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ABSTRACT

Background: Super-paramagnetic iron oxide nanoparticles (SPION) contain a chemotherapeutic drug and
are regarded as a promising technique for improving targeted delivery into cancer cells.
Results: In this study, the fabrication of 5-fluorouracil (5-FU) was investigated with loaded Dextran (DEX-
SPION) using the co-precipitation technique and conjugated by folate (FA). These nanoparticles (NPs)
were employed as carriers and anticancer compounds against liver cancer cells in vitro. Structural, mag-
netic, morphological characterization, size, and drug loading activities of the obtained FA-DEX-5-FU-
SPION NPs were checked using FTIR, VSM, FESEM, TEM, DLS, and zeta potential techniques. The cellular
toxicity effect of FA-DEX-5-FU-SPION NPs was evaluated using the MTT test on liver cancer (SNU-423)
and healthy cells (LO2). Furthermore, the apoptosis measurement and the expression levels of NF-1,
Her-2/neu, c-Raf-1, and Wnt-1 genes were evaluated post-treatment using flow cytometry and RT-PCR,
respectively. The obtained NPs were spherical with a suitable dispersity without noticeable aggregation.
The size of the NPs, polydispersity, and zeta were 74 + 13 nm, 0.080 and —45 mV, respectively. The results
of the encapsulation efficiency of the nano-compound showed highly colloidal stability and proper drug
maintenance. The results indicated that FA-DEX-5-FU-SPION demonstrated a sustained release profile of
5-FU in both phosphate and citrate buffer solutions separately, with higher cytotoxicity against SNU-423
cells than against other cells types. These findings suggest that FA-DEX-SPION NPs exert synergistic
effects for targeting intracellular delivery of 5-FU, apoptosis induction, and gene expression stimulation.
Conclusions: The findings proved that FA-DEX-5-FU-SPION presented remarkable antitumor properties;
no adverse subsequences were revealed against normal cells.
How to cite: Mahdia SA, Kadhimb AA, Albukhaty S, et al. Gene expression and apoptosis response in
hepatocellular carcinoma cells induced by biocompatible polymer/magnetic nanoparticles containing
5-fluorouracil. Electron ] Biotechnol 2021;52. https://doi.org/10.1016/j.ejbt.2021.04.001
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open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

of malignancies, such as colon and pancreatic cancer [1]. It is char-
acterized by cellular toxicity, its work on interference, and its inhi-

Among the chemotherapeutic agents, 5-Fluorouracil (5-FU) is bition of DNA synthesis, which terminates cell growth [2]. The
frequently used to treat liver cancer, in addition to its diverse types agent 5-FU is regarded as one of the most common anticancer

drugs associated with broadside effects, such as hematological dis-
turbances, the toxicity of the gastrointestinal tract, and bone mar-

Peer review under responsibility of Pontificia Universidad Catélica de Valparaiso row deficiency, which makes it limited for clinical usage [3,4].
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could be developed by improving the biocompatible nanoparticles.
It represents a significant example of releasing the drug directly to
the targeted cancer-affected location using a low concentration
and toxicity. Tests have shown promising alternative approaches
for drug delivery instead of the classical methods [5,6]. SPIONs
have broad potential for cancer detection and treatment. These
nanoparticles have been used in magnetic resonance imaging
(MRI) as contrast agents and nanocarriers for therapeutic gene
and drug delivery vehicles [7,8,9]. These systems allow the exten-
sive delivery of a local drug, which provides an increase in medi-
cine concentrations inside the cancer cells, such as the medium
and minimum concentrations of the drug in the bloodstream and
other tissues [10]. In modern research, the targeting delivery of
chemotherapy factors in cancer cells by super-paramagnetic iron
oxide nanoparticles has been investigated and studied by many
researchers and has provided useful and desirable results [11].
Drug delivery approaches provide an enhancement of treatment
due to the alteration of drug properties [12], which leads to an
increase in the bioavailability of the medicines in the bloodstream
and a decrease in the toxicity, as well as an increase in the half-life
of medication [13]. These characteristics were accomplished by
improving drug delivery via SPIONs with its unique features as a
drug carrier [14]. The encapsulation of SPIONs with polysaccha-
rides, such as dextran, increases biocompatibility and mitigates
the toxicity of SPIONs [15]. The reactive oxygen species (ROS) relies
on the stability of the encapsulating factor, its tendency for pro-
ducing ROS, and concentrates on the cells [16]. FA is over-
expressed on the surfaces of different kinds of cancer, including
liver cancer cells; therefore, it has been employed to target the
therapeutic agents of cancer [17]. According to those mentioned
earlier, the present study has been achieved using an active carrier
framework design by a synthesis of dual targeting SPION-DEX-FA
(Fig. 1). This is an excellent scale with biocompatible properties
that are tumor-specific, and it incorporates those for liver cancer
cells. Additionally, the gene expression levels were extended by
corroborating selected results of the RT-PCR analysis.

