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Abstract

The purpose of this research was to study the biological activity of Magnesium oxide against XDR
bacteria Pseudomonas aeruginosa and Staphylococcus aureus MARSA that isolated from burns
infections. During the months of August 2022 to December 2022, a total of 75 specimens and
investigations were collected. Specimens for burns infection were gathered from two hospitals in the
province of AL-Najaf (AL-Hakeem Hospital and Central Laboratory in najaf ). Swabs from burns
infection patients were collected and sent to the lab, where they were streaked on MacConkey agar,
a blood agar., Gram-negative bacteria had a high rate of 58 (78%) based on morphological and
biochemical tests, with P. aeruginosa having a high percentage of 39 (52 %) and S. aureus having a
high percentage of 15 (20 %). K. pneumonia has 9 (12 %), E. coli has 6 (8%), B.cepacia 3 (4%) ,
A.baumannii 2(2.67%) and other in 1 (1.33%) . while G +ve bacteria recorded 17 (22 %), with S. aureus
being the most isolated bacterium in this investigation. The first diagnosis of bacterial isolates was
based on characteristics such as Gram stain, morphology, biochemical testing and automated VTEK-
2 . Isolated bacteria were tested against E. coli as an indicator strain for Magnesium Oxide
Nanoparticle production. The most effective isolate was chosen based on the colors that change and
formation of white precipitation and the biological activity of Mgo NPS against XDR bacteria. B.
subtitles S3, was the most effective isolate. Because each microbe has a unique metabolic process
and enzyme activity, not all bacteria can manufacture NPs . The characterization of biogenic Mgo
NPs was achieved, using UV visible spectrophotometry, Field Emission Scanning electron
microscope (FESEM), Energy dispersive spectroscopy (EDS), X-ray diffraction (XRD), and Atomic
force microscope (AFM).
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1. Introduction

Nano biotechnology is a growing, interdisciplinary
field of research interlacing material science, bio
nanoscience and technology. The advances made in
the field of nano biotechnology to harness the
benefit of life sciences, health care and industrial
biotechnology are remarkable (1). Nanoparticles
exhibit completely new or improved properties with
larger particles of the bulk materials and these novel
properties are derived due to the variation in specific
characteristics such as size and morphology of the
particles (2) Magnesium oxide (MgO) is an
interesting basic metal oxide that has many
applications. For example, MgO with ultrafine,
nanoscale particles and high specific surface area
have shown great promise as destructive adsorbent
for toxic chemical agents. Nanoscale MgO exhibits
unique optical, electronic, magnetic, thermal,
mechanical and chemical properties due to its
characteristic structures(19,20).

Chemical synthesized prepared nanoparticles of
various methods such as, sol-gel process, micelle,
precipitation, hydrothermal and pyrolysis etc. In
general, chemicals used for the nanoparticles
synthesis and stabilization are toxic and led to non-
ecofriendly byproducts are very expensive and use
of hazardous chemicals mostly which cause danger
to the environment and human beings (3). AMR
infections kill over 700,000 people per year across
the world. By 2050 up to 10 million people a year
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could die of antimicrobial resistance(21,22). Aim of
study Therapeutic effect of biosynthesized
Magnesium oxide nanoparticle against pathogen
isolated from wound bumn.

2. Materials and Methods

Isolation and identification of bacteria from burn
infection

Various types of bacteria were isolated (75 isolates)
from burns during the period from August 2022 to
December 2022 and diagnosed based on
morphology, microscopic examination, biochemical
test, and VITEK2 compact system.

Selection the efficient isolate that producing Mgo
NPs

Different types of bacterial strains 36 (S1-S36) were
screened for biosynthesis of Magnesium oxide NPs,
Isolate (S3) was selected as efficient isolate based on
color change and antibacterial activity against
P.aeruginosa and S. aureus as indicator strain, S3
diagnosed as Bacillus subtilis and depending on the
morphology, microscopic examination ,VITEK and
molecular detection .Magnesium oxide NPs was
synthesized by biological methods using Bacillus
subtilis by applying Mg(NOs), to each bacteria's cell-
free supernatant at a concentration of (0.2 M).
|dentification bacterium (S3) was used for the
biosynthesis of Mgo NPs

This bacterium (S3) was used for the biosynthesis of
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Mgo NPs and Identification based on:
(imorphological examination (ii)The isolate was
identified by VITEK2 with BCL/ID card with 64
biochemical tests.

Characterization of Mgo NPs

The characterization of biogenic Mgo NPs was achieved,
using UV visible spectrophotometry, Field Emission
Scanning electron microscope (FESEM), Energy
dispersive spectroscopy (EDS), X-ray diffraction (XRD),
and Atomic force microscope (AFM).

