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Abstract

Morin (MR) is an anticancer drug present in fruits and Chinese herbs. Fe;0, magnetic nanopar-
ticles (MNPs) coated on 3-aminopropyl triethoxysilane (APTES) were synthesized (MNPs-APTES)
as carriers for MR. The characterization of drug delivery system was confirmed by Fourier Trans-
form Infrared (FTIR), Transmission Electron Microscope (TEM), X-Ray Diffraction (XRD), dynamic
light scattering (DLS), and vibrating sample magnetometer (VSM). The adsorbed APTES on the
magnetite surface (MNPs-APTES) was examined by FTIR. The TEM image showed that the average
particle size is obtained to be about 26.7 nm for MNPs-APTES. The MR loading and release beha-
vior of MNPs-APTES were studied and the results showed that up to 60% of the adsorbed drug was
released within 4 h. In summary, the MNPs-APTES nanocarriers are based on the results, promis-
ing for targeted morin drug delivery.
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1. Introduction

With dramatic progress in biomaterials and biomedical applications, huge amount of new and more promising
drugs are discovered and designed. Scientists and researchers are now trying to develop mechanisms that allow
drugs to go directly to a targeted area of the human body. The success of chemotherapy depends on the drug, its
dosage, as well as how it is delivered to its target [1]. Nowadays, nanoparticles (NPs) such as Fes0, magnetic
nanoparticles (MNPs) have gained significant attention due to their potential biomedical applications such as
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immunoassay [2], magnetic resonance imaging [3], bioseparators [4] and targeted drug delivery via applying an
external magnetic field [5]. At the same time, MNPs also have attractive properties, such as biocompatibility [6]
and low toxicity [7]. In addition, magnetic nanoparticles are easily obtained via various techniques such as mi-
cro-emulsion, ultra sound irradiation technology, and co-precipitation [8] [9]. Fe3O4 core serves as a carrier for
magnetic targeting, while silica coating such as 3-aminopropyltriethoxysilane (APTES) on the Fes04 NPs offers
sites for further modifications [10]. This APTES can bind to MNPs by adsorption or covalent bonding (MNPs-
APTES), and through the active amino group in its structure it is able to combine with anti-cancer drug morin
(MR). Morin (3,5,7,2’,4’-pentahydroxyflavone, Figure 1), is a member of the flavonoids groups that has been
reported as an important agent effective chemotherapeutic used for the treatment of cancer [11]. Furthermore,
numerous reports suggest that morin has a wide range of therapeutic applications such as anti-inflammation [12],
antioxidant [13], it induces apoptosis in hepatocellular carcinogenesis model [14], and xanthine oxidase inhibi-
tion activity [15]. In this study, FesO, magnetic nanoparticles were fabricated by co-precipitation method and
coated with APTES. Then, this MNPs-APTES were used as drug carriers. FTIR, TEM, XRD, DLS and VSM
were used to characterize the synthesized nanoparticles. MR drug is loaded onto it and its loading and in vitro
drug release profile was studied.

2. Experimental

2.1. Chemicals

3-aminopropyltriethoxysilane (APTES) was obtained from Aladdin Company Inc. Ferric chloride hexa-hydrate
(FeCl3-6H,0) and ferrous chloride tetrahydrate (FeCl,-4H,0) were purchased from Tianjin Guangfu Fine
Chemical Industry Research Institute. Dimethylsulfoxide (DMSO) was purchased from Shanghai Chemical
Reagent Co. Ltd. and morin was purchased from Tianjin Fuyu Fine Chemical Co. Ltd. Deionized water was
used in all of the experiments.

2.2. Preparation of Fe;04 Nanoparticles (MNPs)

The co-precipitation method was used for the synthesis of Fe;O4 nanoparticles [16]. In the typical experimental
procedure, 8.11 g of iron (I1l) chloride hexahydrate (FeCls;:6H,0), 5.96 g of iron (lI) chloride tetrahydrate
(FeCl,-4H,0) were added into three-necked flask contains 200 mL deionized water previously heated to 85°C.
The system was purged with N, and the mixture of the iron solution was stirred followed by the slow addition of
ammonia (NH3-H,O) to bring the pH 9. During the reaction process, the temperature was maintained at 85°C and
(pH 9). The precipitate was washed several times with deionized water and ethanol. The as-prepared Fe;O,4
powder was obtained after 24 h drying in vacuum condition at 40°C. This can be explained as:

