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Abstract

The present study aimed to prepare Fe;O4 nanocarriers (NCs) by a thermal treatment
method. After the Fe;O4 (Fe) NCs was prepared, zinc oxide and silica nanoparticles
were added to it as Photosensitizer. The structure, morphology, and magnetic properties
of Fe;04@Zn0O (Fe@Zn) and Fe;04@Si0, (Fe@Si) NCs were determined by XRD,
FT-IR, FESEM, and VSM. Then, the loading and drug release of Fe, Fe@Zn, and
Fe@Si NCs were investigated. The curcumin (CUR) release of Fe@Zn+CUR and
Fe@Si+CUR increased from 30% and 26% at pH 7.4 to 53% and 57% at pH 5.5,
respectively. The cytotoxicity of Fe@Zn and Fe@Si NCs were determined by MTT
assay, hemolysis test, acute toxicity, and lethal dose test. The results showed that
Fe@Zn and Fe@Si were appropriate for Photodynamic Therapy (PDT) and in the next
step, the effect of Fe@Zn, Fe@Si, Fe@Zn+CUR, and Fe@Si+CUR NCs on MCF-7
cells under visible light were studied. Finally, the ranking of the destruction of
cancerous cells of MCF-7 wusing NCs under visible light was:
Fe@Zn+CUR>Fe@Zn>Fe@Si+CUR>Fe@Si.
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nanoadsorption, and catalysis [1-5]. They are very

Introduction useful in drug delivery because of improving targeting,

Iron oxide nanoparticles are widely applicable in having low toxicity, being bioavailable, and having
drug delivery, photodynamic therapy (PDT), magnetic suitable magnetic properties. Breast cancer is extremely
hyperthermia, magnetic fluids, enzyme immobilization, dangerous and its treatment is a challenge for
Magnetic resonance imaging, magnetic bio-separation, researchers because of tumors resistance to drug
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absorption [6]. To treat this type of cancer, there are
several ways (radiotherapy, chemotherapy, and surgery)
that have numerous side effects. One of the novel and
effective methods for cancer treatment is photodynamic
therapy (PDT) that is a method of non-invasive with
limited side effects. Photodynamic therapy involves the
destruction of cancer cells through combining light and
photosensitizer. The use of some nanoparticles in
photodynamic therapy allows for maintaining the
stability of the photosensitizer before reaching cancer
cells and the targeted delivery of more photosensitizer
molecules to the tumor area [7-11]. The combination of
PDT with other methods can improve the effects of the
PDT and also remove its side elects. Drug delivery is a
useful method that can help the drug to be distributed
more appropriately, be released under more control, be
more stable, and more bioavailable [12-16]. In this
research, iron oxide nanoparticles were prepared via the
thermal-treatment method. This method is an easy and
comfortable technique for fabrication of ferrite
nanoparticles. Then, zinc oxide and silica nanoparticles
were added to the Fe;04 matrix. After adding curcumin
(CUR) to Fe;04@ZnO (Fe@Zn) and Fe;04@SiO,
(Fe@Si) as NCs (Fe@Si), rate of release, capacity of
loading, biocompatibility. Also, their properties in drug
delivery and PDT were checked. Finally, the effect of
Fe@Zn, Fe@Si NCs as Photosensitizer in the presence
and absence of drug on MCF-7 cells were investigated.

Materials and Methods

Materials

1-(4, 5-Dimethylthiazol-2-yl)-3, 5-diphenyl formazan
(Aldrich, St. Louis, USA, CAS. 57360-69-7), CUR
(Merck, Art No. 820354), Deionized water was
synthesized by an ultra-pure water system (Smart-2-
Pure, TKACO, Germany). PVP (Mw=29000), Fe
(NO3);.9H,0, Ca (NO;),. 6H,0 was provided by Sigma
Aldrich. The other chemicals and solvents were also
provided in purity grades by chemical lab.

Preparation of Fe;0, nanoparticles

Iron oxide nanoparticles were prepared by a thermal-
treatment method [17]. 3.5g polyvinyl pyrrolidone
(PVP) was dissolved in 100 ml of distilled water and
then, 0.2 mmol of iron (IIT) nitrate and 0.1 mmol of iron
(IT) nitrate were added to the polymer solution at 80 °C.
The resulting solution was stirred for 2h by a magnetic
stirrer in order to achieve a clear solution. Then, it was
dried for 24h at 90 °C in an oven. The predecessor of the
dried solid was crushed and ground in a mortar to form
a powder. Finally, the powder was calcined at 500 °C
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for 3h.

