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Abstract:

Background: P. Mirabilis has been connected to several respiratory disorders in humans, skin, ear, eye, and
gastrointestinal disorders. Due to the possibility of catheter-associated UTIs, this is particularly worrisome for
patients receiving prolonged urine catheterization in an indwelling device. The unique ability of P. mirabilis
is to form a special class of biofilms, which are usually crystalline. complicates these infections. Additionally,
P. mirabilis resistance is growing more complex and serious every year, particularly the manifestation of
resistance to carbapenem drugs, making disease prevention and control more difficult. Objective: The purpose
is to look at how magnesium The impact of oxide nanoparticles on MDR P. mirabilis that has been isolated
from various clinical infections. Approach: Individuals suffering from a range of illnesses, including blood
infections, burns, urinary tract infections, and otitis media, yielded 120 isolates of P. mirabilis. The University
of Kufa's Faculty of Science's Advanced Microbiology Laboratory received specimens from patients who
were admitted from the Hospital. Results: The results showed that antibacterial susceptibility test and biofilm
formation showed that 60 isolates of P. mirabilis are MDR. The results proved that MgO NPs are effective in
inhibiting MDR P. mirabilis demonstrated the inhibitory of P. mirabilis progressively grows when increasing
MgO NP and decreases biofilm formation with increasing MgO NP concentrations using various
concentrations (100, 200, 300, and 400) pg/ml. Conclusion: showed inhibitory MDR P. mirabilis
progressively grows with more MgO NPs when employing varying doses of MgO NPs, and reduces the
production of biofilms as MgO NP concentrations rise.
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1. Introduction

P. mirabilis facultative anaerobic, Gram- that is a
member of the Enterobacilli family. Lactose cannot
be fermented by it, although maltose can (1,2).
Additionally,
elongation, motility, and polysaccharide production.
This facilitates attachment and easy motility along
surfaces (such as medical equipment) when in
contact with solid surfaces (3-5). P. mirabilis's
flagella are responsible for this motility, which not

P. mirabilis demonstrates self-

only supports colonization but has also been linked
to its capacity to form biofilms and is thought to
contribute to resistance to host defenses and specific
antibiotics (6-8). According to reports, antibiotic
resistance happens when a medication can no longer
effectively stop germs from growing; as a result, the
bacteria become "resistant” and keep growing. when
therapeutic levels of antibiotics are present (9,10).
These bacteria are usually called resistant and
multiply in an environment where antibiotics are
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present, whenever the antibiotics are effective
against these microbes (11,12). However, when they
become resistant, a higher
concentration of the identical medication is required
to produce an effect (13,14). Some strains of
antibiotic-resistant enteric bacteria have been
isolated. Gram-negative bacteria are inherently
resistant to a number of kinds of antibiotics due to
the existence of another molecule called OM that
these antibiotics cannot penetrate, unlike Gram-
positive bacteria (15,16).

less sensitive or

2. Aim of this research: investigating the
effectiveness of magnesium oxide nanoparticles
against isolates of MDR Proteus mirabilis from

various illnesses.

3. Materials and Methods

3.1: Specimen collection and bacterial
identification

120 patients with various clinical conditions (such as
blood infections, otitis media, UT]s, burn infections,
wounds, and blood) who were hospitalized at the
AL-Najaf Governorate's center for research between
October 2024 and January 2025 were gathered and
worked on.  In order to prevent any potential
contamination, all specimens were gathered
carefully. They were then taken and sealed until they
were moved to the University of Kufa's Faculty of
Science's Advanced Microbiology Laboratory,
where they were cultured on various media for 24

hours at 37°C to diagnose bacteria.

3.2: Ethics-based approval

In accordance with the legislation and the guidelines
of human rights organizations, which provide
sufficient information in an ethical way, the study's
specimens obtained the consent of the young
patients and the agreement of the adult patients.

3.3: Type of this study: Academic-Medical
Research

3.4: Recognizing P. mirabilis isolated from
various infections

The first diagnosis was made using biochemical
testing, selective and differential culture medium,
analysis, and bacterial colony
characteristics (17).

microscopic

3.5: Antibiotic susceptibility test for P. Mirabilis

It was performed according to Clinical Laboratory
Standard Institute by using the Kirby-Bauer process
on the Muller-Hinton agar according to (18). The
antibiotic disk, as reported by Bio Analyses, a
Turkish business.