Fe?* 4+ 2Fe —>85’4Cp§‘;“’ Fe,0, +4H,0

2.3. Preparation of APTES Coated MNPs (MNPs-APTES)

APTES coated MNPs were synthesized using Cao et al. method [17]. Briefly, 0.3 g of Fe;0, was dispersed into
a mixture of 4 mL deionized water and 600 mL absolute ethanol by ultrasonic vibration for 30 min. Then, 1.2
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HO

OH

OH o

Figure 1. Chemical structure of morin.
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mL of APTES was added into the mixture under constant mechanical stirring for 7 h. The resulting functiona-
lized MNPs-APTES nanoparticles were isolated by a magnet, then washed with ethanol and dried at 40°C under
vacuum for 24 h. The schematic representation of the preparation procedure of MNPs-APTES is illustrated in
Scheme 1.

2.4. Morin (MR) Drug Loading and Release Studies

The drug loading was measured using UV-V is spectrophotometry. The anti-cancer drug (MR) loading was car-
ried out by dispersing 50 mg of magnetic nanoparticles coated APTES in (5 mL DMSO with 20 mL ethanol)
solution containing MR (12 - 81 mg/mL). The solutions stirring at room temperature for 24 h allow partitioning
of the drug into the MNPs-APTS. Then, the particles were magnetically separated from the solution by an ex-
ternal magnet, and MR content in the solution was determined at 388 nm. The drug loading was determined as
the difference between the initial MR concentration and the MR concentration in the supernatant. The drug
loaded magnetic nanoparticles were then magnetically separated and dried. The MR release study was obtained
by investigated the dried drug loaded nanoparticles (10 mg) in 250 mL PBS (pH 5.2 and 7.4) at 37°C for 4 h
under stirring. At given time intervals, 4 mL samples were withdrawn from the incubation medium and the
amount of drug release was estimated at 388 nm by UV-Vis spectrophotometry.

2.5. Characterization

The Fourier transformed infrared spectroscopy (FTIR, 8400 S Shimadzu) spectra were obtained using the KBr

OH
HO OH
VNS (OC,Hg)g
OH
HO EtOH, N,, 7 h
HO OH
H
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«
4
HO OH
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Scheme 1
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pellet method. The particle size and morphology of the magnetic nanoparticles (MNPs and MNPs-APTES) were
determined by transmission electron microscopy (TEM, JEM-1011). Magnetic nanoparticles were also analyzed
by X-Ray diffraction (XRD, Rigaku D max-2400). The hydrodynamic diameter measured by dynamic light
scattering (DLS, Nano-ZS 90) for MNPs-APTES. Finally, the magnetic properties were investigated with vi-
brating sample magnetometer (VSM, Lakeshore).

3. Results and Discussion
3.1. FTIR Studies

FT-IR spectra of MNP, APTES-MNP and morin binded on APTES-MNP are shown in Figure 2. The strong
absorption at 584 cm ™ in curves a, b and c are attributed to the stretch of Fe-O [18], the peak at 3425 cm * is at-
tributed to the stretching vibrations of OH adsorbed on the surface of the FesO,4 nanoparticle (Figure 2(a)).
APTES is absorbed on the magnetite nanoparticles surfaces by Fe-O-Si bands, the coating of APTES is estab-
lished by the presence of stretching vibration of CH, bonds on aminopropy! group appeared at 2922 and 2850
cm * which confirmed the binding of APTES molecules at the surface of magnetite (APTES-MNP) [19], and the
bands around 1089 and 1193 cm * corresponded to the presence of SiO-H and Si-O-Si groups in Figure 2(b).
[17]. Additionally, the peaks at 1623 and 3403 cm ™ showed the presence of the N-H stretching vibrations and
bending mode of free-NH, group, respectively. In Figure 2(c), the appearance of new bands at 1353, 1451, 1506,
1606, 1653, 3475 and 3296 cm * in the FTIR graph indicates the presence of morin. A band appeared at 1228
cm * due to the formation of C-N bond between NH, group in APTES and OH group present on the morin with
the elimination of water.