Preparation of Fe;0,@Zn0O

0.05g of prepared Fe;0,4 nanoparticles were dispersed
in 100 ml of distilled water. After ultrasonic mixing for
30 min, 3.5 g of PVP was added to iron oxide
nanoparticles suspension in turn under vigorous stirring
at 80 °C. Then, 0.89g of zinc nitrate was added to the
mixture while keeping the stirring speed. Then, the
mixture was dried in an oven for 24 hours at 90 °C. The
sample was milled and ground in a mortar to form a
powder. Finally, the powder was calcined at 500 °C for
3h [18].

Preparation of Fe;0 @SiO,

0.35g of prepared Fe;0, nanoparticles were dispersed
in 24 mL of ethanol and water solution by ultrasonic
cleaning bath. After ultrasonic mixing for 30 min, 0.8
ml of ammonia solution and 4 mL of tetraethyl
orthosilicate (TEOS) were added to iron oxide in turn
under vigorous stirring. The mixture was washed by
ethanol and deionized water 4 times and finally dried at
80 °C for 7 h in an oven to prepare Fe;0,@SiO, [19].

Characterization

XRD patterns were obtained through X-ray
diffraction measurements (XRD; Philips X-pert type
instrument, Germany) by Cu Ka radiation (ka=1.54059
A). The microstructure was characterized using a
FESEM (Tescan Mira). Absorption modes of NCs were
obtained using FT-IR spectra. The magnetic properties
of the samples were checked by VSM (Lake Shore
4700).

Drug loading

Drug loading was done by a precipitation method. 10
mg of NCs was dispersed in 25 mL of deionized water.
Then 3 mg of CUR dispersed in 2 mL of acetone was
drop-wisely added to it under vigorous stirring at room
temperature. Eventually, the sample was washed four
times and dried at room temperature [20]. Figure 1
shows the schematic view of all steps of tumor
destruction by Photosensitizer.

Preparation of release and drug loading

1 mg of drug-loaded NCs were immersed in acetone
and then the amount of the drug loading and
encapsulation efficiency in the supernatant solutions
was measured by UV-Vis spectrophotometer
(GENESYSTM 10S, Ap.x =420 nm). The drug loading
(DL %) and drug adsorption (DA %) are calculated
using equations (1) and (2), respectively:
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light irradiation

Figure 1. A schematic illustration of tumor destruction by prepared NCs under light irradiation.

DL(%) _ Vvloaded drug (1)
Wloaded drug + Wcarrier
x 100
\W 2
DA(%) = _loadeddrug 100 @)
total drug

Where W loaded drug, W carriers and W total drug are the
weight of loaded CUR, carrier weight, and drug total
weight.

In vitro release of the drug

For in vitro release of the drug, 1 mg of the drug-
loaded NCs was immersed into 10 mL of phosphate
buffer saline (PBS) (containing 1% tween 80) at 37°C
with mild stirring (Heidolph Titramax 1000).
Experiments were performed at pH 7.4 and 5.5 to
simulate normal tissue and tumor tissue media. Finally,
the amount of the released drug in the supernatant
solutions was calculated at a given period by the UV-
Vis spectrophotometer at 420 nm.

Hemolysis Test

The estimation of the toxicity of a sample for blood
is measured by the hemolysis assay test. The samples of
heparinized blood were centrifuged at 4000 rpm for 5
minutes. After washing the remaining RBCs using PBS
and RBCs, the solution was synthesized with a certain
ratio (RBC: PBS=1:20). Then, 0.5 mL of NCs (10
mg/mL) and 0.5 mL of the prepared RBCs solution
were added to tubes. These tubes were put at a shaker
for 4 h (37 £ 1 °C). Finally, the percentage of hemolysis
was calculated by UV-Vis spectrophotometry [20].
This test was carried out three times.
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The hemolysis is measured with Equation (3), where
Agamples Ancgative, aNd Apogitive are sample absorbance, PBS

absorbance and deionized water absorbance,
respectively.
Cell Cytotoxicity

Cytotoxicity of NCs was estimated by 3-[4, 5-
dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide
(MTT) assay. HEK-293 (normal cell) and MCF-7
(cancer cell) cells were incubated with 96-well plate
(10* cells per well) for 24 h. They contained 100uL of
DMEM with 15% (v/v) FBS and 1%
penicillin/streptomycin. Different concentrations (13.8-
69.8ng/mL) of NCs irradiated by a high-pressure 250W
Hg lamp for 20 min were added to test cells and
afterward, the cells were cultured for another 48 h.
Then, 20pul of MTT solution was added to each well.
After 4h, this solution was replaced with 100pL of
dimethyl sulfoxide to dissolve formazan -crystals.
Finally, the absorbance was evaluated at 570 nm.