3.6: Biofilm formation detection for isolates of P.
mirabilis

Using microtiter plates, they took samples from the
brain and heart, where a biofilm of P. mirabilis
bacteria (BHI) was found. They took some of them
and placed them in a microtiter plate, then added
After adding 20 ul of the bacterial solution. It was
incubated for 24 hours at 37°C. Following a water
wash, each well received 200 ul of phosphate-
buffered saline, which was then left for ten minutes.
After that, the microtiter plate is cleaned with distal
water, 200 ul of crystal violet dye is added to each
well, and it is incubated for 15 minutes at 37 C°.
After that, it is thoroughly cleaned with distal water
and dried, and finally, 99% ethanol is added. A
spectrophotometer with an optical density (OD) of
0.5 and a wavelength of 630 nm is used to measure
the findings after alcohol has been added to each
well (19,20).

3.7: MgO NPs" Antibacterial Activity

Using Agar well diffusion techniques, the
antibacterial properties of MgO NPs were evaluated
against MDR P. mirabilis isolated from various
illnesses. After bacteria were added to the Mueller-
Hinton agar plate using cotton dipped in the solution,
magnesium oxide nanoparticles (80 pL) at the 100,
200, 300, and 400 pg/mL concentrations were
introduced into 5 mm holes created with a sterile
cork enrichment tool. After the Petri dishes were
incubated for 24 h at 37°C, the diameter of the



Journal of Bioscience and Applied Research, 2025, Vol. 11, No. 3, P.976-988 plISSN: 2356-9174, elSSN: 2356-9182 978

growth inhibition zones was measured with a metric
ruler (21).

3.8: Magnesium oxide nanoparticles’ antibiofilm
activity against MDR P. mirabilis isolates at
varying concentrations

Results showed that magnesium oxide NPs
expressed high anti-biofilm activity via the plate
method against MDR P. mirabilis isolates using
different concentrations of Magnesium NPs (100,
200, 300, and 400) pg/ml (21).

3.9: Statistical analysis

Graph Pad Prism version 6 was the computer
program used to do statistical analysis, and for each
data point, a mean value and standard error (SE)
were determined. For the statistical analysis, P
values less than 0.05 were deemed statistically
significant.

4: RESULTS

4.1: Distribution of patient specimens for
different infections

The patients specimens of different infections were
obtained from hospitals and specialized centers in
Najaf province, a total of specimens 120 (100%),
which included urine specimens 60(50%), burn
swabs 15(12.5%), wound infections 15(12.5%), ear
swabs 15(12.5%), Blood infections 15(12.5%), as
shown table (1).

4.2: ldentification of P. mirabilis isolated from
different infections

Initial identification of P.mirabilis isolates based on
morphological characteristics of the colonies on
blood agar, CHROM agar, Xylose
deoxycholate agar (XLD), and MacConkey agar In
the MacConkey agar medium, Proteus does not
ferment lactose and produces smooth, pale, or
colorless (NLF) colonies, however on the Blood agar
plate, it grows in successive waves to create a thin

lysine

filmy layer of concentric circles (swarming) and
without hemolysis. The colonies of P.mirabilis
appeared as light brown colonies on CHROM agar,
and then differentiated these bacteria from E.coli
colonies. All the isolates were cultured on Xylose
(XLD).
appeared red colony on XLD agar as shown in

lysine deoxycholate agar P.mirabilis

Figure 1.

4.3: Biochemical tests of bacterial species

Table 3 shows the results of the biochemical tests
of P. mirabilis. The biochemical tests include the
catalase test, methyl red test, motility test,
production of Indole, Urease test, TSI (triple sugar
iron agar), Voges-Proskauer test, Citrate, and
Oxidase test.

