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Introduction

Magnetic nanoparticles were prepared from gum Arabic (GA), 2-hydroxyethylmethacrylate (HEMA)
copolymer hydrogel using gamma irradiation. Factors affecting the preparation of (GA/HEMA)
copolymer hydrogel and the magnetic nanocomposite of (GA/HEMA)-(Fe;0,), such as irradiation dose,
copolymer composition, copolymer concentration and magnetite concentration, were investigated. The
swelling property of the prepared hydrogels was studied and the results showed that the swelling percent
increases with increasing PH and reaches equilibrium swelling after 6 h. The obtained hydrogel and its
magnetic nanocomposites were characterized using Fourier Transform Infrared Spectroscopy (FTIR),
thermogravimetric analysis (TGA), Scanning Electron Microscopy (SEM) and Transmission electron
microscope (TEM). The presence of Fe;0, inside the GA/HEMA-Fe;0, nanocomposites was confirmed
by X-ray diffraction (XRD) and energy dispersive X-ray spectroscopy (EDX). The magnetic properties
were characterized by Vibrating sample magnetometer (VSM). Finally, the drug loading and in vitro
release properties of the (GA/HEMA) copolymer hydrogel and its magnetic nanocomposites were also
evaluated using endoxan as an anticancer drug model. The results showed that the optimum endoxan
drug release was 97% from (GA/HEMA)-(Fe;0,) nanocomposite during 210 min. It could be concluded
that (GA/HEMA)-(Fe;0,) nanocomposite could be used for localized drug delivery for the endoxan drug
in a neutral environment of the intestine.

Keywords: Gum Arabic / HEMA / Magnetite (Fe;0,4) / Nanocomposites / Gamma Irradiation / Endoxan,
Drug Delivery

disrupting normal functions and can access spaces

Magnetic nanoparticles (MNPs) have received
much attention over the past decade due to their
biochemical and biomedical application. Magnetic
nanoparticles have special relevance to biomedical
applications due to their size compatibility with
cells, viruses, proteins and genes. Their sizes are
small enough to move inside the body without

inaccessible by other materials. The advantages of
using MNPs for such purposes are: 1) ease of
preparation and non-toxicity; 2) small sizes and
large surface areas; 3) facile chemical
functionalization; 4) excellent biocompatibility and
stability; 5) efficient drug conjugation, and 6)
magnetic field. Such unique properties of MNPs
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enabled their use as drug delivery vehicles to the
desired site (e.g., tumor site) using an external
magnetic field [1]. This approach is called
magnetic drug targeting (MDT) and has emerged
as a versatile technique to treat complex diseases.
Magnetic nanoparticles fasters in the field of
cancer treatments where hysteresis loses of
magnetic nanoparticles generated during their
cyclic remagnetization under applied alternating
magnetic fields are exploited to destroy cancer
cells and tissues. Cancer is a leading cause of death
worldwide, and despite the availability of several
treatment modalities, cancer therapy remains a
great challenge. Chemotherapy is the main
treatment modality for cancer patients. Cancer
chemotherapy is usually obstructed mainly by low
selectivity of the anticancer drugs towards the
cancer cells, which causes severe side effects [2].
Thus, targeted drug delivery systems are preferred,
which have been used to increase the efficiency of
drug delivery to specific tissues as well as to
decrease its side effects. Radiation technology is
one such method, by which it is possible to
synthesize nanoparticles, in situ the hydrogel
matrix for possible uses in medical applications,
where even small contamination is undesirable [3].
Poly(2-hydroxyethylmethacrylate), PHEMA is a
favorable ebiomaterial because of its lack of
toxicity, good blood compatibility, its inertness to
normal biological process, which shows resistance
to degradation [4]. Moreover, it is not absorbed by
the body [5, 6], and its physicochemical properties
are similar to those of living tissues [5]. Thus, it
can be used in numerous applications such as drug
delivery systems. Maximum swelling in water of
PHEMA is thermodynamically limited to about
40%. Therefore, in order to increase its swelling
degree, HEMA has been copolymerized with a
very hydrophilic polymer. On the other hand, gum
Arabic (GA) is a water-soluble natural
polysaccharide having a high solubility, pH
stability, nontoxicity and has been used as a drug
delivery vehicle not only to achieve sustained
release, but also possibly to improve the
bioavailability of some pharmaceutical agents [7].
Recently, the use of GA has been extended to the
nanotechnology and nanomedicine fields, due to
its biocompatibility for in vivo applications, as
well as its stabilization of nanostructures. GA has
been probed for the coating and increasing the
biocompatibility of iron oxide magnetic
nanoparticles [8]. Endoxan is an antineoplastic
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agent, prescribed for many types of cancers such as
lymphatic cancer, cancer of white blood cells and
plasma cells, etc. It slows down or stops the
growth of cancer cells in the body. Dosage is about
(0.25 mg). The aim of the present work is to
synthesize (GA/HEMA) copolymer hydrogel and
(GA/HEMA)-(Fe3O4) magnetic nanocomposites
using gamma irradiation for targeted drug delivery
system.

