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Abstract

Herein iron oxide nanoparticles were successfully prepared from FeClz-6H.0 (1.1 g) and FeCl,-4H,0 (0.4 g) by
addition of ammonium hydroxide via coprecipitation method (CPC). The conditions for the preparation of IONPs
were optimized. IONPs were characterized by transmission electron microscope (TEM) and vibrating sample
magnetometer (VSM). Magnetic electrospun nanofibers based on FeszO4 nanoparticles/PVA/chitosan/collagen
were fabricated using an electrospinning technique. In the absence and presence of ciprofloxacin, nanofibers were
made from FesO4 nanoparticles that made up around 10% of the polymers. The viscosity and conductivity of
several composite polymer formulations were measured as critical metrics. The electrospun nanofibers were
characterized by Fourier transformation infrared spectroscopy (ATR- FTIR) and scanning electron microscope
(SEM). The diameter of the nanofibers, antibacterial capabilities, and magnetism of the nanofibers were all
measured. Electrospun magnetic nanofibers with higher antibacterial activity and supermagnetism were
produced. In addition, the use of ciprofloxacin antibiotics improved these qualities.

Keywords: novel green, magnetic electrospun nanofibers, FesOs nanoparticles, polyvinyl alcohol, chitosan,
collagen

1. Introduction region of magnetic nanoparticles substantially
alternate some of the magnetic properties and display
superparamagnetic events and quantum tunnelling of
magnetization. (13). Superparamagnetic
nanoparticles have a high workability for a variety of
biomedical applications due to their unique
mesoscopic  physical, chemical, thermal, and
mechanical properties. (14-17), Tissue repair, drug
administration, and magnetic resonance imaging
(MRI) are just a few examples. Iron oxide
nanoparticles (IONPs) are one of the most widely
utilised nanoparticle formulations in biomedical
applications due to their low toxicity, inexpensive
have manufacturing  costs, and unique  magnetic
characteristics. (18-24). IONPs, in particular, were

Nanotechnology has progressed to the point
where it is now possible to produce, characterise, and
customise the beneficial properties of nanoparticles
for biomedical activities and diagnostics in the
previous ten years. (1-4). Inorganic nanoparticles,
which exist between the molecular and solid phases,
combine chemical accessibility with bulk phase
physical features. (5-7). As a result, they're perfect
components for creating nanostructured materials and
devices with variable physical and chemical
properties (8-11).

Magnetic  nanoparticles [MNPs]
physical and chemical capabilities that are not found

in atoms or their bulk equivalents.(12). Because each
particle can be seen as a single magnetic area,
nanoscale measuring effects and the huge surface

particularly efficient as MRI contrast agents in the
imaging of the liver. (18, 25). In-vitro diagnostics
using tiny iron oxide particles has been conducted for
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nearly 40 years. (26). Previously, more research was
done with a variety of iron oxides in the area of
nanosized magnetic particles (mostly maghemite, g-
Fe,Os, or magnetite, Fe3Os, single domains of about
5-20 nm in diameter), with magnetite being a
particularly promising candidate because its
biocompatibility has already been established. (27).
Researchers have shown an increased interest in
multifunctional nanomaterials that are intended for
use in therapeutics and diagnostics applications in
recent decades (28-33). Iron oxide magnetic
nanoparticles (IONPs) are gaining popularity in a
variety of sectors, including physics, medicine,
biology, and materials science. (34-36) because of
their multifunctional properties, such as small size,
magnetic  susceptibility, biocompatibility, low
toxicity, stability, the ability to modify surfaces, and
the ability to be readily controlled with the use of an
external magnetic field (37, 38). The surface coating
and precise modification of IONPs is the most
significant requirement for their successful use in
technical and biological applications. (39, 40).