4.4: Antibiotic susceptibility of P. mirabilis
isolates

Antibiotic susceptibility testing was performed on 60
On the other hand, 60 (63.15 %) of P. mirabilis

isolates where found in different clinical cases
included 30 (31.57 %) isolates in urine, 15(15.78 %)
isolates in burn swabs, 5(5.26 %) isolates in wound
infections, 8(8.42%) isolates in ear swabs, 2(2.10 %)
isolates from the blood, as shown in table (2).

resistant isolates of P. mirabilis using the disk diffusion
method using 14 antibiotics, and the results were
calculated based on the diameter of the inhibition zone,
as shown in the table. (4)
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Table (1): Number and percentage of specimens collected from different infections

Tvpe of Specimens NO. of Specimens Percentage
(%)
Urine S pecimens <1 30
Burn Swrabs 13 12.5%%
Elood infection 15 12.5%
COritis media Swabs 15 12 5%
wound infectons 15 12 5%
Total 120 1002

Table (2): Number and percentage of P. mirabilis isolated from different infections

Type of No. of Male | Percentage% | Female | Percentage Total
Specimens Specimens % Percentage%
Urine 30 10 10.52 % 20 21.05% 31.57%
Specimens
Burn Swabs 15 8 8.42% 7 7.36% 15.78 %
wound 5 3 3.15% 2 2.10% 5.26 %
infections
Ear Swabs 8 5 5.26% 3 3.15% 8.42 %
Blood 2 1 1.05% 1 1.05% 2.10%
infections
Total 60 27 28.42% 33 34.73 63.15%

D

Figure 1: P. mirabilis on different culture media (A) MacConkey agar, (B) XLD agar, (C) CHROM
agar, and (D) Blood agar.
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Table 3: Biochemical test of bacterial species

Bacterial Catalase Voges- Indole Methyl Urease Citrate Motility TSI Oxidase
species Proskauer Production Red
P + - - + + + + K/IA -
mirabilis + H,S

Table 4: Antibiotic susceptibility test for 60 P. mirabilis isolates

Nou(%) of isolates exhibited
Antibiotic disk
Resistance sensifiv e
Tetracseline B0 100%) [T
Diecvesrel ine SS60(98%) 1/6001%%)
Gentamyein FS60(96%) 2/6003%0)
Walidixie Acid 3860(96%) 206003 %)
Tob ramyein S460090%) 6600 10%0)
Ceftazidime S460(90%) 6600 10%0)
Caftriaxons 4560 T3%) 15/60(25%)
Ciprofloxacin S2/60(36%%) S60(13%:)
Tramethoprime- S2/60(36%%) SE0(13%:)
sulamethaxazn]
Amomicillin- elavulanic 42/60(30%%) 12/60{20%: )
Cafotanime A560(75%) 15/6023%%)
Impen=m &%) 546000 )
Wleropensm 2E0EL) S8/B0(08% )
Amilacin (2T (1) B0 100 )

4.5: Detection of Biofilm Formation by Congo
Red Agar Method (CRA)

After detection of P. mirabilis that formed films by
the phenotypic method, which usually includes the
Congo red agar method, 100% of which were P.
mirabilis. 45 (75%) were biofilm-producing when
the CRA plates showed black, dried, crystalline
colonies, and 15 (25%) were not biofilm-producing
when the P. mirabilis colonies stayed pink or red in
hue, figure (2)

4.6: P. mirabilis biofilm development using the
Microtiter Plate Assay

The findings demonstrated that some P. mirabilis
isolates have' ability to build biofilms. As indicated
in the table, the microtiter plate assay (MPA)
identified 60 (100%) isolates of P. mirabilis that
were strong biofilm producers, 30 (50%) and 20
(37.5%) that were moderate, and 10 (12.5%) that
were weak. (5)

4.7: MgO NPs' Antibacterial Activity

4.7.1: The effect of imported magnesium oxide
nanoparticles against bacteria

The antibacterial qualities of imported magnesium
oxide nanoparticles were assessed using the agar
well technique against drug-resistant P. mirabilis
that was obtained from a variety of diseases. A
cotton swab soaked in a filter was used to dust the
whole Mueller-Hinton surface. Next, using a bottle
with a sterile cork, 80 pL of magnesium oxide
nanoparticles were introduced at (one hundred, two
hundred, three hundred, four hundred pg/ml),
usually with a diameter of 5 um. The Petri plates
were cultured for twenty-four hours at 37°C, and the
breadth of the growth inhibition zones was measured
using a metric ruler. The results demonstrated that
the inhibitory zone of P. mirabilis progressively
expanded with the rise in dosages (100, 200, 300,
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and 400) pg/ml. of concentrations of magnesium
oxide nanoparticles, Figure (3), so that the 400 pg/ml
concentration in the inhibitory zone was greater than
the 300 pg/ml concentration and, ultimately, higher
than the 100 pg/ml concentration. Consequently, the
ideal concentration for inhibiting magnesium oxide
nanoparticles (ug/ml) was 400 pg/ml, which was the
concentration in the inhibition zone.