Experimental

Materials

Gum Arabic (GA) (Qualikems, India). 2-
hydroxyethylmethacrylate (HEMA) of purity 95%
(Sigma-Aldrich  Chemie  GmbH., United
Kingdom). Iron(lll) Chloride anhydrous (FeCls)
(BDH, England). Ferrous Chloride Hydrate
(FeCl,-xH,0) M.W: 126.75+aq (LOBA, India).
Sodium dihydrogen orthophosphate-1-hydrate (El
Nasr Pharma Ceutical Chemicals Co.). Endoxan
(Cyclophosphamide) drug (Baxter, GMBH,
Germany). Other chemicals and solvents are used
without further purification.

Methods and Apparatus

a- Methods

Synthesis of Gum  Arabic (GA), 2-
Hydroxyethylmethacrylate (HEMA) Copolymer
Hydrogel by Gamma Irradiation

GA/HEMA copolymer hydrogel was prepared by
dissolving separately at different ratios of (GA)
and (HEMA) in distilled water. The GA, HEMA
solutions were then well mixed with continuous
stirring until complete miscibility was achieved.
The ratios of GA and HEMA in the mixtures were
(0/100), (20/80), (30/70) and (40/60) wt% and at
different total copolymer concentration of (10, 20,
30, 40 and 50 wt%). The prepared solution was
taken in several glass test tubes and irradiated at
(10, 20, 30, 40 and 50 kGy) using cobalt-60
gamma rays at a dose rate of 1.9 kGy/h Indian
gamma cell. After copolymerization, test tubes
were broken; the formed hydrogel cylinders were
removed and cut into disks of 2 mm thickness and
5 mm diameter. The samples were then washed
with excess water to remove the unreacted
materials and dried at room temperature up to a
constant weight.

Preparation of magnetite (FesO,)
Iron oxide magnetic nanoparticles were prepared
on the basis of co-precipitation of Fe** and Fe®
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with a molar ratio of 2:1, according to this
method, 1gm of Fe™ and 2gm of Fe*® were
dissolved into 50 mL of distilled water. The
mixture was stirred vigorously using a magnetic
stirrer at 80°C. The solution was bubbled with
nitrogen gas (N,) for 30 min to prevent unwanted
oxidation. Then 25 M NaOH solution was
dropped slowly into the mixture solution until the
pH value 9 was attained. The reaction continued at
that temperature for 1 hour under vigorous stirring
on the magnetic stirrer, the precipitate was
immediately  produced.  Consequently, the
formation of Fe;O, MNPs occurred with black
precipitation. These particles were then separated
from the solution and were then washed many
times with distilled water to remove excess of
sodium ions. Finally, the product was vacuum
dried at 60-70C. After the drying process, the
magnetic iron oxide (FesO,) nanoparticles were
ground for further use. The advantages of the
coprecipitation method are high reproducibility of
NPs and a large amount of magnetic NPs that can
be produced per batch, however, difficulties in
controlling the shape and size distribution of the
NPs are well identified [9]. The possible reaction
for the formation of (FesO,) can be [10]:

Fe® + 30H" — Fe(OH),
1)
Fe(OH)3 — FeOOH + HZO
(2)
Fe®* + 20H" — Fe(OH),
3)
2FeO0 H+Fe(OH)2—>FC304l+2H20
4)

black ppt

Preparation of GA/HEMA/(Fes0,) nanocomposite
by gamma irradiation

Different concentrations of prepared magnetite of
known dry weights (0.4, 0.6, 0.8, 1, 2 and 3 wt%)
were added into the GA/HEMA aqueous solution
of composition (40:60) and total copolymer
concentration 40 wt%, the dispersions were
occurred by placing solution in sonicated water
bath for 5 h. The prepared solution was taken in
several glass test tubes and subjected to gamma
rays at irradiation dose 30 kGy. The hydrogel
cylinders were removed and cut into disks of 2 mm
thickness and 5 mm diameter. The samples were
then washed with excess water to remove the

unreacted materials and dried at room temperature
to arrive at a constant weight.

Drug loading into the polymeric hydrogels and its
magnetic nanocomposite

The loading of the endoxan drug onto the prepared
hydrogels and its magnetic nanocomposite was
carried out by the soaking method. Certain weights
of (GA/HEMA) copolymer hydrogel of copolymer
composition (40:60), total copolymer
concentration 40wt% and irradiation dose 30 kGy,
and its magnetic nanocomposite of magnetite
concentration (0.4wt%) were allowed to swell in
the drug solution of different concentrations (50,
100, 150, 200 and 250 ppm) at 37°C and pH 7.4
for 24 h and then dried at room temperature.

The concentration of the solution was measured
using UV/VIS spectrophotometer at a wavelength
of 208 nm. The amount of drug loaded was
calculated as follows [11]:

Qe = ((Ci-C) /m) x V, (5)

Where ¢ is the drug uptake in (mg/g), C; and C are
the initial and equilibrium concentrations of drug

solution (mg/ml), V. is the volume of solution (ml),
and m is the weight of dry hydrogel and
nanocomposites (g).

