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6 mercaptopurine is a cytotoxic and immune-suppressant drug. The use of this drug is limited due to its
poor bioavailability and short plasma half-life. The main objective of this study is to formulate 6
mercaptopurine (6 MP) encapsulated chitosan nanoparticles (6-MP-CNPs) using Tripolyphosphate
(TPP) as cross-linker for anti-cancer therapy in order to enhance bioavailability. The prepared
nanoparticles were characterized using transmission electron microscopy, zeta potential. The average
particle size determined through TEM was found to be 90 ± 10 nm and after encapsulation the particle
size had shown an obvious increase, Zeta potential 26.2±6.35 mV. 6 MP-CNPs showed enhancement in
cellular inhibition of breast cancer cell line MCF 7 compared to free 6 MP.
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Introduction
6 mercaptopurine is an effective immune
suppressants and anti-cancer agents and is
increasingly prescribed to treat inflammatory
diseases[1] . 6-mercaptopurine was approved as an
antitumor drug by Food and Drug Administration
(FDA) in 1953[2] and has been widely used in the
treatment of Acute Lymphoblastic Leukemia and
Acute Myelocytic Leukemia [3] and other diseases
such as rheumatologic disorders, prevention of
rejection following organ transplantation, systemic
lupus erythematosus, non-Hodgkin-lymphoma and
inflammatory diseases[4]. 6 MP is first
metabolized to an active form methylated
thioinosinic acid (MeTIMP) by hypoxanthine
phosphoribosyl transferase (HPRT) within cell to
inhibit de novo purine synthesis [5] and later
converted to thioguanine, which is a DNA
intercalating agent. Incorporation of thioguanine
induces cytotoxicity mediated via G2/M and/or S
phase arrest[6] . However; 6 MP undergoes a
complex biotransformation rendering the drug