4.7.2: Study of the effect of synthetic magnesium
oxide nanoparticles

The findings demonstrated that P. mirabilis was
inhibited at several doses of 100, 200, 300, and 400
pg/ml, and that this
increased with the local
nanoparticles. The inhibition zone at 400 pg/ml was
higher than that at 300, and finally, higher than the
inhibition zone at 200 pg/ml. Consequently, the 400

inhibition progressively
magnesium  oxide

po/ml inhibitory zone was the ideal concentration
for blocking the local oxide
nanoparticles, which is pg/ml. As seen in the image,
the inhibitory zone for the four local magnesium
oxide nanoparticle concentrations was likewise
smaller than that of the imported magnesium oxide

nanoparticles. (4).

magnesium

4.7.3: The combined impact of domestic and
imported magnesium oxide nanoparticles on the
majority of antibiotic resistance

The results showed that the presence of imported and
domestic MgO NPs together with the some
resistance antibiotic resulting in increase of the
inhibition zone compared with the presence of
imported MgO NPs alone as well as the case of the
presence domestic MgO NPs alone with these
antibiotic, as shown in Figures (5,6,and7), as well
as, the statistical analysis, the results showed
significant differences in the case of mixing both
imported and domestic MgO NPs with antibiotics,
compare with the case of imported and domestic
MgO NPs alone with antibiotics.

4.8:  Antibiofilm different
concentrations of magnesium oxide NPs against
MDR P. mirabilis isolates

The results showed that MgO NPs expressed high
anti-biofilm activity via the plate method against
MDR P. mirabilis isolates wusing different
concentrations of silver NPs (100, 200,300, and 400)
pg/ml, as shown in Table 7.

activity  of

A

Figure 2: Biofilm formation by some P. mirabilis isolates (A) without Biofilm formation and (B) with
Biofilm formation.

Table 6: Distribution of P. mirabilis isolates according to the development of biofilms

T ype Biofilm NO. of P mirabilis
Stronz(> 0240 = 0022) 00505
Modarat=(0.120-0.240 = 0.020) MNET555)
Weakd< 012 0= 0.019) 10(125%)

Total

B0 (100%%)
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Figure 3: Impact of Varying Imported MgO NP Concentrations on MDR P. mirabilis Isolates
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Figure (4): Impact of Varying Domestic Magnesium Oxide NP Concentrations on MDR P. mirabilis
Isolates
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Figure (5): The combination effect of (TE+1+D MgO) NPs and (TE + I MgO) NPs on P.mirabilis
inhibition zone
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Figure (6): The combination effect of (TE+1+D MgO) NPs and (TE + D MgO) NPs on P.mirabilis
inhibition zone
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Figure (7): The combination effect of (DO+I1+D MgO) NPs and (DO + | MgO) NPs on P.mirabilis
inhibition zone
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Figure (8): The combination effect of (DO+I1+D MgQO) NPs and (DO + D MgO) NPs on P.mirabilis
inhibition zone
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Table 7: Antibiofilm activity of MgO NPs by absorbance at 630 nm

Ko of Absorbance of Kl=0 NFs {uzgml})

P mirabiliv isplates 100 200 ENTT] 200
1 0182 o 128 o121 L=}
2 0 20D D178 o124 DUDED
3 0155 o158 o145 DDBD
E) R W] R T
5 0155 D178 o151 D111
& o111 D 1EE o143 0135

O_IES R o 10 E O 100
B 0157 o145 oIS DEs
s O 18 0 T66 R E N K i
10 0145 155 REL 0111
11 O X1 D177 o155 D148
] KR o141 o IID iy )
13 D153 O 167 o145 D134
J =3 R R i’ o105 TR
15 Wil 2 1ES O 18D 0157
15 0195 TH o145 D138
T Wi o o143 S i
18 0204 0154 0176 0150
= O 18 W o 10 g
20 D 187 0155 D157 D1
21 0152 o 1B7 O 155 0137
X D 1BD O 163 D135 0120
23 DT o 154 o170 0133
e FRE ] RS KRR o11=
25 D175 D 163 151 D100
M5 D155 2 1E1 o 1532 D141

DISCUSSION

P. mirabilis, an opportunistic pathogen linked to a
number of human disorders affecting the respiratory,
gastrointestinal, ocular, ear, and skin systems, The
results of P. mirabilis's biochemical tests, which
the catalase, red, motility,
production of indole, urease, H2S, VVoges Proskauer,

included methyl
citrate, and oxidase tests, revealed that all of the
bacteria tested positive for the detection of the
catalase, methyl red, citrate utilization, urease, and
motility tests, but negative for oxidase., Proskauer
and Indole Voges. Additionally, the triple sugar iron
(TSI) test revealed that K/A = acid/alkaline with gas
generation (22,23) and positive hydrogen sulfide
(H2S).