Drug release from the polymeric hydrogels and its
magnetic nanocomposite
Release experiments were performed by placing
the re-weighed hydrogel and its magnetic
nanocomposite  loaded with drug (at a
concentration of 250 ppm) into Simulated
Intestinal Fluid solutions (SIF) of pH 7.4 and at
37°C. SIF medium was prepared by adding 250 ml
of 0.2 M potassium dihydrogen phosphate and 118
ml of 0.2 M sodium hydroxide [12]. First, the
loaded hydrogels and loaded magnetic
nanocomposite were put in 10 ml of SIF solution.
At a predetermined time, one-milliliter sample was
withdrawn on definite time intervals to follow the
release process. The amount of drug released from
copolymer hydrogel and magnetic nanocomposite
was determined by using UV/VIS
spectrophotometer at an identical drug absorbance
wavelength of 208 nm.

The percentage of drug released was calculated
by dividing the amount of drug diffused into
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release medium by the total amount of drug loaded
into the hydrogels and its nanoparticles [13].

Drug release (%) =(C/C;) x 100 (6)

Where C and C; are the drug release and drug
uptake in (mg/g), respectively.

Determination of gelation percent

The prepared hydrogel and its magnetic
nanocomposites were extracted with water at 60°C
(water-solid extraction) for 24 h in order to remove
the soluble components and then dried at room
temperature to a constant weight. The gelation
percent was then calculated as follows:-

Gelation (%) = (Wq/ W,) x 100 (7

where W, is the weight of dry hydrogel after
extraction and W, is the initial weight of the dry
hydrogel.

Swelling behavior

The dried hydrogel and its magnetic
nanocomposites were weighed (W,) and immersed
in distilled water for different time intervals at
room temperature until maximum swelling was
reached. Then the hydrogel sample was weighed
after removing excess water on the surface of the
sample with a filter paper. The weight of swollen
hydrogel was determined (W;). The equilibrium
degree of swelling was determined according to
the following equation:

Swelling (%) = (WsW,) / W,) x 100 (8)

Where W; and W, are the weights of swelled
hydrogel and dry hydrogel, respectively.

b- Apparatus

i.  Fourier-transform
analysis (FTIR)

The infrared spectra of (GA/HEMA) copolymer
hydrogel and its magnetic nanocomposites were
performed using an FT-IR spectrometer (Bruker,
Unicom, Germany in the range of 400-4000 cm™).

infrared  spectroscopic

ii. Scanning Electron Microscope (SEM)

The surface morphology of (GA/HEMA)
copolymer  hydrogel and its  magnetic
nanocomposites were examined by the SEM
technique. The micrographs were taken with a
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JSM-5400 instrument from Joel (Japan) at a
voltage of 30 kV.

iii. Transmission electron microscope (TEM)

Transmission electron microscopy (TEM)
measurements of (GA/HEMA)  copolymer
hydrogel and its magnetic nanocomposites were
performed with a (JEOL, JEM 100CX, electron
microscopes, Japan) operating at 80 kV. To image
the magnetite nanocomposites on TEM, finely
grounded hydrogels nanocomposites samples were
dispersed in 1 ml of ethanol followed by sonication
to get a solution of magnetite nanoparticles.
Approximately 10-20 pl of this solution was
dropped on a 3 mm copper grid, drying at room
temperature. The copper grid was inserted into a
transmission electron microscope.

iv. X-Ray diffraction (XRD) analysis

X-ray diffraction measurements of (GA/HEMA)
copolymer  hydrogel and its  magnetic
nanocomposites were obtained with an XD-DI
Series apparatus (Shimadzu 6000, Japan), using
nickel-filtered and Cu-K target. The XRD runs
were carried out over the 20 range from 4" to 90" at
a scan speed of 8 /min, 30 ml A and voltage 40 kV.
The average particle size of Fe;O,-NPs in the
copolymer can be calculated using Scherrer's
Equation [14]:

L=KAXA/BcosH (9)

where L is the crystallite size (nm), K is the
Scherrer's constant with value of about 0.94, where
)\ the X-ray wavelength (1.5406 A), B is the full
width of the peak at half of the maximum intensity
(rad) (FWHM) and 0 is the diffraction angle
corresponding to the maximum intensity peak in
the XRD pattern.

v. Thermogravimetric analysis (TGA)

The TGA thermograms of (GA/HEMA)
copolymer  hydrogel and its  magnetic
nanocomposites were performed on a Shimadzu—
50 instrument (Kyoto, Japan) at a heating rate of
10°C/min under flowing nitrogen (20 ml/min) from
room temperature to 500°C.

vi. Energy-dispersive x-ray (EDX) studies

Energy-dispersive X-ray was used to determine
elemental constituents of prepared (GA/HEMA)
copolymer  hydrogel and its  magnetic
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nanocomposites using Philips, Netherlands ESEM
EDAX XL-30 instruments.

vii. Vibrating-sample magnetometry analysis

(VSM)
The vibrating sample magnetometer of the
GA/HEMA/(Fe;0,) magnetic  nanocomposites

were measured at the National Research Centre
(NRC), Cairo using VSM lake shore Model 7410
the USA, Digital Measurement System, Inc... The
magnetic properties of nanocomposites were
studied in the fields up to 31.5 Kilo Oersted (kOe).

viii. UV-Vis spectrophotometer
UV/VIS spectrometer model UV-Analytic Jena
AG, German, at the wavelength of 208 nm.