Lethal Dose

10 male mice (35 — 40 g) were taken from laboratory.
For the test the weight of all mice was checked out, then
mice were given by 550mg/kg oral dose. The physical
changes in all mice were studied for 6 h. After 24 h, if
the animals survive, the dose would be administered to
two additional mice, if additional mice survive, the
experiment would be finished. Otherwise, other animals
are selected for determination of lethal dose.
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Furthermore, the changing of the mice weight were
checked out for one week because changing of weight
is an important factor in to determine toxicity of
nanocarriers [20].

Results and Discussion

Structure and morphology of NCs

The typical XRD pattern of Fe;O, nanoparticles,
Fe;04@Zn0 and Fe;04@Si0, NCs are shown in Figure
2. The structure of the cubic spinel of ferrite iron
corresoponded with the standard pattern (ICDD PDF:
00-039-0238, Ie3m space group) (Fig.2a). The
diffraction planes of (200), (104), (110), (321) and (224)
corresponded to the phase formed Fe;O4 (magnetite)
and the diffraction planes (024), (116) and (300) were
related to the a-Fe,O; phase (hematite). Hematite phase
presence in iron oxide nanoparticles is caused by the
thermal-treatment method. The presence of ZnO
nanoparticles in the sample is confirmed because of the
accordance of the XRD pattern of zinc oxide (Reference
Code: 01-080-007, P63mc space group) with a
hexagonal phase (Fig.2b). Reduction of the intensity of
X-ray diffraction in Figure 2c was assigned to the
amorphous silica (Reference code: 01-086-2326),
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indicating the formation of Fe;0,@Si0,
nanocomposite.

Figures 3a to 3d shows the FTIR spectrum of
Fe@Zn, Fe@Zn+CUR, Fe@Si, Fe@Si+CUR

nanocomposites, respectively. The absorption bands at
434.28 and 548.54 cm’ for Fe@Zn are attributed to
Zn—0 and Fe—O bonds (Figure .3a). These absorption
bands shifted to 45824 and 54025 cm’ for
Fe@Zn+CUR [21]. The absorption peaks at 405.61 and
589.09 cm™ for Fe@Si are attributed to Fe—O and
Si—O—Fe bonds (Figure .3c), peaks of which shifted to
458.24 and 573.42 cm’ for Fe@Si+CUR [22]. The
absorption peak of 704.27 cm” was observed at both
Fe@Zn and Fe@Si, that is related to C—N=0O band
which transferred from 704.27 to 712.56 cm’ for
Fe@Zn+CUR. The absorption peaks at 1088.51 and
810.23 cm™ for Fe@Si corresponded to the bending
mode of Si—O-Si which transferred from 1088.51 to
1096.8 cm™ for Fe@Si+CUR. The absorption bands at
850.7 (Fe@Zn+CUR) and 859.7 cm ' (Fe@Si+CUR)
are associated with the benzoate trans—CH. The
absorption mode of 957.67 cm™ at Fe@Zn+CUR and
Fe@Si+CUR is related to the peak of the enol C-O
which arises from the presence of curcumin [18]. The
absorption mode of 1391.67 cm” at Fe@Zn,

Intensity(a.u)

(104)

~(110)

SiO, A
Zn0O *

20 (degree)

Figure 2. XRD patterns of (a) Fe, (b) Fe@Zn, (c) Fe@Si
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Figure 3. FT-IR spectra of (a) Fe@Zn, (b) Fe@Zn+CUR, (c) Fe@Si, (d) Fe@Si+CUR

Fe@Zn+CUR and Fe@Si is related to C-H which
transferred from 1391.67 to 1407.33 cm’ for
Fe@Si+CUR. The stretching vibration 1628.48 cm™ at
all samples is related to C=C. With the addition of
curcumin, absorption bands of 1055.93 and 1596.23 cm’
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' were appeared at Fe@Zn+CUR and Fe@Si+CUR,
respectively. The peaks 2839 to 2930 cm™ in all
samples (a to d) were resulted from the asymmetric
C-H stretching. The bending vibrations at the range
3395 to 3440 cm ' are associated with O—H [23-25].
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Figure 4. FESEM images of (a) Fe, (b) Fe@Zn, (c)
Fe@Si.