Antibacterial Activity of Mgo NPs

The antibacterial activities of Mgo NPs were tested with
different concentration against Extensively drug-
Resistant (XDR) bacteria: Gram-negative ( P. aeruginosa)
and Gram-positive S. aureus MARSA that isolated from
burn infection , bacteria using diffusion method . With
100pl of bacterial suspension, the agar plate was
incubated. using a sterile cork Porer, Pores (7 mm
diameter) were created and filled with Mgo NPs (100ul) .
After that, First, Petri dish were kept at 4 °C for 2h , then
incubated at 37°C for 24 hours antibacterial activities was
evaluated and the values were provided an means of
triplicate by measuring te growth inhibition zone
diameter in millimeters.

Ant- biofilm effect by Mgo nanoparticles

In vitro ant biofilm activity was measured using the
96-well microtiter plate technique. The first well
microtiter plate filled with 100 uL BHIB broth
medium containing 1% glucose and 100 pL of
biogenic Mgo NPs then they were made at several
diluted concentrations (512,256,128,64,32,16,8,4
and 2 ug/ml), after that we add in each well microtiter
plate 100 pL of the diluted concentration till the last
one used as a control to confirm the development of
biofilm by bacteria and the inhibition of biofilm
formation by Mgo NPs. (4)

Antioxidant activity of Mgo nanoparticles

Antioxidant activity evaluation using an offline (DPPH)
assay. The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical
cation technique that adapted to assess the ability of one
hundred pure chemical compounds to scavenge free
radicals. The DPPH reagent was DPPH 200 pl as a control
in the first well of microplate.

In a 96-well microplate, 100 pL DPPH reagent was
mixed with 100 pL of sample (Mgo at different
concentration 1000,500,250 and 125 pg/ml) and
incubated in dark at room temperature for 30 min to
measure scavenging activity. The absorbance was
determine at 514 nm using an ELISA reader (TECAN,
Grading, Austria) after incubation, using 100 per cent
methanol as a blank (5) .The following formula was
used to calculate the DPPH scavenging effect:
Radical scavenging (%) = [(4)control — (A)sample/
(A)control] x 100.

3. Results and Discussion
Isolation and identification of Bacteria from burn
infections

Seventy-five samples were collected from burns
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infections. The patients who attending to ( AL-
Hakeem hospital and the Central Laboratory in
najaf). Among the 75 isolates, gram positive cocci,
Staphylococcus  aureus  15(20%) was  the
predominant and the most common gram negative
bacilli were Pseudomonas aeruginosa 39 (52%)
followed by Klebsiella pneumonia 9 (12%),
Escherichia coli 6 (8%), B.cepacia 3(4%), A.baumannii
2(2.67%) and others 1 (1.33%) Figure

3-1)

= P.aeruginosa ™ S.aureus M K.pneumonia

Figure (3-1): Bacterial percentage among clinical
samples.
Identification bacterium (S3) was used for the
biosynthesis of Mgo NPs.

E.coli mB.cepacia ®Abaumannii m Others

This bacterium (S3) was used for the biosynthesis of
Mgo NPs and Identification as B. subtilis based on:
(imorphological examination, which has a rod shape
and is Gram-positive. When cultured on regular
nutrient agar, the morphology of this bacteria's
spherical colony is rough, fuzzy white, opaque, with
jagged edges, In addition, its bacillary shape
appeared under a microscope. (ii)The isolate was
identified by VITEK2 with BCL/ID card with 64
biochemical tests. The isolate was identified as B.
subtilis with probability 91% .

UV-visible Spectroscopy

UV- Visible spectrophotometric is a proven
technique for detecting the nanoparticles. After 24
hours of incubation of the reaction mixture, color
change was observed which indicated the formation
nanoparticles in the reaction mixture. The
biosynthesis of nanoparticles can be confirmed by
visual observation and measuring the absorbance
band using UV-visible spectroscopy. The absorption
spectrum of nanoparticles produced in the reaction
mixture has a peak at 280nm figure (3- 2) .
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Figure (3-2) UV-visible spectroscopy analysis of Mgo
NPs synthesis by B. subtilis

3.2 Field Emission Scanning Electron
Microscopy (FESEM) analysis

FESEM used to validate morphology and size of Mgo
particles and well distributed and spherical shaped
Mgo nanoparticles generated by B. subtilis with a
size of between (41.83 — 91.9 nm) the size average of
it 66.55 nm. figure (3-3).
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Figure (3-3): FESEM Micrograph of biogenic Mgo
nanoparticle synthesized by B. subtilis showed MgoNPs
with spherical well scattered with a size average of
66.55 nm. A: at 100 nm B: at 200 nm

Energy dispersive X-Ray spectroscopy
(EDS) analysis

The optical absorption peaks of elements were
observed using Energy Dispersive Spectroscopy
(point and mapping analysis) to quantify the
presence of Mgo NPs. The weight percentages of
Mgo NPs fabricated by B. subtilis strain were 57.73%
oxygen, 18.93 % magnesium, 20.3% phosphor, 0.66
% chloride, 1.03 % sodium, and 1.35 % potassium,
as seen in figure (3-4) .
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Figure (3-4) EDS analysis of Mgo NPs synthesized by B.
subtilis.

