabuk et al. 2017). Usually, the plasmid is responsible for developing

inactive antibiotic enzymes (Witwit et al. 2019).

2.2.3.3 Adaptive resistance

Adaptive resistance discusses the resistance that happens because of the environmental
circumstances, like  transcriptional alterations in  genes that regulate
resistance/susceptibility, and rise the capability of a bacterium to persist under an anti-
biotic dose due to transient changes in gene and/or proteins expression in reply to an
environmental stimulus and is reversible when environmental circumstances (for
example, complex adaptive growth states such as swarming, bio-film formation, or
exposure to stresses, involving antibiotics) are reversed or can be reversed when the
stimulus is gone, finally adaptive resistance that is a reflection of the environmental
status of the bacterium and includes genetic changes caused by the environment
(Schroeder et al. 2017, Pang et al. 2019).

2.3 Nanoparticles NPs

The word “Nano” is unoriginal from Latin, meaning dwarf. The mass of the nano refers
to one thousand millionth of a specific units, hence, nano-meter means one thousand
millionth of a meter (i.e. 1nm = 10-9 m) (Gleiter 2000). Nano-technology can be
definite by Professor Norio Taniguchi in 1974, as a multi-disciplinary science that
shields a various area of research and technology in chemistry, physics and biology
(Uskokovic 2008). Nano-technology is consider an imperative field of recent research
trade with synthesis, strategy and manipulation of particle structure ranging from nearly
1 to 100 nm in size. Within this size range all the features (chemical, physical and
biological) variations in both individual atoms/molecules and their corresponding bulk
are investigated (Ghanbarzadeh et al. 2015). Nano-particles are commonly definite as
those things that contain one or extra external dimensions in the nano-scale (1 to 100
nm), that exhibit new or enhanced size-dependent properties compared to the bigger
particles of the similar material (Shah and Shah 2013). Unique uses of nano-particles

are growing quickly on numerous fronts because of their improved properties based on
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size, distribution and morphology. It is gaining renovation in a huge number of fields
like health care, cosmetics, bio-medical, food and feed, drug-gene delivery,
environment, optics, chemical industries, electronics, energy science, catalysis, light
emitters, single electron transistors and photo-electrochemical uses (Ghanbarzadeh et al.
2015, Madhumitha et al. 2016).

The exact machineries of anti-bacterial activity of NPs are not completely understood.
Nevertheless, various studies proposed the following mechanisms of anti-bacterial
effects of NPs. First, NPs can attach to the bacterial cell membrane by electro-static
interaction and able to disruption the integrity of bacterial membrane. Bacterial cell wall
is aimed to provide inflexibility, strength, and shape, and defend the cell from burst and
mechanical damage (De Azeredo 2013). The structure and configuration of bacterial
cell wall can be categorized into two kinds: Gram positive bacteria and Gram negative
bacteria. The configuration of the cell wall shows a crucial role in the outcome of NPs
on bacteria Figure 2.2. Properties of bacterial cell wall plays a key role in distribution of
NPs inside the bio-film matrixes (Baek and An 2011).
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Figure 2.2 Antimicrobial activity mechanism of the nanoparticles
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2.3.1 Properties of nanoparticles

Nanoparticles are very important in the mathematical fields due to their properties and
its unique features (Sahayaraj and Rajesh 2011):

1) It has a small size ranges between 1-100 nanometers.

2) It has a very large surface area compared to its size.

3) It has distinct biological and chemical properties.

4) The structural rigidity these particles possess despite their small atomic structure.

5) The assemblies of enhanced nanoparticles depend on the nature of the surface change

of the optical signals to which the substance is exposed.

6) High temperature endurance, electrical conductivity ability, enhanced surface activity

catalyst.

2.3.2 Synthesis of nanoparticles

Nanoparticles synthesis occurred through two approaches: Bottom-Up and Top-Down

show as Figure 2.3
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2.3.3 Zinc oxide nanoparticles ZnO NPs

Zinc oxide is consider a type of semi-conducting metal oxide. It has a extensive range of
applicability in the electronics, optics, and bio-medical systems (Anbuvannan et al.
2015). Numerous kinds of inorganic metal oxides have been synthesized and continued
in recent studies like TiO2, CuO, and ZnO. Among these metal oxides, ZnO NPs are
consider the maximum interest because they are low-cost to yield, harmless and can be
synthesized easily (Jayaseelan et al. 2014). US-Food and Drug Administration (FDA)
has registered the ZnO as GRAS (generally recognized as safe) metal oxide and also can
be consumed as food additive as in the fortification of cereal-based foods (Sabir et al.
2014). ZnO NPs exhibit ultra-violet filtering characters, anti-inflammatory and wound
curative (Mirzaei and Darroudi 2017). It has a extensive range of bio-medical
applications like drug delivery, anti-cancer, anti-diabetic, anti-bacterial, anti-fungal and
agricultural characters (Jain et al. 2014). Although ZnO can be used for directed drug
delivery, it still has the limitation of cytotoxicity which is until now have to be resolved

(Ma et al. 2013). Bio-synthesis ZnO NPs have a very robust anti-bacterial influence at a
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little concentration of gram negative and gram positive bacteria as established by the
studies. They have displayed robust anti-bacterial influence than the ZnO NPs
synthesized chemically (Vimala et al. 2014, Madhumitha et al. 2016). ZnO NPs have
been reported in different morphological structure such as nano-flake, nano-flower,
nano-belt, nano-rod and nano-wire, to be utilized as antimicrobial agents to reduce

multidrug resistant bacteria (Elkady et al. 2015, Agarwal et al. 2017).
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3 MATERIALS AND METHODS

3.1 Materials

3.1.1 Equipments and apparatus

The equipments and apparatus that were used in this study are shown in Table 3.1

Table 3.1 Equipment and apparatus

Equipments and apparatus Company Origin
Autoclave GEMMY Taiwan
Baker Sigma USA
Centrifuge Thermo Scientific™ USA
Disperser MAST UK
Disposable Petri-dishes Grenier Germany
Distillator Gallenkamp England
ELISA reader Human Germany
ELSIA washer Human Germany
Field Er_nission Scanning Electron Shemadzu Japan
Microscope (FE-SEM)
Flask Sigma USA
Hot plate with magnetic sterror Memmert Germany
Incubator Memmert Germany
Inoculating loop Eppendorf Germany
Laminar air flow LabTech Korea
Light Microscope Olympus Japan
Magnetic bar Shemadzu Japan
Microcentrifuge Eppendorf Germany
Micropipettes of different sizes Human Germany
Microplate reader Human Germany
Microwave Oven GOSONIC China
Parafilm Jenway Germany
pH meter Hanna Italy
Refrigerator TEKA Spain
Sensitive balance OHAUS- PioNEER USA
Shaker incubator Sartorius Germany
Spectrophotometer Fourier
Trgnsfor?n Infra-Red (FTIR) Shemadzu Japan
Sterilized cotton swabs Sterellin Ltd. UK
Vortex Quality Lab system England
Water bath Memmert Germany
Well flat bottom microplate Coastar USA

20




3.1.2 Biological and chemical materials

Chemical and biological materials that were used in

Table 3.2

Table 3.2 Biological and chemical materials

current study are mentioned in

Chemical and biological material Company origin
Absolute ethanol Romil France
Amonia SCR Canada
Catalase solution: Hydrogen peroxide 3% (H.05) Analar England
Citric acid Sigma USA
Glycerol Fluka Switzerland
Oxidase reagent: Oxidase indicator
[N,N,N, N-tetramethyl-p-phenylenediamine Himedia/ India
dihydrochloride%1]
Potassium bromide Sigma USA
Standard McFarland’s solution (0.5) BioMérieux France
Zn (CH3C02)2 2H20 Sigma USA

3.1.3 Culture media

Culture media that used in current study mentioned in the Table 3.3 are prepared
according to instructions of manufacturing company. Briefly, the powder was dissolved
in distilled water and heated by hot plate with continue stirring to dissolve all the
ingredients entirely then sterilized by autoclave. The sterilized media were poured in
sterile Petri dishes. The plates were incubated for 24 hours at 37 °C to confirm their

sterility after being prepared. They saved at 4°C until they used (Forbes et al., 2007).