Results and Discussion

1-Factors affecting the gelation percent of
(GA/HEMA) copolymer hydrogel

Radiation copolymerization reaction of polymers
in aqueous solution utilizing gamma rays would
result in a crosslinked network structure (gel-like
materials). The radiation crosslinking can be easily
adjusted by controlling the  copolymer
composition, copolymer concentration as well as
irradiation dose [15].

a- Effect of copolymer composition

The gelation percent of (GA/HEMA) copolymer
hydrogel as a function of copolymer composition
is shown in Fig. (1). The results show that the
gelation percent of the obtained (GA/HEMA)
copolymer hydrogels is dependent on the
copolymer composition. The use of copolymer
fodder solution opulent with HEMA resulted in a
higher gelation percent as compared to that
prepared by using GA-opulent copolymer fodder
solution. The increase in the GA content in the
copolymer fodder solution reduced the gelation
percent to reach about 95%, at 40 wt% of GA
concentration. Any further increase in the GA
content leads to the prevention of the gelation
process, and no gel is formed at all. This is due to
the increase in the viscosity of reaction medium
and thus restricting the movement of the free
radical to reach the active sites on the polymeric
substrate, so the lower degree of gelation was
obtained [16]. This result is in coincidence with
those reported by Mervat et al. [17] who
investigated the increase of the monomer
concentration increased the percent of gelation in

gum Arabic hydrogels. This result suggested that
the presence of HEMA with GA enhanced the
gelation process of the copolymers due to the
difference in the diffusion coefficient of both
polymers. In addition, the acceleration of gelation
is highly depended on HEMA concentration
because the structure of HEMA includes a
conjugated double bond (-C=C- groups) make the
conjugated effect and polarity of HEMA is larger
than that of GA [18]. This contradiction enables
the HEMA and GA to copolymerize alternately.
Moreover, HEMA has a higher sensitivity towards
ionizing radiation than that of GA. Thus under
ionizing radiation, simultaneous crosslinking of
synthetic monomer, degradation of
polysaccharides and grafting of monomer to
polymer chains occurs leading to the formation of
hydrogel [19].

b- Effect of copolymer concentration

The copolymer concentration has a considerable
role during gel preparation by radiation
copolymerization method. Figure (2) shows the
effect of copolymer fodder solution on the gelation
percent of (GA/HEMA) copolymer hydrogel. The
results show that, as the copolymer concentration
increases, the gelation percent increases. At high
copolymer concentration, a great number of
molecules are available to react with the free
radical on the backbone of the polymer chain. This
increase is also due to the increase in the diffusion
rate of the copolymer into the bulk of the substrate.
In addition, the possibility of H-abstraction via
chain transfer would increase the production of a
large number of growing chains giving rise to the
substrate macroradicals. Thus the extent of chain
propagation will be increased resulting in a greater
degree of gelation add on [15]. At copolymer
concentration higher than 50 wt%, the reaction is
not completed due to the high viscosity of the
polymer.

c- Effect of irradiation dose

A polymer may be cross-linked or degrade on
irradiation, depending on its chemical structure.
HEMA is known to be a cross-linking polymer,
while GA is a water-soluble natural polysaccharide
that degrades upon irradiation by the breakdown of
the main chains [20]. Thus, when HEMA is cross-
linked, the degradation of GA also takes place in
the reaction medium, and the overall manner of the
reaction will depend on the relative concentrations
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of the two polymers [21]. The effect of irradiation
dose on the gelation percent of (GA/HEMA)
copolymer hydrogel is shown in Fig. (3). From this
figure, it can be found that the gelation percent of
(GA/HEMA) copolymer hydrogel increases with
the increase of the dose up to 40 kGy and then
tends to decrease at a higher absorbed dose. When
an aqueous solution of GA/HEMA at copolymer
composition (40:60) is subjected to gamma
irradiation, free radicals are generated. These
radicals react randomly leading to the formation of
a copolymer of GA and HEMA. However, when
the absorbed dose reached a critical absorbed dose
(gelation dose), the intermolecular recombination