Electrospinning is a simple and effective
method for making nanofibers. (41). Electrospinning
of natural polymers has recently exploded in
popularity, owing to natural polymers' superior
biocompatibility and biodegradability, as well as their
suitability for the human body over manufactured
choices. (42, 43). Many biopolymers, such as
chitosan, have been successfully manufactured into
nanofibers. (44, 45), collagen/silk  (46),
keratin/fibroin (47), hyaluronic acid (48), gelatin
(49), and cellulose derivatives (50) using this
technique. In the biomedical field, electrospun
polymeric fibres play a significant role. Due to the
wide range of applications, such as DNA separation,
the fabrication of magnetic nanofibers that are
sensitive to changes in the external magnetic field is
amazing in the field of nanotechnology. (51),
targeting drug delivery ~ (52-55), bone  tissue
engineering (56) and microwave absorption (57).
Magnetic nanoparticles can be incorporated into
biopolymers to improve their biomedical uses.
Superparamagnetic  nanoparticles have several
advantages for making this nano-composite,
including ease of training and functionalization,
minimal toxicity, and low cost. (58, 59). Because of
its unique magnetic properties and minimal toxicity,
iron oxide (-Fe203 or Fe30a) is the most trustworthy
of the magnetic nanoparticles. Because of its
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superparamagnetism under 20 nm and natural organic
compatibility, magnetite (FesO4) was previously
intensively explored and exploited in organic
applications such as magnetic resonance imaging
(MRI), drug delivery, biosensor, magnetic separation,
and clinical prognosis. (60). The Fe3O4 nanoparticles
must be chemically stable, homogenous in size, and
well-dispersed in liquid media, ideally water, for the
majority of these applications. However, widespread
agglomeration of magnetic nanoparticles, particularly
in electrospinning composite nanofibers, is a
significant challenge in the manufacture of such
nanocomposite. Some of the magnetic nanofibers
were made by mixing dry FesO, magnetic powder
into the polymer solution and electrospinning them
into magnetic nanofibers. (61, 62). However,
obtaining homogenous dispersions of magnetic
nanoparticles/polymer is difficult. This aggregation
of Fes0s nanoparticles could be avoided by
improving or covering the magnetite's floor with
stabilisers such organic ligands. (63, 64) or steric
polymer (65). However, pH sensitivity, a lack of
functional groups, and a lack of consistency in the
received suspensions limit the use of stabilisers. As a
result, more magnetite/polymer combinations attract
focal points.

In this work, we have successfully
fabricated magnetic electrospun nanofibers based on
Fes04 nanoparticles/PVA/chitosan/collagen using an
electrospinning technigue with FesO4 nanoparticles of
about 10 wt. % of polymers in the absence and
presence of ciprofloxacin antibiotic. The different
composite polymers formulations were studied with
measuring viscosity and conductivity as important
parameters. The prepared fibres were evaluated by
measuring fibres diameter, antibacterial properties,
and also magnetism.

2. Methods

2.1. Materials

FeCl;-6H,O and  FeCl»-4H,O  were
purchased from Merck (Darmstadt, Germany). NaOH
(25 wt % in water). polyvinyl alcohol (PVA)-Oxford.
Chitosan of medium molecular weight (MMW, 480
000 Da) and degree of deacetylation of 79.0% (Alfa
Aesar Company). Ciprofloxacin hydrochloride was
purchased from Fisher Company and used without
further purification. All other chemicals and solvents
were from general laboratory-grade chemicals. All
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other chemicals were used at analytical grade without
any purifications. Collagen was obtained from young
rat tail tendons, according to the procedure described
earlier (66). Tendons were washed in distilled water
and dissolved in 0.1 M acetic acid for three days in 4
°C, the undissolved parts were removed by
centrifugation for 10 min at 10 000 rpm. The
completely frozen mixtures were lyophilized at - 55
°C and 5 Pa for 48 h (ALPHA 1-2 LD plus,
CHRIST, Germany).

2.2. Synthesis of iron oxide nanoparticles [IONPs]

An aqueous solution (150 mL in deionized
water) of FeCls-6H,O (1.1 g) and FeCl,-4H,0O (0.4
), in the molar ratio 2Fe (I11): 1Fe (Il) prepared and
kept at a constant temperature of 60 °C for 15 min
under vigorous stirring. Then under vigorous stirring
and N2 gas, a solution of ammonium hydroxide (20
mL of NaOH (25 wt. %)) was added till the pH was
reached ~11 at which a black suspension was
formed. This suspension was then stirred at 50 °C for
2 h, under vigorous stirring and N2 gas. IONPs were
separated from the aqueous solution by an external
magnet, washed with deionized water several times
then dried in a vacuum oven overnight.

2.3. Electrospinning process

2.3.1 Preparation of electrospinning solution

The desired amount of polymers used,
according to the concentration required was weighed.
1 % solution of chitosan (in 1% acetic acid), 1 %
collagen (in 1% acetic acid), and 15 % PVA (in hot
water) solutions were mixed with different volume
ratios and the air bubbles were removed by
sonication. After mixing, the electrospinning
solutions were fed into 5-ml syringes with a metal
end needle (22 gauges) and then mounted in a
programmable syringe pump operated at 0.5 ml/h at
25 + 2 °C. The positive lead from a high-voltage
power generator was connected to the needle tip and
a DC voltage of 17.5 kV was applied. The nanofibers
were collected on an aluminium foil collector with a
horizontal distance of 10 cm from the needle tip. In
some experiments, A definite amount of IONPs and
ciprofloxacin were added by suspension in a definite
amount of distilled water to the polymer’s mixture
before electrospinning and mixed, the air bubbles
were removed by sonification to prepare the

Egypt. J. Chem.65, No. 8 (2022)

nanofibers containing IONPs and/or ciprofloxacin
antibiotic.

