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Magnetic iron oxide nanoparticles (MION) doped dextran thin films for biomedical
applications have been deposited onto the glass substrate by spin coating method. To
understand the influence of the MION doping dextran on physico-chemical properties was
conducted. The particle concentration in the samples defined as the oxide/dextran mass
ratio, R was 1 and 5. MION -dextran thin films were charcacterized by various techniques
such as X-ray Photoelectron Spectroscopy (XPS), Glow Discharge Optical Emission
Spectroscopy (GDOES), Scanning Electron Microscope (SEM) and Energy Dispersive X-
ray Attachment (EDAX). These techniques have allowed the structural elucidation of
polysaccharides thin films. The second derivative FT-IR spectra showed clearly that the
polysaccharides bands. The biocompatibility of the maghemite-dextran thin films was
demonstrated using MTT test, with the aid of hFOB 1.19 osteoblats cells. To evaluate cell
proliferation rate quantitative by the hFOB 1.19 cells on HAp samples were cultured to 4
days. Cellular morphology was investigated using FESEM to obtain qualitative
information of osteoblast cells on MION-dextran thin films. The data stronlgy suggest the
potential use of iron oxide-dextran nanocomposite as a poetinal marker for or biomedical
applications.
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1. Introduction

Magnetic iron oxide nanoparticles (MION) are the subject of many current researches in
particular because of their possible application in several areas such as biomedical applications and
diagnostics [1-3]. In the last three decade, the applications of small MION (maghemite, y-Fe,O; or
magnetite, Fe;O4) in vitro diagnostics increased. The synthesis by coprecipitation method offers
some advantages: simple and rapid preparation, easy control of particle size and composition,
various possibilities to modify the particle surface state allowing making homogenous and stable
dispersions in liquid or solid media [4]. Nanosized y-Fe,O; transforms into a- Fe,O; (hematite) at
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rather law temperatures (~ 350°C) [5-6] but is very dependent on the history of the material [7-9].
Because of their interesting properties for biomedical applications, MION is receiving growing
attention by several researchers. Moreover, it is built up by non-toxic elements, which justifies the
investigation of the maghemite as thin films. Previously, the growth of MION thin films with ALD
has been reported [10-11]. Methods like spin-coating, dip coating, chemical solution deposition
and spray pyrolysis seem to be simpler and economic. These techniques have been widely used to
prepare iron oxide thin films using various solutions [12—15]. The stabilization of the ferrofluid is
achieved by optimizing the electrostatic repulsions of similarly changed surfaces. With the aim to
form stable non toxic aqueous dispersion of magnetic iron oxide nanoparticles (MION), coating of
the magnetic nanoparticles with biocompatible polymers has drawn recent interest.

In this paper, we describe the MION doped dextran thin films for biomedical applications
deposited onto the glass substrate by spin coating method. The physico-chemical and biological
properties of polymer nanocomposites thin films containing MION in a dextran matrix were
investigated. Adsorption of dextran on the surface of MION was investigated by Scanning
Electron Microscope (SEM) coupled with an Energy Dispersive X-ray detector (EDX), Glow
Discharge Optical Emission Spectroscopy, X-ray Photoelectron Spectroscopy (XPS) and Fourier
Transform Infrared (FTIR) Spectroscopy. The biocompatibility of the MION-dextran thin films
was demonstrated using MTT test, with the aid of hFOB 1.19 osteoblats cells. Cellular
morphology was investigated using FESEM to obtain qualitative information of osteoblast cells on
maghemite-dextran thin films.

2. Experimental

2.1 Sample preparation

Ferrous chloride tetrahydrate (FeCl,-4H,0), ferric chloride hexahidrate (FeCls;-6H,0),
natrium hydroxide (NaOH) and dextran H(C¢H;0Os),OH, ferric nitrate (FeNOs), nitric acid
(HNOs3) where purchased from Merck, HCI these reagents were used directly asbreceived. De-
ionized water was used in the synthesis of nanoparticles, and in the rinsing of clusters.

