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Abstract

Among the vigorous anticancer factors, 5-Fluorouracil (5-FU) has been presented fantastic capability
against several types of tumor cells. Chitosan-covered super paramagnetic iron oxide nanoparticles (CS-
SPION) were synthesized and applied as a nano-carrier for loading of 5-FU (CS-5-FU-SPION) through a
reverse micro emulsion technique. In the final preparation process the nanosystem was folic acid
functionalized (FA-CS-5-FU-SPION) for targeted therapy purposes. This nanoformulation was studied
towards bladder cancer cell lines. Each size and morphology characteristic was evaluated by zeta sizer,
AFM and FESEM. Fluorescence microscopy was used to determining the cell internalization rate of
prepared nanosystem. Cell viability and apoptosis were surveyed by MTT assay and flowcytometry
method respectively. The data indicated that the prepared FA-CS-5-FU-SPION has spherical shape with
79 + 13 nm average diameter size and appropriate polydispersity rate. Additionally, the remarkable drug
loading efficiency (~73%) was notable. This FA-CS-5-FU-SPION also demonstrated sustained release of 5-
FU at 37 oC in both phosphate and citrate buffer solutions separately. Then the MTT assay and flow
cytometry study indicated significant cell toxicity and apoptosis induction by FA-CS-5-FU-SPION. The
results supported the fact that FA-CS-5-FU-SPION had become greatly represented antitumor
characteristics. In the other hands no adverse outcome were reported for normal cells. Furthermore, it
became proved that the FITC-labeled FA-CS-5-FU-SPION, has an effectively entrance into cancerous cell
and stimulate cell death and apoptosis.
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Introduction

The cancer is a main complicated issue that
contains one of the most leading causes of
death worldwide. Several tactics such as
chemotherapy, radiation therapy and surgery,
were developed for different cancers type, but
most of these methods are not officiously
deadly to treated cancer cells. On the other
hand, the normal cells are also influenced and
subjected to damage or even death [1, 2].
Scientists make several studies to increase
the effectiveness of cancer treatment by
reducing harmful effects on normal cells and
tissues. One of the strategies that have been
considered in recent years is targeted drug
delivery specifically for the tumor and by drug
loading in biocompatible carriers and releases
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it in the target site [3, 4]. The 5-fluorouracil
(5-FU) is an anti-metabolite drug that is
widely used for the treatment of several
types of cancer, such as rectum, breast,
pancreas and stomach particularly for
colorectal cancer [5, 7.]. A mechanism of

action by this chemotherapic agent is
interfering in thymidine synthesize by
inhibiting thymidylate synthase that

consequence to cell death and apoptosis
induction [8]. Drug resistance of tumors
against 5-FU, its negligible selectivity, low
plasma half-life (8-20 min) inappropriate cell
toxicity, and consequently 1its  poor
bioavailability in vivo due its water
insolubility are the remarkable challenges to
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efficient chemotherapy with 5-FU. Therefore,
to maximize the chemotherapeutic efficiency
against tumor cells and minimize its toxicity
percentage in normal cells and tissues, 5-FU
can be loaded into a biocompatible, pH-
sensitive nano-carrier and released at a
targeted site. Several strategies have been
enhanced the aqueous solubility of 5-FU.

Among this methods, encapsulation of 5-FU
in different materials such as lipids, proteins,
natural and synthetic polymers, are the main
tactics for sustained and targeted drug
delivery system (DDS) [9, 11]. This material
in nano scale present notable pharmacokinetic
properties such as high surface to volume
ratio, developed water solubility, prolonged
half-life (consequence to enhancing blood
circulation time), controlled drug release and
specific-targeted drug delivery.