inactive. Therefore, 6 MP undergoes extensive first
pass catabolism by XO (Xanthine oxidase) and
TPMT (thiopurine S methyl transferase) limiting
their bioavailability. So this could lead to a lower
bioavailability (about 16%)[7] . Nanocarriers like
liposomes, dendrimers, nanofibers, nanotubes and
nanoparticles are essentially required for providing
and maintaining desired concentration with
minimal toxicity[8]. In order to justify these issues,
nanotechnology has been mainly dealing with the
synthesis of nanomaterials of variable size, shape,
surface charge and narrow size distribution, which
have been typically explored, as they represent
excellent carriers for the integration of
hydrophobic 6 MP [9]. There are several
limitations of these carrier systems, such as
expensive or conservative synthesis procedure,
poor ability to control the size distribution,
instability in biological fluids, inadequate tissue
distribution, low drug loading efficiency, lack of
bioavailability and biodegradation with precursor
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material toxicity [10]. In order to address these
disadvantages
and
improving
the
oral
bioavailability, chitosan was selected as a natural,
biodegradable,
biocompatible,
non-toxic,
nonimmunogenic and inexpensive mucoadhesive
biopolymer [11]. Chitosan is a mucoadhesive
polymer having an affinity to bind with intestinal
mucosa and leading to improving the residence
time of drugs in the intestinal lumen and,
consequently, enhance their bioavailability.
Recently, Chitosan nanoparticles were found to be
promising carriers for controlled-release drug
delivery systems [12]. Among a variety of methods
developed to prepare chitosan nanoparticles, ionic
gelation technique have attracted considerable
attention due to its non-toxic, organic solvent free,
convenient and controllable process [13]. Ionic
gelation technique is based on the ionic
interactions between the positively charged
primary amino groups of chitosan and the
negatively charged groups of polyanion, such as
sodium tripolyphosphate (TPP). This physical
cross-linking process, not only avoids the use of
chemical cross-linking agents and emulsifying
agents which are often toxic to organisms, but also
prevents the possibility of damage to drugs,
particularly biological agents [14].
Materials and Method
Chemicals are obtained from Sigma Aldrich
Chemical Co., St. Louis, Mo, U.S.A. These
materials include 6 mecaptopurine, low molecular
weight chitosan and sodium tri poly phosp
.Human breast carcinoma cell line (MCF 7) was
obtained from the American Type Culture
Collection (ATCC, MO, USA). The tumor cell line
was propagated and maintained by serial subculturing in RPMI-164a0 medium containing 10 %
FBS and 1% penicillin/ streptomycin.
Preparation of chitosan nanoparticles:
Chitosan nanoparticles were produced based on
ionic gelation method of TPP with chitosan [15]:
Chitosan was dissolved at 0.6% (w/v) with 1%
(v/v) acetic acid, the solution was raised to pH
4.6–4.8 with 1N NaOH. Chitosan nanoparticles
formed spontaneously upon the addition of an
aqueous tripolyphosphate solution (0.4%, w/v).
The prepared chitosan solutions were flushedmixed with TPP solutions under magnetic stirring
at 800 rpm for 30 min at room temperature.
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Chitosan was mixed with TPP in a volumetric ratio
of 3:1.
Preparation of 6 MP encapsulated chitosan
nanoparticles
Chitosan was dissolved at 0.6% (w/v) with 1%
(v/v) acetic acid solution. 5 ml of the Prepared
chitosan solutions were mixed with 1ml of 10-4M
6MPsolutions (6 MP dissolved in water). The PH
was raised to 4.6–4.8 with 1N NaOH. The
Prepared 6MP containing chitosan solutions were
flushed mixed with 0.4% (w/v) TPP solutions in a
volume ratio of (3 : 1) (v/v)(chitosan : TPP). The
nanoparticle suspension was gently stirred at 800
rpm for 30 min at room temperature .
In vitro study for the potential cytotoxicity of 6 MP
and 6 MP encapsulated Chitosan nanoparticles on
MCF 7 breast cancer cell line using
sulphorhodamine-B (SRB) assay
This method was carried out according to that of
Skehan et al. (1990) [16]. Cells were seeded in 96well microtiter plates at a concentration of 5x103
Cells/well in a fresh medium and left to attach to
the plates for 24 hrs. Cells were incubated with the
same concentrations of free 6 MP and 6 MP
encapsulated Chitosan NPs (1.5 x 10-6, 3.1 x 10-6,
6.2x10-6,12.5 x 10-6M) for 48 hrs. The cells were
fixed with cold 50% trichloroacetic acid for 1 hr at
40C and washed with distilled water and stained
with 0.4 % SRB. The wells were washed with 1 %
acetic acid, air-dried and the dye was solubilized
with 10 mM tris base (pH 10.5) using shaker. The
optical density (O.D.) of each well was measured
spectrophotometrically at 564 nm with an ELIZA
microplate reader (Meter tech. Σ 960, U.S.A.). The
mean background absorbance was automatically
subtracted and the mean values of each drug
concentration were calculated. The percentage of
cell survival was calculated as follows: Survival
fraction = O.D (treated cells)/ O.D (control cells).
The IC50 values (the concentrations that produced
50% inhibition of cell growth) was measured. The
experiment was repeated 3 times independently
and each concentration was repeated three times.
Statistical analysis
Data are expressed as mean ± SD. Statistical
analysis was carried out using Graph Pad Software
Prism version 5. The statistical analysis of the
transfection assays data was done using Tukey
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multiple comparison test. Differences were
considered statistically significant when p ≤ 0.01.

shows that the IC50 for 6 MP encapsulated
Chitosan NPs value of was 5.5 µm.

Results
The characterization of the prepared chitosan
nanoparticles:
The mean size distribution and zeta potential of the
prepared chitosan nanoparticle suspension were
analyzed using the Zetasizer analysis Table (1).
The mean particle size was approximately 90±10
nm. These nanoparticles had a relatively narrow
particle size distribution with PDI value 0.4. Zeta
potential, this is the surface charge that can greatly
influence particle stability in suspension through
the electrostatic repulsion between particles. It can
also determine nanoparticle interaction in vitro
with the cell membrane of cancer cell which is
usually negatively charged. Table (1) shows that
the surface of chitosan nanoparticles has a positive
charge 26 mV. The chitosan nanoparticles showed
a spherical morphology and uniform distribution
with diameters in the range of 80–110 nm. The
TEM images of the 6 MP encapsulated chitosan
nanoparticles showed slightly altered morphology
(Figure 3) with an increase in diameter ranging
from 110 - 225 nm which may be due to the
interaction and encapsulation of 6 MP with
Chitosan –TPP ionic gelation.

