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ABSTRACT 

A Highly stable and uniformly distributed magnetic nanoparticles have been 
obtained onto hydroxyethyl methacryate (HEMA)-Agar– Fe3O4 (HAF), and 
HEMA-Gelatin- Fe3O4 (HGF) networks via gamma irradiation and loading 
technique. The swelling property of the prepared hydrogels in bidistilled water 
and different pH's was studied and the results showed that, the swelling percent 
of the plain hydrogel was found to be higher for all different compositions.  The  
morphology  and  structure of the prepared  hydrogels  and dispersion of the 
magnetite nanoparticles in the hydrogel network were examined by Scanning 
electron microscopy (SEM) and Infrared spectroscopy (FT-IR). The particle 
size of the formed magnetite nanoparticles has been confirmed by Dynamic 
light scattering (DLS) and Transmission electron microscope (TEM), and it was 
found to be smaller in loading technique than irradiation technique. The 
HEMA-Gelatin-Fe3O4 has higher particle size than HEMA-Agar-Fe3O4 (HAF). 
Finally, the drug loading capacities of the magnetite nanoparticles and their 
releasing dependence on different pH were investigated with doxorubicin 
hydrochloride (DOX) as an anticancer drug model.   
Keywords, HEMA, natural polymers, Fe3O4 nanoparticles, FTIR, SEM, DLS, 

TEM, Doxorubicin. 
 

1. INTRODUCTION 

Much effort has been devoted to the synthesis of organic/inorganic 
nanocomposites (1-6). Because of their small size, nanoparticles (NP) offer 
unique properties and magnetic nanoparticles (MNP) based on iron oxide 
composites or hybrid materials. Nanoscale materials have a 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 disrupting normal functions and can access spaces inaccessible by other 
materials. The combination of magnetic nanoparticles with polymers in order to 
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obtain colloidal or composite stable systems had attracted much interest. 
Magnetic biomaterials must present additional characteristics in comparison 
with materials used for other applications. For in vivo applications of magnetic 
nanoparticles, three basic prerequisites have to be met: (1) the surface has to be 
biocompatible, (2) non-toxic, and (3) the particles must be well-dispersed 
without forming aggregates (7). Magnetic nanoparticles are studied in numerous 
disciplines because they are used in a wide range of applications in industry, 
science, and medicine. In particular, magnetic nanoparticles are used in data 
storage, medical drug delivery, hyperthermia, and bioseparation(8). However, 
Fe3O4 nanoparticles tend to aggregate due to strong magnetic dipole–dipole 
attractions between particles. To avoid aggregation, aqueous dispersion of the 
magnetic nanoparticles is attained by coating their surfaces with hydrophilic 
polymers such as starch or dextran and chitosan (9, 10).  

Another possible application of magnetic nanoparticles fastens in the 
field of hyperthermia cancer treatments where hysteresis looses of magnetic 
nanoparticles generated during their cyclic remagnetizations under applied 
alternating magnetic fields are exploited to destroy cancer cells and tissues (11). 
The use of magnetic nanoparticle based colloidal carrier system for targeting 
tumors is one of the preference mode of drug delivery application, since these 
are well tolerated by body, tend to degrade with time. Cancer chemotherapy is 
usually obstructed mainly by low selectivity of the anticancer drugs towards the 
cancer cells, which causes severe side effects. 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. Nano-sized 
delivery systems that carry therapeutic and diagnostic imaging agents with 
targeting function are an emerging concept for effective guided therapy. 
Targeting nanoparticles have shown great potential for anticancer drug delivery 
and imaging applications over the past decade (12-15). 