Among different nanomaterials, the natural
polymeric nanocarriers have an extensive
application and consequence wide importance
in DDS [12]. Meanwhile some biopolymers like
chitosan (CS) have been extremely used in
DDS as nano-carriers. CS is a natural cationic
bio poly amino saccharide with linear
molecular structure that achieved due to
deacetylation of chitin. CS has been received

notable attention in the pharmaceutical
industry due to its low  toxicity,
biodegradability/compatibility, and chemical

structure. On the other hand pH-sensitive
nature of this biopolymer leads to sustained
release of loaded drugs from its structure and
consequence solve the problem of low half-life
of chemotherapy drugs [13, 15].

With the developing progress in
nanotechnology, the super paramagnetic iron
oxide nanoparticles (SPION), are extremely
studied and have been demonstrated its
various capability in different field such as
cytotoxicity, cell metabolism and cell apoptosis

study [16, 18]. SPION has become a
fascinating nanoparticle in the different
medical investigation comprising gene

delivery system (GDS), magnetic resonance
imaging (MRI) and DDS [17, 20].

The core-shell DDS based on SPION as a core
and CS as a shell can be easily assisted the
conduction of CS-SPION nanoformulation
magnetically to specific target site duo to
externally magnetic field [21]. Additionally
the CS-SPION nanoformulation was leads to
prolong the release of chemotherapy agent.
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One of the main advantages of SPION is its
capability to surface coating by different
materials that supply the water solubility in
order to facilitate medicine applications [22,
23]. Moreover this property simplifies the
drugs loading process by means of shell part
of core-shell nanoformulation [24, 26].
Accordingly, the synthesized core-shell (CS-
SPION) is candidate as a noteworthy
nanoformulation for tumor targeting therapy
which can increase the drug circulation time
and release it in controlled manner [27,28].

In order to enhance the targeting efficiency the
CS-SPION was surface modified by folic acid
(FA) molecule functionalization. The folic acid
receptors are found manifold at the surface of
the cancer cells, compared to normal cells.
Nevertheless, negligible studies, investigate
the 5-FU delivery system using FA-CS-
SPION as drug nanocarriers [29, 32].

The aim of this study is a synthesis of 5-FU
DDS with high level of circulation time,
controlled release and adequately specific for
target site. Accordingly, the first step was
preparing a nanoformulation of FA-CS-5-FU-
SPION. Then in order to determining
suitability of this nanosystem for DDS
purposes, the physicochemical properties
were characterized. Finally the cell
internalization rate and the accurate drug
dosage for treatment were recognized duo to
related tests. The FA-CS-5-FU-SPION effect
was studied in bladder transitional -cell
carcinoma T24 cells as cancer cell line and
human bladder epithelial cells (HBIEpC) as a
normal cell line.

Materials and Methods
Materials

5-Fluorouracil, Chitosan (deacetylation
degree 85%, medium molecular weight), folic
acid, SPION and Fluorescein Isothiocyanate
(FITC) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). DMEM medium, Fetal
Bovine Serum (FBS) was purchased from
Gibco (Tulsa, OK, USA). T24cells and
HBIEpC cells were both obtained from ATCC.
All other reagents were purchased from
Merck Company.

Synthesize of FA-CS-5-FU-SPION

FA-CS-5-FU-SPION was prepared by reverse
micro emulsion method as previous work [2].
Briefly, the SPION solution was prepared in
10 mg per ml concentration.
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Then 50 mg of chitosan (CS) powder was
dissolved in 1% (w/v) glacial acetic acid
including SPION solution. Subsequently 10
mg of 5-FU drug was added to CS-SPION
solution. The obtained solution added
dropwise to 100 ml three-necked flask
including 50 ml of Tween-80 at 55°C.
Afterward the achieved reverse water-in-oil
micro emulsion was moved to water bath and
stirred at 800 rpm/min for 10 h.

Also, the 1 ml of 20% (w/w) sodium citrate
solution was gently added into the three-
necked flask and the reaction was continued
for 30 minutes in neutral pH. Finally, the CS-
5-FU-SPION was collected with a powerful
magnet and rinsed  triplicate  with
isopropanol. The collected CS-5-FU-SPION
was exposed to 55°C for overnight. The bare
CS-SPION (without drug) was prepared in a
same method as stated above [33, 34].

