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Abstract

Diabetic foot ulcer causing bacteria are one of the most important pathogens and considered a
serious threat to public health in recent years. The purpose of the study is to investigate the
antibacterial activity of iron oxide nanoparticles synthesized by pulsed laser ablation (Fe,O3NPs)
against some pathogenic bacteria isolated from diabetic patients with recurrent diabetic foot in
Baghdad Teaching Hospital, Irag.

Fifty clinical specimens were collected from each diabetic foot ulcer using sterile swabs and
cultured on different culture media. The isolated bacteria were identified based on their cultural
and microscopic characteristics, and biochemical tests. Moreover, diagnosis was confirmed
using Vitek2 system.Fe,OsNP was prepared using pulsed laser ablation. A Nd:YAG (New Wave
Research, 1845L) aluminum yttrium garnet laser (New Wave Research, 1845L) focuses on aniron
plate surface with a wavelength of 532 nm, energy of 100 mJ, and a laser stroke of 500, 1000,
and 1500. The modulated frequency is 6 Hz. As for the distance between the laser device and
the iron target surface, 12 cm. During the imaging process, the glass beaker containing the iron
plate is periodically transferred to obtain homogeneous colloidal Fe,O;NPs. Characterization of
the biocompatible Fe,Os;NPs was performed using scanning field emission electron microscopy
(FESEM), UV visible and X-ray diffraction spectroscopy. (XRD). The efficacy of the prepared
Fe,0;NPs against isolated bacteria was examined using the disc diffusion method.Fifty-two
bacterial isolates were obtained. All the prepared iron oxide nanoparticles were found to have
antibacterial activities. Fe,O;NPs ata laser stroke of 500 were found to have higher
antibacterialactivitiesin comparison to the other prepared nanoparticles.Thediametersof the
inhibition zone were
(25.3+0.6,24.340.6,23.8+0.3,18.7+0.6,18.5+0.5,17.5+£0.9,16.0+0.9,15.8+0.8,15.7+0.6,15.2+0.3,15
.240.3,10.3+0.6) mm for nanoparticles (500 laser stroke) againstProteus vulgaris, Proteus
penneri, Sphingomonaspaucimobilis, Kocuriakristinae, Staphylococcus aureus, Proteus mirabilis,
Klebsiella pneumoniae,Staphylococcus hominis, Escherichia coliPseudomonas aeruginosa,
Enterococcus faecalis, Aeromonashydrophila, respectively. In conclusion, the results obtained
clearly supported that Fe,0sNPs might have potential as antibacterial.
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Introduction

commonly synthesized into
The synthesis of nanoparticles has been nanoparticles[1].lron oxide nanoparticles
rapidly developed over the past few (Fe,O3NPs) have been widely employed for
decades. Iron is one of the metals various applications, especially in the drug
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and medications sector such as contrast
agent, soft tissue repair, drug delivery,
detoxification, immunoassay examination,
and cell separation. All of those applications
require extremely small size iron particles
ranging from 1-100 nm[2]including
superparamagnetism, biodegradability,
biocompatibility[3]high surfacearea, and
stability[4]. Accordingly, increased demand
for Fe,03NPssuggests changes in the
traditional chemical, physical, and biological
synthesis, aiming to improve the
costeffectiveness, environmental
sustainability, and manufacturing process.
Alternative methods based on green
chemistry  ariseto  overcome  these
limitations and optimize the production of
Fe,0Os;NPswith  superior  environmental
performance, and more efficient
processes[5,6,7]. The wide wuse of
nanomaterials forenvironmental
remediation  includes the removal,
stabilization, and degradation of different
organic and inorganic contaminants such as
heavy metals and organic matter[8].
Therefore, thepotential environmental
impacts of nanomaterials, especially,iron-
based nanoparticles, have to be considered
and evaluated,which can affect different
organisms and microorganisms in a large
variety of ecosystems[9].Green chemistry,
defined by Anastas and Warner in 1998
asthe design of environmentally friendly
chemical processes andproducts[10] follows
12 principles summarized in the
minimization of hazardous compounds and
the generation of residues[11]. Along with
sustainable chemistry, green chemistry
improves the efficiency related to the use of
natural resources, contributing from social,
economic, and environmental[12].
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Diabetic foot ulcer causing bacteria are one
of the most important pathogens and
considered a serious threat to public health
in recent years. The toxic side effects of
synthetic antibiotics have necessitated a
search for new antibacterial agents.As far as
our knowledge survey, no studies on the
effect of nanoparticles against pathogenic
bacteria that causing diabetic foot ulcer
have been previously published. This
prompted us to further investigate the
antibacterial activity of iron oxide
nanoparticles synthesized by pulsed laser
ablation (Fe,O3NPs) against some
pathogenic bacteria isolated from diabetic
patients with recurrent diabetic foot in
Baghdad Teaching Hospital, Iraq.