In this work, two natural polymers (agar and gelatin) were used 
individually as stabilizers during the synthesis of magnetic nanoparticles in 
order to improve the stability, biocompatibility and biodegradability. This work 
is focused on the preparation of the natural polymers magnetic nanoparticles 
and characterization of them using Infrared spectroscopy (FTIR), magnetic 
properties, scanning electron microscope (SEM), transmission electron 
microscopy (TEM) and dynamic light scattering (DLS). The possible 
application of magnetic nanoparticles as anticancer drug carrier has been study.   
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2. MATERIALS AND METHODS 

2.1. Materials 

Agar powder from phyto technology laboratories, LLC, Cairo, Egypt. 
Gelatin from El-Nasr Co. from medical supplies, Cairo, Egypt. 2-
hydroxyethylmethacrylate (HEMA) of purity 99% (Merck, Germany) were used 
as received. The other chemicals such as FeCl3·6H2O and FeSO4·5H2O, were 
purchased from El-Nasr Co. for Chemical Industries, Egypt and used without 
further purification. doxorubicin hydrochloride (Adriamycin) as anticancer 
drug, [Adriablastina vials (Farmitalia Carlo Erba Co., Milano , Italy )]: Each 
vial contains 10 mg adriamycin hydrochloride+50 mg lactose+1 mg methyl 
hydroxybenzoate in a dry lyophilized powder form.  

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Scheme (1): (a) Hydroxyethyl methacryate, (b) Agar, (c) Gelatin and (d) 
Doxorubicin hydrochloride structures. 

2.2. Gamma radiation preparation of HEMA-Agar–Fe3O4 (HAF), and 
HEMA-Gelatin–Fe3O4 (HGF).  

A quantity of 0.18 g of agar or gelatin was added to 30ml distilled 
water. The mixture was heated at 90 ◦C for 10 min with constant stirring.  The 
solution was subsequently cooled to the room temperature and then added to 30 
ml HEMA 50% aqueous solution, and continuously stirred to form 
homogeneous mixture. FeCl3·6H2O (0.108 g) and FeSO4·5H2O (0.0556 g) were 
dissolve in 40 ml bidistilled water then added 1.5 ml of isopropyl alcohol as 
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scavenger of hydroxyl radicals. The two solutions were mixed and placed in 
glass test tubes then gamma irradiated to 30 kGy at ambient temperature using a 
Co60 gamma source with dose rate of 1.8 Gy/s. The prepared hydrogels obtained 
in cylindrical shapes,  cut into 2 mm thickness and dried for constant weight and 
labeled as HAF and HGF, respectively. 

 2.3. Preparation of HEMA-Agar and HEMA-Gelatin Loaded Fe3O4 
nanoparticles 

To prepare hydrogel loaded Fe3O4 nanoparticles, a quantity of 0.18 g of 
agar or gelatin was added to 30ml distilled water. The mixture was heated at 90 
◦C for about 10 min with constant stirring.  The solution was subsequently 
cooled to the room temperature and then added to 30 ml HEMA 50% aqueous 
solution, and continuously stirred to form homogeneous mixture. The prepared 
solutions placed in glass test tubes and gamma irradiated to 30 kGy at ambient 
temperature using a Co60 gamma source with dose rate of 1.8 Gy/s. The 
prepared hydrogel were equilibrated with water for 24 h then transferred to 
another beaker containing 40 ml of FeCl3·6H2O (0.108 g) and FeSO4·5H2O 
(0.0556 g) aqueous solutions for another 24 h. Here, most of the iron ions are 
exchanged from solution into hydrogel networks and rest of metal ions were 
occupied in free network spaces of hydrogels. These iron salt loaded hydrogels 
were finally transferred into another beaker containing 40 ml of NH4OH (25%) 
for 24h as reducing agent. The resultant hybrid hydrogel was removed, washed 
with deionized water, and allowed to dry in oven at 60◦C (16). 

 

 

Scheme (2): Synthesis of magnetite nanoparticles within the hydrogel network 

2.5. Characterization 

2.5.1. Fourier-transform Infrared (FTIR) Measurement 

The prepared hydrogels were dried and ground to a fine powder, then a 
fixed weight of hydrogel mixed with a fixed weight of dried KBr and pressed to 
a disk for IR analysis. FTIR spectra of hydrogels measured by FTIR 
spectrometer (6300, JASCO Japan) in the range from 400–4000 cm-1 
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2.5.2. Gel fraction  

The prepared hydrogels were cut into disks of 2mm thickness, dried and 
then weighed. The samples were extracted by hot bidistilled water at 80ºC for 6 
hours then dried at 40ºC until a constant weight is reached. The gelation percent 
(G%) was calculated gravimetrically by using the following equation:  

        G % = (Wg / Wo) x 100                                                       (1)           

Where Wg and Wo was the weight of dried sample after and before extractions, 
respectively (17).  