2.4. Testing and analysis
Attenuated total reflection-Fourier transformation
infrared, Infrared spectra were measured using
high-resolution attenuated total reflection-Fourier
transformation infrared spectroscopy (ATR-FTIR)
(JASCO FT/IR-4700 spectrophotometer from
Japan). The spectra were collected in the
wavenumber range of 4000 to 400 cm™,
resolution of 4 cm™ with 2 mm/s scanning speed,
and 1.0 cm™ interval scanning using 64
repetitious scans on average.
The magnetic properties of IONPs and
electrospun magnetic nanofibers were studied
with a vibrating sample magnetometer (VSM).
The hysteresis loops of magnetic prepared IONPs
and electrospun magnetic nanofibers were
investigated by the VSM technique at 298 K
The viscosity of the polymer solutions was
determined by a rotation viscometer (Brookfield-
DVBT) at room temperature.
The electrical conductivity of the electro-spinning
solutions was measured using a Myron L Ultra-
meter 11, Model 6P.
Scanning electron microscope (SEM) images of
the electrospun nanofibers of polymers blends
were obtained using SEM Model Quanta 250 FEG
(Field Emission Gun) attached with EDX Unit
(Energy Dispersive X-Ray Analysis), with
accelerating voltage 30 kV, magnification 14x up
to 1,000,000, and resolution for Gun, FEI
company, Netherlands”. Samples were fixed to a
sample holder and coated with a layer of gold in a
vacuum using a sputter coater (S150A, Edwards,
England) to produce a conductive surface. Gold-
coated samples were placed in the microscope
chamber. Features of sample morphology were
obtained.
Transmission electron microscope (TEM) was
measured using Zeiss-EM10-Germany, operating
at power 60 kV. TEM samples were prepared by
dispersing 2—3 drops of NPs suspension on copper
grids and dried at room temperature after removal
of excess solution using a filter paper.
The antibacterial activity against Staphylococcus
aureus (S. aureus) as Gram-positive bacteria and
Escherichia coli (E. coli) Gram-negative bacteria
was evaluated by the bacterial colony counting
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method (59), where a liquid culture was prepared Where, C and A are the colonies counted from the
by mixing 0.5 g peptone and 0.3 g beef extract in plate of the control and treated samples,
100 ml water. 1 cm diameter of the crosslinked respectively.

film samples was cut and put into 10 ml of liquid
culture, to which 10 pl of microbe culture was
added and the tested samples were then incubated
for 24 h at 37°C. From each incubated sample,

3. Results and discussion

3.1. Preparation of FesO4 magnetic nanoparticles

100 ul of the solution was taken, diluted, and Fig. 1 shows the TEM image of prepared

distributed onto an agar plate. All plates were IONPs, it is clear from Fig. 1 (a) that the shape of

subjected to incubation for 24 hrs. and the IONPs was homogeneous and almost all particles

colonies formed were then, counted. The were found to be semi-spherical. The particle

percentage reduction was determined as follows: dimension of IONPs was in the range of 15.01 nm —

17.2 nm Fig 1 (b). It can be seen from the histogram

% Reduction in CFU (Colony Forming Units) that the particle size distribution of the prepared
= (C- A)/C x 100 IONPs was in the range of 6 nm — 16 nm and the

majority of particles were about 11 nm in size
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20
=
€ 20
S
§ 10 I

0 T T - T T 1

6 11 16
Bin range

e Nomentassiemun)

[}

MamertMass(eru)

16.634
24200 ema/g
: 0.22310 ema/g

Fig. 1. TEM image (a), Histogram (b), and VSM curve (c) of IONPs
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The hysteresis loop of the MNPs is shown in
Fig. 1 (c) and is made using a vibrating sample
magnetometer (VSM). The saturation magnetization
and of the MNPs is about 16.6 emu/g and, indicating
high saturation magnetization and superparamagnetic
behaviour.