2.Materials and method

2.1 Sample collectionand bacterial
diagnosis

Fifty samples from diabetic patients who
suffer from recurrent diabetic foot in
Baghdad Teaching Hospital were collected.
For aerobic bacterial culture, samples were
obtained aseptically by the use of sterilized
swabs. To avoid isolation of colonizing
bacterial flora, samples were obtained from
the deepest part of the ulcer after the
wound area was rinsed with saline and the
wound was debrided. Samples were
immediately transported to the
microbiology laboratory for the required
identification tests. All samples were
cultured on different media. Isolated
bacteria were identified by using different
methods including cultural and
microscopical characterization, in addition
to biochemical tests. Then the diagnosis
confirmed by using Vitek2 system.

2.2 Synthesis of Fe,O;NPs
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A high-purity Iron plate (about 99.95%)
was immersed in 10 ml of deionized
water in a Baekar beaker. A yttrium
aluminum garnet (Nd: YAG) laser (New
Wave Research, 1845L) is focused on a
zinc plate surface with a wavelength of
532 nm, an energy of 100 mJ, and a
laser stroke of 500, 1000 and 1500.)

and the frequency rate is 6 Hz. As for
the distance between the laser device
and the surface of the zinc target, 12
cm. During the imaging process, the
glass cup containing the Iron plate is
periodically transferred to obtain
colloidal homogeneous fe,03NPs.,
respectively.

Figure (1) Preparation of Fe,0; NPs at three an energy

2.3

optical properties

2.3.1UV-vis

The results showed that biosynthesized of
Fe,0sNPs exhibited a maximum absorption
peaks at 1500 pulses as shown in Figure
1.The result agree with (Fazio, Santoro et al.
2016)the iron oxidenanoparticles
concentration were indirectly estimated
carrying outoptical absorption
measurements in the UV—vis spectral region
(notshown) and also collecting, by means of
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a magnet, the particles onthe wall of the
vial containing the colloidal solution. From
Figure 2, we notice that the absorbance
increases with the increase in the number
of pulses, and this indicates an increase in
the concentration of nanoparticles in the
suspension, and this is consistent with the
concentration results that were measured
by the automatic absorption device, which
was as in Table 1
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Figure2: UV-visible absorption spectra of IONPs synthesized
Table (1) represents the results of Atomic Absorption

NO impulses VALUE(Fe,0;) PPM
500 19.9
1000 66.2
1500 47.75
2.3.2
Energy Gap of Fe;O3;NPs the number of pulses, different particles

In Figure (3), the energy gap of the Fe
compound was calculated as a function of
the number of pulses depending on the
absorbance values, and it was from ( 2.1-
2.6ev) and it was found that the energy gap
lowering with the increase in the number of
pulses and the reason is that by increasing

1x10"

sizes may have been removed compared to
the number of pulses, and since the energy
gap increases with decreasing in the
particles sizes and this may be related to
the lack of defects and the formation of sub
energy levels within the energy gap.

—o— 500 Pulse
—o— 1000 Pulse
sx10''4{ —— 1500 Pulse

5x10'' 4

(ahv)?

3x10"" 4

1.5 2.0

Figure 3: Energy Gap of fe,03NPs
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2.3.3The X -ray diffraction of fe; 03 nanoparticles

The XRD spectra of Fe,0;NPs, nanoparticle
powder is shown in Figure 4. The result where
general spectra and the regions of these
spectra are observed. Although Raman
spectroscopy is a technique for studying
atomic and molecular bonds physics of
condensed matter, care must be taken when
applying it to the study of iron oxides.
Magnetite bands are not shown as in the
direction patterns and in the XDR spectra,
which may be due to the phase change from
magnetite to hematite because excessive
exposure of an iron oxide sample to laser
radiation has been shown to generate
hematite, indicating that some peaks with

Fe,0sNPs phase could be attributed to this
phenomenon(Santillan, Mufietén Arboleda et
al. 2017).The peaks fe,03 NP in fig.4 were
(33,36,49,58) and at 26 = (211,110,202,018),
respectively. Take note of the higher peak at
(018). This is compatible with the card (33-
0664), and the results show that the values of
the element fe;03NP X-ray spectrum are
consistent with the table (Joint Committee on
Power Diffraction Standards) (JCPDS). The
crystal size for fe,03NP was calculated using
Scherre's Equation, and it was
(17.44,61.86,78.38 nm), which corresponds to
(500, 1000, 1500 pulses) respectively.