2. Materials and methods
2.1. Materials

The following were purchased from Merck (Darmstadt, Ger-
many): 5-FU, dextran (15 kDa), ferric chloride hexahydrate
dimethyl sulfoxide (DMSO), (FeCl5-6H,0), ferrous chloride tetrahy-
drate (FeCl,-4H,0), MTT agent and NH40H (25% ammonia), DEX
and FA. Annexin V\FITC, propidium iodide (PI), trypan blue, 96-
well cell culture plates, and flasks were purchased from Sigma-
Aldrich (St. Louis, MO, USA). SNU-423 and the Lo2 cell line were
obtained from the Pasteur Institute of Iran.

2.2. Fabrication of DEX-SPION

The SPION was fabricated using the co-precipitation method
[18]. N2 gas was poured into 55 mL of distilled water. Then, 2 mmol

DEX
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of FeCl2-4H20, 4 mmol of FeCl3-6H20, and 10 mL of 0.5% dextran
were placed into the solution. Following that, NH40H was added
dropwise using a syringe. Subsequently, the mixtures were stirred
at 65 °C for 30 min under a nitrogen atmosphere and centrifuge,
and the formed black precipitates were collected.

2.3. Preparation of FA-DEX-5-FU-SPION

Briefly, 100 mg of a prepared DEX-SPION was added to 20 mg 5-
FU (previously dissolved in 20 mL of DMSO) and stirred for 24 h.
Afterward, FA functionalization of this nano-formulation was per-
formed by adding 5 mg/ml of this molecule to the obtained mix-
ture (FA-DEX-5-FU-SPION). The surface functionalization of DEX-
5-FU-SPION was conducted due to the electrostatic reactions. The
FA-DEX-5-FU-SPION was detached by centrifugation at
15000 rpm and then re-washed three times with distilled water.
A vacuum oven was used to dry the 5-FU entrapped nanoparticles
at 40 °C for 8 h. The unloaded 5-FU was calculated by measuring its
concentration in the supernatant. The efficacy of drug encapsula-
tion was calculated using the following Equation (1) [9]:

(Whole quantity of drug — free quantity of drug)

Encapsulation efficiency(%) = Overall amount of drug

x 100
M

2.4. Size and morphological characterization of NPs

The size and morphological features of the obtained FA-DEX-5-
FU-SPION nanocomposite were estimated using high-resolution
transmission electron microscopy (TEM) and scanning electron
microscopy (SEM) experiments (Hitachi High-Technologies Corpo-
ration, Tokyo, Japan) at 30.0 kV voltage and 30 mA. The zeta poten-
tial and DLS (MALVERN, Nano S, United Kingdom) were performed.
Fourier transform infrared (FTIR) spectra were recorded on a
Thermo Nicolet 6700 (AEM, Madison WI, USA) within a range of
400 cm~'-4000 cm™~'. Additionally, a vibrating sample magne-
tometer (VSM, Lakeshore 7404, USA) was performed to evaluate
the magnetic properties.