MION were prepared by co-precipitation [16-19]. Ferrous chloride tetrahydrate
(FeCl,-4H,0) in 2M HCI and ferric chloride hexahydratate (FeCl;-6H,0) were mixed at 100 °c
(Fe’"/Fe’" = ). The mixture was dropped into 200 ml of NaOH (2 mol-L™") solution under
vigorous stirring for about 30 min. The precipitate of magnetite (black precipitate immediately
formed) was oxidised by repeated treatment with HNO; (2 mol-L") and FeNO; (0.3 mol-L™)
solutions [20]. The acidic precipitate was isolated by decantation on a magnet, separated by
centrifugation (6000 rpm), then washed in acetone and dispersed in deionized water at pH=2.5.
The final ion concentration was 0.38 mol-L™. In a final step, the obtained product was mixed at
various ratios with the different polymer solutions to obtain either iron oxide coated with dextran.
For biological investigations, the pH was adjusted to 7 using aqueous amonia. The iron content of
the suspensions was determined by redox-titration [21].

One millilitre of the solution is pipetted onto the substrate, and the substrate is spun at
1000 rpm for 30 s. The resulting films are annealed in a nitrogen atmosphere at 90 °C for 1 h
immediately after coating and then heated at 100 °C for 1 h in vacuum to remove excess solvent
and to further density the film.

2.2 Sample characterization

Transmission electron microscopy (TEM) images for these samples were recorded using a
FEI Tecnai 12 equipped with a low dose digital camera from Gatan. The specimen for TEM
imaging was prepared by ultramicrotomy to get thin section about 60 nm of thickness. The powder
is embedded in an epoxy resin (polaron 612) before microtomy. TEM modes used were Bright
Field (BF) and Selected Area Diffraction (SAD).The morphology of the material was studied
using an HITACHI S2600N-type scanning electron microscope (SEM), operating at 25kV in
vacuum on powder samples. The elemental local analysis was performed using an energy
dispersive spectroscopy (EDS) detector from EDAX. Operating conditions were an accelerating
voltage between 2 up 25 kEv (depending of the ratio signal/noise) with samples tilted at 25° to get
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the optimal take off angle (30°) allowing a dead time around 20-30% and a collecting time of 90-
120s. The nature of the sample avoids a conductive thin film deposition previously. The top
surface analysis of the samples was studied by the Glow Discharge Optical Emission Spectroscopy
(GDOES) using the GD5000 from Horiba/Jobin-Yvon. The technique is dedicated for thin film
analysis and helps in determining the chemical gradient composition from the surface to the bulk
and —if the ablation rate can be estimated — to precise the thickness of the different layers of the
nanocomposite materials [22]. X-Ray Photoelectron Spectroscopy (XPS) studies were conducted
using a VG ESCA 3 MK II XPS installation (£, = 1486.7 eV). The vacuum analysis chamber
pressure was P ~ 3 x 107° torr. The XPS recorded spectrum involved an energy window w = 20
eV with the resolution R = 50 eV with 256 recording channels. The XPS spectra were processed
using Spectral Data Processor v 2.3 (SDP) software. The functional groups present in the prepared
nanoparticles and thin films were identified by FTIR using a Spectrum BX spectrometer. To
obtain the nanoparticles spectra 1% of nanopowder was mixed and ground with 99% KBr. Tablets
of 10 mm diameter were prepared by pressing the powder mixture at a load of 5 tons for 2 min.
The spectrum was taken in the range of 500 to 4000 cm™ with 4 cm™ resolution. All the second
derivative IR spectra were obtained after 49 —point smoothing of the original IR spectra at room
temperature.

2.3 Biocompatibility tests

The hFOB 1.19 osteoblasts cells line was purchased from ATCC (American Type Culture
Collection) and maintained in DMEM, containing 3,7 g/L. sodium bicarbonate, 4,5 g/L. D-glucose,
4,7 g/L HEPES, 4mM Lglutamine, 0,1mM sodium pyruvate, 100 U/mL penicillin, 100 U/mL
streptomycin, and 10% (v/v) fetal bovine serum. Cells were grown in 5% CO2 at 37°C and plated
at 5 x104cells/cm2 in @ 100mm culture dishes with a medium change twice a week.When 70-80%
confluence was reached, cells were passaged, and hFOB 1.19 cells prior to passage 4 were used in
this study. Cells cultured in dishes prior to passage 3 were detached by treatment with trypsin
EDTA (0.25% and 0.03%, resp.) and loaded on sucrose thin films at a seeding density of 5x104
cells/cm?2 in 24-well plates. Cells cultured in 24-well plates at the same seeding density were used
as control.

