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Abstract: This paper proposed an engineered silica-coated FesO4 with ZnO nanoparticle, prepared by
a coprecipitation/Stober method as a curcumin delivery system. To this end, the structural
characterization of the nanocomposite was performed by Fourier transform infrared spectroscopy (FT-
IR), ray diffraction (XRD), VSM, and TEM. The findings show that the synthesized nanocomposite has
a semispherical structure with an average particle size of 50-70 nm and excellent magnetization
properties (21.4 emu/g).
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1. Introduction

In recent decades, magnetic nanoparticles have received much attention in medical
applications due to their magnetic properties, easy surface modification, and high
biocompatibility [1-4]. Magnetite is widely used in drug delivery [5,6], magnetic imaging [6-
8], and catalytic studies. One of the applications of these nanoparticles is their use in targeted
drug delivery. The core-shell structure of magnetic nanoparticles is highly regarded as a
targeted and controlled drug delivery system [9]. With controlled drug delivery, nanocarriers
can overcome the problems of conventional drugs, such as low solubility and rapid clearance
of the drug from the body [10]. Targeted drug delivery leads to the drug delivery to the target
tissue and will have the least side effects on other tissues [11]. Magnetic nanoparticles such as
FesO4 are highly regarded for their magnetic properties, low toxicity, and biocompatibility
[12,13]. However, magnetite nanoparticles have high surface energy which causes them to be
aggregate. These nanoparticles are also prone to oxidation in the air, which reduces their
magnetic properties. Therefore, to prevent these problems, they must be functionalized by
various polymers [14], silica [2,15,16], and metals [10]. Silicon is a biocompatible trace
element in the human body and has been the subject of important research due to its distinctive
structural properties such as large surface area and specific surface area [17]. Due to the
network structure, the rate of biological degradation is slow, and therefore, it can accumulate
in the body, limiting its biomedical applications [18]. Silica is stable in acidic conditions and
has hydroxyl groups that bind magnetite to various biological ligands. Silica is non-toxic and
used as a vitamin supplement and food additive [19]. In this study, we used the Stdber method
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to synthesize silica [20]. Zinc oxide (ZnO) is very important in the treatment of cancer. Zinc
oxide is present in various structures, including nanorods, nanospheres, and nanoparticles. It is
non-toxic and has antibacterial properties. It is also biocompatible and serves as a potential
candidate for drug delivery [21].

CUR [22] is a polyphenol substance whose anti-cancer properties have been proven. It
is prepared in different forms of medicine and is used in different types of malignancy, anti-
inflammatory, antioxidant, antimicrobial. Curcumin can be found in various molecules in the
cell, such as proteins such as thioredoxin reductase, cyclooxygenase 2 (COX-2), protein target
kinase C (PKC), 5-lipoxygenase (5-LO). Curcumin will have little effect due to poor water
solubility and low bioavailability. One way to overcome this problem is to use nanoparticles.

In a recent study, FesO4 was synthesized, and then the silica-coated nanoparticles were
fabricated, and finally, ZnO nanoparticles were added to the structure (scheme 1). We used
nanoparticles prepared for drug delivery of curcumin (CUR). Considering the above issues, the
main objective of this study was to prepare and characterize the nanocomposite of silica and
iron oxide by coprecipitation method and evaluate its potential as a drug delivery system with
a pH-sensitive property.
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Scheme 1. Synthetic Procedure of nanocomposite.
2. Materials and Methods

2.1. Materials and reagents.

Iron (1) chloride tetra-hydrate (FeCl..4H20) and Iron (I1l) chloride hexahydrate
(FeCls.6H20), Zinc nitrate hexahydrate (ZnNO3.6H20), dimethyl-form-amide (DMF),
Curcumin (CUR), sodium hydroxide (NaOH), and tetraorthosilicates (TEOS, CgH2004Si)
purchased from Merck Company. Ammonia solution (NH4OH, 25%) was obtained from
Sigma-Aldrich.

2.2. Synthesis of FesO4 nanoparticle.

Fez04 magnetic nanoparticles synthesized via co-precipitation method [23,24]. Briefly,
2 mmol FeCls.6 H>0O and 1mmol FeCl,.4 H,O were mixed in 50 mL of distilled water and
heated to 80 °C under vigorous stirring and N2 gas. Then 20 ml of NHsOH was added drop by
drop. The black precipitates (F) were separated by an external magnet and washed with distilled
water three times, and finally dried in the oven at 60 °C. The relevant chemical reaction can be
described with follows equation (1):

Fe** + 2Fe®" + 80H —Fe304 + 4H,0 1)
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2.3. Synthesis of Fe30,@SiO, nanocomposite.