Table 3.3 Culture media

Media Company origin

Blood agar MAST UK
Brain heart infusion broth (BHIB) MAST UK
Muller Hinton agar (MHA) Oxoid UK

Nutrient agar Himedia India

Nutrient broth (NB) Himedia India

MacConkey agar Himedia India
Pseudomonas Agar Base with CFC supplement MAST UK
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3.1.4 Antibiotics

Antibiotic disks (Mast group Ltd. /UK) were used are listed in Table 3.4 according to
(CLSI 2021)

Table 3.4 Antibiotics

Antibiotic class Antibiotic type A:;rlr?t')%tllc Conniz?ctjirf(:tlon
co%lt;(;t:trinon Piperacillin/Tazobactam PT7Z 100/10
agent
Cephalosporins Cefepime CPM 30
Fluoroguinolones Ciprofloxacin CIP 5
Norfloxacin NOR 10
Aminoglycosides Gentamicin GM 10
Amikacin AK 30
Tobramycin TN 10
Monobactams Aztreonam ATM 30
Carbapenems Imipenem IMI 10
Lipopeptides Polymyxin B PB 300

3.2 Methods

3.2.1 Ethical consideration

A valid consent was obtained from hospital administrators. Also, all participants and
health care providers were informed about the purpose of the study. Benefits were
discussed; Patients were learned that the study posed no risks to their health.
Participation in the study was voluntary and that participants have the correct to
withdraw at any time without giving any reason and without affecting their care or
health. Measures were taken to ensure confidentiality through coding the data, and
participants were informed that data collected will be used only for the purpose of the

study, and oral agreement was got.
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3.2.2 Study design

The steps of the current study illustrated by the following diagram, Figure 3.1
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3.2.3 Sterilizations methods

Sterilization by autoclave: The media were sterilized by the moist heat sterilization
method by autoclave for 15 minutes at 121°C and pressure 15bar/in2 (James et al.
2020).

Sterilization by hot air oven: All the glassware was sterilized and dried by thermal oven
at 180 °C for one hour (James et al. 2020).

3.2.4 Preparation of culture media

The whole culture media was prepared according to the manufactured company that
used for culturing and diagnosing the bacteria (James et al. 2020).

3.2.5 Preparation of stains and solutions

3.25.1 Gram stain

The ready-made kit was used, which is a crystal violet stain, Lugol's iodine stain,
decolorization solvent, and 0.5% standard safranine stain as counter-stain. The gram
stains method is considered the most common method used in the microbiology
laboratory, which forms the basis for the classification of bacteria into two groups (for

example, gram-positive and gram-negative) (Murray et al. 2021).

3.2.5.2 MacFarland standard solution

To calibrate the number of bacterial cells, a prepared solution from the French company
Bio Mérieux was used to give an approximate number of bacterial cells equal to
1.5x108CFU/mL (James et al. 2020).
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3.2.5.3 Bacterial suspension

Bacterial suspensions of each isolate were prepared by transferring a single colony
grown on MacConkey agar medium to 5 mL of distilled water to get a suspension with
a turbidity of (1.5x108 ) CFU / mL by compared with MacFarland standard (Forbes et
al., 2007).

3.2.5.4 Catalase

A commercial hydrogen peroxide 3% (H202) was prepared from 15% stock solution
and kept in dark tube (Forbes et al., 2007).
3.2.5.,5 Oxidase

Oxidase reagent preparation was done by dissolving 1g of N-N-N-N-tetramethyl-P-
phenylene diamine hydrochloride in 100 mL of distilled water and stored in dark

container in the refrigerator and used within a week (Forbes et al., 2007).

3.2.6 Preparation of Zinc oxide nanoparticles by sol-gel method

The Zinc oxide nanoparticles (ZnO NPs) was set by sol-gel method which is mentioned

by (Osman and Mustafa 2015) the basic steps are as below Figure 3.2

1) Zinc acetate di-hydrate 0.1M Zn (CH3CO3)2 2H.0 and citric acid 0.1M CeHgO7 were
prepared, the Zinc acetate dihydrate was weighted in a deionized water in a beaker
measuring 100 mL and then placed in a magnetic stirrer for 450 rpm at room

temperature.

2) Citric acid was dissolved in another beaker by 100 mL in deionized water.
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3) The dissolved substance from the citric acid was added to the dissolved substance
from the zinc acetate dihydrate gradually and by continuous stirring with a magnetic

stirrer.

4) The pH of the resulting solution was measured and the pH was adjusted to 7 by

adding ammonia drops.

5) The heat in the magnetic stirrer was operated at 80 C / 450 rpm, the rotation

continuous until a white sol-gel is consist

6) The consisted sol-gel was autoclaved at 80 C for two hrs. where then a white powder

is consist.

7) The white powder was placed in an oven at 450 C for two and half hours, which at

the end, white- black material is consist which is the zinc oxide nanoparticles.
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Figure 3.2 Zinc Oxide Nano Particls preparation by sol-gel method

3.2.6.1 Fourier transformed infra-red spectroscopy (FTIR)

The Fourier Transformed Infra-Red spectroscopy (FTIR) to the Zno NPs was measured
by using the Fourier Transformed Infra-Red spectroscopy (FTIR) device in Diyala
University/ college of pure science/ department of chemistry by taking 1 mg of Zno NPs
and mixed with potassium bromide (1gram) in a ceramic mortar until a transparent

tablet is consist and then it placed in the device.
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3.2.6.2 X-Ray diffraction

X-ray diffraction examination was performed in university of Baghdad/ ibn al haytham
to measure its crystal structure, to describe crystalline materials and for information on
preferred structures, phases, crystal orientations (texture) and other structural
information such as average of the granule size, crystallization, crystal defects and X-

ray diffraction pattern.

3.2.6.3 Crystallite size

The crystallite size was measured by using Debye Scherrer formula (Khodair et al.
2019)

D=KA/B cosd

AS:

(D) = average of crystal size, (K) = fixed amount of the used device, (A) = X-ray
wavelength (1.5416 A), () =Full width at half maximum ,(Cos 0) = cosine theta X-ray

diffraction

3.2.6.4 Field emission electron scanning microscope (FE-SEM)

Examinations were carried out for Zno NPs prepared by sol-gel to describe the
phenotypic and surface characteristics of by using Field Emission Electron Scanning
Microscope (FE-SEM) at university of Kashan / Iran, the device works on imaging the
sample with am magnification 25-250000 X and scan the sample with high definition,
the concentrated package interacts with the tested material in a way of electrons that
collide with the sample atoms and transmit signals explain surface structure where a

detector converts the concentration of the electrons into a numerical voltage and
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configuring a three dimensional image, the size can be measured by this device 1-5

nanometer.