2.5.3. The swelling study 

Pre-weighted hydrogel, were placed in deionized water and left for 24 h 
to attain equilibrium swelling sorption. Before weighing the hydrogel, excess 
water was removed superficially by filter paper and the weight of swollen 
hydrogel was then determined. The swelling percent was obtained by using the 
following equation:  

S% = [(Ws-Wg) / Wg]  x 100            (2) 

where Wg is the mass of dried copolymer network and Ws is the mass of the 
swelling gel after time (t) respectively. 

2.5.4. Scan Electron Microscope (SEM) 

A JEOL-JSM-5400 Scanning Electron Microscope–Japan was used for 
investigating the morphology of different hydrogels at high magnification and 
resolution by means of energetic electron beam. 

2.5.5. Magnetic properties measurements 

Electron paramagnetic resonance (EPR) signals of the Fe3O4 
nanoparticles were recorded at room temperature by using a Bruker EMX 
spectrometer (X-band), Burker, Germany. The operating conditions are: 
microwave power=1.006 mw, modulation amplitude= 4.00 Gauss, modulation 
frequency=100 kHz, sweep width=2300 Gauss, microwave frequency=9.706 
GHz, time constant=81.92 ms and sweep time=20.97 s.   

2.5.6. Particle size mesurments  

2.5.6.1.Transmission Electron Microscope (TEM) 
Transmission electron microscopy (TEM) measurements were 

performed with a (JEOL, JEM 100CX, Japan) operating at 80 kV. Transmission 
electron microcopy (TEM) was used to find out the size of magnetite 
nanoparticles inside the hydrogel nanocomposites. To image the magnetite 



M. Eidet al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 460 

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 µl of this solution was dropped 
on a 3 mm copper grid, drying at room temperature. The copper grid was 
inserted into transmission electron microscope. 

2.5.6.2.Dynamic light scattering (DLS) 

To measure the particle size by DLS, the magnetic nanoparticles 
powder (0.01g) extracted in 20 ml bidistilled water, stirred for 30 min until 
become homogeneous, filtered and the supernatant was measure by Zeta 
Potential/Particle Sizer NICOMPTM 380 ZLS Pss. NICOMP particle sizing 
systems Santa Barbara, California, USA. (18).  

2.5.7. Doxorubicin loading and release study 

In this investigation, Doxorubicin (DOX) was used as a model drug to 
estimate the loading and release patterns. The magnetic nanoparticles were 
loaded with DOX solution for 24 h. The DOX can diffuse into the magnetic 
nanoparticles, where a high concentration of drug molecules penetrates into the 
magnetic nanoparticles network. Then the quantitative estimation of the DOX 
loading was obtained by a UV–Vis spectrophotometer. DOX concentration was 
determined by measuring absorbance at max 480 nm using a DOX calibration 
curve. The release of DOX from the magnetic nanoparticles hydrogels was 
determined by a spectroscopic method at pH's 5.8 and 7.6. The pH levels chosen 
as the acidity characteristic of the tumor microenvironment (5.8-7.6). 

3. RESULTS AND DISCUSSION 

3.1. Gelation percent 

Irradiation of HEMA-Agar (HA) and HEMA-Gelatin (HG) aqueous 
solution by gamma irradiation at dose 30 kGy, leads to the formation of 
insoluble polymeric network. A typically dependence of gel fraction on the 
polymer compositions was found from the results that, the gelation percent of 
HEMA-Agar (HA) and HEMA-Gelatin (HG) was 97.47 and 96.28 respectively. 
This finding might be attributed to the higher degree of crosslinking of polymer 
network by the effect of irradiation dose (19). The relatively higher gelation (%) 
of HEMA-Agar may be due the crosslinking of hydrogen bonding formation 
(20). 