Intensity (a.u.)

s

2-theta
Figure 4 : : X-ray diffraction pattern of fe,0;NP
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2.3.4 Emission Scanning Electron Microscope

The Morphology and size reached (11 to 30 ) nm of Fe203 NPs were synthesis by pulsed laser
method of the field emission scanning electron microscopy (Figure 5). The result according

to[_IONP spherical shapes exhibited clustered with,

size distribution ranging from 22 nm SEM nanoparticles was clustered with a mean diameter of 963

6 nm. shows that the morphology of the samples showed particles that are roughly spherical in
shape, and have granulation and a tendency to agglomerate, confirming that the size of the

particles was in the order of nanometers

1 pan EHT = 10.00 kV Signal A = InLens Date: 23 May 2022

P
Signal A = tnLans
Mag = 100.00 K X Time: 8:38:38
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Signal A = InLens Date: 23 May
Mag = 100.00 K X Time: 9:47:25
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Figure 5: Field Emission Scanning Electron Microscope for fe,03 NPs nanoparticles for laser strikes,
(A) represents Fe 500, (B) represents Fe 1000, and (C) represents Fe1500

2.3.5 AFM

Atomic force microscope (AFM) images as
shown in Figure 6 display the topography of
the fey03NPssurface, which agrees with
the XRD result. The characterization results
revealed that most of the Fe203 NPs are
small size spherical particles. The mean
diameter of the fe;03NPs synthesized in
this study is 5.3 nm. Single surface plasmon
resonance (SPR) peak revealed that the
Fe203 NPs are mostly in the spherical
scanning probe

shape,In  this work,

microscope available AFM Measuring the
accumulation  distribution,
roughness, size of the fe
nanostructures range 40 to 90 nm showen

size distribution of

granularity
and grain

in Figure 6. The
fez03NPs is nearly Gaussian type shows
agglomerates, the roughness was 11.55,
6.85, 20.36 for strikes 500, 1000, and 1500
respectively. It was found from the figures
that the lowest granular size was at the
pulse 500, and this is in agreement with the
previous results that were clarified above.
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Figure(6): AFM for fe,03 nanoparticles for laser strikes, (A) represents Fe 500 (B) represents
Fe1000, and (C) represents Fe1500

2.3.6Antibacterial activity of the
preparedfe;o03nanoparticles
Antibacterial activity of the prepared
nanoparticles was done using agar well-
diffusion assay.The agar plates cultured
with tested bacteria(1.5x10% CFU/ml, wells
cut into the plates with 6mm sterile cork
borer were loaded with 20 pl of the way of
fe,03NPsat different concentration, the
3. Results and Discussion

plates were incubated at 37°C for 24 hrs.
Hindrance was identified by a zone of
clearing around the supernatant well [Al-
Gosha’ah, F. A., Al-Baker, S. M., & Al-Hetar,
K. Y. (2014). Bacteriocin Typing of
Staphylococcus aureus Isolated from
Different Sources in Ibb City, Yemen. Jordan
Journal of Biological Sciences,147(1570), 1-
5]

Fifty swab samples were collected from diabetic patients who suffer from recurrent diabetic
foot in Baghdad Teaching Hospital, the proportion of males was 65.3% and females 34.7%, and
their age ranged between 38 and 70 years as showed in the table 2.

Table 2: number of patients with Isolates taken from them.

No. Gender (No.) Age (years) No. of isolates
1 Male (1) 38 1
Femal (5)
2 43-47 12
Male (7)
Femal (6)
3 56-50 15
Male (8)
Femal (2)
4 63-59 13
Male (11)
Female (3)
5 70-65 11
Male (7)
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A total of 52 bacterial isolates were obtained. The isolated bacteria were Pseudomonas

luteola,Staphylococcus hominis, Aeromonas hydrophilia,Staphylococcus aureus, Escherichia coli,

Klebsiella pneumoniae, Kocuriakristinae, Enterococcus faecalis, Sphingomonaspaucimobilis,

Proteus penneri, Proteus vulgaris, and Proteus mirabilisr(Table 3).