Atomic Force Microscope AFM

Atomic force microscopy ( AFM) image of Mgo
nanoparticle synthesis by B. subtilis , Although the
lateral dimensions are influenced by the shape of the
probe, the morphology of Mgo NPs was reported.
The height measurements be able to provide the
elevation of nanoparticles with a high point of
precision and accuracy. the average diameter of
Mgo NPs biosynthesis from B. subtilis was 13.3nm (3-
5) which showed three dimension images, and
granularity accumulation distribution charts of Mgo
NPs .

Atomic Force Microscopy's extraordinary resolution
allows for precise three-dimensional visualization of
molecular structures, as well as atomic-scale
strategies. The procedure for preparing samples for
AFM is straightforward. Because samples can be
viewed under near-physiological conditions, AFM
can record the critical procedures of molecules,
organelles, and other structures in living cells in real
time(6)

Figure (3-5) AFM analysis of biogenic Mgo synthesis by
B. Subtilis
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X-Ray diffraction analysis (XRD)

The cubic crystal system of the synthesized MgO was
confirmed by the XRD . The 26 peak positions were
well identified with the JCPDS NO: 01-076-1363.
Also, the crystalline size was evaluated by the
following Debye Scherrer's formula D = 0.94MB
cosh. .

The strong peak suggested the inclusion of
bioorganic coupons/proteins in the nanoprticles
throughout the manufacturing process (Figure 3-6).
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Figure (3-6): XRD analysis of Mgo nanoparticles
synthesis by B. subtilis showing the structure and size.
Antibacterial effects of Mgo nanoparticles and
antibiotics

The antibacterial activity of biogenic Mgo NPs
generated by B. Subtilis against certain Extensive
drug resistance (XDR) bacterial pathogens has been
tested. The bactericidal activity of biogenic Mgo NPs
was determined using the agar well diffusion
technique (7).

All of microorganisms studied were inhibited by Mgo
NPs at different doses (200, 100 and 50 ug /ml). In
Gram negative, largest inhibition zone of Mgo NPs
was (20 mm) in P. aeruginosal by a concentration of
(200 pg /ml), whereas the lowest inhibition zone in
Gram positive bacteria was (15 mm) in S. aureus2 at
the same concentration. As the quantities of Mgo
NPs were raised, the inhibitory impact became
stronger. As seen in (Figure 3-7), and table (3-1). It
was comparable to earlier studies that found that
high concentrations of Mgo NPs inhibited bacterial
growth. (8) . The findings revealed that nanoparticles
can limit bacterial growth in both Gram- positive and
Gram-negative bacteria. Gram- negative bacteria
were more sensitive to biogenic Mgo NPs than
Gram- positive bacteria.

A0 B

n
Figure (3-7) Antibacterial activity of Mgo NPs synthesis
by B. Subtilis against
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A: Three strain from P. aeruiinosa. B: Three strain from S. aureus.

. inhibition zone (mm)
lesitze [Beteint 50 pg/ml 100 pg/ml 200 pg/mi
S. aureus 1 10 15 16
S. aureus 2 9 14 15
S. aureus 3 10 16 18
P. aeruginosa 1 12 17 20
P. aeruginosa 2 0 16 17
P. aeruginosa 3 10 15 17

Antibacterial action against many bacteria, including
Gram-positive, ~ Gram-negative,  aerobic, and
anaerobic organism, has been demonstrated.
Because these proteins have no harmful impact on
humans, they are excellent antibiotic substitutes (9).
Current study might suggest that using probiotics
that can be a solution to many problems of pathogen
antibiotics resistances and can be associated with
other options. Which claimed that probiotics are a
double-edged sword having both good effects and
related hazards, even though probiotics are now
considered safe (10). The scientific community has
made it their aim to create a successful alternative to
replace current antibiotics that have become
resistant regions, as well as an effective new entry
drug complement to antibiotics, because of the
mounting problem of Extensive drug resistance
(XDR). Nanoparticles are now being welcomed as a
possible alternative to antibiotics, with the potential
to solve the bacterial XDR problem (11). In Gram-
negative bacteria like P. aeruginosa, as well as Gram-
positive bacteria like S. aureus, Mgo NPs is reported
to also have antibacterial properties (12). Mgo NPs
were shown to be efficient antimicrobial medicines

against a wide range of clinically relevant infections.
It has been shown that the fundamental mechanism
of its antibacterial action is attacking an outer
membrane protein called lipopolysaccharide (LPS),
which damages cell membranes and causes bacteria
to die at neutral PH (13).