3.2. TEM Studies

The morphology of the MNPs and MNPs-APTES were characterized using a transmission electron microscope
(TEM) images shown in Figure 3. Figure 3(a) showed that the MNPs possess spherical morphology with an
average diameter of about 14.2 nm in size. After surface coating with APTES, the TEM micrograph on Figure
3(b) clearly observed the successful synthesis of MNPs-APTES and, the particle size was around 26.7 nm. In
addition, the particle size of MNPs-APTES was obtained as 44 nm using dynamic light scattering (DLS)
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Figure 2. FTIR spectra of (a) MNPs, (b) MNPs-APTES, and (c) MNPs-MR.
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Figure 3. TEM of MNPs (a) and MNPs-APTES (b).
measurements.

3.3. XRD Studies

Figure 4 shows the XRD patterns of MNPs and MNPs-APTES. The diffraction peaks at (20 = 30.29°, 35.69°,
43.30°, 53.69°, 57. 38°, 64.8° and 74.58°) which corresponds to (220), (311), (400), (422), (511), (400), and (533)
can be easilyindexed to a cubic spinel structure of magnetite according to the standard XRD pattern of MNPs
(JPCDS card, file No. 77 - 1545) [20]. It was also an evident that the APTES coating of the MNPs did not lead
to a phase change of MNPs. The average crystallite size of MNPs-APTES is estimated about 30 nm according to
linewidth of the (311) plane refraction peak using Scherrer’s formula, D = (0.944/B cos6)

Where D is the average crystalline diameter, 0.94 is the Scherrer constant, A the X-ray wavelength (A = 0.154
nm), B is half width of XRD diffraction lines and & is the Bragg’s angle in degree. Accordingly, the average
crystallite size was in good agreement with the TEM analysis.

3.4. Magnetic Measurements

Figure 5 shows the magnetization curve of MNPs-APTES at room temperature. The S-shape of MNPs-APTES
exhibited zero coercivity and permanence indicating its superparamagnetism with a saturation magnetization
(M) value 41.5 emu/g, which can be ascribed to the existence of APTES on surface of MNPs. Therefore, This
MNPs-APTES having magnetic response could be carry drugs to targeted locations under an external magnetic
field. The determined magnetic separation time is about 15 s.
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Figure 4. XRD of MNPs (a) and MNPs-APTES (b).
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Figure 5. Magnetisation curve of MNPs-APTES at room temperature.

3.5. Drug Loading and Release Studies

The drug loading and release behavior of MNPs-APTES are shown in Figure 6(a) and Figure 6(b). In Figure
6(a) loading profile, the percentage of loaded MR increased and reached the maximal value of 48.7% for 78
mg/mL MR. This due to the conjugated of hydroxyl group in MR to the active amino group in the surface of
MNPs-APTES (Figure 1). The drug released profile of MR from MNPs-APTES was studied in PBS with a pH
of (5.2 and 7.4) at 37°C, respectively. As seen in Figure 6(b), approximately 68.2% MR was released from
MNPs-APTES within 4 h at pH 5.2 whereas, 19.6% of drug was released at pH 7.4. Thus, the drug release at
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Figure 6. Morin loading on MNPs-APTES (a) and morin re-
lease from MNPs-APTES (b).

pH 5.2 was much faster than that at pH 7.4. It may due to the protonation of amine groups under this environ-
ment.

4. Conclusion

The novelty of this study is the successful binding of MR to MNPs-APTES. Characterization of the drug deli-
very system was carried out by FTIR, TEM, XRD, DLS, and VSM techniques. Spherical iron oxide nanopar-
ticles were synthesized by co-precipitation technique and coated with APTES solution. The TEM analysis re-
vealed that the average particle size increased to 26.7 nm after APTES coating. Moreover, the mean particle size
of MNPs-APTES obtained from DLS was larger than that obtained from TEM analysis. The drug loading and
release behavior of MNPs-APTES showed that the maximal value of the drug loading capacity was approx-
imately 48.7% and the in vitro release behavior of drug presented that 68.2% and 19.6% were released in acidic
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and neutral buffered solutions at pH (5.2 and 7.4), respectively within 4 h. Thus, MNPs-APTES can be used as a
potential carrier targeted morin anticancer drug delivery applications.
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