2.5. Measurement of drug release

The 5-FU drug release from FA-DEX-SPION was performed in
phosphate (PBS) (0.01 M with pH 7.4) and citrate (0.01 M with
pH 5.4) buffers at 37 °C. One ml of the drug-loaded micellar solu-
tion was poured into two separate dialysis bags (Spectra/por, MW
cut off 3500 gmol-1). These bags were placed into phosphate
(100 ml, 0.01 M, pH 7.4) and citrate (100 ml, 0.01 M, pH 5.4) buf-
fers separately. Tween 80, as the emulsifier agent, was added to
each of these buffer solutions to inhibit the possible sedimentation
of the released drug. The temperature was fixed at 37 °C, and the
buffer was agitated gently by a shaker (GFL, Burgwedel, Germany).
Sampling was performed at zero, four, eight, 12, 24, 48, 72, and
96 h at fixed time intervals. At each time point, 500 pl of the

Fig. 1. Schematic illustration of the procedure for synthesis and formulating FA-DEX-5-FU-SPION nanoparticles.
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specimen was collected and subjected to freeze-drying. The resi-
due was dissolved in 2 ml of methanol. The quantity of the released
5-FU was determined using a nanodrop [19]. Drug release was
measured using the following:

R VY ICi+ VoG
mdrug

(2)

where R is the drug release accumulation (%), V is the sampling vol-
ume, Vp is the first volume of the drug, C; and C, are the 5-FU con-
centrations, i and n are the sampling times and mgp,g is the mass of
the loaded 5-FU in FA-DEX-SPION. The precipitated material was
rinsed and suspended again with DDW.

2.6. Cell culture condition

Liver cancer cells (SNU-423) were incubated in the culture
media (DMEM), supplemented with 10% fetal bovine serum (FBS)
and penicillin/streptomycin (Gibco, Life Technologies, Paisley, Uni-
ted Kingdom), and grown in a humidified incubator of 5% CO2 at
37 °C (Plymouth, MN, United States of America).

2.7. Cell internalisation assay

FA-DEX-5-FU-SPION was functionalized using FITC (Fluorescein
5(6)- Isothiocyanate) to evaluate its cell internalization efficiency
by a fluorescence microscope (Nikon Eclipse TE2000-U). Therefore,
the cells were treated with 5 g FITC-FA-DEX-5-FU-SPION for three
hours. Subsequently, the nanocomposite-included media were
thrown out, and the cells were washed with phosphate-buffered
saline (PBS). Cell photography was carried out using a fluorescence
microscope (Nikon Eclipse TE2000-U). To study the efficiency of
FA-DEX-SPION in activating the bioavailability of 5-FU, fluores-
cence microscopy was used to examine the cells [20].

2.8. MTT assay

To fulfill the MTT, a 200 pl medium containing 1 x 10 cells was
poured into each well of a 96 well cell plate. The cells were adhered
to and grown for 24 h. The medium of each well was removed and
replaced with a fresh one containing various concentrations (4 pg
to 20 pg) of either 5-FU, FA-DEX-5-FU-SPION, or FA-DEX-SPION.
The incubation periods of 24 and 48 h were considered. A group
of cells without treatment was regarded as the control. A suitable
concentration of the MTT solution (10 ul of the 5 mg/ml solution in
each 100 pl media) was added to each well. The plates were incu-
bated at 37 °C in a humidified atmosphere containing 95% air and
5% CO2 for four hours. The remaining MTT solution was removed,
and 100 pl of DMSO was added to each well to dissolve the for-
mazan crystals. The plates were shaken for five minutes to ensure
the adequate dissolution of the formazan crystals. The absorbance
of each well was recorded at 540 nm using a multi-scan plate
reader (VERSAmax microplate reader, Molecular Device, CA,
USA). The results were obtained using mean * SD.

Relative cell toxicity = {M} x 100

3)

Acontrol
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Table 2

Temperature, time, and the number of cycles for each step.
Step Temperature Time Cycles
Initial Denaturation 95 °C 10 min 1
Denaturation 95 °C 15s 48
Annealing 60 °C 1 min
Melting curve analysis 95 °C 5 s/step 1

2.9. Apoptosis assay by flow cytometry

The flow cytometry assay was applied to estimate the average of
apoptosis and necrosis in cells exposed to different treatments of
nano-drug composite, void 5-FU, and FA-DEX-5-FU-SPION for 48
hours and was stained using Annexin V-FITC and propidium iodide
(PI). After that, the cells were harvested using trypsin, counted, and
then poured into six-well plates for around 10* cells / well. Apopto-
sis was estimated using the Annexin V-FITC Apoptosis Detection Kit
(Biovision, Inc.) depending on the manufacturer’s protocols.

