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ABSTRACT

Chitosan- sodium deoxycholate nanoparticles containing 5-fluorouracil (5-FU) was prepared via a simple
electrostatic interaction between oppositely charged particles using different weight ratios between chitosan and
sodium deoxycholate. The objective of this work is to characterize and estimate the antitumor activity of the
prepared chitosan- sodium deoxycholate nanoparticles loaded with 5-FU.The prepared nanoparticles were
characterized in-vitro and in-vivo. The in-vitro characterizations were investigated by entrapment efficiency % (EE
%), particle size analysis, zeta potential measurement, in-vitro release and Transmission Electron Microscopy
(TEM). 5- FU loaded CS- DS nanoparticles showed EE% ranging from (14.54 £1.35 to 22.43 +2.12), reasonable
mean particle sizes (165.65 £17.23 to 318.47 £25.86) and zeta potential (35.57 £3.05 to 48.86 £3.57 mV). The in-
vitro release of nanoparticles exhibited an initial burst effect followed by a sustained drug release with
approximately 90 % of the drug being released over 6 hrs. In-vivo anti-tumor effect was studied on solid ehrlich
carcinoma (SEC) tumor bearing Swiss albino mice.The anti- tumor activity of 5-FU loaded in CS- DS
nanoparticles was evaluated comparatively to control and plain formula. The results revealed that 5-FU loaded CS-
DS nanoparticles effectively decreased tumor volume and showed significantly (p<0.05) lower tumor volume
compared to control group and plain formula.

KEYWORDS: 5-Fluorouracil; electrostatic interaction; anti- tumor activity; solid ehrlich carcinoma.

INTRODUCTION

One of the most frequently used antineoplasic agents is
5-fluorouracil (5-FU). It has documented activity alone
or in combination therapy for the treatment of many
cancer forms.!! However, there are many reasons that
had limited the clinical applications of 5-FU such as the
high rate of metabolism in the body, the maintenance of
a therapeutic serum concentration requires the
continuous administration of high doses, which could
lead to a severe toxic effect.”® Many formulation
approaches have been attempted to achieve the required
amount of drug at tumor site for a certain period of time
and minimizing the side effects.Nanoparticles as drug
carriers allow the continuous and controlled release of
therapeutic drugs to maintain drug levels within a desired
level.”! In addition, the nanoparticles are advantageous
in terms of the ability of enhanced permeability and
retention effect (EPR) which helps in the accumulation
of drug loaded NPs in the tumor tissues in comparison
with normal tissues.®® The sustained release properties
of the biodegradable nano-drug delivery systems were
used to improve the residence time of the
chemotherapeutic agent in the body.Progress has been
made in the treatment of cancer by incorporating

chemotherapeutic agents into nanocarriers in recent
years.[" Previous reports indicated that sustained release
formulations of 5-FU and selective delivery to the tumor
site not only improve the antitumor activity but also
reduce side effects of 5-FU as compared with the
clinically available 5-FU  formulation.  In-vivo,
biodistribution studiesof 5-FU in rat liver indicated that
the nanoparticles cubosomal formulation significantly
increased 5-FU liver concentration Snearly 5-fold) as
compared to that of a 5-FU solution.’®! Chitosan (CS) is
one of the most popular materials in the field of drug
delivery and is, by far, the most applied of the natural
polymers. CS is soluble in acidic solutions owing to the
protonation of the amino groups composing the
polymeric chain at this pH. In this regard, highly
deacetylated CS (85%) is readily soluble in solutions of
pH up to 6.5, but as the deacetylation degree decreases,
the solubilization becomes more difficult.®*® Its
attractiveness relies on very interesting structural and
biological properties, which include the cationic
character and the solubility in aqueous medium as well
as its characteristic biodegradability and
mucoadhesivity.***? Chitosan is known to have the
ability to transiently open epithelial tight junctions,
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permitting an increase of drug permeation by acting as an
absorption promoter.**' Sodium deoxycholate (DS) is
one of the endogenous bile salts which could improve the
paracellular transport of hydrophilic drugs if added to
CS, the mechanism of sodium deoxycholate as
absorption enhancer includes extracting membrane
protein or lipids, membrane fluidization, producing
reverse micelles in the membrane and creation aqueous
channels.'™ The objective of this work is to formulate a
suitable delivery system that gives a sustained release
formulations of 5-FU through incorporating it in CS- DS
nanoparticles and estimate the in-vivo anti-tumor effect
of prepared nanoparticles on Ehrlich carcinoma-bearing
mice.