Folate Decoration of CS-5-FU-SPION

25 mg of FA powder was added to 5 ml
distilled deionized water (DDW). 20 ul of 10 M
NaOH solution was added to the FA/DDW
mixture and vortexed to obtain clear solution.
1 ml of obtained solution was added into 10
ml (1 mg per ml) of CS-5-FU-SPION solution.
The solution was stirred in 500 rpm for 45
minutes at room temperature. The FA-
functionalized CS-5-FU-SPION solution was
centrifuged at 10000 rpm for 7 minutes. The
supernatant including free FA was separated

Encapsulation efficiency (%) = [(drug fed — drug loss) / (drug fed)] x 100%

5-FU Release Profile

In order to measurement of drug release
value from FA-CS-SPION, different buffers
such as citrate (0.01 M and pH=5.4) and
phosphate (0.01 M and pH=7.4) buffers were
used in 37°C, 1 ml of nanoformulation solution
were added in dialyze bag and placed in 100
ml citrate and phosphate buffers separately.
The tween 80 was utilized as an emulsifier for
inhibit the sedimentation of released drug.
Release process was performed by shaking
water bath. The sampling was done at 0, 4, 8,
12, 24, 48, 72 and 96 h. The 500 ul was
aliquoted, freeze-dried in each sampling
process and resolved in 2 ml methanol.
Finally the 5-FU release was measured by
fluorescence spectroscopy.

The final 5-FU release was measured using
following equation:

R=VXiCi+VoCn/ Mdrug
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and precipitated material was rinsed and
suspended again with DDW.

Characterization

Different main FA-CS-5-FU-SPION Nano
formulation properties such as size, charge
and polydispersity were achieved by zeta sizer
(Malvern Instruments, UK). Additionally the
size and morphology of nanosystem were
studied using atomic force microscopy (AFM)
and field emission scanning electron
microscopy (FESEM). AFM images were
achieved by (Dimension 3100, USA), at
ambient temperature using a drop of fresh
solution.  Furthermore the size and
morphological evaluation were studied by
field emission scanning electron microscopy
(Philips XL30) using gold coating of the FA-
CS-5-FU-SPION sample.

5-FU Encapsulation

FA-CS-5-FU-SPION (10 mg) was dispersed in
50 ml of 1mol/LL Hydrochloric acid using
sonication. The solution was centrifuged at
14000 rpm for 10 minutes. Then the
supernatant containing free unloaded 5-FU
drug was collected and measured using
fluorescence spectroscopy (Hitachi, Japan) in
280 nm absorption and 240-380 nm emission
and the gap width of 10 nm. The 5-FU
encapsulation efficiency in FA-CS-5-FU-
SPION was acquired by the following
equation:

Eq. (1)

Where, R i1s the 5-FU release value (%), V is
the sample volume, Vo is the initial 5-FU
volume, Ci and C. are the 5-FU
concentrations, 1 and n are the times each
sampling, and marg 1s the mass of 5-FU in
nanoformulation.

Cell Culture

Bladder transitional cell carcinoma T24 cells
(Rockville, MD) and human bladder epithelial
cells (HBIEpC) as a normal cell line were
purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). Both
cell lines were cultured in DMEM medium
supplemented with 10% FBS, and were
separated by 0.5 g/l trypsin and passaged
several time for obtaining logarithmic phase.
The cells incubation in all steps should be in
37°C and 5% CO2 pressure.