2.10. RT-PCr

2.10.1. Isolation of total RNA and complementary DNA synthesis

After 48 h of SNU-423 cell treatment, the total RNA was
extracted from the cell lysates using TRIzol (Invitrogen Life Tech-
nologies, United Kingdom). The concentrations and quantities of
the RNA were quantified by measuring the optical density OD
(260/280 wavelength). The total RNA is classically used in the
cDNA synthesis kit (Fermentas, Germany). According to the manu-
facturer’s instructions for the kit, five pairs of oligonucleotide pri-
mers for targets and endogenous genes were used, as illustrated
in Table 1.

2.10.2. Quantitative real-time PCR reaction

To estimate the expression levels of the NF-1, Her-2/neu, c-Raf-
1, and Wnt-1 genes, real-time PCR was achieved on the ABI prism
(Applied Biosystems, USA). Beta-actin was the reference control
gene. The amplification reactions contained 5 pL of cDNA, 10 pL
of the SYBR Green-I dye (Applied Biosystems, USA), and 0.5 pL of
each specific primer. PCR was carried out for 50 cycles initiated
at 95 °C for ten minutes, 95 °C for 15 s, and 60 °C for 1 min, and
the Real-Time PCR success was examined using the melting curve
analysis (Table 2).

3. Result and discussion
3.1. Characterisation of synthesized nanoparticles

The FA-DEX-5-FU-SPION synthesis nanoparticles were compre-
hensively examined using DLS (Fig. 2A). Fig. 2A shows the size of
FA-DEX-5-FU-SPION, and its polydispersity at 25 °C was
74 + 13 nm and 0.080 nm, respectively. Fig. 2B shows the zeta
potential results with a negative surface charge in 5-FU-loaded
DEX-SPIONs. Furthermore, the high-resolution transmission
electron microscope (TEM) and field emission scanning electron
microscope (SEM) were applied to recognize the synthesis

Table 1

Primers were used for B-Actin, NF1, Her-2 [ neu, c-Raf-1, and Wnt-1 genes in the present study.
Primer Name Primer sequenceOligo sequence F Primer sequenceOligo sequence R References

(5'3") (5'3)

p-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT [42]
NF-1 GGGCAGTATCTTTCCAGCAACAG GTTAAGGCTGGACCAGTGTG [43]
Her-2/neu ACCTGCTGAACTGGTGTATGCA GTGTACGAGCCGCACATCCT [44]
c-Raf-1 GAACTGCCCCAAAGCAATGA CACCTTTTTCACACAGTCGGC [45]
Whnt-1 ATGAACCTTCACAACAACGAG GGTTGCTGCCTCGGTTG [46]
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Fig. 2. Nano-formulation size (A) and charge (B) images. The FA-DEX-5-FU-SPION charge using dynamic light scattering (DLS).

nanoparticles’ structural order, size, and shape. The result of the
synthesized nanoparticles exhibited that the NPs were smooth,
ball-shaped, and had no adhesion between them (Fig. 3A, B). It is
observed that the particles were obtained in this study uniform
in size and spherical.

Fourier-transform infrared spectroscopy (FTIR) spectra for 5-FU
and DEX-SPIONs-FA, as shown in Fig. 4A and B, exhibited the spec-
trum of 5-FU at approximately 1500 cm~!, as well as intense
broadband at 1280 cm™'. The magnetic properties of NPs were
described using vibrating sample magnetometry (VSM). The NPs
produced a magnetization curve with zero remanences and coer-
civity. According to Fig. 4B, the saturation magnetization was
57 emu/g, which is a positive result compared to the typical values
of 30-50 emu/g that were recorded in the literature for SPIONs that
were obtained by co-precipitation [15].

3.2. The encapsulation efficiency of FA-DEX-5-FU-SPION

The encapsulation of 5-FU in DEX-SPION-FA was studied using
Equation (1). The calculation for the encapsulation efficiency was

83.2 + 3.4, which means a proper loading of drugs on DEX-SPION
was achieved.

3.3. Release profile

Based on the result of the in vitro release curves, as shown in
Fig. 5, the 5-FU release time from the loaded FA-DEX-5-FU-SPION
nanosystem over 96 h was faster in the citrate buffer with an acidic
pH of 5.4 compared to the phosphate buffer with a normal pH 7.4
and pH 5.4 under the same conditions.