Fe304-SiO2 core-shell nanoparticle were synthesized by Stober method [25]. Briefly,
0.1 g FesO4 and mixture solution containing 80 ml ethanol and 20 ml deionized water were
dispersed in an ultrasonic bath for 1 h. Then, ammonium hydroxide (1 mL) and 0.3 ml TEOS
were added dropwise. The mixture was mechanically stirred for 4 h. Finally, the Fez0s-SiO:
(FS) was separated by an external magnet, washed three times with distilled water, and dried
in an oven at 60-70 °C.

2.4. Synthesis of Fe304@SiO.@2ZnO mesoporous.

0.5 g of synthesized Fez04-SiO, powder was dispersed in 50 ml of DMF by ultrasonic
bath, and 0.3 g of ZnNO3-6H20 was dissolved in 50 ml of DMF then added to the initial
solution. The colloids were sonicated for another 30 min. 2 ml of NaOH (0.5 M) solution was
added dropwise to the previous ingredients [26]. The colloids were sonicated for another 1 h
and maintained at room temperature for 1 day [27]. Finally, the Fe30s-SiO2-ZnO (FSZ)
nanocomposite was separated using an external magnet, washed with distilled water three
times, and dried in an oven at 60 °C.

2.5. Preparation of curcumin-loaded FSZ nanocomposite.

Briefly, 50 mg FSZ were dispersed in 5 mL ethanol under stirring at 500 rpm, and 10
mg CUR dissolved in 5 mL ethanol and then added to the suspension. The mixture was kept
stirring for 20 hours under dark conditions at room temperature [28,29]. The CUR-loaded FSZ
nanocomposite was collected by an external magnet then washed with distilled water and
ethanol to remove unloaded CUR. CUR loaded FSZ nanocomposite dried in a vacuum oven at
30 °C for 12 h. To determine the loading efficiency, 5.0 mg of Cur-FSZ were redispersed in 10
mL of ethanol. To specify the amount of unloaded curcumin, the centrifuged solution was
collected and analyzed for drug content by UV—Vis spectrophotometry at a wavelength of 425
nm. Then the amount of DL and EE was calculated using the equation (2) and (3), respectively:

% DL= (Weight of drug in nanocomposite)/(weight of nanocomposite)  (2)

% EE= (total drug-free drug)/(total drug)x100 (3)

2.6. Drug release study of CUR-FSZ nanocomposite.

CUR release behavior of the CUR-FSZ nanocomposite was studied in PBS solution
with different pHs ( pH 7.4 and 5.5) containing 0.5 % tween 80. Briefly, 5 mg CUR-FSZ
nanocomposite was placed into a dialysis bag (Mw 12 kDa) and immersed in 20 ml of PBS
solution, then incubated at 37 °C in a shaker incubator (SI1-1000, Heidolph, Germany) under
150 rpm. At a specified interval, 1.0 ml of solution was replaced with 1.0 mL of fresh buffer
solution. The amount of drug released was determined using UV-visible spectroscopy at a
wavelength of 425 nm. All the release studies were carried out in triplicate.

3. Results and Discussions

3.1. FT-IR analysis.

FT-IR spectra analysis was used to identify the synthesized structure, and the results
are shown in Figure 1. The broad peak at 3425cm™ and 1635 cm™ are assigned to stretching
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and bending vibrations of the hydroxyl group of water, respectively. The characteristic peak
for the vibration mode of the Fe-O bond of FesOs is located at 582 cm™ (Figure 1 (a)). By
comparing Figure 1 (a) and (b), can be seen new peak around 1091, 796, and 466 cm™ in the
FT-IR spectrum of FS, which is related to asymmetric stretching, symmetric stretching, and
vibration modes of Si-O-Si bonds that demonstrate SiO> on the surface of FesO4 nanoparticles
[4]. The peak of the Zn-O is at 462 cm™* that due to overlapping with the peak at 466 cm™
belongs to Si-O-Si, and Fe-O did not appear [30]. In the FT-IR spectrum of CUR-FSZ (Figure
1 (d)), CUR-FSZ Curcumin index peaks overlap with previous peaks, and the carbonyl group
peak is seen at 1520 cm 1 [31].
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Figure 1. FT-IR spectra of (a) F; (b) FS; (c) FSZ; (d) CUR-FSZ.
3.2. X-ray diffraction analysis (XRD).