Cell Internalization Assay
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The FA-CS-5-FU-SPION was functionalized
with FITC (fluorescein 5(6)-Isothiocyanate) to
evaluate its cell internalization efficiency by
fluorescence microscope (Nikon Eclipse
TE2000-U). So the cells were treated with 20
uM  FITC-FA-CS-5-FU-SPION for 3 hours.
Afterward the nanoformulation included
medium was throwed out and the cells
washed with phosphate buffered saline (PBS).
The imaging process from cells was carried
out using fluorescence microscope (Nikon
Eclipse TE2000-U). For studying the
efficiency of FA-CS-SPION carrier for
developing the solubility and bioavailability of
5-FU, one group of cells considered to treating
with the same concentration of void 5-FU.
Then this cells were imaged by fluorescence
microscopy and compared with other one.

MTT Assay

5 mg of MTT powder was dissolved in 1 ml
PBS to preparation of MTT solution. In order
to MTT study, the plates with 96 well were
utilized and cultured with 104 cells. Then the
200 ul of DMEM medium were added in each
well. Afterward, left the cells to growth and
proliferate at 24 h. In this step, the different
dose (10-60 uM) of wvoid drug (5-FU),
nanoformulated 5-FU (FA-CS-5-FU-SPION)
and the bare nanoparticle (FA-CS-SPION)
that solved in DMSO, in 2% V/V compares
with medium was added into cells comprised
wells. Each test was carried out in triplicate
wells and repeated at least two times. The
MTT analysis was performed at 24 and 48 h
after treatment. After 4 h incubation with
MTT, the entire solutions were evacuated and
then replaced with 100 ul DMSO into each
well. The plates were placed in the shaker for
12 minutes then evaluated by ELISA reader
(BioTek Power Wave XS).

Apoptosis Assay

In order to Apoptosis study, the plates with 6
well were applied and cultured with 104 cells.
Different treatments of void 5-FU, FA-CS-5-
FU-SPION, and FA-CS-SPION in 48 hours
were considered to cell apoptosis study.
Apoptosis value was estimated by the
Annexin V-FITC Apoptosis Detection Kit
(Beyotime, Biotechnology Co., Ltd. Nantong,
China). The cells were separated after 48
hours and centrifuged at 200 g for 7 minutes.
The supernatant evocated and the pellet
resuspended with 500 pl of 1x binding buffer.
The achieved solution was treating with 5 pl
of Annexin V-FITC and 5 pl PI. Then this
reaction solution mixed and incubated for 15
min at room temperature. Finally the
Samples were transferred to FACS tubes and
evaluated by FAC Scan Flow Cytometer
(Becton Dickinson, Oxford, UK).

Statistical Analysis

SPSS 24 software was used for statistical
analysis. Statistical differences between
control and treatment groups were calculated
by T-TEST method. The obtained data were
considered statistically significant with the P
<5%.

Result

Characterisation of Nanoparticles

FESEM and AFM images proved that the
achieved nanosystem has a spherical shape
with a good dispersity without remarkable
aggregation (Fig. 1). The average diameter
size of FA-CS-SPION and its dispersion rate
in 25 C was 79 £ 13 nm and 0.080 + 1.5
respectively and the nanoparticle surface
charge was -30 £ 0.8 mV (Fig. 2). All results
exhibited that DLS, FESEM and AFM data
reveal similar size (~90 nm). The spherical
morphology for FA-CS-SPION was confirmed
by FESEM and AFM images.

Figure 1: Morphology and size determination of FA-CS-SPION nanosystem by atomic force microscope (A) and field

emission scanning electron microscope (B)
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Figure 2: FA-CS- 5-FU-SPION size and polydispersity using dynamic light scattering (DLS)

Encapsulation Efficiency

The FA-CS-5-FU-SPION  solution was
centrifuged after synthesis and the
supernatant collected. The supernatant

evaluated by spectrophotometer (UV-Pharma
spec, shimadzu) in 280 nm. The 5-FU
encapsulation efficiency in FA-CS-SPION
nanosystem was diagnosed 77 + 0.3%. The
nanoformulation exhibited remarkable
colloidal  stability and  proper  drug
permanency in this period.