3.4. Cellular internalization

5-FU loaded FA-DEX-SPION nanoformulation was effectively
internalized within the cancer cells and was visualized by fluores-
cence microscopy (Fig. 6B, C), while void 5-FU was aggregated as
crystal bodies of various sizes (Fig. 6A). SNU-423 cells treated with
FA-DEX-5-FU-SPION seemed green because of the significant
uptake volume due to the enhanced 5-FU solubility after loading
onto the FA-DEX-SPION nanocarrier. In comparison, green,

Fig. 3. Microscopic analysis of FA-DEX-5-FU-SPION (A) SEM image of FA-DEX-5-FU-SPION (B) TEM image of FA-DEX-5-FU-SPION.
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Fig. 4. FT-IR spectra of DEX (I), SPION (II), 5-FU (III), FA (IV), DEX-SPION (V) and FA-DEX-5-FU-SPION (VI). (A) The magnetization curve loop of SPION, DEX-SPION, DEX-5-FU-
SPION, and FA-DEX-5-FU-SPION at 300 K (B).

3.5. Cytotoxicity assay

100
pH=5.4 The cellular toxicity of non-conjugated 5-FU was initially deter-

- 5.

N _gpE=T4 mined, along with the bare nanoparticle FA-DEX-SPION and
80 nanocomposite FA-DEX-5-FU-SPION, using MTT on SNU-423 can-
cer and LO2 healthy cells. The curve, as shown in Fig. 7, signifies

7 the test that was achieved in two time periods of 24 and 48 h.
60 Moreover, all the cells were treated with different concentrations
(4 pg-20 pg). The results show that the nano-formulated FA-

50 DEX-5-FU-SPION significantly inhibited the proliferation of SNU-
40 423 cancer cells in comparison with bare FA-DEX-SPION and void
5-FU. However, no significant differences were observed in the

3 proliferation of healthy LO2 cells for the FA-DEX-5-FU-SPION treat-
20 ment. The studied IC50 results showed 15.28 ug and 10.54 ng con-
- centrations for 24 and 48 h, respectively. Additionally, both the
bare FA-DEX-SPION and void 5-FU treatments did not show any

0 significant cytotoxicity in all the used concentrations. Based on

10 20

0 30 40 S0 60 70 8 90 100 the present results, FA-targeted DEX and SPION NPs were more
Time (hour) powerful in improving the effectiveness and efficiency of 5-FU.
Activity, dose, and treatment period for 5-FU, FA-DEX-5-FU-
Fig. 5. In vitro release profile of FA-DEX-5-FU-SPION nano-formulation at pH 7.4 SPION. and FA-DEX-SPION were selected after an assessment of
and pH 5.4. All experiments were performed at 37 °C. The data represent the mean different doses and concentrations in cytotoxicity study and reach
values + SD (n = 3). N y y
to best doses treatments in cancer cells [21,22].

S-FU release (%)

3.6. Apoptosis measurement by flow cytometry
star-like, and insoluble particles were visible in the intercellular
space in cells treated with void 5-FU because of their insolubility Regarding estimating the cytotoxic effect of FA-DEX-5-FU-
in an aqueous medium. SPION on SNU-423 cells, flow cytometry was achieved 48 h after

Fig. 6. Cell internalization study of FA-DEX-5-FU-SPION in the SNU-423 cancer cells using fluorescence microscopy (400x magnification). Fluorescence microscopy image of
5-FU-treated cells (A). Optic microscopy image of FA-DEX-5-FU-SPION-treated cells (B). Fluorescence microscopy image of FA-DEX-5-FU-SPION-treated cells (C).
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Fig. 7. MTT assay for the FA-DEX-5-FU-SPION nano-formulation, void 5-FU, and FA-DEX-SPION at 24 h and 48 h on SNU-423 (A) and Lo2 cell lines (B).
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Fig. 8. Apoptosis induction by FA-DEX-5-FU-SPION nano-formulation. The SNU-423 cell line was treated with (A) FA-DEX-5-FU-SPION (B) bare FA-DEX-SPION and (C) void 5-
FU. The number of SNU-423 cells undergoing apoptosis increases when treated with FA-DEX-5-FU-SPION nano-formulation. Moreover, treatment of the SNU-423 cell line
with bare FA-DEX-SPION and void 5-FU separately indicates that both treatments did not show any remarkable apoptosis induction.

treatment. The results in Fig. 8 illustrate a significant enhancement
that was carried out as a percentage of the apoptotic cells in the
case of the cancer cell line. As realized in this figure, the FA-DEX-
5-FU-SPION nanoformulation revealed noticeable apoptosis in can-
cer cells, whereas there was no significant apoptotic effect
achieved using the same concentration of FA-DEX-SPION.