3.2. Fabrication of electrospun magnetic
nanofibers

3.2.1. Effect of the polymers composition on
fabricated magnetic nanofibers

In the present study composite from
chitosan, collagen, and polyvinyl alcohol (PVA) were
used to obtain fabricated nanofibers from an
electrospinning device. PVA act as a fibre aiding
polymer whereas chitosan and collagen were the
active functional polymers in this composite. So,
optimized was applied to study and obtain the best
one for fibre formation and magnetic properties.

Table 1 shows the effect of polymers
composition on the viscosity, conductivity, and
nanofibers diameter. It’s clear from Table 1 that
increasing the amount of chitosan in the composite
formulations has a reasonable effect on the viscosity
of the electrospinning composite mixture. As shown
in Table 1 that the viscosity of the electrospinning
composite mixture was 115, 150.8, 190, 238 and

283.8 cP for collagen (formulation 1);
chitosan/collagen, 0.42 (formulation 2);
chitosan/collagen, 1 (formulation 3);

chitosan/collagen, 2.3 (formulation 4) and chitosan
(formulation 5) only respectively at PVA constant
concentration. This holds due to the high viscosity of
chitosan polymer along with the expected interaction
between the polymers found in the electrospinning
composite mixture. Also increasing the chitosan
concentration leads to an enhancement in the
conductivity of the electrospinning composite
mixture. The conductivity of the electrospinning
mixture was 1.168, 1.673, 2.38, 2.73, and 3.19 mS for

collagen; chitosan/collagen, 0.42; chitosan/collagen,
2.3 and chitosan only respectively at PVA constant
concentration. As the viscosity and the conductivity
have an important effect on the quality of the
electrospinning process as well as the diameter of the
produced fibres. Table 1 showed that increasing the
conductivity and viscosity of the electrospinning
composite mixture had a remarkable effect on the
fibre’s diameter. As increasing chitosan concentration
(increasing viscosity and conductivity) The majority
of fibres diameters decreased. Table 1 revealed that
the majority of fibres diameter is 120, 94, 99, 81, and
71 nm for collagen; chitosan/collagen, 0.42;
chitosan/collagen, 2.3 and chitosan only respectively
at PVA constant concentration. In a parallel
experiment to examine the effect of PVA
concentration on fibres diameter, it is shown in Table
1 that decreasing the amount of PVA added to
electrospinning composite mixture (formulation 6) to
half the amount used in the other formulation leads to
increasing the diameter of the fibre to about 142 nm.

3.2.2.
nanofibers

FTIR spectroscopy of electrospun

Fig. 2 showed the FTIR spectrum of collagen,
chitosan, PVA polymers, and the electrospun
nanofibers prepared from electrospinning of a
definite composition of these polymers. The
characteristics peaks of pure collagen were shown as
the peak of amide | band, stretching at 1628 cm™,
amide 1l band, N-H deformation at 1549 cm™ and
amide A band, N-H stretching at 3291 cm. Chitosan
gave its known peaks of amide I band at 1625 cm™,
amide Il band at 1525 cm™ and amide Il bands at
1437 cm™. The own peaks of PVA were found at
3291, 2903, 1711, 1412, 1368, and 800 cm™!, for O—
H stretching vibration of the hydroxy group, CH;
asymmetric stretching vibration, C=0 carbonyl
stretch, C-H bending vibration of CH,, and C-C
stretching vibration, accordingly (65, 67, 68).

Table 1. Properties of different electrospinning formulations

Formulation Chitosan | Collagen | PVA viscosity conductivit Average fibers Majority of
(1%) (1%) | (15%) | (cP) shear mS) Y| diameter (nm) fiber
rate diameter
100 (1/S) (nm)
1 0ml 10 ml 10 ml 115 1.168 mS 97.2 +49.3 120
5 3ml 7ml 10 ml 150.8 1.673 mS 167.46 + 74 94
3 7 ml 3ml 10 ml 238.1 2.73mS 66.70 + 27 81
4 5ml 5ml 10 ml 117 2.38 mS 89.98 + 39.9 99
5 10 ml 0ml 10 ml 283.8 3.19mS 60.95 + 17.78 71
6 7 ml 8 ml 5ml 67.47 2.18 mS 154.2 + 61 142
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290

A. Abou-Okeil et.al.

200
180
160
140
120
100
80
60
40
20

0
4000

Transmittance

3500 3000 2500

2000 1500 1000 500 0

Wave number (Cm-1)

PVA ——spun fibers

——collagen =——chitosan

Fig. 2. FTIR of chitosan, collagen, and PVA Electrospun nanofibers and their components

Electrospun magnetic nanofibers showed the
characteristic peaks of all the components of the
electrospun composite polymers such as N-H
stretching at 3291 cm from collagen and chitosan,
amide | band, stretching at 1628 cm-*, amide Il band,
N-H deformation at 1549 cm™ from collagen and
chitosan. Also, CH, asymmetric stretching vibration
at 2903 cm™ from collagen, chitosan, and PVA.
There is some shifting that can be attributed to the
interaction between the functional groups of
polymers components.