MATERIALS AND METHODS

Materials

5-flurouracil was purchased from Sigma Aldrich
(Missouri, USA). Chitosan low molecular weight (Poly
(D-glucosamine) deacetylated), was purchased from
Sigma Aldrich (Missouri, USA). Sodium deoxycholate
was purchased from Alfa Aesar (Karlsruhe, Germany).
Potassium dihydrogen phosphate (NaH,PO,) and sodium
monohydrogen phosphate (Na,HPO,); Adwic, EL-Nasr
Pharmaceutical Chemical Company (Egypt).

Preparation of 5-FU loaded CS-DS nanoparticles
5-FU loaded CS-DS nanoparticles were prepared using
simple electrostatic interaction between oppositely
charged particles. CS was dissolved in 0.1 % acetic acid
solution to obtain 1 mg/ml solution and DS was
dissolved in deionized water in order to obtain 1 mg/ml
solution. Nanoparticles were formed when different
amounts of DS solution were added drop wise to a CS
solution and magnetically stirred at 300 rpm for 15 min
at room temperature. CS solution turns translucent to
turbid as a result of the formation of CS-DS
nanoparticles. For the nanoencapsulation, 5 mg of 5-FU
was added to CS solution before the addition of DS
solution.

The dispersion was centrifuged at 12,000 rpm for 20 min
at 4 °C to separate the solid nanoparticles. The
nanoparticles residue was re-suspended in deionized
water and centrifuged again. The composition of
different formulas of 5-FU loaded CS- DS nanoparticles
is shown in table 1. All batches were prepared in
triplicate.

To make sterile nanoparticles, CS solution containing 5-
FU and DS solution were passed through 0.22 pm
millipore and mixed with each other under aseptic
condition using laminar flow cabinet. All batches were
prepared in triplicate.!*®

Table 1: The composition of different formulas of 5-
FU loaded CS-DS nanoparticles.

Formula | CS: DS (w:w) | 5-FU (mg)
F1 2:1 5
F2 1:1 5
F3 1:2 5
F4 1:3 5

Particle size analysis and zeta potential

The particle size, polydispersity index and zeta potential
of 5-FU loaded CS-DS nanoparticles were determined by
photon correlation spectroscopy using a Malvern
Zetasizer Nanoseries (Nano-ZS, Malvern Instruments,
Malvern, UK). Prior to measurement, nanoparticles
dispersions was diluted 20-fold with deionized water and
shaked to faint opalescence, All measurements were
carried out at 25°C. All the measurements were
performed in triplicate. The poly dispersity index value
gives an indication for the homogeneity of the
preparations.

Morphology of 5-FU loaded CS-DS nanoparticles

The morphology of 5-FU loaded CS-DS nanoparticles
(F2) was examined using a transmission electron
microscopy (Jeol Jem Dos electron microscopy, Japan).
After dilution with deionized water, the samples were
deposited on a microscope slide and stained with 3%
(w/v) phosphotungstic acid and the stained nanoparticles
were imaged.

Entrapment efficiency percent (EE %)

5-FU entrapment efficiency, which corresponds to the
amount of 5-FU that can be incorporated in the
nanoparticles was determined indirectly by measuring
the concentration of the free 5-FU in the aqueous phase
of the nanoparticle dispersion using centrifugation
method.""*® The EE % was determined using the
following equation:

drug - W, drug in suspension)

EE% — (Vvinitial

x100
W, drug
Where:
Winitial drug: is the amount of 5-FU initially used for
the assay.