3.7. Gene expression

To understand the pathway(s) that mediated the apoptosis
induced by FA-DEX-5-FU-SPION, we examined the rates of expres-
sion of the genes NF-1, Her-2/neu, c-Raf-1,and Wnt-1. As mentioned
above, the expression levels of the NF-1, Her-2/neu, c-Raf-1, and
Wnt-1 genes were studied with qPCR, and beta-actin was used as
the reference control gene (housekeeping gene). All candidate genes
had significantly different expressions between malignant and non-
malignant samples, as shown in Fig. 9. The expression levels of beta-
actin remained constant among the control and cancerous cells with
and without treatment with 5-FU. However, the expression level of
the NF-1 gene delivered a significantly high rate in the cancerous

26
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Fig. 9. Real-time PCR gene expression analysis of SNU-423 cell lines treatments
with void 5-FU, FA-DEX-5-FU-SPION, and FA-DEX-SPION by two-way ANOVA and
Bonferroni post-test. Values in the graph represent mean + SD. **P < 0.01,
***P < 0.001 and ****P < 0.0001 indicate significant differences between the control
(untreated) and other treatments.
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cells when it was treated with FA-DEX-5-FU-SPION compared to
void 5-FU and FA-DEX-SPION (****P < 0.0001) (Fig. 9).