3.2.3. Scanning electron microscope
Images and histograms
SEM images of the prepared nanofibers are

shown in Fig. 3. It can be seen from Fig. 3 that
increasing the amount of chitosan in the
electrospinning polymers composite formulations has
a reasonable effect on the SEM images of the
produced nanofibers. The SEM images of the
produced nanofibers showed that the best SEM image
was for formulation 2, that is the diameter of the fibre
was homogeneous, and also the fibres had no beads.
The SEM of the other formulations, 1, 3, 4, 5 showed
almost homogeneous fibres diameter but with some
beading. The histograms of the different formulations
are shown in Fig. 4, it is shown that the majority of
fibres diameters are 120, 94, 99, 81, and 71 nm for
collagen; chitosan/collagen, 0.42; chitosan/collagen,
2.3 and chitosan only (Table 1) respectively at PVA

(SEM)
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constant concentration. So, from the SEM images and
the histograms of fibres diameter, it can be seen that
formulation 2 is the best one which gave fibres with a
majority diameter of about 94 nm and homogeneous
and beads free nanofibers.

3.2.4. Antibacterial activity of fabricated magnetic
nanoparticles
Fig. 5 shows the antibacterial properties of the above-

mentioned blend nanofibers expressed as the percent
reduction of CFU of Gram-positive (S. aureus) and
Gram-negative (E. coli) bacteria. The results depict
that all obtained nanofibers samples showed high
antibacterial activities. Fig. 5 shows that all prepared
nanofibers have a high antibacterial property gains
Gram-positive (S. aureus) and Gram-negative (E.
coli) bacteria. The antibacterial properties of the so
prepared nanofibers were in the range of 47 % to
about 98 % for Gram-positive (S. aureus) and from
about 62 % to 90 % for Gram-negative (E. coli).
Increasing the amount of chitosan has an
enhancement effect on the antibacterial properties for
both Gram-positive (S. aureus) and Gram-negative
(E. coli). The lowest antibacterial properties were
noticed for collagen nanofibers alone (3.28 % and
15.14 for Gram-positive (S. aureus) and Gram-
negative (E. coli) respectively.
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Fig. 3. SEM Images of various formulations of the composite formed from chitosan, collagen, and PVA
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Fig. 4. Histograms of fibre diameter distribution curve of various formulations of the composite formed from
chitosan, collagen, and PVA
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3.3. Synthesis of Magnetic nanofibers in presence
and absence of ciprofloxacin
Magnetic  nanofibers were synthesized using

formulation 2, that’s A 10 % (based on the weight of
polymers of IONPs and/or 0.001 mg ciprofloxacin
were added by suspension in a definite amount of
distilled water to the polymer’s mixture (3 ml of 1 %
chitosan; 7 ml of 1 % collagen and 10 ml of 15 %
PVA) before electrospinning and mixed, the air
bubbles were removed by sonification to prepare the
nanofibers containing IONPs and/or ciprofloxacin.
Table 2 and Fig. 6 showed the effect of added IONPs
and/or ciprofloxacin on SEM images and also on the
fibre’s diameter and fibres diameter distribution. It is
obvious from Table 2 and Fig. 6 that the fibres
diameter was increased to about 249 nm and 221 nm
for the nanofibers loaded with IONPs/ ciprofloxacin

and the nanofibers loaded with ciprofloxacin alone
compared to about 94 for the fibres without
ciprofloxacin and/or IONPs (formulation 2, Table 1
and Fig. 4). This finding can be attributed to the
effect of the magnetism of IONPs as well as to the
dimension of the ciprofloxacin which may be
affected the electrospinning process producing fibre
with higher diameters. Fig. 6 revealed that the SEM
images of the IOPNs and/or ciprofloxacin-loaded
fibres. The SEM images showed beads-free and
almost homogeneous fibres.