The crystallinity of the synthesized samples was investigated with X-ray diffraction
analysis (XRD). Figure 2 shows the XRD patterns of synthesized nanoparticles. In Figure 2a,
six characteristic peaks at 30.2, 35.6, 43.3, 53.8, 57.3, and 63 were corresponding to the (220),
(311), (400), (422), (511), and (440) crystal planes of a pure Fez0as, respectively (JCPDS No.
19-0629).
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Figure 2. XRD patterns of (a) F; (b) FS; (c) FSZ.

The resulting pattern indicating that FesO4 have a spinal structure Figure 2b shows the
XRD diffraction pattern of FS. Since silica compounds are amorphous, no peak is observed in
this area. A slight decrease in the intensity of FS intensity diffraction peaks compared to F can
cause the presence of amorphous silica. In Figure 2c, there are obvious diffraction peaks at

https://biointerfaceresearch.com/ 7997


https://doi.org/10.33263/BRIAC126.79948002
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC126.79948002

32.1, 47.9, and 56.9 corresponds to the crystal planes of (100), (102), and (110) of ZnO,
respectively (JCPDS No. 36-1451), which confirm that ZnO particles have on the FSZ
nanocomposite [32]. The XRD patterns indicate that the crystalline structure of the naked
system (Fe3O4) has not changed during the different levels.

3.3. Magnetic properties.

A vibrating sample magnetometer (VSM) was used to investigate the magnetic
properties of synthesized materials. As shown in Figure 3, magnetic hysteresis loops do not
show obvious remanence or coercivity at room temperature, indicating that all samples have
superparamagnetic properties. The magnetic saturation values (Ms) of F, FS, and FSZ were
56.7, 27.5, and 21.4 emu/g, respectively. They decrease in Ms value after coating confirms that
it has been done successfully. Of course, the Ms value of FSZ was still high enough to be
isolated using an external magnetic force [33,34].
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Figure 3. Magnetic hysteresis loops of the products at room temperature of (a) F; (b) FS; (c) FSZ.

3.4. Morphological structure analysis.

A transmission electron microscope (TEM) was applied to investigate the synthesized
magnetic hanocomposite's morphologic_al characteristics and size distribution.

Figure 4. TEM image of FSZ nanocomposite.

In TEM images of FSZ (Figure 4), the presence of Fe3O4 nanoparticles at the core of
the nanocomposite as dark points in the images is quite evident. The magnetic core appears to
be somewhat aggregated and clustered, and the SiO: is covered around them. The particles
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have an average diameter of 50-70 nm. Also, it can be seen that ZnO has been successfully
deposited on the surface of FS nanoparticles.

3.5. Drug loading and release.

To investigate the capability of loading and release behaviors of FSZ nanocomposite as
a nanocarrier, CUR was used as a model drug. DL and EE percentages were calculated at 20
% and 76 %, respectively. The release profile of CUR is shown in Figure 5 .In 12 h, Bare drug
had burst released, almost 100%, whereas FSZ-CUR nanocomposite is shown sustained and
controlled drug release behavior.
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Figure 5. Release profiles of CUR (A in pH = 7.4) and FSZ-CUR (B in pH = 5.5, C in pH = 7.4). Each data
point represents the mean £ S.D. (n = 3).

In FSZ-CUR nanocomposite, up to 45% and 55% CUR was released in physiological
condition (pH 7.4) and acidic condition (pH 5.5), respectively. This coating layer has made a
diffusion barrier for the drug released, leading to a sustained release behavior [35]. Also, the
difference in release profiles in different pH was noticeable. It can be related to the cleavage
of the chemical bond between magnetite and CUR in acidic conditions (Figure 5b compared
with 5¢).

4. Conclusions

In summary, we synthesized a magnetic nanocomposite based on silica-coated
magnetic nanoparticles with zinc nanoparticles (FSZ). The designed nanocomposite is made
with a suitable size and has desirable magnetic properties. The system designed to deliver
curcumin in acidic and neutral environments was used. Release studies have shown that the
amount of drugs released in acidic environments is slightly higher than in the natural
environment.
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