Wfree drug in suspension: is the amount of free 5-FU
determined in the aqueous phase after separation of the
nanoparticles.

1 ml of the prepared dispertion was centrifuged at 12000
rpm at 4°C for 20 min to separate free 5-FU in the
aqueous phase from the prepared CS- DS nanoparticles,
then the nanoparticles residue was re-suspended in
deionized water and centrifuged again. This washing
procedure was done to ensure that the free 5-FU was no
longer present in the voids between the nanoparticles.
The collected supernatant fractions were used for
determination of the free 5-FU spectrophotometrically at
Amax=266 nm."¥ All experiments were run in triplicates.
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In-vitro release

In-vitro release of 5-FU from CS- DS nanoparticles were
determined by dispersing an amount of nanoparticles
equivalent to 5 mg of 5-FU in 2 ml phosphate buffer
(PB) pH 7.4 then placed into a dialysis membrane bag
(MWCO 10 kDa, pore size 2.4 nm, Spectra/Pro) and
placed into 50.0 ml PB (pH 7.4) with continuous
oscillation frequency.®2! Also the dialysis of free 5-FU
was done in the same way to compare it with the release
of 5-FU from CS- DS nanoparticles. At different times, 1
ml release medium was removed at each time interval
and 1 ml of fresh medium was added into the system.
The amount of 5-FU in the release medium was
evaluated spectrophotometerlically at Amax = 266 nm
against PB (pH 7.4) as a blank. All measurements were
performed in triplicate.

In-vivo antitumor effect

Study design

The experimental protocols involving animal study were
approved by the animal care and use committee of the
college of pharmacy, Helwan University. Eighteen
healthy adult female Swiss Albino mice of average
weight (20-25 g) were supplied from National Cancer
Institute (NCI), Egypt. All mice were kept in Makrolon
IV polycarbonate cage and allowed to a free access of
normal tap water and regular Purina rodent diet pellet
chow all over the period of the experiment. They were
maintained in a light controlled room at a temperature of
22° C and relative humidity of 55%. The mice were
acclimatized to the animal house condition for two days
prior to the experiment.

Table 2: Treatment protocol of the in-vivo study design.

Solid Ehrlich carcinoma (SEC) induction
Establishment of tumors in the Swiss Albino mice was
attained by subcutaneously injection of  Ehrlich
carcinoma cell line through 23-G needle into the right
thigh of each mouse (0.2 ml/ 2- 2.5x 106 cells/ mouse).*
Ehrlich carcinoma cell line was obtained by intra-
peritoneal aspiration of ascetic fluid of Ehrlich ascetic
carcinoma (EAC) mouse, followed by dilution with an
appropriate volume of isotonic saline. The palpable solid
tumors were developed approximately after 13 days and
the average tumor solid mass volume is measurable.

Treatment protocol

After the mice developed palpable solid tumors; they
were divided randomly into 3 groups (6 mice each). The
first group was left as untreated control group and only
received an inta-tumor injection of an isotonic saline.
The second and third groups received an intra tumor
injection of plain formula and 5-FU loaded CS-DS
nanoparticles (F2) respectively. 5-FU was given at a dose
20 mg/kg body weight since the intra-tumor delivery of
anticancer was considered a valid therapeutic strategy for
treatment of cancer.[?*24% Each mouse received 4 doses,
the first dose was received after 13 days post SEC
induction (The first day of treatment) while the second,
third and forth dose was received at 20, 28 and 36 days
post SEC induction , respectively. Table 16 illustrates
and summarizes the treatment protocols. Such multiple
intra-tumor doses were reported before.[? ']

Groups | Treatment received Route of administration Dose Time of dose

Group 1 | Saline

Group 2 | Plain Formula

5-FU loaded CS- DS
nanoparticles (F2)

Group 3

Intra-tumor injection days post SEC

13, 20, 28 and 36

20 mg/kg | implantation

Tumor volume (V) and percentage tumor growth
inhibition (% TGI) measurement

Tumor volumes were recorded twice weekly from the
first day of injection till the day of mice scarification.
This was attained by recording the two perpendicular
diameter of the tumor mass; length (b) (large diameter in
mm) and width (a) (small diameter in mm) of the
developed solid tumor mass usin? digital caliber. Tumor
volume was calculated as follow:*®

Tumor volume = g2 x

2

Where: a and b are the width and length of tumor,
respectively.