3.2.7 Collection of specimens

An overall of 150 clinical cases were collected beginning from October 2021 to January
2022. Patients with different ages ranging from 16-70 years from both genders were
choosing from different hospitals in Baqubah city/Diyala Province, Iraq included
Baqubah Teaching Hospital and Al-Batool Teaching Hospital. The clinical specimens
were collected from wounds (70) and burns (80) using cotton disposable swabs and
transported into the sterile medium in plastic bottles. All the swabs and urine containers
of 150 specimens were taken under sterile conditions and transferred, inoculated
immediately on MacConkey agar and blood agar and then the plate were incubated at 37
°C for 18 or 24 hrs. After that, pure growth colonies were cultured on Pseudomonas
agar. The biochemical examination was carried out for identification diagnosis and
characterization according to the standard routine techniques. These tests are summaries

below:

3.2.8 Phenotypic identification

3.2.8.1 Morphological examination

The initially indicative checks were based on the morphological features of the bacterial
growth on Pseudomonas agar and MacConkey agar. These characters were comprising
colony form, colony consistency, color and edges, odor and the color of the produced

pigment (Baron et al. 2007).

3.2.8.2 Microscopic examination

The microscopic examination of the cells of the developing bacterial isolates was

carried out by transferring a portion of a young colony by the sterile inoculating loop
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and mixed with a 60 micro-liter of distilled water on the surface of a clean slide, then
spread on the surface of the slide, left to dry and fixed by heat on the Bunsen burner,
then stained in a gram staining method and examined in a multipart light micro-scope
(100x) to note the shape of the cells and the nature of their interaction with gram stain
(Procop et al. 2017).

3.2.8.3 Biochemical tests

According to (Procop et al. 2016) biochemical tests were used to diagnose bacterial
isolates

e Catalase (slide test)

Catalase development by P. aeruginosa was determined by transforming the middle of a
24 hrs. good growth unpolluted culture colony with a disinfected inoculating needle,
then mixing it with a 60 mL of 3% hydrogen peroxide (H202) reagent and depositing it
on a clean slide. The presence of fast bubbles (gas O) indicates a positive result for this
test, while bacteria produced no catalase reaction, indicating a negative result

(Kasprowicz et al. 2018).

e Oxidase

The N, N, N, N-tetramethyl-p-phenylene-diamine di-hydrochloride ready reagent
powder was dissolved in 3 mL of sterile distilled water or saline and immediately
placed in a dark jar to detect cytochrome C in particular for gram-negative bacteria
(Hemraj et al. 2013).

3.2.8.4 Growth on pseudomonas agar

Pseudomonas agar as a selective medium for P. aeruginosa bacterial isolates. These

isolates were cultured on this media and then it was incubated at 37°C for 24 hrs, blue-
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green pigment indicated the presence of pyocyanin as a positive result (James et al.
2020).

3.2.9 ldentification of the isolates by VITEK2

In this study, the purpose if using VITEK-2 system was for diagnostic conformation of
P. auruginosa (HernandezDurén et al., 2017), with an excellent grade of accuracy and
this apparatus contain 64 bio-chemical checks which used for bacterial diagnosis with
an precision of up to (98%) and the outcome of the investigation takes almost 8 h or
fewer, as well as a test of bacterial susceptibility to anti-biotics which consisting of

several stages as follows:

I- Preparation of microbial suspension

I1-Inoculation of diagnostic card

[11- Card sealing and incubation

3.2.10 Preservation of isolates

Two methods were used for the preservation of isolates

3.2.10.1 Preservation for a short period

The bacterial isolates were injected after being identified on the slant nutrient agar, and
incubated at 37 °C for 24 hours, and stored for one to a maximum of 3 months at 4°C in

the refrigerator (Fugelsang and Edwards 2007)

3.2.10.2 Preservation for a long period

The bacterial isolates of P. aeruginosa were put in storage for a extended period (up to
3 months) on a brain heart infusion broth medium containing 15% glycerol at -20°C
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(deep freezing). The medium consisted of 2 mL of glycerol and 8 mL of brain heart
infusion broth (concluding volume is 10 mL) and then autoclaved. After cooling, the
medium was injected with a pure bacterial isolated colony and incubated at 37°C for 24
hours. The tubes were stored at -20°C in deep freezing (Vandepitte et al. 2003)

3.2.11 Detection of virulence factors of P. aeruginosa isolates

3.2.11.1 Hemolysin production

It was used to detect the production of haemolysin enzyme. The isolates were inoculated
on the blood agar base containing 5% human blood and incubated at 37°C for 24 hrs.
After incubation, total red blood cell lysis (clear area) consisted around the cultured

colonies that showed hemolysin positivity (Bhemolysis) (Najnin et al. 2018).

3.2.11.2 Pigments production

Pigment production was examined using Pseudomonas agar and Nutrient agar medium,
inoculated with bacterial isolates and keep warm at 37°C for 24 hrs to visual analysis
colony morphology and pigments production (Nader et al. 2017).

3.2.11.3 Biofilm formation

The formation of the bio-film was detected by micro-titer plate technique according to
(Almeida et al. 2013). The bacteria were inoculated on Nutrient broth at 37°C for 24
hrs. Thereafter, the broth cultures were compared with a MacFarland standard No. 0.5
consuming the identical medium as the diluent. 200 pL of the isolate suspension were
moved into each of 3 wells of the 96-wells flat-bottomed poly-styrene plate and keep
warm in the incubator at 37°C for 24 hrs. Later, every well was raising 3 times with
distilled water with smooth shaking and later dehydrated carefully. The sticking
bacterial cells were immovable by 200 pL of absolute methanol. Next that, every well
was marked with 200 pL of 0.5% crystal violet for 15 minutes. To get clear of the
remaining discoloration, frequent washing was done. With 200 I of ethanol per well, the
crystal violet bound to adhering cells was maintained. The test was carried out three
times, with the absorbance of wells filled with bacteria-free Nutrient broth serving as a
negative control. The amount of crystal violet destroyed by 95 percent ethanol in each
well was determined by measuring the OD 630 nm with an ELISA reader, as described
in the protocol. (Tang et al. 2011). Because of this, the absorbance values represented
the intensity of the biofilm formed by well-studied isolates on the surface of the micro-
titer. The results obtained were categorized into three groups (i.e., Non-biofilm
producer, moderately, and strongly biofilm producer). Where the absorption of the
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cultivated pit was compared with the control pits, as follows: if OD < ODc (Considered
non-biofilm producer); if ODc < OD < 2* ODc (Considered moderately biofilm
producer); if 2* ODc < OD (Considered strongly biofilm producer). Where OD
(Represent the tested isolates); ODc (Represent control pits).

3.2.12 Antibiogram
3.2.12.1 Antibacterial activity of antibiotics

The sensitivity test procedure was done according to (CLSI 2021) as the following
steps:

1. Mueller-Hinton agar plates were used for the rapidly growing species in the Kirby-
Bauer process. The solvent was poured in the petri dishes and had a deepness of around

4 mm.