100

of free radicals readily occurred leading to the
form a three-dimensional network. In addition, any
increase in the absorbed dose would cause
increased cross-linking density. At a sufficient
high absorbed dose, the intramolecular free radical
recombination resorted to dominate over the
intermolecular radical recombination, which would
terminate the crosslinking and begin to degrade the
network. In other words, the rate of radiation
degradation may be faster than the rate of radiation
crosslinking. Therefore, the gelation percent was
decreased.
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Fig. (1): Effect of copolymer composition on the gelation (%) of (GA/HEMA) copolymer hydrogel at irradiation dose 30 kGy and
copolymer concentration 40 wt% in distilled water
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Fig. (2): Effect of copolymer concentration on the gelation (%) of (GA/HEMA) copolymer hydrogel at copolymer composition

(40:60) and irradiation dose 30 kGy in distilled water
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Fig. (5): Effect of pH on the swelling (%) of (o) (GA/HEMA) copolymer hydrogel and (o) (GA/HEMA)-(Fe;04) nanocomposite
of concentration (0.4wt%), swelling time 24 h
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Fig. (6): Effect of soaking time on the swelling (%) of (o) (GA/HEMA) copolymer hydrogel and (o) (GA/HEMA)-(Fe;0,)
nanocomposite of concentration (0.4wt%) at pH 7.4
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Fourier-transform  infrared
analysis (FT IR)

FT-IR spectroscopy was used to determine the
functional groups in the hydrogels. Figure (7)
shows the infrared spectra for blank GA,
(GA/HEMA) copolymer hydrogel and
(GA/HEMA)-(Fe304) nanocomposites. As shown
in Fig.7(a), it is obvious that GA gives a typical
broad band at 3200-3500 cm™ corresponding to
OH stretching and band appears at 2900 cm™
corresponding to C-H stretching, another
absorption band appears at 1592 cm™
corresponding to C=O stretching [26] and 1017
cm™ corresponding to C-O stretching and N-H
bending two bands at 1411 cm™. Figure 7(b)
shows, in the spectrum of (GA/HEMA) copolymer
hydrogel, the additional sharp band at 1724 cm™
corresponding to the ester group present in
PHEMA [23, 27]. The other observed band at
1261 cm* corresponds to CO stretching vibration
[10], the bands at 1162, 1080 and 1019 cm™
corresponding to C-O-C stretching also confirmed
the presence of the ester group [27]. The

spectroscopic

absorption band at 939 cm™ is assigned to C-N
group [28]. The bands in the range 845-617 cm™
are due to the vinyl group [14]. The most distinct
band in the spectra of the polymer networks was
the absorption band of the carbonyl group (C=0)
and the absorption band due to the O-H groups.
These bands contained information about the
polymer complexes formed by a hydrogen bond
and electrostatic interactions. Figure 7(c) shows
the vibration absorption band for Fe-O bond of
Fe;0, nanoparticles at 610 cm™ [10, 29, 30] which
confirms the presence of iron oxide nanoparticles
in the hydrogel networks. In (GA/HEMA)-(Fe;0y)
nanocomposites the characteristic bands for both
HEMA and GA were present with a small shifting
of position. Moreover, the O-H stretching band of
(GA/HEMA)-(Fe;0,) nanocomposites had a lesser
intensity than (GA/HEMA) copolymer hydrogel
which implies that the interaction between Fe
nanoparticles and carboxylic groups existed [23].
Thus, FTIR spectroscopy confirms the mode of
binding of Fe atoms within the polymer matrix.
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Fig. (7): FTIR spectra for (a) GA powder (b) (GA/HEMA) copolymer hydrogel of gelation percent (96%) and (c) (GA/HEMA)-
(Fe30,) nanocomposite of concentration (0.4wt%)

Arab J. Nucl. Sci. & Applic. Vol. 52, No. 2 (2019)



218

SH.M. NASEF et al.

X-ray diffraction (XRD) measurements

X-ray diffraction analysis is used to determine the
crystallinity of the polymeric hydrogel. Figure (8)
shows the XRD pattern of ferric chloride, ferrous
chloride and (FesO4). Figure 8 (a) shows
characteristic diffraction peaks at 26 = 15°, 17°,
19°, 30°, 33°and 43° which are attributed to ferric
chloride powder. Figure 8(b) shows characteristic
diffraction peaks at 26 = 16°, 20°, 22°, 26°, 30°,
32°, 40°,42°and 52° which are attributed to ferrous
chloride powder. The XRD pattern of (FesOy)
Fig.8(c), shows characteristic diffraction peaks at
20 =30°, 35°, 43°, 57°, and 62°. The positions and
relative intensities of the reflection peaks of
(Fes0O,4) agree with the XRD diffraction peaks of
standard Fe;O4 samples [31].