Drug efficiency in reducing tumor volume is expressed
as percentage tumor growth inhibition (TGI) which is
calculated as:1*

%TGI :100—(% X100)

Where T is the mean relative tumor volume (RTV) of the
treated group and C is the RTV of control group. RTV of
any group is calculated by the following equation:®*”

\Y
RTV=X
V.

Where Vx is the tumor volume at the end of the
experiment (day of scarification) and Vi is the tumor
volume at the start day of treatment.

RESULTS AND DISCUSSION

Particle size analysis and zeta potential
The results of particle size and polydispersity index of
freshly prepared 5-FU loaded CS-DS nanoparticles are
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presented in Table 3. The results revealed that all 5-FU
loaded CS-DS nanoparticles showed a mean particle size
less than 318.47+ 25.86 nm and ranged from 165.65 +
17.23 to 318.47+ 25.86 nm and PDI values ranged from
0.135 +0.04 to 0.48 +0.06.

Theses results revealed that, the mean particles size
(table 3) is clearly affected by the amount of DS in the
formulations. Increasing the amount of DS in the
formulations resulted in a decrease in particle size.

Zeta potential

A higher electric charge on the surface of the
nanoparticles will  prevent aggregation of the
nanoparticles because of the strong repellent forces
among particles.3

Zeta potential values are presented in table 3. The values
are found to fall between 35.57 + 3.05 to 48.86 + 3.57
mV. These values suggest that the Nanoparticles
formulation have good stability.*2%

The zeta potential values of the nanoparticles prepared
from different ratios of CS: DS decrease as the weight
ratio of CS decrease. The 2:1 CS: DS ratio has the
highest zeta potential values followed by that of 1:1

ratio. 1:3 ratio has the lowest values. The lower zeta
potential with increasing DS ratio might be caused by an
increased masking of free positively changed amino
groups of CS.

Nanoparticles with positive charge can translocated by
the tumor cells through either fluid phase endocytosis or
charge interactions and ligand receptor docking.

Entrapment efficiency percent (EE %)

Table 3 shows that the EE % of the prepared 5-FU
loaded CS- DS nanoparticles were in the range of 14.54
+1.35 to 22.43 £2.12 %.The effect of CS to DS ratio on
the EE % was studied at constant 5-FU concentration.
Decreasing the CS concentration in the nanoparticles
resulted in a decrease in EE %. The highest EE % is
observed with the 2:1 CS: DS ratio while the 1:3 ratio
has the lowest EE %. This might be due to that the higher
ratio of CS: DS (2:1) contain more concentration of CS
in the preparation medium which binds more amount of
5-FU. In addition more CS- DS nanoparticles formed as
the amount of CS increased, and the amount of 5-FU
entrapped in the nanoparticles was also increased. The
increase in EE % with increase of CS polymer was
reported within many research articles.***!

Table 3: Physicochemical characters of 5-FU nanoparticles prepared from different ratios of CS: DS.

Parameter F1 F2 F3 F4
Mean particle size (hm) +SD | 318.47 +25.86 | 250.32 +24.35 | 190.83+18.87 | 165.65 +17.23
PDI +SD 0.48 £0.06 0.287 +0.04 0.135 +0.04 0.142 +0.03
Zeta potential (mV) £SD 48.86 +3.57 42.87 +£3.88 38.66 £2.76 35.57 £3.05
EE% = SD 22,43 +£2.12 20.88 +1.85 16.67 £1.24 14.54 £1.35

Transmission electron microscope (TEM)

The morphological examination of representative 5-FU
loaded CS- DS nanoparticles (F 2) was performed using
TEM. Photographs of TEM are illustrated in (Fig. 1).
The photographs revealed the spherical shape without
aggregation of the nanoparticles.