Release Profile

As shown in release curves of Fig. 3 the 5-FU
releases time from loaded nanosystem (FA-
CS-5-FU-SPION) over a 96 h period was
slower at phosphate buffer with normal pH
(pH 7.4) as compared to citrate buffer with
acidic pH (pH 5.4). In other hand the release
profiles of free 5-FU, showed similar release
algorithm at pH 7.4 and 5.4. The curve results
proved a faster 5-FU release rate at pH 5.4
under the same conditions compare with pH
7.4.
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Figure 3: 5-FU release curve in two various pH of 7.4 and 5.4

Cell Internalization

Evaluation of 5-FU internalization into T24
cancer cells and by its functionalization by
FITC, carried out by fluorescence imaging. As
indicated in Figure 3, the treated cells with
FITC functionalized nanoformulation indicated
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green because of FITC-FA-CS-5-FU-SPION
internalization due to solubility increasing of 5-
FU. While the free 5-FU treated cells,
demonstrate green and star like particles in
intercellular space due to 5-FU water
insolubility.
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Figure 4: Cell internalization evaluation of FA-CS-5-FU-SPION in T24 cell line using fluorescence microscope (400x
magnification). Optic microscopy image of 5-FU treated cells (A).Optic microscopy images of FA-CS-5-FU-SPION
treated cells (B). Fluorescence microscopy image of 5-FU treated cells (C). Fluorescence microscopy image of FA-CS-5-

FU-SPION treated cells (D)

Cytotoxicity Assay

The cytotoxicity study of void 5-FU, bare
nanoparticle (without 5-FU) and
nanoformulated 5-FU were evaluated by MTT
assay on T24 cancer and HBIEpC normal cell
lines. This test performed in two 24 and 48
hours periods and was indicated in curve (fig.
5). In the first step, the cells were treated
with various concentration of FA-CS-5-FU-
SPION (10-60 uM) for 24 and 48 hours. FA-
CS-5-FU-SPION significantly (P<0.01)
inhibited the T24 cancer cells proliferation

time and dose dependent compared with bare
nanoparticle and free 5-FU but didn’t show
any remarkable change in cell growth and
proliferation after treating normal HBIEpC
cell lines with mentioned treatments. The
achieved 1C50 data indicated that 38.13 and
27.96 uM are the IC50 concentration for 24
and 48 hours respectively. Moreover, both of
bare nanoparticles and free 5-FU treatment
didn’t indicate any remarkable cytotoxic effect
in all utilized concentration.
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Figure 5: Cytotoxic effect of various concentrations (10-60 pM) of treated FA-CS-5-FU-SPION after 24 (A) and 48 (B).
Bare FA-CS-SPION (C) and void 5-FU (D) after 48 h on T24 cancer cells and HBIEpC normal cells

Flow Cytometry

Apoptosis analysis was carried out by Flowjo
7.6.1 software. As indicated in Fig. 6, the
significant enhancement was showed in
apoptotic cancer cells compared to normal
type. As seen in fig. 6 the FA-CS-5-FU-SPION
has indicated significant apoptosis in cancer
cells whereas has no remarkable effect on
normal cells. The FA-CS-SPION didn’t reveal
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any apoptotic effect in the various
concentrations as shown from fig. 6 on
bladder cancer cell line (T24) as well as
normal cell line (HBIEpC) which proved this
fact that the FA-CS-SPION does not
stimulate any apoptosis on both T24 and
HBIEpC cell lines. The achieved data have
also exhibited that free 5-FU, does not reveal
any apoptotic effect in both T24 and HBIEpC
cell lines.
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Fig 6: Apoptosis assay using FA-CS-5-FU-SPION on T24 and HBIEpC cell lines
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Discussion