60 resistant P. mirabilis isolates were subjected to an
antibacterial susceptibility test; the findings were
interpreted based on the width of the inhibition zone
and contrasted with the standard inhibition
established by (24). The treatment of infections is
made more difficult by antibiotic resistance in P.
mirabilis strains. As a result of the resistant strains'

rapid increase and the inadequacy of present

treatments, new antibiotic targets must be developed
immediately (25). Numerous Gram-positive and
Gram-negative bacterial infections can be treated
with tetracycline antibiotics; however, high rates of
tetracycline resistance in Enterobacteriaceae have
been reported. P. mirabilis has a natural resistance
to tetracycline, which may be the main factor
contributing to its growing
antibiotics must be developed in order to treat
bacterial infections due to the increase in acquired
resistance of Enterobacteriaceae (26).

One of the most widely used medication classes,
beta-lactam antibiotics, has a variety of medicinal
applications. Their 1930s
fundamentally altered the strategy for combating
infectious bacterial illnesses. These antibiotics work
through the following mechanisms: By inhibiting
transpeptidase, an enzyme that helps peptides cross-
link to form peptidoglycan, beta-lactam antibiotics
prevent the last stage of peptidoglycan production.
Mucilage, sometimes referred to as peptidoglycan, is
a crucial part of the bacterial cell wall that gives both
Gram-positive and Gram-negative membranes their

tolerance. New

advent in the
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mechanical stability. Penicillin-binding proteins are
the target of beta-lactam antibiotics. The terminal
transpeptidase pathway is then disrupted by binding,
which results in lysis and viability failure. The most
significant resistance mechanism in Gram-negative
bacilli is beta-lactamases, which use the bacterial
cell's autolytic pathways. These enzymes have been
categorized in a variety of ways according to their -
lactam antibiotics' amino acid composition and
hydrolytic action as genetic technologies have
in popularity (27,28). While plasmid-
mediated enzymes are often constitutively produced,

grown

chromosomal beta-lactamases are typically the
source of inducible beta-lactamase production in
Gram-negative bacteria. Promoters that are
expressed in genes that come before it frequently
control this hydrolytic impact (29). Furthermore, in
patients with functional or anatomical issues, it
frequently results in complex UTIs; this is especially
problematic for those who have more time with
urinary catheters that are indwelling, as they might
result in catheter-associated UTIs. P. mirabilis's
special capacity to produce crystalline biofilms,
which ultimately cause catheters to become coated
and obstructed, complicates these infections (30).
Concern over the rise and dissemination of bacteria
resistant to antibiotics, which can cause major
clinical and public health issues, has grown within
the last ten years. Public health agencies must keep
an eye on and report any changes in isolates that are
resistant to antibiotics. The overuse, underuse, and
abuse of antibiotics have become the primary
sources of antibiotic resistance in bacteria, which is
a significant clinical issue in the treatment of
diseases (31).
treating infections is antibiotic resistance. The high

One of the main clinical issues in

prevalence of antibiotic resistance in hospitals and
the general population has been caused by a number
of reasons,
overprescribing, and over-the-counter access. A

such as inadequate monitoring,
number of illnesses with high morbidity and death
rates from hospital-acquired and nonhospital-
acquired infections are caused by P. mirabilis, one

of the most significant opportunistic multidrug-
resistant (MDR) Gram-negative bacteria (32).
Urinary tract infections linked to catheter usage are
frequently caused by P. mirabilis. Its capacity to
induce these illnesses is mostly due to biofilm
formation on catheter surfaces. To create biofilms,
P. mirabilis produces a variety of virulence factors.
Adhesion proteins,
lipopolysaccharides, efflux pumps, and urease are a
few examples of these variations.