The effect of Mgo nanoparticles on
haemolysis

Hemolysis is a condition in which red blood cells
(RBCs) burst and their components are released,
resulting in anemia, jaundice, and renal failure.
Because all materials entering the blood come into
touch with RBCs, it's critical to assess the materials'
hemolytic capacity (14). The hemolysis was identified
using Triton X-100 as a positive control indicator. A
sterilized phosphate buffer saline solution was
employed as a negative control that allowed the
stock solution to be stored at room temperature.
Mgo NPS throughout all the concentrations (1000,
500, 250, and 125 pg/ml) did not caused hemolysis
in the entire blood samples examined as seen in
table (3-2) This discovery is with agreement of
(Rajkumar et al., 2020) (15) , who found hemolysis did
not caused by NPs or solvents in NPs or polymer

Sample Hemolysis %
Triton X-100 (positive control) 100
PBS(negative control) 0
Blood with MgoNPs 1000 pg/ml 0
Blood with MgoNPs 500 pug/ml 0
Blood with MgoNPs 250 pg/ml 0
Blood with MgoNPs 125 pg/ml 0
Anti-biofilm effect of Bioactive Mgo NPs.

Biofilm seems to be the most essential property of
bacteria that improves bacterium adhesion to
medical equipment and prosthesis surfaces. The
antibiofilm efficacy of Mgo NPs generated by B.
subtilis was investigated using micro titter plate
technique with varied doses of Mgo NPs (512 pug /ml,
256pg/ml, 128 ug /ml, 64 pg /ml, 32 pg /ml, 16 pg
/ml, 8 ug /ml, 4 ug /ml) versus three bacteria strains
(S. aureus (MARSA) and P. aeruginosa) such as Gram-
positive and Gram-negative bacteria.

The antibiofilm  effectiveness  results  differ
depending on the harmful bacteria. With the rise in
concentration  level of Mgo nanoparticles
synthesized by B. subtilis and bioactive Mgo showed
significant antibiofilm action, at concentration of (512
pg /ml, 256 ug /ml, 128 ug /ml, 64 ug /ml, 32 ug /ml,
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16 pg /ml and 8 pg /ml, ). The absorption will
rise from (100 % to 25%) for S. aureus 1, (99 to 13 %)
for S. aureus? , (99 to 19 %) for S. aureus 3, (99 to 17
%) for P. aeruginosa 1, (99 to 13 %) for P. aeruginosa
2, (100 to 19 %) P. aeruginosa 3 as seen in figure (3-
8).

< DRefirficy 2 2

Figure (3-8):Anti-biofilm effect of Mgo NPs synthesised
by B. subtilis against pathogenic bacteria A: S. aureus
B: P. aeruginosa
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Antioxidant activity of Mgo nanoparticles

The DPPH which is (1-Diphenyl-2-picrylhydrazyl), The
free radical rummaging experiment performed to
determine the antioxidant capacity of MgoNPs
metabolites produced from B. subtilis in vitro by
decreasing DPPH free radicals. After 30 minutes of
introducing nanoparticles at concentrations (1000,
500, 250, and 125 pg/ml) to the DPPH solution, the
absorbance at 517 nm was determined. The capacity
of nanoparticles to scavenge DPPH free radicals was
demonstrated by measuring the colour changes
(16).

DPPH reducing the effect of nanoparticles increased
with the elevation in the concentration of biogenic
Mgo NPs synthesised by B. subtilis. It was 81% in
1000 pg /ml, 78.9% in 500 pg/ ml, 78% in 250 pg /ml,
and 77% in 125 pg/ml for Mgo NPs, figure (3-9).

= concentration
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Inhibition
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Figure (3-9): Antioxidant effect of Mgo NPs synthesized
by B. subtilis in DPPH test.

Traditionally, the antioxidant free radical rummaging
capacities of a single 1-diphenyl-2-picrylhydrazyl
have been calculated in vitro (DPPH). DPPH appears
to be a more stable and well-known free radical, as it
is reliant on reducing donor hydrogen or electron
absorption. The color change was used to study the
efficacy of antioxidants to reduce DPPH (17).

The DPPH rummaging effect of nanoparticles
increased as their concentration fell, showing that as
the concentration of Mgo NPs decreased, the
proportion of DPPH inhibition rise, and that DPPH
was inhibited more due to increasing electron
donation.

Antioxidants work by searching free radicals and
inhibiting their formation. On oxidative stress, free
radicals have a strong bactericidal action. Not only
has the membrane been destroyed, but biological
macromolecules such as proteins, lipids, DNA
enzymes, and RNA that trigger cell death have also
been harmed (18).
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