3.2. Swelling studies 

3.2.1. Effect of polymer composition      

The magnetite nanoparticle formation within the hydrogel networks can 
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be seen from the bulk gel disc, which became brown after the reduction 
reaction. It is hypothesized that the magnetite nanoparticles are immobilized 
throughout the hydrogel networks due to a strong localization of the magnetite   
ions within the network. Fig. (1) shows the swelling behavior of HEMA-Agar, 
HEMA-Agar-Fe3O4-radiation, HEMA-Agar-Fe3O4-loaded, HEMA-Gelatin, 
HEMA-Gelatin-Fe3O4-radiation and HEMA-Gelatin-Fe3O4-loaded in bidistilled 
water after 24 h. From the figure, it can be confirmed that a large shrinkage of 
the hydrogel after the addition of Fe3O4 via gamma radiation. However, at the 
same time, the network system showed an improved swelling pattern of 
magnetite nanoparticles formed by loaded reduction technique  than reduction 
by gamma radiation. The hydrogels treated with iron ions, the iron ions 
dispersed throughout the gel network. The electrostatic forces between the iron 
ions and the function groups of hydrogels are responsible for the increase in the 
swelling of iron ion loaded hydrogels. When the iron ion loaded hydrogels 
reduced by ammonia, magnetite nanoparticles are formed inside the hydrogels. 
This change results in an increased swelling capacity due to increased 
electrostatic forces between the function groups and iron oxide (21). This 
enhancement may be due to the surface charge of the nanoparticles that perturb 
and cause an expansion in the networks of the gel. Therefore, the order of the 
swelling capacity of the hydrogel is in the following order: hydrogel > hydrogel 
Fe3O4 loaded reduction > hydrogel Fe3O4 radiation (22, 23). 
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Figure (1): Swelling behavior of HEMA-Agar, HEMA-Agar-Fe3O4-radiation, 
HEMA-Agar- Fe3O4-loaded, HEMA-Gelatin, HEMA-Gelatin-Fe3O4-radiation and 

HEMA-Gelatin-Fe3O4-loaded in bidistilled water after 24 h. 

3.2.2. The pH-sensitive swelling 

The pH of the swelling medium affects the swelling behavior of 
hydrogel and hydrogel–metal nanoparticles which formed by radiation 
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reduction technique and loaded reduction technique. This type of magnetite 
nanoparticles could be useful for allowing controlled drug delivery and 
bioseparation at different pH values. Figure 2 shows that, the swelling capacity 
increases as the pH increases from 3.0 to 6.8 and decreases at pH 10.0 for 
HEMA-Agar–Fe3O4 (HAF) and figure 3 shows that, the pH increases from 3.0 
to 6.8 and pH 10.0 for HEMA-Gelatin–Fe3O4 (HGF). The pH dependent 
swelling reversibility of the hydrogel magnetic nanoparticles performed in pH 
6.8 medium. The Figures 2 and 3 present successive swelling (on) and 
deswelling (off) cycles for the hydrogel nanoparticles when the hydrogel 
kinetics are followed in external pH media 3.0, 6.8 and 10.0. The hydrogels are 
found to exhibit a number of cycles without undergoing any shape deformation. 
pH-sensitive polymers are materials that vary their dimensions with the changes 
in the pH of the surrounding media. These materials will swell or collapse 
depending on the pH of their environment. This behaviour is attributed to the 
presence of certain functional groups in the polymer chains. 
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Figure (2): Swelling and deswelling behavior of HEMA-Agar, HEMA-Agar- 
Fe3O4-radiation and HEMA-Agar- Fe3O4-loaded at different pH values. 

From figures 2 and 3, it was also noted that  the 
HEMA-Agar and HEMA-Gelatin have higher swelling value than the other 
hydrogel magnetite nanopartcles, it may be due to the iron ions dispersed 
throughout the gel network.  
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Figure (3): Swelling and deswelling behavior of HEMA-Gelatin, HEMA-Gelatin- 
Fe3O4-radiation and HEMA-Gelatin- Fe3O4-loaded at different pH values. 