2. Uncontaminated culture has been used as inoculum; (2-4) related colonies have been
transported to about 5 mL of standard sterile saline. To get an average quantity identical
to (1.5x 108) cell/mL, the turbidity of bacterial suspension was compared with the
turbidity of the McFarland Standard.

3. The sterile cotton swab was immersed into the standard inoculum, streaking was
performed 3 times on the whole agar surface of the petri-dish with the swab, rotary the
petri-dish between each line at 50 degrees. The inoculum had been allowed to dry with a
lid in place for 5-10 minutes. 4. Using disk dispenser (MAST™), antibacterial disks
were applied on MHA (Oxoid™).

5. The petri-dishes were subsequently incubated at 37 C and analyzed 18-24 h.
Inhibition zones were measured, and the zones' diameters were reported to the nearest

millimeter (Moreno et al. 2006).

3.2.12.2 Biological activity of ZnO NPs against P. aeruginosa

Determination of Zinc Oxide Nanoparticles antibacterial activity was done by agar well
diffusion assay according to (Obedat et al. 2012) with some modification. Antibacterial

activity was determined against multi-drug resistance bacteria
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1) The first stock of ZnO NPs 100% was set by dissolved 500 mg of NPs powder in 5
mL of deionized water (the dissolving process was done by using vortex and heating the
solution 40C in water bath to make sure that all the powder was dissolved completely).

2) Four different concentrations were prepared from the stock; 12,500; 25.000; 50.000;
100.000 pL/mL

3) Each bacterium was culture on Mueller Hinton agar after comparison with
McFarland tube (1.5 * 108) CFU/mL by streaking method, the wells (5mm) were made

in the plate by sterilized cork borer.

4) The 4 dissimilar concentrations of the ZnO NPs were add to wells by 100 pL, the

fifth well represent the negative control by adding 100 pL of deionized water.
5) Three duplications for each isolate was made and then incubate at 37C for 24 hours.

6) The inhibition zone of each concentration of the Zno NPs was determined by a

standard ruler in millimeters.

3.2.13 Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) can be defined as the lowermost
concentration of ZnO NPs that’s inhibits the growth of the bacteria. Broth dilution
technique was done to quantify the MIC. A stock of ZnO NPs, suspension was made at
a concentration of Iug/uL (1 mg of NPs were dissolved in 1 mL of distilled water).
Suitable concentrations of ZnO NPs were made conferring to their working manual,
using Mueller Hinton broth in the range of 40.6-5200 pg/mL with sequential two-fold
dilutions of (5200, 2600, 1300, 650, 325, 162.5, 81.25, 40.6 pg/mL). (Heshmati et al.
2015).

1) The isolates were grown on Pseudomonas agar at 37 °C for 24 h. Bacteria
suspension was prepared according to (3.2.5.3).

2) The Zinc oxide nanoparticles solution, that it was used in the current study
prepared and diluted in Mueller Hinton Broth (5200 pg/mL) to (stock 2).
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3)

4)

5)

6)

7)
8)

100 pL of Mueller Hinton Broth (1x) was added into all wells. A 100 pL of (stock
2) antibiotic solution moved into the wells of row 1.

A hundred pL was withdrawn from row 1 and add to row 2. Mix by sucking and
transfer to row 3 and so on until row 8 to get 8 dilutions with a concentration of
(5200, 2600, 1300, 650, 325, 162.5, 81.25, 40.6 ng/mL). A hundred pL was discard
from row 8.

A 10 pL of bacteria suspension was added into every well in rows 1 to 8 and row
12 (positive control).

Added A 100 pL from stock 2 and sterile broth to the wells in row 11 and as
negative controls.

The plate was incubated at 37 °C for 24 h.

A micropipette was used to mix the ZnO NPs by sucking up and down

5-8 times.

The interpretation of results had been made by hand by means of a black card and

electronically with an ELISA reader on 630 nm wavelength.
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4 RESULTS AND DISCUSSION

4.1  Structural, Morphological and Chemical Properties of ZnO NPs
4.1.1 Fourier transformed infra-red spectroscopy results

The results showed that there is a band with a wavelength (3306.04 cm™) when the ZnO
NPs set by sol-gel technique were measured by the Fourier Transformed Infra-Red
spectroscopy as shown in Figure 4.1, the results indicate the presence of hydroxyl group
that belong to the water particle and the occurrence of interest band of (422.411), these
results are in agreement with the finding of (Jasim 2021, Feng et al. 2016).
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Figure 4.1 Fourier Transformed linfra Red for Zinc Oxide Nano Particls

4.1.2 X-ray results

The results of the X-ray diffraction patterns for the Zno NPs showed the peaks sites
which are {(100), (002), (101), (102), (110), (103), (200), (112), (201), (004), (202)}
and these peaks are located on the angles {(68.0466), (66.4902), (62.8531), (56.6779),
(47.6492), (36.3278), (34.4759), (31.8686), (72.5937), (69.1559)} and (26 = 77.0781)

respectively as displayed in Figure 4.2. When matching the direction of these peaks and
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angles with the universal card numbered (36-1451 for the Zno NPs as shown in Figure
4.3, we notice that it match with the global card significantly and these results are in
agreement with (Jasim 2021, Munguti and Dejene 2021).
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Figure 4.3 Global card for Zinc Oxide Nano Particls

The Figure 4.4 shows the results of the FE-SEM for the Zno NPs which prepared by
sol-gel method, with magnifying power (50 KX), the results exhibited that utmost of the
Zno NPs are compact and sphere-shaped in shape and the size of these particles range
(37-62 nm), these outcomes are in covenant with the results of (Jasim 2021) and more

accurate with the results of (Jurablu et al. 2015).
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Figure 4.4 Field Emission-Scanning Eelectron Microscope for Zinc Oxide Nano
Particls (42-73 nm)

4.2 Isolation of P. aeruginosa

In the current study, a whole number of 150 clinical cases were collected from different
sources of infections included swabs of wounds and burns samples, from male and
female. Patient-related information was recorded in the hospital included age, gender,
and sample source as shown in Appendix 1. The swabs of clinical samples were
obtained from governmental hospitals in Baqubah City/Diyala Province: Baqubah
Teaching Hospital, Al-Batool Teaching Hospital and Public Health Laboratory. The
isolates were collected through the study period from October, 2021 to January, 2022.
The positive growth was 121 (81 %) samples while the negative growth (no growth)
gave 29 (19 %) samples Figure 4.5. 25 (16.6%) P. aeruginosa isolates were obtained
from 217 (77.5%) positive growth samples identified by morphological and biochemical
test and confirmed by using VITEK® 2 Compact Automated System.
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Figure 4.5 Percentage growth of P. aeruginosa among samples

The findings of the existing study was in covenant with the percentage of positive

growth, negative growth and the isolation rate of P. aeruginosa of (Alhayali 2021) in

Diyala province

4.2.1 Distribution of specimens and isolates according to source

The outcomes of the existing study showed that 16 (20%) of P. aeruginosa isolates
were from burns and 9 (13%) were from wounds, this results was in agreement with

Saleh (2021) who report that the highest percentage of P. aeruginosa isolates were from

burns source (Table 4.1)

Table 4.1 Distribution of isolates according to source

Source of collection

Total number of
the specimens

No. of positive
P. aeruginosa

percentages of
P. aeruginosa

Isolates Isolates
Burns infections 80 16 20 %
(Swab)
Wounds infections 70 9 13 %
(Swab)
Total 150 25 17 %
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Many Iraqg's studies have shown that the frequency of P. aeruginosa in burn infections
was high, as it ranged between 32-66% in provinces of Karbala, Kirkuk, Hilla and
Baghdad, with the highest percentage recorded in Baghdad, Karbala, Hilla and Kirkuk
(Al-Khafaji 2016, Khorsheed and Al Abdeen 2017). Also, P. aeruginosa isolated from
wound infections recorded as highest percentage (23.5%) among the other bacterial
genera isolated in Baghdad Province.