The analysis revealed that the Fe;O, was
successfully prepared from ferric chloride and
ferrous chloride via in situ coprecipitation method.
Figure (9) shows the XRD pattern of (GA/HEMA)
copolymer hydrogels of gelation percent (96%),
(GA/HEMA)-(Fe30y) nanocomposite of
concentration (0.4, 1) wt%. The XRD pattern of
(GA/HEMA) copolymer hydrogel Fig. 9 (a) shows
a strong diffraction peak at 26=20° that confirms
the crystalline nature of the gum Arabic [32]. The
XRD of nanocomposite with different amounts of
(Fes0y) Fig. 9 (b, c) shows the corresponding peak
of GA besides three new diffraction peaks at 26 =
30°, 33°, 43° which referred to the existence of a
nanocrystalline spinel phase due to (Fes0,)
encapsulated in copolymer hydrogel network. The
disappearance of 57° and 62° peaks in the
diffraction pattern of the nanocomposite is due to
covering of (Fes0,) crystallite by crystalline
polymer [10]. It has also been observed that the
intensity of (Fe;O,4) peaks has decreased, during its
presence in the nanocomposite which is an
indication of incorporation within pores of the
hydrogel network [33]. It is also noted that a phase
change of (Fe;O4) did not occur because peaks
were not shifted for other 20 reflections and this is
favorable for maintaining the magnetic properties
of the nanocomposites. On the other hand, with the
increasing amounts of (Fez;O,), the intensity of the
typical reflection peaks of FezO, was increased.
GA/HEMA  copolymer  hydrogel  appeared
crystallinity of GA, while nanocomposites revered
a crystalline structure which was referred to
magnetite crystallized phases. According to the
Scherrer’s equation, the average particle size of the
iron nanoparticles in the (GA/HEMA)-(Fe;0y)
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nanocomposite with different contents are 18 and
28.65 nm for concentrations 0.4 and 1 wt%,
respectively, which is basically in accordance with
the transmission electron microscopy. From the
Scherrer's equation, the crystallite size of Fe;0,-
NPs increases by increasing the metal contents in
the polymer.

Thermal gravimetric analysis (TGA)

TGA is useful in obtaining enough information
about polymer relative thermal stability. The
thermal behavior of the prepared (GA/HEMA)
copolymer  hydrogel of (96%) gelation
(GA/HEMA)-(Fe30y) nanocomposites of
concentration (0.4, 1) wt% were measured from
ambient temperature up to 500°C. Figure 10 (a)
shows the thermogram of (GA/HEMA) copolymer
hydrogel, which indicates that the weight remains
at certain temperatures ranging from ambient to
500°'C. The thermogram  shows three
decomposition stages; the first decomposition
stage shows a weight loss of 5 wt%, within a
temperature below 200°C. This weight loss
corresponds to the evaporation of water. The major
weight loss occurs in the second decomposition
step in the range of (200 - 380°C), and is due to
decomposition of GA [34] (decomposition of side
groups and branches of the hydrogels). During the
third decomposition stage beyond 400°C, the
weight loss is attributed to the main-chain scission
of polymer and matrices which result in rapid
decomposition into carbon dioxide and volatile
hydrocarbons [18]. The high residue content, up to
4 Wt%, at 500°C is observed in thermogram for the
(GA/HEMA) copolymer hydrogels of (96%)
gelation. From the TGA curve, it is clear that the
thermal  stability of (GA/HEMA)-(Fe;0,)
nanocomposites is improved when compared with
(GA/HEMA) copolymer hydrogels. This is due to
two main reasons. The first reason for this change
is the Fe NPs have higher thermal stability than the
polymeric chains of the hydrogel. So, the presence
of these nanoparticles in the reaction medium
makes it thermally more stable. The second reason
is the reduced mobility of the polymeric chains on
loading of iron nanoparticles, leading to improved
thermal stability. The results of the FT-IR study
indicate that the iron nanoparticles can react with
the existing groups in the polymeric chains. Such
interactions can lead to the formation of several
weak intermolecular cross-links between the
polymeric chains, and therefore their mobility was
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restricted [35]. Thus, the degradation reaction will
be slowed down, and the decomposition occurred
at a higher temperature in the presence of Fe NPs.
As can be seen from Fig. (10), it is found that the
initial degradation temperature of copolymer
hydrogels was higher than that of nanocomposites
due to the catalytic property of the Fes0O4
nanoparticles [36, 37 and 38]. The high residue
content, up to 9 and 15wt% at 500°C observed in
thermogram for concentration (0.4, 1) wt%,
respectively indicates that (GA/HEMA)-(Fe;0,)
nanocomposites have significantly higher thermal
stability than that of (GA/HEMA) copolymer
hydrogels, which is suitable for practical uses.
These studies indicated the improvement of
stability of (GA/HEMA)-(Fe;0,) nanocomposites,
due to of iron particle has the “nano-effect” whose
formed inside the template [23]

Scanning electron microscope

Figure (11) shows the SEM images of
(GA/HEMA) copolymer hydrogel in comparison
with GA/HEMA/Fe;O, magnetic nanocomposites.
It can be noticed that (GA/HEMA) copolymer
hydrogel possesses wide hollow pore size at higher
magnifications indicating that water molecules can
be accommodated and easily diffused in and out.
While SEM images of (GA/HEMA)-(Fe;0,)
nanocomposites show the presence of magnetic
nanoparticles as irregular spherical shapes over all
the surface of the hydrogels and also embedded in
the polymer matrix of GA/HEMA [39].