The cell viability was determined by MTT colorimetric assay developed by Mosmann for
in vitro cytotoxicity and cell proliferation measurements [23].It was reported that the
mitochondrial enzyme succinate-dehydrogenase within viable cells is able to cleave the MTT salt
into formazan, a blue colored product. The amount of formazan produced, read on scanning
multiwell spectrophotometer, is proportional to the number of viable cells present [23-25]. Cells
were seeded at a density of 2.5x105 cells/ml and incubated by dextran-iron oxide thin films in a 12
well plate for 6 h, 24 h and 48 h. The medium from each well was removed by aspiration, the cells
were washed with 200 pl phosphate buffer saline solution (PBS)/well and then 50 pl of 1 mg/ml
MTT solution was added on each well. After 2 h of incubation the MTT solution from each well
was removed by aspiration. A volume of 50 pl isopropanol was added and the plate was shaken to
dissolve formazan crystals. The optical density at 595 nm, for each well, was then determined
using a Tecan multiplate reader (Tecan GENios, Grodic, Germany). The percent of viable cells
cultured on the thin film samples was calculated by reporting to a control sample, cells cultured on
uncoated culture plastic vessels, considered as having a viability of 100%.

For analysis of the Actin Cytoskeleton the hFOB 1.19 cells were incubated on dextran-
iron oxide thin films for 6 h, 24 h, 48 h and the culture medium was removed. Then, they were
washed twice by phosphate saline buffer, and one mL of 4% paraformaldehyde was added for 20
minutes at room temperature. After three washes with phosphate saline buffer and one with 2%
bovine serum albumin in 0.1% Triton X-100, a solution of 2 pg/mL phalloidin coupled with FITC
in 1.2 bovine serum albumin was added. After one hour of incubation in dark, this reagent was
removed. The cells were analyzed at an Olympus [X71 microscope.
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3. Results and discussions

The maghemite nanoparticles synthesised by coprecipitation method as shown in Figure 1
(A). 1 can be seen that the particles are well dispersed and aggregation is minimal. These
monodisperse nanoparticles have an average grain size of 8.3+0.3 nm. Grain size distribution were
determined by measuring the mean diameter, D, of ca. 500 particles on the micrographs (Figure 1
(E)). The high-resolution TEM image in Figure 1 (B) shows the internal crystalinity for an iron
oxide nanocrystal. Regular fringes are clearly observed in the nanoparticle with a spacing of 0.24
nm, which is the (311) interplanar distance of the cubic maghemite. SAED pattern of iron oxide
nanoparticles in Figure 1 (C) is indexed by a cubic  y-Fe,O; (PCPDF#872334), the diffraction
rings are attributed to the (220), (311), (400), (422), (511) and (440) planes, respectively. Figure 1
(D) shows typical TEM images from maghemite nanoparticles coated with dextran. TEM images
indicate a very uniform size distribution of dextran coated maghemite nanoparticles.

T 4 6 B 10 12 14 16 18
diameter (nm)

Fig.1: Synthesized maghemite nanoparticles dispersed in aqueous solution.Large area

TEM image (4), High Resolution TEM image (B) and SAED pattern (C), synthesized

dextran coated maghemite nanoparticles dispersed in aqueous solution (D), size
distribution of iron oxide nanoparticles (E).

Figure 2 gives the SEM and EDAX images of thin films of thin films of dextran coated
MION obtained from composite targets containing 1 wt. % (A) and 5 wt. % (B) maghemite y-
Fe,0s5. The samples consist of regular grains with some aggregation. Additionally, the grain size
increased when the concentration of the maghemite NPs increased from 1wt.% to 5 wt.%. The
SEM results reveal an obvious growing process from primary nanoparticles to the final larger
products through self- assembly. The EDAX spectrum of thin films of thin films of dextran coated
maghemite nanoparticles obtained from composite targets containing 1 wt. % and 5 wt. %
confirms the presence of carbon (C) and oxygen (O) in all the samples. Quantitative analysis was
not possible because of the glass substrate (Si peak) that affects X-EDS signal. Nevertheless, the
Fe peaks observed on the spectra differ by their intensity. Regardless the concentration of dextran,
the chemical composition, their distribution and morphology were not changed.
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Fig. 2: SEM micrographs of thin films of dextran coated maghemite nanoparticles obtained
from composite targets containing 1 wt. % and 5 wt. % maghemite.