FESEM of Fe;O, nanoparticles, Fe;04,@ZnO and
Fe;0,@Si0, NCs are shown in Figure 4. As can be
seen, the average diameters of Fe, Fe@Zn, and Fe@Si
NCs were estimated to be 23, 42, and 65 nm,
respectively. The appearance of zinc oxide and silica
added to iron oxide increased the average diameters of
samples. Fe nanoparticles and Fe@Si nanocomposite
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were distributed in a nearly uniform, spherical shape.
The existence of some agglomerated areas in iron
Fe@Zn NCs is the result of using the thermal-treatment
method.

Magnetic properties

The typical magnetization curves vs. magnetic field
for Fe, Fe@Zn, and Fe@Si NCs were depicted in Figure
5. The results were summarized in Table 1. Results of
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Figure 5. Hysteresis loops of (a) Fe, (b) Fe@Zn, (c)
Fe@Si
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Table 1. Results of VSM analysis

Nanocarriers Saturation Coercivity Remanent Remanence ratio
Magnetization Field Magnetization (M,) (R=M,/My)
My) (emu/g) H, (O¢) (emu/g)

Fe;04(Fe) 7.11 143.88 221 0.31

Fe@Zn 4.34 102.38 1.07 0.24

Fe@Si 1.10 151.92 0.11 0.1

VSM analysis showed that Fe, Fe@Zn, and Fe@Si
NCs had ferromagnetic behaviors. Fe nanoparticles
exhibited a low saturation magnetization of 7.11emu/g,
which can be resulted from the coexistence of hematite
and magnetite phases in the sample. After with the
addition of zinc oxide and silica to iron oxide, values of
saturation magnetization (M), coercivity (H.), and
remained magnetization (M,) changed to 4.34,
1.lemu/g, 102.38, 151.920¢, and 1.07, 0.1lemu/g,
respectively. Saturation magnetization in these samples
decreased compared with iron oxide nanoparticles
because of the presence of diamagnetic protective layer
at the surface of bare nanoparticles. After the silica was
added to bare nanoparticles, Hc increased suddenly,
indicating the presence of a magnetically dead layer that
reduced the response of changes in the magnetic
particles to the magnetic field [22]. Since R<0.5, the
interaction of domains in this material is related to the

interaction of magnetostatic [25].

Study of drug loading and release

The amounts of drug loading and adsorption in Fe,
Fe@Zn, and Fe@Si NCs are shown in Table 2. Drug
loading efficiency and adsorption efficiency of Fe@Zn,
Fe@Si NCs were much higher than that of Fe, which
could be related to the interaction of the strong m-m
stacking between shells and curcumin [26, 27].
Curcumin was absorbed on the silica surface by forming
a bond with the silanol groups (Si—OH). Increased drug
loading of Fe@Si compared with that of Fe@Zn can be
attributed to the porous surface of the mesoporous silica
shell [5, 28]. The profiles of CUR release from Fe@Zn
and Fe@Si NCs at different pH are presented in Figure
6. The CUR release rate of Fe@Si+CUR was gradual
and persistent at pH 7.4, which can be attributed to the
absorption of CUR in NCs mesoporous. As can be seen

Table 2. Drug loading of NCs

Nanocarriers Nanocarriers CUR weight Loading Adsorption
weight (mg) (mg) CUR (w/w %) CUR (w/w %)
Fe 10 3 13.56 +1.36 5236 +6.11
Fe@Zn 10 3 20.07 +0.54 83.75+2.86
Fe@Si 10 3 22.34+0.16 95.90 +0.91
100
80 Fe@2n 7.4
<Fe@Zn 5.5
£ 60 Fe@Si 5.5
é Fe@Si 7.4
£ CUR 5.5
40
<CUR 7.4
20
0 . . .
0 10 20 30 40 50 60 70 80 90 100 110 120
Time (hr)

Figure 6. Release rate at pH 5.5 and 7.4.
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in Figure 6, the CUR release rate obviously increased
with the decrease of pH from 7.4 to 5.5. After 24 h, the
release rate at Fe@Si NCs was much higher than that of
Fe@Zn NCs. CUR release after 120 h at pH 5.5 for
Fe@Zn NCs and Fe@Si NCs were 53% and 57%,
respectively. Results indicate that release of CUR at
various pH depends on the interaction of hydrogen
bondings and the electrostatic interaction between NCs
and CUR [26, 27]. Therefore, appropriate NCs can be
prepared for delivering drugs to cancerous cells.