Transmission electron microscope (TEM)

The size of the magnetic nanoparticles in the
prepared hydrogels was determined using a
transmission electron microscope. Figure 12 (a)
represents the TEM image of (GA/HEMA)
copolymer hydrogel of (96%) gelation. The TEM
analysis  demonstrated that the magnetic
nanoparticles were not sprinkled in the polymer
matrix. On the other hand, Fig. 12 (b, c) shows the
TEM image of (GA/HEMA)-(Fe304)
nanocomposites at concentrations (0.4, 1) wt%
which facilitates dispersion of nanoparticle
throughout the network structure due to carboxyl
and hydroxyl groups of the polymeric chains [23].
The results indicate that the metal means size in
(GA/HEMA)-(Fe30,) nanocomposites  at
concentrations (0.4, 1) wt% equal 20.1 and 30.3
nm, with average ranges of 10.5-34.1 and 20.4-47
nm, respectively. The formation of small
nanoparticles may help the incorporation of
(FesO4) nanoparticles  within ~ (GA/HEMA)
polymeric matrices as also indicated by XRD
measurements. It is also noticed that the particle
size was increased by increasing the metal contents
in the polymer due to the crosslinking effect and
the difference in the number of effective chains
which affect the penetration and control the rate of
iron nanoparticles formation [40, 41].
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Fig. (8): XRD diffraction patterns of (a) ferric chloride, (b) ferrous chloride and (c) (Fe304).
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Fig. (9): XRD diffraction patterns of (GA/HEMA) copolymer hydrogel of gelation percent (a) (96%), (GA/HEMA)-(Fe;0,)
nanocomposites of different concentration (b) (0.4wt%) and (c) (1wt%)
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Fig. (10): TGA thermogram for (GA/HEMA) copolymer hydrogel of gelation percent (a) (96%), (GA/HEMA)-(Fe;04)
nanocomposites of concentration (b) (0.4wt%) and (c) (1wt%)

Fig. (11): SEM micrographs of (a) (GA/HEMA) copolymer hydrogel of gelation percent (96%) and (b) (GA/HEMA)-(Fe30,4)
nanocomposite of concentration (0.4wt%).
Arab J. Nucl. Sci. & Applic. Vol. 52, No. 2 (2019)
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Fig. (12): TEM
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image of (a) (GA/HEMA) copolymer hydrogel of gelation percent (96%), (b) (GA/HEMA)-(Fes0,)

nanocomposites of concentration (0.4wt%) and (c) (1wt%)

Energy-dispersive x-ray (EDX) analysis

Energy dispersive X-rays (EDX) analyses were
carried out to determine the identity of the
nanoparticle. (EDX) was used to analyze the
elemental constituents of (GA/HEMA) copolymer
hydrogel and (GA/HEMA)-(Fe30y)
nanocomposites. Figure 13 (a) illustrates the EDX
spectrum of (GA/HEMA) copolymer hydrogel of
(96%) gelation. EDX analysis verifies the absence
of any peak in the region of both iron and oxygen
range in the pristine hydrogel. In Fig 13(b), the
existence of elemental iron (Fe) and oxygen (O)
was detected by EDX, confirmed the formation of
(Fe3Oy4). The analysis confirmed the presence of
iron oxide within the polymer matrix of
(GA/HEMA).

Vibrating sample magnetometer (VSM)

The magnetic properties of (GA/HEMA)-(Fe;0,)
nanocomposites of concentration (0.4wt%) were
tested and shown in Fig. (14). The magnetization
(Ms) and the retentivity of (GA/HEMA)-(Fes0y)
nanocomposites were 0.58386 emu/g and 28.446E-
3 emul/g, respectively which is much smaller than

that of pure magnetite nanoparticles [42]. There
have been several reports on the decrease in Ms
values of composites as (Fe;O4) nanoparticles are
incorporated into a nonmagnetic polymer matrix,
walls of polymer matrix act as a shield for
magnetic power of nano Fe;0O,4 [43, 44]. Also, the
reduction in the saturation magnetization can be
attributed to a low percent of FesO, in the
nanocomposites. The result shows that no coercive
force was found in the hysteresis curve, which
demonstrated that the prepared (GA/HEMA)-
(Fes0y) nanocomposites had excellent
superparamagnetism. The reason for
superparamagnetic nature of the nanoparticles is
due to the very small size of incorporated iron
oxide particles which favors the redispersion of
magnetic nanoparticles after the external magnetic
field is removed [10].

Endoxan loading of (GA/HEMA) copolymer
hydrogels and its magnetic nanocomposites

The total amount of endoxan adsorbed into dry
hydrogels and dry nanocomposites at different
initial concentrations of the drug are shown in Fig.
(15). It can be noted that, the amount of total
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endoxan absorbed by the copolymer hydrogels and
its nanocomposite increases with increasing the
initial concentration of endoxan due to the specific
interaction between the hydrogels and its
nanocomposite  with  the drug molecule,
interactions between positively charged drug to
partially ionized hydrogels and its nanocomposite
and also, to the higher frees volume available for
diffusion. In other words, the diffusion of the drug
inside the hydrogels matrix increases with
increasing drug concentration [45]. It can also be
seen that (GA/HEMA)-(FesO,) nanocomposites
have the ability to load higher concentration than
(GA/HEMA) copolymer hydrogel. This is due to
the existence of a greater amount of free space
between the hydrogel networks because
nanoparticles formation, as well as the endoxan
molecules, can also bind onto the surface of the
nanoparticles [30, 38].