The GDOES Spectra (figure 3) respectively performed on thin films of dextran coated
maghemite nanoparticles are obtained from composite targets containing 1 wt. % and 5 wt. %
maghemite y-Fe,O5 deposited on a silica glass substrate. The two spectra reveal the presence of a
material composed mainly of carbon, iron and oxygen. Top surface (before 10s of analytical time)
corresponds to a contaminated layer (carbon oxygen mainly) frequently observed in as received
material [26]. Between 10s and 180s or 140s, carbon, iron and oxygen signals increased to reach a
maximum before decreasing. This zone corresponds to the nanocomposite of dextran spiked with
maghemite y-Fe,O;. After 180s or 140s, the signal of silicon increases corresponding to the glass
substrate. Thus the signal observed between 10 s and respectively 180s for composite targets
containing 1 wt. % maghemite and 140s for composite targets containing 1 wt. % maghemite,
exhibit the same pattern differing only by the intensity measured. In the case of the samples with 1
wt. % maghemite the iron signal is lower than carbon which is opposite with the sample doped by
5 wt. % maghemite. The carbon signal corresponds to the dextran while iron is related to the
maghemite. However, oxygen is included in both phases. Thus the sequences observed on the
figure 3 tends to reveal that maghemetite is embedded by the dextran regardless the concentration.
Average rate of ablation was around 2s/min. By measuring the depth of the GD crater using
profilometry, the thin film thickness was estimated about 280 nm (sample doped by 5 wt. %
maghemite) and 360 nm (sample doped by 1 wt. % maghemite).
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Fig. 3: Analytical results by GDOES on thin films of dextran coated maghemite nanoparticles
obtained from composite targets containing 1 wt. % and 5 wt. % maghemite.

X-ray photoelectron spectroscopy (Figure 4) results are consistent with the expected
composition of thin films of dextran coated maghemite, y-Fe,O;.
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Fig. 4: XPS spectrum of thin films of dextran coated maghemite nanoparticles obtained
from composite targets containing 1 wt. % (A) and 5 wt. % (B) maghemite y-Fe,Os.

In the XPS general spectra of thin films dextran coated iron oxide the binding energy of Fe
(2p, 710,9 eV), O (1s, 532.55 eV) and C (1s, 286.43 eV) were found. The binding energy of the
O1s peak in thin films of dextran coated iron oxide is in good agreement with values for lattice @2
in metal oxide [27-28]. They are attributed to @3, @# ~ and physisorbed H,O respectively. On the
other hand the Ols photoelectrons in both thin films of dextran coated maghemite are due to
dextran (C-O-C [or H]) contributions [29]. The major components of the Cls at 286,3 eV in the
spectra of thin films of dextran coated maghemite y-Fe,O; are due primarily to the CHOH groups
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of the dextran. The components of the Si2p in all spectra are due to the substrate contributions.
The Fe 2p, O 1s and Cls XPS spectra for the thin solid films of dextran coated maghemite
nanoparticles obtained from composite targets containing 5 wt. % are presented in Figure 5.
Existence of doublet spin orbit component corresponding to Fe 2p;,, and Fe 2py,, is presented. The
Fe 2p;, peak was found to have binding energy bettween energy 711.2 eV and 711.6 eV and the
Fe 2py, peak from 725.2 to 725.8 eV. The results indicate that iron was completely in the Fe**
state. The broadened shape of the O 1s spectra (Figure 5) suggests that the oxygen is present in at
least two states. Figure 4 showed a typical O 1 spectrum fitted with two Gaussian components.
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Fig 5: The Fe 2p O Is and Cls XPS spectra for the thin solid films of dextran coated
maghemite nanoparticles obtained from composite targets containing 1 wt. % (4) and 5
wt. % (B). The spectra were normalized to maximum intensity.