guorum-sensing molecules,

P. mirabilis
biofilms that form on catheter surfaces have a unique
crystalline structure because of their urea-degrading
biomineralization. Catheter crusting and blockage
are prevalent, as are ascending urinary tract
infections and urine retention. Bacteria become very
resistant to the immune system and traditional
antimicrobials when they grow into crystalline
biofilms (33). The way that magnesium oxide
nanoparticles work has been used to assess their
antimicrobial action against bacteria that are both
Gram-positive and Gram-negative.  Magnesium
oxide nanoparticles' antimicrobial properties entail a
number of procedures, Reactive oxygen species
production, for instance, the alkalizing effect, and
the interaction of nanoparticles with bacteria that
damages the bacterial cell (34). The effectiveness of
magnesium oxide nanoparticles as antibacterials
against Pseudomonas aeruginosa was shown in other
research by (35). As the quantity of imported
magnesium oxide nanoparticles increased, the
inhibition zone progressively grew. By specifically
targeting a single bacterial cell, nanoparticles can
increase  the
medications and stop resistance from developing
(36). Many nanoparticles, such as magnesium oxide
nanoparticles, are  potential  biopolymeric
nanoparticles with superior physical, chemical, and
biological properties that can be used to treat
bacterial infections. Magnesium oxide has multiple
uses in tissue engineering, drug delivery, water
treatment, antibacterial agents, and packaging. One
of its distinguishing properties is quantum size
effects (37,38).

effectiveness of  antibacterial
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CONCLUSIONS

P. mirabilis. It is most frequently isolated from
urinary tract infections, but it has also been found in
individuals with burns, blood infections, wound
infections, ear infections, and other illnesses. The
MDR P. mirabilis isolates which the highest
resistance rate was seen with Tetracycline (Te)
(followed by Doxycycline (Do),
resistance Amikacin (AK). The results, using
various oxide
concentrations, showed that the inhibitory zone for
P. mirabilis bacteria progressively grows as the

while low

magnesium nanoparticle

concentration of magnesium oxide nanoparticles
rises.

Conflict of interest: NIL
Funding: NIL

REFERENCES

1- Dawood MM, Mahdi ZH. Comparison Between
Phenotypic and Genotypic to Some Virulence
Factors of Proteus Mirabilis Isolation from
Urinary Tract Infection. Journal of Pioneering
Medical Sciences. 2025 Mar 5;14:54-8.

2- Mohsin MlI, Al-Shamarti MJ, Mohsin RI, Al-
Sahaf S. Role of Interleukin-36 in Response to
Pseudomonas Aeruginosa
Journal of Forensic Medicine & Toxicology.
2020 Jul 1;14(3).

3- Mohsin MI, Al-Hilali SA, Mohsin RI, Mohasin
M, Al-Shamarti MJ. IL-8/CD181 Mediated
Inflammation in SLE-Associated Hemolytic
Anemia. Iranian Journal of Pathology. 2025 Mar
10;20(2):217.

4- Abojassim AA, Hassan BA, Al-Gazaly HH, Saleh
N. Effect of Gamma Irradiation on Some Types
of Pathogenic Bacteria. Research Journal of
Pharmaceutical Biological and Chemical
Sciences. 2016 May 1;7(3):1349-53.

5- Hassan BA, Jebor MA, Ali ZM. Purification and
Characterization of the Glucose Oxidase from

Infection. Indian

Penicillium notatum. International Journal of

Pharmaceutical Assurance.
2018;9(1):55-63.

6- Rasheed HA, Alsahlanee R, Khalfa HM.
Anticancer mechanisms of zoledronic acid-
based graphene oxide nanoparticles for prostate
cancer bone metastases treatment. Iraqi Journal
of Science. 2022 Oct 30:4241-53.

7- Rahman AE, Igbal A, Hoque DE, Moinuddin M,
Zaman SB, Rahman QS, Begum T, Chowdhury
Al, Haider R, Arifeen SE, Kissoon N. Managing

neonatal and early childhood syndromic sepsis

Quality

in sub-district hospitals in resource poor
settings: improvement in quality of care through
introduction of a package of interventions in
rural Bangladesh. PloS one. 2017 Jan
23;12(1):e0170267.

8- Surhan RK, Darweesh M, Al-Obiadi AB. IL-10-
1082A\G gene polymorphism and production in
B-thalassemia major and association with HCV
infection. Research Journal of Pharmacy and
Technology. 2018;11(6):2603-8.