It also depends on the amount of GA existing in
the hydrogel system: Amply, the increase of
functional groups (carboxylic group) in GA loads a
number of drug molecules, indicating that the
polymer layer present on NPs plays an important
role in loading endoxan molecules. This result
illustrates the different uses of NPs as efficient
vehicles for targeted delivery of anticancer
therapeutic agents through conjunction with
targeting molecules [30]. It was found that the
optimum initial concentration that used in the in
vitro release, get nearly a loaded amount of 36
mg/g for GA/HEMA copolymer hydrogel and 50
mg/g for nanocomposites and was used in vitro
drug release study.

In vitro release of endoxan drug

The in vitro release experiments of dried—loaded
hydrogel and loaded nanocomposite were carried
out in Simulated Intestinal Fluid (SIF) which is
almost similar to that of the intestine medium.
Figure (16) shows the drug release study of
(GA/HEMA) copolymer hydrogels and its
nanocomposite as a function of time at pH 7.4 and
37°C. It is noted that the release of the endoxan
drug increases with time until reaching the
optimum releasing percent through 210 min for
(GA/HEMA) copolymer hydrogel and
nanocomposite. The optimum endoxan released
was 58% (21mg/g) for (GA/HEMA) copolymer
hydrogels and 97% (48.5mg/g) for nanocomposite.
Endoxan release tests showed that nanocomposite
has a higher release than copolymer hydrogels.
This is due to the existing free space between the
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nanoparticles which allow to drug molecules
entering into the medium and also due to
embedding of Fe;O, nanoparticles into the network
which increases the surface area [38]. It is well
known that the delivery of drugs from the
hydrogels system can be controlled by external
stimuli (in this case, an external magnetic field).
The  endoxan release  from magnetic
nanocomposite was found to be in a sustained
manner Fig. (16). Since endoxan is a hydrophobic
molecule, low amounts are entrapped in copolymer
hydrogels. Therefore, these gels show a sustained
drug release profiles. But, by employing an
external applied magnetic field such as magnetite
has improved the delivery of endoxan from
magnetic nanocomposite into the medium [38]. An
improved release obtained in nanocomposite is
caused by the alignment of magnetic nanoparticles
by the external magnetic field which in turn
expands the hydrogels networks that allow more
number of endoxan molecules to release into the
medium [30, 46]; therefore, the diffusion and
liberation of endoxan throughout the polymer
matrix increased. The release obtained data
indicated that (GA/HEMA)-(Fe30y)
nanocomposites can be used for localized drug
delivery for the endoxan drug in a neutral
environment of the intestine.

Conclusion

In this study, (GA/HEMA) copolymer hydrogel
and (GA/HEMA)-(Fe304) magnetic
nanocomposite  were prepared by gamma

irradiation as an initiator. Magnetite (Fes;O,4) has
been prepared by chemical co-precipitation
technique. The crosslinked chemical structure of
(GA/HEMA) copolymer hydrogel and
(GA/HEMA)-(Fe3O4) magnetic  nanocomposite
have been confirmed by Fourier transform infrared
spectroscopy (FTIR). XRD and TEM confirmed
the incorporation of (Fe) nanoparticles in
(GA/HEMA) matrix. The swelling of copolymer
hydrogel and its nanocomposites were affected by
pH. (GA/HEMA)-(Fes0O,) nanocomposites have
higher swelling percent than that of (GA/HEMA)
copolymer hydrogel and both reached the
maximum swelling percent at 6 h. The optimum
endoxan drug released was 58% for (GA/HEMA)
copolymer hydrogels and 97% for nanocomposite
during 210 min. The prepared (GA/HEMA)-
(FezO4) nanocomposite could be used for localized
drug delivery for the endoxan drug in a neutral
environment of the intestine.
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Fig. (13): EDX spectra of (a) (GA/HEMA) copolymer hydrogel of gelation percent (96%) and (b) (GA/HEMA)-(Fez0,4)
nanocomposite of concentration (0.4wt%)
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Fig. (14): VSM curve of (GA/HEMA)-(Fe;0,4) nanocomposites of concentration (0.4 wt%).
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Fig. (15): Endoxan drug uptake by (e) (GA/HEMA) copolymer hydrogel and (o) (GA/HEMA)-(FesOy)
nanocomposite at 37°C, PH 7.4 and different endoxan concentrations
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Fig (16): Endoxan drug release from (o) (GA/HEMA) copolymer hydrogels and (o) (GA/HEMA)-(Fe;0,) nanocomposite at 37°C,

PH7.4
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