4.2.2 Morphological characteristics

All the (25) isolates were cultured on Blood agar, MacConky agar and Nutrient agar and
the bacteria was then confirmed by culturing on Pseudomonas agar at 37°C for 24 hrs.
The colony of the bacterium P. aeruginosa appeared Blood agar, a differential medium
that can be distinguish bacteria according to their capability of lysing the red blood cells
(RBCs), the colonies were round, convex, and surrounded by translucent halo on blood
agar which indicate complete hemolysis (B-hemolysis) and this agrees with what he

mentioned (Procop et at. 2017).

On MacConkey agar, as a selective (inhibit most Gram positive bacteria and allow to
grow Gram negative bacteria) and so a differential (between lactose ferment gram
negative and non-lactose ferment gram negative) in which P. aeruginosa non-lactose
ferment as light greenish and lactose non-fermenter this agrees with what he mentioned
(Al-Daraghi and Al-Badrwi 2020).

On the Nutrient agar medium a raised appearance and flat edges, smooth in shape, smell
like grapes, and most of which produce Pyocyanin. To approve the diagnosis, the
specimens were re-cultured on the selective Pseudomonas agar medium of this
bacterium, the colonies were mucoid, smooth in shape, and have a fruity odor, and the
furthermost of the bacterial isolates exhibited their capability to produce Pyocyanin
(blue-green dye) and Pyoverdin dyes (fluorescent pigment) while in non-pigmented
isolates were described by their unvarying circular shape and cream color. Pseudomonas
agar a specific selective medium designed to select P. aeruginosa from other

Pseudomonas species. The colonies grown on Mueller-Hinton agar show their ability to
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produce dyes and especially blue-green dye (Pyocyanin). These results agree with
(Alsaadi 2020, Al-Shamaa et al. 2016). These pigments play a part of the pathogenesis
of P. aeruginosa as virulence factors and are also a character of pigmentation, which
consider an essential issue among the diagnostic features in the genus Pseudomonas.

4.2.3 Biochemical tests

Biochemical tests were performed on all 25 isolates, that are included the oxidase test,
catalase test, triple sugar iron (TSI) test, and IMVIC tests (indole test, methyl red test,
Voges-Proskauer test, and citrate). P. aeruginosa was characterized by being positive to
oxidase test and dark purple had appeared on the surface of colonies indicates
cytochrome oxidase production and used detects the bacteria that produce the
cytochrome oxidase enzyme. Bubble formation indicates a positive result for the
catalase check and this check was used to detect micro-organisms that yield the enzyme
catalase. Positive to citrate test by conversion of the medium to blue the result of
consuming citrate. While all the isolates were negative to indol, methyl red and VVoges-
Proskauer. TSI test, it was establish that the entire isolates under study were not
fermented for any of the 3 types of sugars (glucose, lactose, sucrose), it does not form
CO2 and does not H2S production, and this was in agreement with what is revealed by
(Alageedi 2021). (Table 4.2).

Table 4.2 Biochemical tests of P. aeruginosa

No. Media and test Results
1 Growth on MacConkey agar Positive
2 Lactose fermentation Negative
3 B-hemolysis when growth on blood agar Positive
4 Growth on Pseudomonas agar Positive
5 Growth at 42°C and 4°C Positive/Negative
6 Pigment bluish-green pigmentation
7 Gram stain Negative
8 Oxidase Positive
9 Catalase Positive
10 Indole test Negative
11 Methyl red test Negative
12 Voges-Proskauer Negative
13 Citrate Positive
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| 14 | Triple sugar iron Alk / Alk, No H,S, No gas

4.2.4 Biochemical tests by VITEK 2

VITEK2 compact system was employed for the identification of 25 isolates using the
identification card (GN ID Card) to confirm a bacterial diagnosis which gives
diagnostic results for bacteria with an accuracy of 99% and contains 64 biochemical
tests. All isolates were identified as P. aeruginosa. An example report resulting from
this system for identifying these bacteria is shown in the Appendix 2. Figure 4.6 shows
the diagnostic results of this device. The device shows the results of weak isolates
towards a specific reaction and is denoted by the symbol (-) indicating a negative

reaction and the symbol (+) indicating a positive reaction.
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Figure 4.6 Diagnosis by VITEK

4.2.5 Virulence factor of P. aeruginosa

The ability of bacterial isolates to cause infections is due to the virulence factors play

that a critical role in their infections but does not participate in bacterial growth. In this
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study, hemolysin, pigment production and biofilm formation are detected for the P.

aeruginosa.

4.2.5.1 Hemolysin

The isolates under study were experienced for their capability to yield hemolysin by
cultivating them on a blood agar base medium containing 5% human blood, as it was
found that all isolates 25 (100%) were capable of producing beta-hemolysis around the
colonies and this result agrees with (Najeeb 2020, Alageedi 2021) which was 100% and
this result disagrees with (Rodulfo et al. 2019) which was 83.3%. Hemolysin production
is the most important virulence factor for P. aeruginosa, as its production is associated
with neurotoxicity and cytotoxicity of the cell and can destroy red blood cells to extract
iron from them and it causes straight cyto-toxic effects on the renal epithelium leading
to scarring. Also, hemolysins destroy various host tissues and cells including red blood
cells, leucocytes, epithelial cells, and endothelial cells. It is a pore-forming toxin

capable to destroy cells by lysis (Iseppi et al. 2020).

4.2.5.2 Pigment production

Pigment production as a virulence factor was conducted by using Pseudomonas agar
and Nutrient agar. Pigments serve an imperative role in the pathogenicity of P.
aeruginosa. Which was found 21 (84%) of isolates production of Pyocyanin on both
medium this result agree with (Alageedi 2021) and only four isolates not pigment

producing.

4.2.5.3 Biofilm formation

Biofilm formation is one more virulence factor for the reason that the innate resistance
of the bio-film to anti-microbial agents and the choice of phenotypic variants. All
isolates (25) were evaluated based on their ability to biofilms formation using the

micro-titer plate technique. The micro-titer Plate technique (MTP) is a process for
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studying initial bio-film formation on abiotic surfaces and it is a colorimetric
performance which uses stains like the crystal violet to stain the sticky bio-films and to
enumerate by using an absorbance micro-titer plate reader (Jesus and Dedeles 2020).
The results of the current study presented in Table 4.3 showed that the majority of the
isolates produced biofilm 23 (92%) with different yields between strongly and
moderately compared to the negative control, while only two isolates (8%) represented
non-biofilm producer. The absorbency values were ranged from (0.055 — 0.152) for
biofilm-produced isolates and (0.037 - 0.039) for non-biofilm-produced isolates.
Among biofilm-produced isolates, 36% of isolates were strongly biofilm producer this
result was in agreement with (Alageedi 2021, Abdulhaq et al. 2020) which was 36.5%,
and it is noteworthy that the rate of strong biofilm production in urine specimens was
higher than other specimens and this result agrees with (Bahador et al. 2019). While
56% moderately biofilm producer this result agrees with (Al-Sheikhly et al. 2019)
which was 56%. The results in the current study disagree with (Bahador et al. 2019)
which was, 60% were powerfully bio-film produced and the rates of moderately and

weak bio-film produced were 34.3% and 4.3%.