The anti metabolite 5-Fluorouracil (5-FU)
drug work by preventing vital biosynthetic
processes, or inhibiting the normal function of
main macromolecules of cells such as DNA
and RNA duo to incorporating with them.
Despite the strong cancer therapeutic potency
of 5-FU, its low water solubility and negligible
bioavailability, conduct the researches to apply
new strategies to pass this problems and
enhance this drug efficiency in the treatment
of different diseases specially cancers. Several
studies reports that 5-FU solubility was
enhanced when it encapsulated or loaded in
suitable drug carriers [35]. In this paper, we
suggested that folated chitosan covered SPION
(FA-CS-SPION) can improve several essential
factors such as water solubility,
biocompatibility, blood circulation time
(durability or stability) and consequence the
bioavailability of 5-FU so facilitate applying
this therapeutic agent for the antitumoral
purpose.

So in this study, we prepared a nanosystem
by encapsulation of 5-FU into the FA-CS-
SPION nanoparticles and then evaluate its
therapeutic effect on the treatment of bladder
cancer and normal cell lines. Several studies
proved the efficient potency of FA-CS-SPION
as a drug nanocarrier for different anticancer
agent and demonstrate successful result in
treating numerous cancers such as breast and
leukemia [36, 37]. Consequently, the FA-CS-
5-FU-SPION nanoformulation was prepared
with appropriate size (79 + 13 nm), stable
morphology, and good polydispersity for drug
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delivery purpose (fig 1, 2). After combination
the 5-FU in FA-CS-SPION system, we
measured the nanosystem characteristics.
The encapsulation drug efficiency of 5-FU in
FA-CS-SPION nanoparticle was ~73% that
display consequence the supreme colloidal
stability and good drug feeding. These results
indicate almost same encapsulation drug
efficiency compare with similar work with
this nanoparticle [38,39]. Furthermore, the
FA-CS-5-FU-SPION show controlled behavior
in drug release process so that in acidic pH
(pH of cancer cells microenvironment)
presents more drug release compare with
normal PH (fig 3).

So the cytotoxicity effect of the FA-CS-5-FU-
SPION system, stimulated by internalization
of 5-FU into the treated cells and its
combination potency to DNA and RNA within
the cell (fig 4). In this paper, the cytotoxicity
studies exhibit reducing in vitality rate of T24
cancer cell lines due to enhancing the dose of
FA-CS-5-FU-SPION treatment after 24 and
48 hours respectively.

The IC50 for both 24 and 48 hours has
occurred in 38.13 and 27.96 uM respectively.
The FA-CS-5-FU-SPION toxicity in the
HBIEpC cells was negligible without any
noteworthy IC50 for treated dose (Fig 5).
Measurement of the cytotoxicity effect of FA-
CS-5-FU-SPION and void 5-FU separately
with the all different applied concentration
presented negligible cytotoxicity on both T24
cancer and HBIEpC normal cell lines. These
data were in accordance with the results of
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the study the similar treatment effects of
nanoformulated 5-FU in chitosan coated
SPION [40]. The apoptosis study
demonstrated different result in relation to
the T24 cancer and HBIEpC normal cell lines
(Fig. 6). The apoptosis induction study proved
this fact that the cell death process 1is
influenced remarkably by 5-FU in its
nanoformulation (FA-CS-5-FU-SPION) and
there 1is different sensitivity to the two
cancerous (chronic myeloid bladder T24) and
normal (human bladder epithelial cells
HBIEpC) cell lines (Fig. 6).

The treated normal human bladder epithelial
cells (HBIEpC) with FA-CS-5-FU-SPION
nanoformulation presented similar result in
apoptosis induction compare with cytotoxicity
assay so the HBIEpC didn’t showed any
apoptosis induction. Consequently, the effect
of FA-CS-5-FU-SPION is specifically in
chronic myeloid bladder T24 cancer cells and
has not any impact on human bladder
epithelial cells HBIEpC normal cells that is
due to the specific effect of nanoformulated 5-
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