3.3. Characterization of the function groups of the copolymer by FTIR 

The analysis of a relevant amount of compositional and structural 
information concerning HEMA-Agar (HA), HEMA-Agar–Fe3O4 (HAF) 
nanoparticles and HEMA-Gelatin (HG), HEMA-Gelatin–Fe3O4 (HGF) 
nanoparticles samples have been investigated by FTIR spectroscopy. The 
regions of the characteristic bands corresponding to vibrations of the hydroxyl-, 
methyl- and methylene-, carbonyl-, amide, and quaternary ammonium groups 
were analyzed. The spectra of HEMA-Agar (HA) and HEMA-Agar–Fe3O4 
(HAF) nanoparticles are shown in figure 4. In the spectra of HEMA-Agar (HA) 
(Fig. 4a), the characteristic absorptions that appear at 1156, 1081, and 1019 cm-1 
are attributed to the C-O-C stretching vibration of the anhydroglucose units (a 
triplet peak of agar). The bands at 2930 cm-1 is characteristic of the CH3 
stretching vibration and 1457 cm-1 attributed to CH2 (24-26).   

Meanwhile, a broad band displaying the O-H stretching vibration 
appears in the region of 3600-3100 cm-1 and C=O at 1720 cm HEMA-Gelatin-1 
for all spectrum. The spectra of HEMA-Gelatin (HG) and HEMA-Gelatin–
Fe3O4 (HGF) are shown in figure 5. Figure 5a of HEMA-Gelatin (HG) spectrum 
shows absorption bands for the C=O stretching and N-H bending of the amide 
bands appear at 1623 cm-1. The regions of absorption peaks for the N-H 
stretching of the primary amide appear at 3197 cm-1 and 3446 cm-1. In addition, 
the peak at 1400 cm-1 is for the –C-N stretching, and 750 cm-1 for the weak band 
N-H out of plane bending. The interaction of magnetic nanoparticles with 
hydrogels results the intensity decrease in the band of OH and NH and also in 
the absorption band of C=O (27).  
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Figure (4): FTIR spectra of HEMA-Agar and HEMA-Agar-Fe3O4 nanoparticles. 

5001000150020002500300035004000
0

20

40

60

80

100

HEMA-Gelatin
HEMA-Gelatin-Fe3O4 

Tr
an

si
m

itt
an

ce
 (%

)

Wavenumber (cm-1)

17
20

---

16
23

---

14
57

---
14

00
---

75
0-

--

29
40

--- 10
19

---
-

10
81

---
-

11
56

---
-

 

Figure (5): FTIR spectra of HEMA-Gelatin and HEMA-Gelatin-Fe3O4 
nanoparticles. 

3.4.Scanning electron microscopy 

Figures 6 and 7 show the SEM of HEMA-Agar, HEMA-Agar-Fe3O4-
loaded and HEMA-Agar- Fe3O4- radiation nanoparticles and SEM of HEMA- 
Gelatin,HEMA- Gelatin - Fe3O4-loaded and HEMA- Gelatin- Fe3O4- radiation 
nanoparticles respectively. The apparent physical nature of HEMA-Agar and 
HEMA-Gelatin changed remarkably after radiation and loading by magnetite 
nanoparticles. As shown in figures 6a and 7a the hydrogels have a relatively 
wider pore structure. 