Print Mag: 210000x @ 211 mm 100 nm
TEM Mode: Imaging HY=80.0kV
Direct Mag: 100000x

Fig 1: TEM image of 1:1 5-FU loaded CS: DS
nanoparticles (F2).

In-Vitro release study of 5-FU from CS- DS
nanoparticles

The in-vitro release of free 5-FU and 5-FU loaded CS-
DS nanoparticles in PB (pH 7.4) are shown in (Fig. 2).
The release of 5-FU from 2:1 CS: DS nanoparticles (F1)
are slower than that of 1:1 CS: DS nanoparticles (F2).
The release of 5-FU from both of the studied ratios
showed an initial rapid burst release of the drug from the
surface of nanoparticles. The burst release of 5-FU is
about 50% and 62% from F1 and F2, respectively. The
observed burst effect was due to dissociation of 5-FU
molecules that were loosely bound to the surface of CS:
DS nanoparticles.*® This initial fast release is followed
by prolonged sustained release of 5-FU over a period of
6 hours. It has been reported that with lower
concentration of CS, a lower viscosity of the gelation
medium is observed, which results in a decrease in the
liquid phase resistance against dispersion.”

The dialysis of free 5-FU was completed after 1 hr with
no further drug detected in the solution.
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Figure 2: Percentage released of 5-FU in PB (pH 7.4) from 2:1 (F1) and 1:1 (F2) CS: DS nanopatrticles.

In-vivo anti-tumor effect

Tumor volume (V) and tumor growth inhibition
percentage (% TGI)

Following the treatment protocol as illustrated in Table
2, the anti- tumor activity of 5-FU loaded CS- DS
nanoparticles (F2) was evaluated comparatively to
control and plain formula using solid ehrlich carcinoma
(SEC) tumor bearing Swiss albino mice. Tumor volume
and tumor growth inhibition were used to measure the
relative antitumor efficacy. The average tumor volume
was calculated of all groups (Fig. 3).

The results revealed that the volume of the tumor
increased rapidly for the mice treated with isotonic saline
(group 1). However 5-FU loaded CS- DS nanoparticles
(group 3) showed significantly (p<0.05) lower tumor

5000

4000 -

3000+

2000+

Tumor volume (mm?)

1000

volume compared to control group. Lower tumor growth
rates were observed in case of mice treated with 5-FU
loaded CS- DS nanoparticles.

The results also show that a little difference was found
between groups treated with saline (control group) and
plain formula (group 2). The tumor volume values of
these groups were close to each other.

Meantime, at the ends of the experiment the calculated
percentage tumor growth inhibition (TGl %) for plain
formula was -21.18 %. These results might indicate that
the therapeutic efficacy and anti-tumor activity of plain
formula is not present or negligible. In contrast, the
estimated tumor growth inhibition (TGl %) for 5-FU
loaded CS- DS nanoparticles was 86.27 %.

—a— Control
—v— Plain

—e— 5 FU formula

(o T T
10 15 20 25

E\‘%
30 35 40 45
Time (day)

Figure 3: The average tumor volume (mm?) of all groups.
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CONCLUSION

5-FU was
nanoparticles.

successfully incorporated into CS-DS
The prepared nanoparticles exhibited

nanometer-size particles with positive zeta potential and
released the loaded 5-FU in a sustained release manner
over 6 hrs. 5-FU nanoparticles showed significantly
(p<0.05) lower tumor volume compared to control group.
The present work demonstrated that 5-FU -loaded CS-
DS nanoparticles can be considered as good candidates
for anticancer delivery system.
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