The binding energy separation is ~ 2.31 eV in good accord with literature [27]. The main
peak is located at 530.58 eV. This component corresponds to O* in the iron oxide lattice [28-29].
The second component is represented by a peak located at 532.89 eV and could attributed to OH"
[30- 33] and physisorbed H,O respectively. On the other hand the Ols photoelectrons in both thin
films of dextran coated maghemite are due to dextran (C-O-C [or H]) contributions [34]. The
major components of the Cls at 286,3 eV (Figure 5) in the spectra of thin films of dextran coated
maghemite y-Fe,O; are due primarily to the CHOH groups of the dextran. A smaler peak at ~ 288
eV is atributable to the anometric carbone of dextran. The components of the Si 2p in all spectra
are due to the substrate contributions.
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FT-IR is one of the most widely used methods to identify the chemical constituents and
elucidate the compounds structures. IR spectrum of all thin films shows lot of structural
information of major constituents. As shown in Figure 6 in the 3600-1600 cm-1 region four bands
appear: a broad band centered at 3400 cm™ and 1700 cm™ assigned to the OH stretching (v OH)
and HOH (& OH) vibrational bands due to the adsorbed water molecules in the sample [35], the
weak signal at 2927 cm™ [36-39].

dextran-maghemite 1wt.% second derivative

-—

daxtran-maghemite 1at.%

dextran-maghemite Swt.% second derivative

Absorbance (a.u.)
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Fig. 6: FT-IR spectra and second derivative (blue) of thin film of dextran coated
maghemite nanoparticles obtained from composite targets containing 1 wt. % and 5 wt. %
maghemite.

The band at 1434cm™ may by due to C-OH deformation vibration with contributions of O-
C-O symetric stretching vibration of carboxylate group [40-41]. The stronger peacks appear in the
renge of 1150-900 c¢m™ mainly attributed to the stretching vibration of C-O-C [42]. Those
characters of peaks intensities and positions at 1150, 1020, 912 and 731 in the IR spectrum display
the characteristic absorptions of polysaccharides. The bands observed in the 650-550 cm
corresponds to the Fe-O vibrations modes of y-Fe,O; [43-45]. The FT-IR spectra and the second
derivative spectra give more information than classical IR for polysaccharides and biomolecules
contained in organism such as red seaweeds, fungi and bacteria [46-51]. Furthermore, in the
second derivative spectrum the bands observed are assigned of polysaccharides.

In order to evaluate the degree of compatibility of thin film of dextran coated maghemite
nanoparticles with hFOB 1.19 osteoblasts, the MTT test for short term (6, 24, and 48 hours) was
performed for exploring the possible cellular toxicity at interaction with these surfaces (Figure 7).
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Fig.7. Viability of hFOB 1.19 osteoblasts grown on dextran thin film obtained from targets
containing 1 wt. % and 5 wt. % maghemite.
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Fig. 8: Fluorescence micrograph of hFOB 1.19 osteoblasts plated on dextran thin film
obtained from targets containing 1 wt. % and 5 wt. % maghemite.

Our data have shown that the viability of cells did not decrease significantly compared to
control over 48 hours suggesting that osteoblasts were not damaged at the contact with the thin
film of dextran coated maghemite nanoparticles.

In this study, we were interested in the expression of F-actin in hFOB 1.19 osteoblasts
adhered to dextran thin film obtained from targets containing 1 wt. % and 5 wt. % maghemite.
Actin is highly conserved proteins that are ubiquitously expressed in all eukaryotic cells. F-actin
microfilaments are essential for the maintenance of cell shape and permeability of tight junctions
[52]. Figure 8 shows that, after 48 hours of cultivation, the expression of F-actin in hFOB 1.19
osteoblasts adhered on dextran thin film obtained from targets containing 1 wt. % and 5 wt. %
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maghemite was similar and less than in control cells. Also, no changes in cells morphology were
noticed under phase contrast microscopy [53].

4. Conclusions

Biocompatible magnetic iron oxide nanoparticles doped dextran thin films were produced
by spin coating deposition solution. This method resulted in the deposition of continuous thin
films, with chemical composition and molecular structure identical to those of the starting
materials used for the target preparation. By measuring the depth of the GD crater using
profilometry, the thin film thickness was estimated about 280 nm (sample doped by 5 wt. %
maghemite) and 360 nm (sample doped by 1 wt. % maghemite). In XPS spectrum the Fe 2ps,,
peak was found to have binding energy bettween energy 711.2 eV and 711.6 eV and the Fe 2p,),
peak from 725.2 to 725.8 eV. The results indicate that iron was completely in the Fe*" state. The
granular surface morphology represent an advantage in the adhesion and growth of living hFOB
1.19 osteoblasts cells. Our results prove that hFOB 1.19 osteoblasts adhere very well to dextran
thin film obtained from targets containing 1 wt. % and 5 wt. % maghemite and exhibit a normal
actin cytoskeleton, which suggest that these cells undergo normal cell cycle progression.
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