The SEM analysis of the products provides information on the size and 
morphology of the magnetite particles. It can be seen from figures that, the 
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magnetic particles were observed and had a spherical particle shape. The SEM 
image of magnetic shows that the final products exhibited aggregation as a 
result of surface modification by the attachment of natural polymer (27).  

 
a) HEMA-Agar 

 
b) HEMA-Agar-Fe3O4-loading 

 
c) HEMA-Agar-Fe3O4-radiation 

Figure (6): SEM of HEMA-Agar, HEMA-Agar-Fe3O4-loaded and HEMA-Agar-
Fe3O4- radiation nanoparticles. 

 
a) HEMA-Gelatin 

 
b) HEMA-Gelatin- Fe3O4-loading 

 
c) HEMA-Gelatin- Fe3O4-radiation 

Figure (7): SEM of HEMA- Gelatin, HEMA- Gelatin - Fe3O4-loaded and HEMA- 
Gelatin - Fe3O4- radiation nanoparticles. 
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Magnetic properties 

The characteristics of an ideal superparamagnetic material with a size 
less than 20nm are zero coercivity and zero remanence (28). The magnetization 
was determined from electron paramagnetic resonance spectroscopy. The 
HEMA-Agar- Fe3O4-loaded and HEMA- Gelatin - Fe3O4-loaded nanoparticles 
showed superparamagnetic properties. Figure 8 shows the ESR signal intensity 
of the magnetite nanoparticles prepared by loading technique. The high 
magnetization of agar magnetite nanoparticles than that of gelatin magnetite 
nanoparticles can be attributed to the high affinity of OH group of agar 
molecules to combine with iron ions than NH2 group of gelatin molecules which 
lead to form more magnetite nanoparticles. 
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Figure (8): The relation between ESR signal intensity of HEMA-agar-Fe3O4 and 
HEMA-gelatin-Fe3O4 nanoparticles prepared by loading technique and magnetic 

field (Gauss). 

3.5. Examination of the magnetic nanoparticle size 

3.5.1. Particle size measurments  

3.5.1.1. Transimition electron microscope 

Figure (9 and 10) showed the TEM image of HEMA-Agar-Fe3O4 
(HAF) and HEMA-Gelatin-Fe3O4 (HGF) nanoparticles prepared by radiation 
technique. The figure demonstrates a highly uniform quasi-spherical 
distribution of magnetite nanoparticles. It is clear from the figures that, the 
magnetite nanoparticles formed in the crosslinked networks are highly affected 
by the type of the hydrogel at the same monomer concentration, irradiation dose 
and iron ions concentration (29). In case of HEMA-Agar-Fe3O4 (HAF) and 
HEMA-Gelatin-Fe3O4 (HGF) nanoparticles prepared by radiation technique,  
the magnetite nanoparticles from their histogram have the mean size of 32.2 and 
33.32 nm, with range of 20-50 nm and 21.7-57 nm respectively. 
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For HEMA-Agar-Fe3O4 (HAF) and HEMA-Gelatin-Fe3O4 (HGF) 
nanoparticles prepared by loading technique, the magnetite nanoparticles from 
their histogram have the same mean size of 23.88 nm, with range of 12-52 and 
10-35 nm respectively. 
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b) HEMA-Agar- Fe3O4-radiation 
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Figure (9): TEM of (a) HEMA-Agar-Fe3O4-loaded and (b) HEMA-Agar-Fe3O4-
radiation nanoparticles, (Bar scale 500 nm) and particle size distribution percent 

of (c) HEMA-Agar- Fe3O4-loaded and (d) HEMA-Agar-Fe3O4-radiation 
nanoparticles. 
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a) HEMA-Gelatin- Fe3O4-loading 

 
b) HEMA-Gelatin- Fe3O4-radiation 
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Figure (10): TEM of (a) HEMA-Gelatin-Fe3O4-loaded and (b) HEMA-Gelatin-
Fe3O4- radiation nanoparticles, (Bar scale 500 nm) and particle size distribution 

percent of (c) HEMA-Gelatin- Fe3O4-loaded and (d) HEMA-Gelatin- Fe3O4-
radiation nanoparticles. 

3.5.2. Dynamic light scattering 

Figure (11 a and b) showed the particle size measured by the dynamic 
light scattering (DLS) of HEMA-Agar-Fe3O4 (HAF) and HEMA-Gelatin-Fe3O4 
(HGF) prepared by loading reduction technique. For this purpose a 0.01 g was 
extracted in 20 ml bidistilled water and the supernatant was examined by DLS. 
The particle size of HEMA-Agar-Fe3O4 (HAF) and HEMA-Gelatin-Fe3O4 
(HGF) was found to be 47.1 and 30.5 nm respectively.  
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Figure 11(a): DLS measurement of HEMA-Agar-Fe3O4 (HAF) nanoparticles 

prepared by loading reduction technique. 
 