Sample 1. (0.16 gm MNP in 3ml H,O added to the
electrospinning formulation along with 0.001 gm
ciprofloxacin into 2 ml H,0); Sample 2. (0.001 gm
ciprofloxacin into 2 ml HyO added to the
electrospinning formulation)

120
98.52
X 100 89.51 90.49 96.07
o 7746 81.1%82.75 82.04
] 80
g 62.68
c 60 4754
2
S 40
3 15.14
o 20 '
3.28 .
Formulation 1 = Formulation 2 | Formulation 3 = Formulation 4 = Formulation 5 = Formulation 6
m Staph. 3.28 47.54 89.51 81.15 98.52 96.07
mE. Coli 15.14 62.68 77.46 82.75 90.49 82.04

Fig. 5 Antibacterial activity of the electrospun nanofibers by bacterial colony count expressed in reduction

percent

Table 2. Fibres diameter of electrospun nanofibers after adding IONPs and/or ciprofloxacin

. Collagen Average fibers Majority fibers
0, 0,

Index Chitosan (1%) (1%) PVA (15%) diameter (nm) diameter (nm)
Formulation 2 with 10 % of 211.61 £62.12 249
IONPs (based on the weight
of polymers) and 0.001 mg 3ml 7l 10ml

ciprofloxacin
Formulation 2 with 3ml 7ml 10 ml 165.83 £ 41.84 221
ciprofloxacin

Egypt. J. Chem.65, No. 8 (2022)
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Fig. 6. SEM images and Histograms of nanofibres loaded with IOPNs and ciprofloxacin

3.3.1. Magnetic properties of synthesized
nanofibers
The magnetic properties of synthesized

nanofiber are studied by measuring magnetization as
a function of field (Fig. 7). The magnetization was
recorded in an applied magnetic field of —20000 < H
(Oe) < 20000 at room temperature. The hysteresis
loop of synthesized nanofiber is shown in Fig. 7, the
saturation magnetization and of the synthesized
nanofibers is about 0.16 emu/g.

3.3.2. Antibacterial Properties
Fig. 8 shows the antibacterial properties of the

10 % (based on the weight of polymers of IONPs
and/or 0.001 mg ciprofloxacin loaded nanofibers
using formulation 2 (3 ml of 1 % chitosan; 7 ml of 1
% collagen and 10 ml of 15 % PVA), compared to

Egypt. J. Chem.65, No. 8 (2022)

the antibacterial properties of nanofibers produced
with formulation 2 only against. Fig. 8 depicted that
adding IONPs and/or ciprofloxacin has an
incremental effect on the antibacterial properties of
the synthesized nanofibers expressed as the percent
reduction of CFU of Gram-positive (S. aureus) and
Gram-negative (E. coli) bacteria. The antibacterial
properties of the IONPs/ ciprofloxacin loaded
nanofibers, ciprofloxacin loaded nanofibers and
nanofibers without ions and/or ciprofloxacin was
found to be, 82 %, 89 % and 47 % against Gram-
positive (S. aureus) respectively and 80 %, 92 % and
62 against Gram-negative (E. coli) bacteria
respectively. This is leads us to say that IONPs and
for ciprofloxacin has increased the antibacterial
properties which can be explained by the antibacterial
effect of ciprofloxacin antibiotic and IONPs.

> Sy
VEGA3 TESCAN
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Fig. 7. VSM curve of nanofibres loaded with IOPNs and ciprofloxacin
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4. Conclusion

Iron oxide nanoparticles (IONPs) with
homogeneous hemispheres were made from ferric
oxide. The size of the particles ranged from 15.1 to
17.2 nm. With a value of 16.6 emu/g, the synthesised
IONPs have saturation magnetism and super
magnetic behaviour. Electrospinning was used to
make chitosan, collagen, and PVA polymers from

Egypt. J. Chem.65, No. 8 (2022)

magnetic nanofibers of various compositions. As the
chitosan concentration in the composite increased the
nanofiber diameter decreased whereas increasing of
PVA concentration was accompanied by an increase
in the fibre diameter (confirmed by SEM images).
The fabricated nanofibers have antibacterial activity
towards both Gram-positive and Gram-negative
bacteria. Magnetic nanofibers were prepared from
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formulation 2 (3:7:10; chitosan: collagen: PVA) due
to it has fibres without any beads. Its fibre diameter
increased by incorporation of ciprofloxacin antibiotic

as shown from SEM

images. In addition, the

magnetism of the fabricated nanofibers was saturated
with a 0.16 emu/g value. IONPs and /or ciprofloxacin
have increased the antibacterial properties which can

be

explained by the

antibacterial effect of

ciprofloxacin antibiotics and IONPs.
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