Discussion
Chitosan nanoparticles have an important role for
drug delivery concerning cancer treatments. The
preparation of chitosan NPs is based on an ionic
gelation interaction between positively charged
chitosan and negatively charged tripolyphosphate
(TPP). Formation of nanoparticles occurs
spontaneously through the formation of intra- and
intermolecular cross-linking under a constant
stirring at ambient temperature [17]. TPP are a
multivalent anion that possesses negative charges;
chitosan in acidic solution has amino groups that
can undergo protonation. During the preparation
process, TPP is electrostatically attracted to the
NH 3+ groups in chitosan to produce ionically
crosslinked chitosan NPs [18] . TPP has often been
used to prepare chitosan nanoparticles because
TPP is nontoxic, multivalent and able to form gels
through ionic interactions. The interaction can be
controlled by the charge density of TPP and
chitosan, which is dependent on the pH of the
solution [19]. Important properties of nanoparticles
such as particle size or surface charge can be easily
manipulated by changing parameters such as
concentration of chitosan, chitosan-to-polyanion
concentration ratio, and solution pH [20].
The cytotoxicity of 6 MP encapsulated chitosan
NPs may be improved due to better accumulation
of drug at its site of action due to targeted delivery.
A possible explanation for the activity
enhancement of 6 MP encapsulated chitosan NPs
may be due to internalization of 6 MP
encapsulated chitosan NPs by an endocytosis
mechanism.
Generally,
nanoparticles
are
nonspecifically internalized into cells via
endocytosis or phagocytosis compared to the
passive diffusion mechanism of free drugs into
cells[21]. This efficient cytotoxic effect could be
due to the nanoparticles unique properties such as
small size, altered shape, high surface area-tovolume ratio and thus, many of the physical
properties of the nanoparticles such as solubility
and stability are dominated by the nature of the
nanoparticle surface functionalization and are
critical for their intended biological functions[22].

Table (1) the average size and zeta potential of 3:1
chitosan to TPP ratio

Chitosan:
TPP ratio
(v/v)

Average
particle
Size
(nm)

Polydispersity
index (PDI)

3:1

90±10

0.4

Zeta
potential
(mV)
(Mean ±
SD)
26.2±6.35

In vitro cytotoxicity of 6 MP encapsulated chitosan
NPs on MCF 7:
Figure (4) reveals the effect of different
concentrations of 6 MP and 6 MP encapsulated
chitosan NPs (1.5, 3.1, 6.2 and 12.5 µm) on the
survival percentage of breast carcinoma cell line
(MCF 7) after 48 hr. exposure to the drug. There
was a concentration dependent decrease in cellular
proliferation compared to its respective control. It
is shown that after 48 hr. 6 MP produced a
decrease in cell survival by 8% at 3.1 µm
compared to its control, while 6 MP encapsulated
chitosan NPs produced a significant decrease in
cell survival compared to its control reaching a
maximum cytotoxicity 55% at 6.2 µm. Figure (4)

Conclusions
With increasing necessity to develop drugs with
greater efficiency to target cancer cells specifically
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and improve chemotherapeutic efficiency, there is
a constant requirement to develop or improve drug
delivery strategies. Therefore, the present study
aimed to develop nanoparticle synthesis procedure
that facilitates drug loading and preferentially
makes cancer cells more responsive. In this study,
6 MP modified chitosan nanoparticles were

prepared using ion exchange method for drug
delivery increasing chemotherapeutic effect. Based
on the results obtained from the study. It can be
concluded that the developed novel nanoparticles
will serve as valuable anticancer drug delivery
system.

Figure (1): Zeta sizer and potential of chitosan nanoparticles chitosan: TPP was 3:1

Figure (2): TEM image of chitosan NPs prepared with chitosan: TPP 3:1
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Figure (3): TEM image of 6 MP encapsulated chitosan NPs prepared with chitosan: TPP 3:1

Figure (4): Cytotoxicity of different concentration of 6 MP and 6 MP encapsulated chitosan NPs on MCF 7 cell line after 48
hr
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