Table 3: Isolated bacteria

2
=

Bacteria

Pseudomonas luteola

Staphylococcus hominis

Aeromonas hydrophilia

Staphylococcus aureus

Escherichia coli

Klebsiella pneumoniae

Kocuriakristinae

Enterococcus faecalis

O INOO UV AR WIN|F

Sphingomonaspaucimobilis

[
o

Proteus penneri

[y
[y

Proteus vulgaris

[y
N

Proteus mirabilis

This result agrees with another previous
study that has shown that males are more
susceptible to foot infection than females
[13, 14]. This might be due to factors such
as variations in their lifestyles and work
activities that force the feet to withstand
greater pressure.While other result by [15]
age of 40 years old all patients were over
the. With sensory neuropathy, who are
usually elderly. This might be because foot
lesions in diabetic patients are more
common in those.On the other hand,in
Egypt also demonstrated a higher
prevalence of Gve+ bacteria than Gve-
bacteria in DFls (65.5% vs. 34.5% and 67%
vs. 30%, respectively [16].

The result by Hamid MH et al. [12] found
that K. pneumoniae (47.8%) was the most
prevalent Gve- in this study followed by P.
mirabilis  (30.4%) and Pseudomonas
aeruginosa (13%), while E. coli and Proteus
penneri (2.4% for each) were the least
common.

elSSN 1303-5150 @

The results showed that the prepared Fe,0;
NPshave antibacterial activity (Table 4). The
highest inhibition zone diameters
were(25.3+0.6,24.310.6,23.8+0.3,18.710.6,
18.5+0.5,17.5+0.9,16.0+0.9,15.84+0.8,15.7+0
.6,15.240.3,15.2+0.3,10.3+0.6) mm  for
nanoparticles (500 laser stroke)
againstProteus vulgaris, Proteus penneri,
Sphingomonaspaucimobilis,
Kocuriakristinae, Staphylococcus aureus,
Proteus mirabilis, Klebsiella pneumoniae,
Staphylococcus hominis, Escherichia
coli,Pseudomonas aeruginosa, Enterococcus
faecalis, Aeromonashydrophila,
respectively.

On the other hand, the diameters of
inhibition zone were (21.741.2, 19.310.6,
16.2+0.3,15.5+0.5, 13.84+0.8, 12.7%0.6,
12.3+0.6,12.2+1.0, 9.310.6,
8.710.6)mmfornanoparticles
(1000laserstroke) against Proteus vulgaris,
Proteus penneri, Pseudomonas aeruginosa,
Kocuriakristinae,Sphingomonaspaucimobilis
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, Staphylococcus hominis,Escherichia coli,
Enterococcus faecalis, Klebsiella
pneumoniae,Staphylococcus

aureus,respectively.Moreover, the
preparedfe,03NPsat a laser pulse 1500
had the lowest diameters of the inhibition
zone when compared to others (Table
4).The antibacterial mode of action of NPs is

generally described as adhering to one of
the following mechanisms; cell plasma
membrane damage, generation of reactive
oxygen species, penetration of bacterial
cytoplasmic membrane; and leading to
intracellular effects such as interacting with
deoxyribonucleic acid (DNA) and cell
protein [18, 19, 20, 21,22].

Table 4: Antibacterial activity of the preparedFe,0; NPsbased on virous laser pulses.

Diameter of the inhibition zone (mm) (MeantSD)

No.

Fe 1500 Fe 1000 Fe 500
Aeromonashydrophila 0.0 0.0 10.310.6
Escherichia coli 10.3+0.6 12.3+0.6 15.7+0.6
Klebsiella pneumoniae 0.0 9.3+0.6 16.0£0.9
Proteus mirabilis 0.0 0.0 17.5£0.9
Proteus penneri 17.3+0.6 19.3+0.6 24.31+0.6
Proteus vulgaris 19.3+0.6 21.7+1.2 25.310.6
Pseudomonas aeruginosa 12.7+0.6 16.2+0.3 15.2+0.3
Sphingomonaspaucimobilis 15.8+0.8 13.840.8 18.740.6
Enterococcus faecalis 10.7+0.6 "12.2+1.0 15.2+0.3
Kocuriakristinae 0.0 15.5+0.5 23.810.3
Staphylococcus aureus 0.0 8.710.6 18.5+0.5
Staphylococcus hominis 10.8+0.8 12.740.6 15.8+0.8
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Figure 7: inhibition zones of Aeromonashydrophilaafter treatment with thefe;0;NPs.

Figure8:inhibition zones of Staphylococcus aureusafter treatment with thefe,o0;NPs.
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