Table 4.3 Biofilm formation of P. aeruginosa

Biofilm level
No. of isolate Source of isolate Absorbance at 360 compared to
nm (ODc=0.040)
P1 Wounds 0.063 Moderate
P2 Wounds 0.067 Moderate
P3 Burns 0.065 Moderate
P4 Wounds 0.069 Moderate
P5 Wounds 0.91 Strong
P6 Burns 0.071 Moderate
P7 Wounds 0.068 Moderate
P8 Burns 0.039 Negative
P9 Wounds 0.037 Negative
P10 Burns 0.079 Moderate
P11 Burns 0.058 Moderate
P12 Burns 0.055 Moderate
P13 Burns 0.064 Moderate
P14 Burns 0.152 Strong
P15 Wounds 0.066 Moderate
P16 Burns 0.121 Strong
P17 Burns 0.072 Moderate
P18 Burns 0.113 Strong
P19 Burns 0.146 Strong
P20 Wounds 0.986 Strong
P21 Burns 0.846 Strong
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P22 Burns 0.146 Strong
P23 Burns 0.056 Moderate
P24 Wounds 0.069 Moderate
P25 Burns 0.934 Strong

The process of biofilm formation rest on on many influences such as the medium, the
detection technique used and the incubation conditions as well as the type of surface
used for that process, as the difference in the composition of the biofilm on the
microtiter plate is due to the quality of the surface composition of the materials on
which the biofilm is formed, for example, the membrane formed on the polystyrene
surface of microtiter plates is more effective than the silicone surface of the catheter
(Wojnicz et al. 2015). The differences in biofilm density between the isolates in this
study may be due to numerous causes. Variances in the ability of strains to consist bio-
films or possibly variances in the initial quantity of cells that successfully adhere to and
differences in the quality and amount of quorum-sensing signaling molecules formed
from every strain play important roles (Abdulammer 2018) On the other hand, (Heydari
and Eftekhar 2015) reported that the dissimilarity in the capability of isolates to
procedure bio-film is the reason for the correlation of production with its capability to
produce different types of 3-Lactamase, which leads to the formation of a strong biofilm
compared with the isolates that produced one type of enzyme. Conversely, the isolates
did not produce this enzyme and were not able to form a biofilm. This in height
throughput of the bio-film development may be related to the susceptibility of the
microtiter plate method to quantify the insufficient amounts that formed. Which
consider more accurate, easy, and sensitive in the detection of biofilm formation. When
studying the early stages in biofilm formation, it is possible to adopt the microtiter plate
method because this method uses stable conditions, so it can be used in the study of
many factors necessary for the formation of the biofilm, such as flagellum, pili, as well
as the genes that serve an imperative role in the production of exopolysaccharides
(Obaid 2019).

Bio-film is representing combinations sheathed in a self-produced extra-cellular matrix

that is hard to or impossible to eliminate with antibiotics. Its matrix provides a
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protective border that allows it to adhere to an environmental substrate. This coating
plays a role in bacteria's resistance to antibiotics. Biofilms can provide 10 to 1,000 fold
more protection against antibiotic treatment. The risks of biofilm arose from the fact
that it is a major driver of the persistence of chronic infection (Ciofu and Tolker-Nielsen
2019). The effect of the high percentage of the susceptibility of P. aeruginosa isolates
in the present study on the production of biofilms demonstrates the high resistance rates
for these isolates towards all antibiotics. Bacteria able to develop the resistance up to
1.000-fold more resistant to antibiotics than those in a planktonic state (Cepas and Soto
2020).

4.2.6 Antibiogram pattern

Antibiotic susceptibility test was performed for 25 isolates of P. aeruginosa against
(Figure 4.7, Appendix 3) 12 kinds of antibiotics Norfloxacin (10 pg), Ciprofloxacin (5
ug), Imipenem (10 pg), Aztreonam (30 pg), Polymixin B (300 pg), Cefepime (30 pg),
Piperacillin/Tazobactam (100/10pg), Amikacin (30 pg), Gentamicin (10 pg),
Tobramycin (10 pg) related to 7 different

classes. The standard agar disk diffusion method known as the Kirby Bauer technique

was used according to the “Clinical & Laboratory Standards Institute” (CLSI 2021).

ANTIBIOGRAM

88% . 84% 36% 100% 100%
100% I I ‘ .
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0% Resist

W Resist M Sensitive

Figure 4.7 Antibiogram of P. aeruginosa
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In the current study, five classes of cell wall synthesis inhibitors were tested and the
results exhibited that the P. aeruginosa strains were resist to Imipenem (IM1) by 16%,
this finding were in agreement with (Alsaadi 2020) who reported that P. aeruginosa
isolates were resisted to IMI by 11%, and disagreement with (Al-Taee 2019) who

reported that P. aeruginosa isolates were resisted to IMI by 63%.

Aztreonam (ATM) was resisted in 64% of P. aeruginosa isolates, this findings were in
agreement with (Saleh 2021) who reported that P. aeruginosa isolates were resisted to
ATM by 75%, and dis-agree with (Alageedi 2021, Alhayali 2021) who reported that P.

aeruginosa isolates were resisted to ATM 38% and 37% respectively.

Cefepime (CPM) which was the highest percentage of resistance and was resisted in
100% of P. aeruginosa isolates, this findings were dis-agree with (Aziz et al. 20109,
Ferman 2019, Mohamed et al. 2019, Alageedi 2021) who reported CPM resistance
which was 35% and 38% 57% and 38% respectively.

Piperacillin/tazobactam (PTZ) was resisted in 44% of P. aeruginosa isolates, this
findings were fairly close to the results of (Saleh 2021, Elhariri et al. 2017) who
reported that P. aeruginosa isolates were resisted to PTZ by 66% and 76% respectively,
and dis-agree with (Hoque et al. 2015, Sala et al. 2019, Alageedi 2021) who reported

PTZ resistance which was 3.37%, 2%, and 3.8% respectively.

Polymixin B (PB) which was the highest percentage of resistance and acts on the outer
cellular membrane of P. aeruginosa was resisted in 100%, this findings were in
covenant with (Wickremasinghe et al. 2021) who informed that all P. aeruginosa

isolates were resisted to PB.

Five classes of cell protein synthesis inhibitors were tested and the results exhibited that
the P. aeruginosa strains were resist to Norfloxacin (NOR) by 16%, this findings were
dis-agree with (Al-Taee 2019, Saleh 2021) who reported that NOR was resisted in P.

aeruginosa isolates by 71% and 50% respectively.
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Ciprofloxacin (CIP) which was the most effective antibiotic used and was resisted in
12% of P. aeruginosa isolates, this findings were dis-agree with (Qayoom et al. 2019,
Yang et al. 2020, Alageedi 2021, Alhayali 2021, Saleh 2021) who reported that the
resistance of P. aeruginosa isolates to CIP were 72%, 34%, 34%, 37%, 50%

respectively.