 
Figure 11(b): DLS measurement of HEMA-Gelatin–Fe3O4 (HAF) nanoparticles 

prepared by loading reduction technique. 

Figure (12a and b) showed the dynamic light scattering (DLS) 
measurements of HEMA-Agar–Fe3O4 (HAF) and HEMA-Gelatin-Fe3O4 (HGF) 
prepared by radiation technique. For this purpose a 0.01 gm was extracted in 20 
ml bidistilled water and the supernatant was examined by DLS. The particle size 
of HEMA-Agar-Fe3O4 (HAF) and HEMA-Gelatin-Fe3O4 (HGF) was found to 
be 60.2 and 67 nm respectively. The decrease of magnetite nanoparticles size 
under loading reduction technique than that of radiation technique may be 
because the magnetite nanoparticles found to be far apart from each other and 
decrease their chance for aggregation into larger size (30). 
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Figure 12(a): DLS measurement of HEMA-Agar–Fe3O4 (HAF) nanoparticles 

prepared by radiation technique. 
 

 

Figure 12(b): DLS measurement of HEMA-Gelatin-Fe3O4 (HAF) nanoparticles 
prepared by radiation technique. 

However the DLS results were found to be in good agreement with the 
result observed by transmission electron microscopy (TEM), the greater average 
size in DLS  relative to that in TEM may be due to the association and 
aggregation molecules in H2O via Vander Waal's force or hydrogen band (31). 

3.6. In vitro anticancer drug release 

The differences between normal and tumor tissue in relation to targeting 
of nanomedicines by the enhanced permeability and retention (EPR) effect. 
Normal tissue contains tightly connected endothelial cells which prevents the 
diffusion of the nanomedicine outside the blood vessel. Tumor tissue contains 
large fenestration between the endothelial cells allowing the nanomedicines to 
reach the matrix and the tumor cells by the EPR effect. The design of new class 
nanofabricated systems is greatly expected for target anticancer drug delivery. 
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The magnetite nanoparticles hydrogel was loaded with drug by mixing them 
with DOX solution. Figure 13 represent the amount of DOX loaded study from 
magnetic nanoparticles. From the figure it can be noted that, a relatively large 
amount of DOX could be loaded into the gelatin than that of agar in a more 
facile way as shown in figure (13). 

Figure (13): The amount of DOX loaded study for magnetic nanoparticles. 

Fig. 14 present the amount of DOX released study from magnetite 
nanoparticles at pH 5.8 and 7.6. The DOX release tests showed that gelatin 
magnetic nanoparticles has high release than agar magnetite nanoparticles. The 
result also showed a higher release at pH 5.8 compared to that at pH 7.4 for both 
HEMA-agar and HEMA-gelatin magnetic nanoparticles. The faster drug release 
rate in lower pH medium could be contributed to two factors: the first one is the 
loose nanoparticle structure, which caused by the stronger protonation of the 
free function groups of polymer in lower pH; the other one is the higher 
solubility of DOX in lower pH, so the drug release rate from nanoparticles 
reduced with the increase of the pH value of dissolution medium. It is assumed 
that the DOX release would be quicker in a mildly acidic tumor environment 
than in normal tissue or blood due to the weak binding between DOX and the 
function groups of the polymer and the reprotonation of the amino groups of 
DOX (Scheme 3) (32). 
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Scheme (3): Representative drug release from magnetic nanoparticles through 

tumor cells. 
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Figure (14): In vitro doxorubicin release from (a) HEMA-agar magnetic 

nanoparticles and (b) HEMA-gelatin magnetic nanoparticles prepared by loading 
technique at pH 5.8 and 7.6. 
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CONCLUSION 