The Study of hemolysis test

The hemolytic activity of NCs was displayed in
Table 3. It was clearly seen that the hemolytic activity
increased by adding zinc oxide and silica to the Fe
matrix. Since zinc ion was slightly toxic, the hemolytic
activity in Fe@Si was less than that of Fe@Zn [18].
Nevertheless, Fe@Zn and Fe@Si NCs in this test
displayed acceptable biocompatibility and appropriate
amount of the hemolysis (lower than 5%).

The Study of the effect of nanocarriers on normal and
cancer cells

The cytotoxicity of Fe@Zn and Fe@Si NCs in
normal cells of HEK-293 were estimated by a MTT test.
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As seen in Figure 7, Fe@Zn and Fe@Si NCs cell
viability at 67.5ug/mL concentration were 59 % and 86
%, respectively. Also, Table 4 demonstrates analysis of
statistical related to Figure 7. The results indicate that
cell viability is reduced through increasing the
concentration of NCs. Cell activity of Fe@Si is more
than that of Fe@Zn that can be attributed to the
presence of zinc oxide on the cells. Findings show that
zinc oxide nanoparticles compared to their bulk have
intrinsic preferential cytotoxicity against cancer cells
[28, 29]. Since the media is neutral, cell viability at
45pg/mL increases from 63 % to 80 % by loading the
CUR on the surface of zinc oxide nanoparticles. The
effect of Fe@Zn, Fe@Si, Fe@Zn+CUR, and
Fe@Si+CUR on cancer cells of MCF-7 under light
irradiation are shown in Figure 8.

Also, Table 5 demonstrates analysis of statistical
related to Figure 8. As seen, the destruction of cancer
cells increases with an increase in the concentration of
Fe@Zn and Fe@Si under light irradiation due to the
interaction of photosensitizer NCs with cancer cells.
Because the band gap energy of Fe@Zn (E,~2.30eV) is
more than that of Fe@Si (Ey~3.27¢V), less energy is
required to transfer electrons from the valence band to
the conduction band [30, 31]. Thus, most of the

Table 3. Hemolysis percent of NCs.

Sample Sample Code Concentration Hemolysis 10
(mg/mL) (mg/mL)
Fe 1 10 0.27 +0.02
Fe@Zn 2 10 4.68 +1.42
Fe@Si 3 10 3.54 +0.84
Fe@Zn +drug W Fe@Si WM Fe@Zn
120 .
100 | I
X F
3 60
8 E
Z 40
g s
20 —
0 C
133 20 30 45 67.5

concentration (ug/mL)

Figure 7. Cell viability of NCs on HEK-293 cell lines after 72 h
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Table 4. Statistical analysis related to Figure 7

Concentration (ug/mL) Tukey's multiple comparisons test Significant? Adjusted P Valu
133 Fe@Zn+drug vs. Fe@Si No 0.9903
Fe@Zn+drug vs. Fe@Zn Yes 0.019
Fe@Si vs. Fe@Zn Yes 0.026
20 Fe@Zn+drug vs. Fe@Si No 0.9156
Fe@Zn+drug vs. Fe@Zn No 0.0515
Fe@Si vs. Fe@Zn Yes 0.0207
30 Fe@Zn+drug vs. Fe@Si No 0.6626
Fe@Zn+drug vs. Fe@Zn No 0.1027
Fe@Si vs. Fe@Zn Yes 0.0148
45 Fe@Zn+drug vs. Fe@Si No 0.4338
Fe@Zn+drug vs. Fe@Zn Yes 0.0156
Fe@Si vs. Fe@Zn Yes 0.0006
P Fe@Zn+drug vs. Fe@Si Yes 0.0473
' Fe@Zn+drug vs. Fe@Zn No 0.0744
Fe@Si vs. Fe@Zn Yes 0.0001
120 : :
I Fe@Zn +CUR = Fe@Si+CUR W Fe@Si mFe@Zn
100
80 | [
: .
60 ¢ I
3 C
S ot I
£ 40 | : I
< C
g L
> L sl
3 20 I
© C
o
133 20.0 30.0 45.0 67.5

concentration (ug/mL)