Amikacin (AK) was resisted in 28% of P. aeruginosa isolates, this results was in
covenant with (Macin et al. 2017, Sameet et al. 2020, Alageedi 2021) who reported that
AK resistance was 29.5%, 27.2% and 30% respectively, while this result, dis-agrees
with (Saleh et al. 2020) which was 60%.

Gentamicin (GM) was resisted in 40% of P. aeruginosa isolates, this results was fairly
close to (Al-Obaidi and Al-Dahmoshi 2020, Hasan et al. 2020) who informed that the
resistance of P. aeruginosa to GM was 50% and 30% respectively, and dis-agree with

(Alsaadi 2020) who reported that P. aeruginosa resistance to GM was 69%.

Tobramycin was resisted in 48% of P. aeruginosa isolates, this results was fairly close
to (Hosu et al. 2020, Emaneini et al. 2019) who reported Tobramycin resistance which
was 33% and 32.9% respectively and this result disagrees with (Asghar and Ahmed
2018) which was 17%.

P. aeruginosa can produces Cephalosporinase enzymes, which are the most important
types of B-lactamase, which encode chromosome-based genes as well as other types of
enzymes. These enzymes have been found in P. aeruginosa responsible for resistance to
Aztreonam, Carbapenems, first, second generation and the third of Cephalosporins and
resistance to Cephalosporins are due to the destruction of the antibiotic by beta-
lactamases, reduced penetration across the outer-membrane of gram-negative bacteria,
and enhanced efflux (Torok et al. 2009). Carbapenems are a large class of beta-
lactamase and are often used as a last resort treatment for Pseudomonas infection
because it exhibits great attraction for penicillin-binding protein, is constant in contrast
to broad-spectrum beta-lactamases (Lee and Bradley 2019, Elshamy et al. 2018) and

easily passes through the outer-membrane (Farhan et al. 2019). Carbapenems
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Resistance, including Imipenem 16% was also noted in the present study. This is
absolutely un-expected, because of the fact that Carbapenems consider one of the
furthermost that having effectivity and among the top options for handling gram-
negative infections and especially multi-drug resistance infections. Multifaceted
interactions mediate many of the carbapenem resistance mechanisms and may include
defeat of outer-membrane purine, overexpression of efflux, and production of
Carbapenemases. Carbapenem-resistant P. aeruginosa isolates are often related to the
greater mortality ratio for the reason that the enzyme carbapenemase that mediates
resistance and a greater potential for widespread resistance spread through mobile

genetic elements (Juayang et al. 2017).

Aminoglycosides are broad-spectrum, high potency antibiotics that are traditionally
used to treat serious gram-negative bacteria such as Pseudomonas infection (Holbrook
and Garneau-Tsodikova 2018). Aminoglycosides work by inhibiting protein production
by binding to 16S rRNA and by disrupting the integrity of the bacterial cell membrane.
Aminoglycosides resistance may occur through a change in membrane permeability
thus avoiding the anti-biotic molecule from entering the bacterial cell (Sameet et al.
2020). Tobramycin, Gentamicin and Amikacin are consider primary or second-line first-
hand medications preferred in the antibiotic access group for treatment of communal or
severe clinical cases (Sharland et al. 2018), in particular, Tobramycin is used to
eliminate the early infection in cystic fibrosis (CF) while Amikacin and Gentamicin are
also used in combination treatment with extra anti-biotics for improvement the total
efficacy (Ren et al. 2019).

Amikacin resistance causes a genetic mutation that disrupts protein production. In this
situation, the mistaken forms of amino acids in the poly-peptide chain fragmented to
produce the incorrect form of protein, whereas the reduction in the anti-microbial
activity of Amikacin was because of the alteration of enzymes and efflux pumps and
improved activity as occurred in 16S rRNA methylation (Apridamayanti et al. 2016).
The resistance of the isolates to Aminoglycoside anti-biotics was found to vary with a
specific drug, the micro-organism, its machinery of resistance, the environmental area,

and numerous other factors.

49



Fluoroquinolones resistance is likely to. be the result of a mutation (Al-Mayali and
Salman 2020) because of the selective pressure induced by the consume of
Fluoroquinolones, and the variance in the percentage of Ciprofloxacin resistance is
usually correlated with the frequency of consume of Fluoroquinolones and the ease of
use of oral doses (Mohamed et al. 2019).

In the current study, a lower prevalence of antibiotic resistance was observed. In
dissimilarity to other studies that showed a high prevalence of antibiotic resistance see.
This could occur due to the differences in P. aeruginosa isolates obtained and may be
correlated to variances in anti-biotic use in different environments and selective
pressure and this result may be due to the difference in sample size for these bacterial
isolates in the current study (Mwinyikombo 2018). In general, the resistance of different
types of antibiotics is attributed to many reasons, including altered cell membrane
permeability, alterations in target site structures (Aziz et al. 2019).

4.2.7 Multi-drug resistance of P. aeruginosa

Multi-Drug Resistance (MDR) is defining as any isolate of bacteria that resistance
against at least one antibiotic in three or more classes called Multi-Drug Resistance
(Hawkey et al. 2018). Among 25 isolates of P. aeruginosa that were tested in our study,

several strains were found to be MDR.

The following antipseudomonal classes of antimicrobial drugs were tested in the current
study: antipseudomonal Cephalosporins (Cefepime), antipseudomonal Beta_lactamase
combination inhibitors (Piperacillin/Tazobactam), antipseudomonal Monobactam
(Aztreonam), antipseudomonal  Carbapenems  (Imipenem),  antipseudomonal
Lipopeptides (Polymixin B), antipseudomonal Aminoglycosides (Gentamicin,

Tobramycin, Amikacin,) and Fluoroquinolones (Ciprofloxacin and Norfloxacin).

The current study results showed that 40% of isolates were MDR that agrees with
(Abdallah and Gabur 2021, Alageedi 2021), who found that the percentage of MDR in
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their isolates were 46% and 42% respectively, and this result disagrees with (Abd El-
Baky et al. 2020) that found 96% of isolates were MDR. Table 4.4 shows, the most

multidrug-resistant isolates.

Table 4.4 MDR, XDR and PDR of P. aeruginosa isolates

No. of isolate Source No. of resisted Classification
P1 Wounds 7 XDR
P2 Wounds 7 XDR
P5 Wounds 3 XDR
P6 Burns 8 MDR
P14 Burns 10 PDR
P16 Burns 6 XDR
P18 Burns 7 XDR
P20 Wounds 3 MDR
P21 Burns 8 XDR
P 22 Burns 3 MDR

Although the rate of multi-resistance in this study was relatively low, this may be a
worrisome condition that reflects a threat that limits treatment options in the treatment
centers studied (Kamali et al. 2020).

The difference between the results of our study and the other studies attributed to the
variation of the antibiotics usage policy applied in each country, and primarily the
increased disaster of antibiotic misuse without proper prescriptions (Mohamed et al.
2019).

The outbreak of emerging MDR P. aeruginosa strains is related to various influences,
like its innate resistance to a variety of anti-biotics, its capability to acquire determinants
of antimicrobial resistance, history of surgical interventions and chronic infections,

mutation in the genome of P. aeruginosa, and environmental conditions of the specific
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area, irrational use of antibiotics, and abundant use of broad-spectrum antibiotics
(Mohammadzadeh et al. 2017). Also, the acquisition of resistance genes by horizontal
gene transmission further contributes to the occurrence of phenotypes of MDR
(Moustafa et al. 2021).