In this study, magnetic nanoparticles were successfully prepared in 
natural polymers as stabilizer for anticancer drug by gamma radiation and 
loading technique. The swelling of polymer magnetic nanoparticles were 
affected by the change in the environment pH. The TEM analysis proved that 
the magnetic nanoparticles were well dispersed in the polymer matrix. The 
prepared magnetic nanoparticles were quasi-spherical in shape with the average 
particle size of 27.6 nm. The average diameter measured by DLS was 51 nm. 
The larger average particle size measured by DLS compared to that measured 
by TEM may be due to aggregation in aqueous solution by Vander Waal's or 
hydrogen bond. The drug loading of magnetic nanoparticles toward doxorubicin 
hydrochloride (DOX) possessed good loading capacity, while the releasing 
behavior was highly dependent on the pH values of the normal and tumor cells. 
The anticancer drug release was also affected by the difference between normal 
tissue that contains tightly connected endothelial cells which prevents the 
diffusion of the nanomedicine outside the blood vessel and tumor tissue which 
contains large fenestration between the endothelial cells allowing the 
nanomedicines to reach the matrix and the tumor cells by the EPR effect. All 
these results may offer a suitable way for the preparation of anticancer drug-
carriers for tumor combination therapy aiming to increased anticancer activity 
and lower toxicity.   
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  المؤتمر الدولي الثالثالمؤتمر الدولي الثالث

   وتطبیقاتھا وتطبیقاتھاللعلوم اإلشعاعیةللعلوم اإلشعاعیة
   مصر- الغردقة – ٢٠١٢ نوفمبر ١٦ – ١٢

 
  

تحضیر وتوصیف البولیمرات الطبیعیة كمثبت للجزیئات النانومتریة للحدید 
  المغناطیسي بواسطة أشعة جاما

  منى عید محمد

  
ة     ى غای انس وف شكل متج ة ب ة موزع د النانومتری سید الحدی ات أك ى جزیئ صول عل م الح د ت لق

دروجیالت   ى ھی تقرار عل  HEMA-Dextran–Fe3O4 وHEMA-Agar–Fe3O4 (HAF)االس
(HDF)  و HEMA-Gelatin- Fe3O4 (HGF)    ل ة التحمی ا و تقنی عة جام ت   .  عن طریق أش ذلك تم ك

ن االس                   ة م ات مختلف ي درج ذلك ف اه المقطرة وك ي المی دروجیالت ف ي الھی یة  ف یة االنتفاش دراسة خاص
ات    ع مكون ن جمی ى م ادي أعل دروجیل الع یة للھی سبة االنتفاش ائج أن ن رت النت دروجینى، وأظھ الھی

ات        الھیدو ل ذات درج اء والمحالی ن الم ال م جیالت المحتویة على جزیئات أكسید الحدید النانومتریة في ك
ة   . مختلفة من االس الھیدروجینى      وقد تم دراسة مظاھر السطح وكذلك تركیب الھیدروجیالت  النانومتری

یئات الحدید  وقد تم تحدید حجم جز(FTIR) واألشعة تحت الحمراء (SEM)بواسطة المجھر االلكتروني 
دینامیكي       ضوء ال شتیت ال ازي ت طة جھ كلھا بواس ة وش سىة النانومتری ر (DLS)المغناطی  والمجھ

ا        (TEM)االلكتروني النفاذ    ا كروی وزع توزیع ة تت سىة النانومتری د المغناطی  وقد وجد أن جزیئات الحدی
شعیع            ة الت ى طریق ھ ف ل عن ة التحمی طة طریق ل بواس م اق ط حج سا بمتوس ا و . متجان م    كم ضا ان حج د ای ج

م   .  الجزیئات یعتمد على نوع الھیدروجیل المحمل علیھ  را، ت ل ال   دراسة وأخی درات تحمی طة  دواء ق  بواس
دواء  الحدید المغناطیسىة النانومتریة ، واعتماد   زیئاتج ي  ع خروج ال ع   ال الحموضة  ات درج ل ة م مختلف

  . المضاد للسرطانلدواءكنموذج ) DOX(ھیدروكلورید دوكسوروبیسین 

  