9- Al-hadrawi KK, ALGarawy RT, Darweesh MF.
The impact of IL-35, bacterial prostatitis in
development male infertility in Najaf province
patients. The Egyptian Journal of Hospital
Medicine. 2022 Oct 1;89(1):4278-83.

10- Neama NA, Darweesh MF, Al-Obiadi AB.
Prevalence and antibiotic susceptibility pattern
in diabetic foot ulcer infection with evaluation
the role of biomarker I1L-12 in disease. Biochem.
Cell. Arch. 2018;18(2):2321-8.

11- MacFaddin  JF.

identification of medical bacteria, Third ed.

Philadelphia, Baltimore, Meryland: Lippincott

Williams&Wilkins. 2000:225-8.

Humphries R, Bobenchik AM, Hindler JA,

Schuetz AN. Overview of changes to the

Clinical and Laboratory Standards Institute

performance

susceptibility testing, M100. Journal of Clinical

Microbiology. 2021 Nov 18;59(12):10-128.

13- Campo-Pérez V, Alcacer-Almansa J, Julian E,
Torrents E. A high-throughput microtiter plate

Biochemical tests for

12

standards for  antimicrobial



Journal of Bioscience and Applied Research, 2025, Vol. 11, No. 3, P.976-988 pISSN: 2356-9174, elSSN: 2356-9182

14-

16-

17-

18-

19-

20-

21-

screening assay to quantify and differentiate
species in dual-species biofilms.
Microorganisms. 2023 Sep 6;11(9):2244.

Das S, Vishakha K, Banerjee S, Nag D, Ganguli
A. Tetracycline-loaded magnesium oxide
nanoparticles with a potential bactericidal action
against multidrug-resistant bacteria: In vitro and
in vivo evidence. Colloids and Surfaces B:
Biointerfaces. 2022 Sep 1;217:112688.

Majid A. Characterization, Antioxidant, and
Anticancer activities of Silver Nanoparticles
using Serenoa repens. Journal of Bioscience and
Applied Research. 2025 Mar 1;11(1):37-49.

Al Araji HM, Hassan BA. Evaluation Levels of
IL-17 and IL-10 in Serum Patients of Lung
Cell
Carcinoma and Small Cell Carcinoma in Al

Cancer in Both Types Non-Small
Najaf province/lrag. InBIO Web of Conferences
2024 (Vol. 108, p. 04013). EDP Sciences.
Begum S, Begum T, Rahman N, Khan RA. A
review on antibiotic resistance and way of
combating GSC
Biological and Sciences.
2021;14(2):087-97.

Hussein AA, Aldujaili NH. Antimicrobial,
antibiofilm, and antioxidant activity of chitosan
nanoparticles synthesized by E. coli. In Journal
of Physics: Conference Series 2020 Nov 1 (Vol.
1664, No. 1, p. 012118). 10P Publishing.

Ali ZH, Al-Saady MA, Aldujaili NH, Rabeea
Banoon S, Abboodi A. Evaluation of the
antibacterial inhibitory activity of chitosan
nanoparticles biosynthesized by Streptococcus
thermophilus. Journal of Nanostructures. 2022
Jul 1;12(3):675-85.

Ovung A, Bhattacharyya J. Sulfonamide drugs:
Structure, antibacterial property, toxicity, and
biophysical interactions. Biophysical reviews.
2021 Apr;13(2):259-72.

Bush K. Alarming [-lactamase-mediated

resistance.
Pharmaceutical

antimicrobial

resistance in multidrug-resistant
Enterobacteriaceae.  Current  opinion in

microbiology. 2010 Oct 1;13(5):558-64.

22-

23-

24

25-

26-

27

28

987

Gayani B, Dilhari A, Kottegoda N, Ratnaweera
DR, Weerasekera MM. Reduced crystalline
biofilm formation on superhydrophabic silicone
urinary catheter materials. ACS omega. 2021
Apr 22;6(17):11488-96.

Brozkova 1, L, Motkova P,
Frithbauerova M, Metelka R, Svancara I, Sys M.
Electrochemical control of biofilm formation
and approaches to biofilm removal. Applied
Sciences. 2022 Jun 21;12(13):6320.