The increased frequency of multi-drug resistant strains (MDR) has been documented as
a worldwide problem through the treatment of P. aeruginosa infection (Gongalves et al.
2017).

Infections that affected by multi-drug resistant gram-negative bacteria, especially MDR
strains of P. aeruginosa, are known to be related to higher morbidity and mortality.
Patients with nosocomial infections especially those admitted to various intensive care
units usually become infected with MDR strains of P. aeruginosa and the continued
spread of such strains poses difficult issues in infection control administration (Murugan
et al. 2018).

4.2.8 Biological activity of ZnO NPs against P. aeruginosa

The ZnO NPs gave a obvious anti-bacterial influence in contrast to MDR, XDR and

PDR isolates of P. aeruginosa as displayed in Table 4.5

The ZnO NPs showed the highest diameter of inhibition zone at concentration 100
mg/mL of P. aeruginoas ranging from 26 mm to 52, while the ZnO NPs at a
concentration of 12.5 mg/mL was lowest in diameter of inhibition zone in contrast to
the similar isolates ranging from 16 mm to 44. These results were approximately close
to (Mahmoud 2020)

Zinc oxide nano-particles are highly in effectiveness for inhibition of many pathogenic
bacteria (Sultan et al. 2015). In another study (Rauf et al. 2017) Indicated that the
synthesis of ZnO nano-particles affects P. aeruginosa. The anti-microbial influence

may due to important features of nano-particles specifically the higher surface volume
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rate which offers better interaction with the microbial surface and offers improved
activity. Furthermore, the nanometer size of nanoparticles assists their entrance into the
bacterial cell membrane to enable disrupts mechanisms inside the cell.

ZnO NPs produce hydrogen-peroxides which chemically interact with cell membrane
(Senthilkumar and Sivakumar 2014). The anti-microbial action of nano-particles may
comprise a making of reactive oxygen species (ROS) and the accumulation of
nanoparticles in the bacterial cytoplasm. ROS can be the reason for cell membrane
dysfunction and cell death by oxidizing lipids of cell membrane (Dutta et al. 2012).
However, there is an absence of information of the particular machinery of nano-

particle interaction with bacterial cells.

Table 4.5 Antibacterial activity of Zinc Oxide Nano Particls

P. aeruginosa Zno NPs Zno NPs Zno NPs Zno NPs
100%(mm) 50%(mm) 25%(mm) 12.5%(mm)
P1 27 24 20 17
P2 26 24 19 17
P5 26 22 20 16
P6 52 50 48 44
P14 39 32 32 30
P16 44 40 39 37
P18 43 40 38 36
P20 39 37 35 33
P21 42 39 34 32
p22 30 27 26 25

4.2.9 Determination of minimum inhibitory concentration (MIC) of Zno NPs

against multi-drug resistance of P. aeruginosa

Over-consuming or misuse of anti-microbials that led to the improvement of multi-drug
resistant bacteria. To work around this problem “the limitations of conventional
synthetic anti-microbial compounds” nano-technology characterizes an unconventional
approach in emerging substitute anti-microbial agents that can professionally eradicate
bacterial cells and exhibit massive potential for use in both medical and veterinary

applications.
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The inhibitory effects of variant concentrations of ZnO NPs on P. aeruginosa isolates
were tested and explained in Table 4.6. MIC of ZnO NPs is ranged between (2600 -
162.5 pg/mL) on P. aeruginosa isolates. This result was agreed with the result of
(Masoumi and Shakibaie 2018, Alsaadi 2020) reported that the values of MIC for ZnO
NPs were between (80- >2600 ug/mL) and (325 -5200 pg/mL) respectively.

In the research done by (Alanbare et al. 2014) the results indicated that the
concentrations (500, 1000, 5000, 10000, 20000) pug/mL were mortal to P. aeruginosa,
while (100 and 75) pg/mL were inhibitors and the concentrations (50, 25) ng/mL were
not effective. While (Bohan et al. 2018) indicated that the outcomes of Zinc Oxide
Nano-Particles in contrast to P. aeruginosa describe capability of it’s to inhibition
growth of bacteria in dissimilar rate of bacteriostatic when used in dissimilar
concentration (800-2400 pg/mL).

The biological activity of ZnO NPs as an anti-bacterial comprise binding to and
destructive the bacterial membrane, penetrating into the bacteria, and producing reactive
oxygen species (ROS). Consequently, it is apparent that ZnO NPs by increasing the
permeability of cell membrane may cause the improvement of antibiotic effectiveness.
Additional description for these outcomes would be that ZnO NPs might affect with
pumping activity of efflux systems. The generation of hydrogen peroxide is a core issue

of the anti-bacterial activity (Bayroodi and Jalal 2016). (Figure 4.8)

Table 4.6 Minimum Inhibition Concentration of Zinc Oxide Nano Particls

No. MIC of Zno NPs (ng/mL) No. MIC of Zno NPs (ng/mL)
P1 2600 P 16 325

P2 325 P18 162.5

P5 325 P 20 325

P6 2600 P21 325

P14 1300 P22 650
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Figure 4.8 MIC and Antibacterial Activity of different concentrations from ZnO NPs
by using Agar Well Diffusion method. P. aeruginosa on medium
Pseudomonas Agar and treated by ZnONPs

The effect is clear and for all concentrations used in the study and he results of the
current study were the approach with previously conducted studies on bacteria. For
example, a study (Alzubaidy et al. 2019) whose results showed the effectiveness of the
use of nanoparticles against P. aeruginosa, as well as (Mahdavi et al. 2017) showed that
with the presence of ZnO NPs for both Bacillus subtilis and E. coli, the strain was
significantly stabilized. They concluded that ZnO NPs showed more antimicrobial

activity
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5 CONCLUSIONS AND RECOMMENDATION

5.1 Conclusions

According to the results of the existent study, the following conclusions could be

exposed:

1) Pseudomonas aeruginosa isolates have High resistance to Cephalosporin

(Cefepime).

2) Ciprofloxacin is the most effective antibiotic against Pseudomonas aeruginosa

in the current study.

3) The Multi-drug resistance P. aeruginosa become widespread in our hospitals
and carrying out of infection control plans are most important worries to avoid

the blowout of this dangers.

4) Zinc Oxide Nanoparticles have a strong biological activity against MDR, XDR

and PDR isolates of Pseudomonas aeruginosa.

5.2 Recommendations

Based on the finding of the present study and after reviewing and the literature and

many of previous trails the following recommendations can be suggested:

1) Periodic studies to monitor the prevalence and extent of resistance of P.

aeruginosa.

2) Molecular study of this bacterium to understand the resistance pattern and so to

overcome the spread and multi-resistant of P. aeruginosa

3) Prepare other types of nanoparticles and use it instead of antibiotics.
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4) The importance of spreading health consciousness by warning not to use
antibiotics excessively and indiscriminately and without prescription.

5) Determine the anti-bacterial inactivity of ZnO NPs on other types of pathogenic
bacteria

6) The necessity of performing a laboratory analysis (culture) before prescribing
any antibiotic to the patient.
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