4. Discussion

In the current study, a nanoscale composite, which was made
from DEX-SPION-FA carrying the 5-FU drug, was prepared to com-
pare the cytotoxic effects post-treatment (free or loaded into DEX-
SPION-FA nanoparticles) on liver cancer cells (SNU-423 cancer and
LO2 healthy cell lines) in vitro. The size of the nanoparticles is an
essential part of the drug delivery process. The tumor cells ranged
from 100 nm to 780 nm in size [21]. FA-DEX-5-FU-SPION nanopar-
ticles that were obtained in this study were 74 + 13 nm in size,
which was smaller than those that were used in the formerly
reported study [9]. Then, these NPs were permitted to enter the
spaces inside the tumor cells. Eynali et al. [23] studied 5-FU encap-
sulation efficiency using PLGA nanoparticles coated with magnetic
iron oxide NPs at 71.8%. Higher loading could be attributed to the
type of core-shell structure, and the presence of polymer provides
several functional groups for more significant interaction with
drug molecules on the drug delivery system’s surface [24]. The
nanocomposite exhibited high stability and appropriate drug con-
servation at this time. Moreover, Al-Musawi et al. [9] achieved the
same result regarding the 5-FU release profile using magnetic iron
oxide NPs coated with chitosan. Eynali et al. [23] roved similar
cumulative in vitro release profiles of 5-FU from the polymeric-
coated iron oxide core with pH 7.4 at different temperatures. This
result clearly shows that FA-DEX-5FU-SPION is a potent carrier
that can be used as a delivery mechanism for targeted drugs for
cancer. The cytotoxicity results show that the nano-formulated
FA-DEX-5-FU-SPION significantly inhibited the proliferation of
SNU-423 cancer cells in comparison with bare FA-DEX-SPION
and void 5-FU. However, no significant differences were observed
in the proliferation of healthy LO2 cells for FA-DEX-5-FU-SPION
treatment. The studied IC50 results showed 15.28 pg and
10.54 pg concentrations for 24 and 48 h, respectively. Additionally,
both the bare FA-DEX-SPION and void 5-FU treatments did not
show any significant cytotoxicity in all the used concentrations.
A study by Ebadi et al. [21] reported that for the IC50 of 5-FU
loaded polyethylene glycol-coated magnetic layered double
hydroxide (PEG-FU-MLDH) against liver cancer cells, HepG2 was
found to be 28.88 pg/mL. Eynali et al. [23] showed that PLGA
nanoparticles as 5-FU carriers significantly enhanced the cytotoxic
effects in cancer cells as compared to the control group. Further-
more, Albukhaty et al. [25] using the same nanocarrier in cancer
cell treatment. Their result showed that and reported that
FA-DEX-SPION possesses noticeable biocompatibility as well as
remarkable drug targeting properties. Additionally, their findings
proved that drug-loaded FA-DEX-SPION has significant toxic effi-
cacy against treated cancer cell lines. Al-Musawi et al. [9] used
the same 5-Fu nanocarrier with chitosan polymer in their applied
nanocarrier instead of DEX polymer for bladder cancer therapy.
Their data show a similar anti-cancer effect of 5-Fu nanocarrier
against cancer cells. Based on the present results, FA-targeted
DEX and SPION NPs were more powerful in improving the effec-
tiveness and efficiency of 5-FU. Folate is considered important for
the absorption of cancer cells over-expressed by the folate recep-
tors. Folate receptors are over-expressed on the surface of different
cancer cells, while little is expressed on the surface of normal cells.
Furthermore, from the obtained results, it is apparent that the
folate-dextran nanoformulation has significant cytotoxic activity
against cancer compared with other nanocarrier formulations. It
aids in the sustained release of the drug for the treatment of cancer
[26,27,28]. Over recent years, it has become clear that many anti-
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cancer drugs trigger apoptosis and necrosis in cancer cells by acti-
vating reactive oxygen species (ROS) production [29,30,31]. The
data indicated that FA-DEX-5-FU-SPION NPs revealed better anti-
cancer activity, as shown through cell apoptosis, induced attenua-
tion of cellular proliferation and tumor growth. The anti-tumor
activity by 5-FU is caused by inhibiting cell cycle progression to
stimulating DNA damage, which results in cellular apoptosis [32].
NF-1 acts as a tumor suppressor protein [33,34]|. The results
showed that NF1 is highly expressed in the treated SNU-423 cells
with 5-FU-loaded DEX-SPION-FA nanoparticles, as shown by qRT-
PCR. Successful targeting was delivered to the site of action by
interacting with its receptor on the cell, which is indicated its inhi-
bition effect on cellular tumor growth and proliferation. On the
other hand, Her-2/neu, c-Raf-1, and Wnt-1 played an essential cau-
sal role in carcinogenesis, and their low expression in cells showed
a reliable indicator for treatment response [35,36,37,38,39,40,41].
It was found that the indicated low expression levels of Wnt-1, c-
RaF-1, and Her-2/neu genes were visibly reduced in cancerous cells
when treated with FA-DEX-5-FU-SPION compared with void 5-FU
and FA-DEX-SPION. This indicates that the drug was successfully
delivered to the site of action of the cancerous cells. Because of
the novelty of this work, so far, there have been no data about
the 5-FU up and down regulating effects in the NF-1, Her-2/neu,
c-Raf-1, and Wnt-1 genes expression for different cancers.

5. Conclusion

Super-paramagnetic nanoparticles coated with dextran (DEX-
SPION) and carrying 5-fluorouracil were successfully fabricated
using the co-precipitation approach. The nano vehicle improved
the drug loading with nanoscale particle size distribution. The
results indicate that FA-DEX-5-FU-SPION is a consistent co-
delivery system for 5-FU. FA-DEX-5-FU-SPION nanoparticles have
a sustainable release profile, which leads to dose- and time-
dependent targeted liver cell cytotoxicity. FA-DEX-5-FU-SPION
has an inhibiting activity against tumor growth in liver cancer,
which is more marked than 5-FU and FA-DEX-SPION by them-
selves. Moreover, FA-DEX-5-FU-SPION has high biocompatibility,
loading efficiency, controllability, and penetrability, which made
it a useful and exciting tool for a wide range of potential applica-
tions in biomedicine. It is recommended that FA-DEX-5-FU-
SPION could induce cytotoxic effects on Wnt-1, c-RaF-1, and Her-
2/neu gene expression levels, as well as a reduction in cancerous
cells. It could thereby effectively control the progression without
toxicity to healthy cells compared to void 5-FU and FA-DEX-
SPION. Therefore, it could be applied as a safe and active anti-
tumor factor for use in clinical settings.
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