El-Tarabili RM, Ahmed EM, Alharbi NK,
Alharbi MA, AlRokban AH, Naguib D, Alhag
SK, El Feky TM, Ahmed AE, Mahmoud AE.
Prevalence,

Cervenka

antibiotic virulence
ESBLs,

encoding genes of MDR Proteus spp. isolated

profile,
determinants, and  non-B-lactam
from infected dogs. Frontiers in Genetics. 2022
Oct 6;13:952689.

Al-Akhras RK, Zayed KS. Study of genetic
screened newborns
hemoglobinopathies in Al-Najaf Province.
INAIP Conference Proceedings 2023 Dec 22
(Vol. 2977, No. 1, p. 040046). AIP Publishing
LLC.

Effah CY, Sun T, Liu S, Wu Y. Klebsiella
pneumoniae: an increasing threat to public
health. Annals of clinical microbiology and
antimicrobials. 2020 Dec;19:1-9.

Kalia A, Abd-Elsalam KA, Kuca K. Zinc-based
nanomaterials for diagnosis and management of
plant diseases: Ecological safety and future
prospects. of Fungi. 2020 Oct
13;6(4):222.

Soltani B, Heidari H, Ebrahim-Saraie HS, Hadi
N, Mardaneh J, Motamedifar M. Molecular
characteristics of multiple and extensive drug-
resistant

for inherited

Journal

Acinetobacter baumannii isolates
hospitalized patients in
Southwestern Iran. Le infezioni in medicina:
rivista periodica di eziologia, epidemiologia,
diagnostica, clinica e terapia delle patologie
infettive. 2018;26(1):67-76.

obtained from



Journal of Bioscience and Applied Research, 2025, Vol. 11, No. 3, P.976-988 plISSN: 2356-9174, elSSN: 2356-9182 988

29-

30-

31

32-

33

34-

35-

36-

Al Shammari OS, Hassan BA. Production,
Purification, and Characterization of Levan
Isolated from Bacillus subtilis. InBIO Web of
Conferences 2024 (Vol. 139, p. 06014). EDP
Sciences.

Al Shafii SW, Hassan BA. Antibacterial
Activity of Magnesium Oxide Nanoparticles
against MDR Pseudomonas aeruginosa Isolated
from Different Clinical Infections. InBIO Web
of Conferences 2024 (Vol. 108, p. 04003). EDP
Sciences.

Hassan BA, Lawi ZK, Banoon SR. Detecting the
activity of silver nanoparticles, Pseudomonas
fluorescens, and Bacillus circulans on inhibition
of Aspergillus Niger growth isolated from
moldy orange fruits.

Hassan BA, Jebor MA. Amylase production,
purification, and characterization  from
Escherichia coli. Journal of Pharmaceutical
Sciences and Research. 2018 Jul 1;10(7):1691-
6.

Miraj SS, Kurian SJ, Rodrigues GS, Saravu K,
Rao M, Raychaudhuri SP, Downs BW, Bagchi
D. Phytotherapy in diabetic foot ulcers: a
promising strategy for effective wound healing.
Journal of the American Nutrition Association.
2023 Apr 3;42(3):295-310.

Dominguez AV, Algaba RA, Canturri AM,
Villodres AR, Smani Y. Antibacterial activity of
colloidal silver against gram-negative and gram-

positive bacteria.  Antibiotics. 2020 Jan
19;9(1):36.
Sharma, R., Giri, S. K., Kumar, A., Chamoli, S.,

& Singh, G. (2023). ROS mediated pathogen
control by ZnO and MgO nanoparticles. In
Oxides for Medical Applications (pp. 419-431).
Woodhead Publishing.

Moo CL, Yang SK, Yusoff K, Ajat M, Thomas
W, Abushelaibi A, Lim SH, Lai KS.
Mechanisms of antimicrobial resistance (AMR)
and alternative approaches to overcome AMR.
Current drug discovery technologies. 2020 Aug
1;17(4):430-47.

37- Yameny, A. A Comprehensive Review on

Nanoparticles: Definition, Preparation,
Characterization,  Types, and  Medical
Applications. Journal of Medical and Life
Science, 2024; 6(4): 663-672. doi:
10.21608/jmals.2024.419629

38- Mitchell MJ, Billingsley MM, Haley RM,

Wechsler ME, Peppas NA, Langer R.
Engineering precision nanoparticles for drug
delivery. Nature Reviews Drug Discovery. 2021
Feb;20(2):101-24.