Figure 8. Cell viability of NCs on MCF-7 cell lines after 72 h under light irradiation

electrons are excited from the conduction band (CB) to
the valence band (VB). As a result, Reactive Oxygen
Species (ROS) in the media increased by increasing the
number of electrons in CB and the holes in VB. When
the concentration of NCs increases to 67.5ug/mL, the
activity of cancer cells decreases, a phenomenon that
can be attributed to the increase in ROS production
which is resulted from increased NCs concentration [32,
33]. According to Figure 8, the destruction of cancer
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cells is mostly related to loading of CUR on Fe@Zn
NCs under light irradiation. Although loading and
releasing of Fe@Zn is less than that of Fe@Si, the
results indicate that the destruction of cancerous cells
using Fe@Zn+CUR under wisible light are more than
those destructed by Fe@Si+CUR, revealing the effect of
photosensitizers NCs on cancer cells of MCF-7.
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Table 5. Statistical analysis related to Figure 8

Concentration (ug/mL) Tukey's multiple comparisons test Significant? Adjusted P Value
Fe@Zn+CUR vs. Fe@Si+CUR No 0.1296
Fe@Zn+CUR vs. Fe@Zn Yes 0.0006
13.3 Fe@Zn+CUR vs. Fe@Si Yes 0.0012
Fe@Si+CUR vs. Fe@Zn No 0.1832
Fe@Si+CUR vs. Fe@Si No 0.2717
Fe@Zn vs. Fe@Si No 0.9959
Fe@Zn+CUR vs. Fe@Si+CUR No 0.1707
Fe@Zn+CUR vs. Fe@Zn Yes 0.0046
20 Fe@Zn+CUR vs. Fe@Si No 0.414
Fe@Si+CUR vs. Fe@Zn No 0.4475
Fe@Si+CUR vs. Fe@Si No 0.9481
Fe@Zn vs. Fe@Si No 0.1902
Fe@Zn+CUR vs. Fe@Si+CUR No 0.058
Fe@Zn+CUR vs. Fe@Zn Yes <0.0001
30 Fe@Zn+CUR vs. Fe@Si Yes 0.0074
Fe@Si+CUR vs. Fe@Zn No 0.09
Fe@Si+CUR vs. Fe@Si No 0.8475
Fe@Zn vs. Fe@Si No 0.3883
Fe@Zn+CUR vs. Fe@Si+CUR No 0.0614
Fe@Zn+CUR vs. Fe@Zn Yes 0.0452
45 Fe@Zn+CUR vs. Fe@Si Yes 0.0004
Fe@Si+CUR vs. Fe@Zn No 0.9992
Fe@Si+CUR vs. Fe@Si No 0.2595
Fe@Zn vs. Fe@Si No 0.3211
Fe@Zn+CUR vs. Fe@Si+CUR No 0.1435
Fe@Zn+CUR vs. Fe@Zn No 0.4029
67.5 Fe@Zn+CUR vs. Fe@Si Yes <0.0001
Fe@Si+CUR vs. Fe@Zn No 0.9274
Fe@Si+CUR vs. Fe@Si Yes 0.0026
Fe@Zn vs. Fe@Si Yes 0.0004
Acute Toxicity could be concluded that all NCs were safe.
All mice survived one week after the test.
Furthermore, bodyweight change is directly related to Conclusion
the toxicity of NCs. After 24 h and one week, the mice The structure, morphology, and magnetic properties
weight increased normally, indicating the natural of zinc oxide and silica coated iron oxide NCs were
physical activity of all mice (Table 6). Therefore, it studied. The results of VSM analysis showed that

Table 6. Weight changes after oral administration of 550mg/kg NCs

Weight Changes after 24 h (%) Weight Changes after a Week (%)
Control 2.0=0.0 10.0+0.0
Fe@Zn 1.0£1.7 0.0+2.9
Fe@Si 0.0+0.0 48+1.6
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Fe, Fe@Zn, and Fe@Si NCs demonstrated
ferromagnetic behaviors. The loading capacity of the
drug increased with the addition of zinc oxide and silica
nanoparticles to iron oxide matrix. The release of CUR
was increased by decreasing pH from 7.4 to 5.5. The
results of MTT assay, hemolysis test, lethal dose test
and acute toxicity showed that the prepared Fe@Zn and
Fe@Si are appropriate for Photodynamic Therapy
(PDT). The ranking of the destruction of cancerous cells
using Fe@Zn, Fe@Si, Fe@Zn+CUR, and Fe@Si+CUR
NCs under light irradiation was known to be
Fe@Zn+CUR>Fe@Zn>Fe@Si+CUR>Fe@Si
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