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INTRODUCTION
Cancer was a generic term used for a large group of

diseases that can affect all over the body. Further terms
used were malignant tumours and neoplasm. Cancer was
a leading cause of death worldwide and accounted for 7.6
million deaths (around 13% of all deaths) in 2008. The
main types of cancer were: Lung (1.37 million deaths),
stomach (736 000 deaths), liver (695 000 deaths), breast
(458 000 deaths) and cervical cancer (275 000 deaths).[1]

Among all of these, colon cancer estimated around the
world was 1.23 million; new cases which were clinically
diagnosed; whereas, 608,000 people were dead due to

colon cancer in year 2008.[2]  As per the genetic analysis,
both colon cancer and rectum cancer were same.[3]  In
case of 50 year old people, the symptoms and signs were
as follows: loss of appetite, loss of weight, nausea or
vomiting, worse constipation, blood in the stool and anaemia
or bleeding in the rectum were also a risk factors for the
old age peoples.[4-6]

Generally, colon cancer occurs in more than 75-95%
people with no genetic risk or little age. It mainly occurs
in old age people, especially in male gender due to their
intake of fat, alcohol, obesity, smoking and also due to
lack of proper physical exercise.[7-10]  It was a disease
that originates from the epithelial cell lining the colon or
rectum of the gastro intestinal tract (GIT) most often result
as a mutation in the Wnt signaling pathway that artificially
increases signaling activity. The mutation occurs in the
adenomatous polyposis coli (APC) gene of the intestinal
crypt stem cells, as that produce the adenomatous
polyposis coli (APC) protein which was responsible for
the accumulation of the ß-catenin protein; without
adenomatous polyposis coli (APC),  ß-catenin accumulates
into high levels and translocates into the nucleus, binds to
Deoxyribonucleic acid  (DNA), and activates the
transcription of genes that were normally important for
stem cell renewal and differentiation but when
inappropriately expressed at high levels can cause cancer.
Some mutation happens in ß-catenin (CTNNB1), by
increasing the ß-catenin because of mutations that blocks
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its degradation. Analogous to APC such as AXIN1, AXIN2,
TCF7L2, or NKD1 was also causes this degradation
block.[11-13]

To prevent colorectal cancer, we have to increase
the consumption of whole grains, fruits; vegetables and
physical exercise can reduce the risk of colon cancer, also
avoiding the intake of red meat will be helpful.[14-16]

Currently a number of targeted drug delivery strategies
with a less amount of toxicity being evaluated. In the future,
it was likely that targeted approach will have a significant
impact on the diagnostic evaluation of tumours.
Capecitabine drug was approved by Food and Drug
Administration (FDA) for the treatment of colorectal
cancer in the year 2005. Capecitabine was a pro-drug
which can be enzymatically gets converted into 5-
fluorouracil in the tumour cells. This 5-fluorouracil inhibits
the Deoxyribonucleic acid (DNA) synthesis and gradually
slows down the tumour cells growth. Colorectal cancer
was one of the leading cancer in United States and
whereas it was in 4th position worldwide. The drug
Capecitabine has 38 - 45 minutes of half life with frequent
administration of dose and cause more side effects and
adverse affects.[17]  Polymers  such  as  poly-(lactide-co-
glycolide)  (PLGA) or poly-(lactic  acid)  (PLA)  were
commonly  used  for  fabricating  nanoparticles  due  to
their  excellent  biocompatibility  and  biodegradability.
However,  despite  their  versatility,  a  major  draw- back
relating  to  their  applicability  was  rapid  clearance  from
the bloodstream  by  the  mononuclear  phagocytic  system
(MPS),  following  direct  administration  to  the  blood
circulation,  resulting  in reduced  drug  therapeutic  effect.
As  a  consequence,  the  concept  of  long-circulating
nanoparticles  using  amphiphilic  copolymers  has
emerged.  Vesicles  made  of amphiphilic  copolymers
were  the  most  promising  polymeric  devices for  oral
insulin  delivery,  since  they  were  able  to  maintain  a
prolonged hypoglycaemic  effect  after  oral  administration.

In  the  plan  of  an  amphiphilic  copolymer,  the
introduction  of  PEG was  conceived  with  the  intention
of  making  nanoparticles  coated  with  PEG chains  more
stable  when  in  contact  with  physiological  fluids.  The
literature  widely  reports  on  the  ability  of  PEG  to
repel  opsonin  proteins  leading  to  the  formation  of  long
circulating  nanoparticles.

In order to overcome the above said problems, the
core shell nanoparticles with modified PLGA-PEG
polymers were synthesized and to fulfil the patient
compliance by maintaining the drug release for prolonged
or sustained in action. Mechanism of action behind the
core shell nanoparticles was Fe

3
O

4
 nanoparticles coated

with poly (lactic-co-glycolic acid) - poly ethylene glycol
(PLGA -PEG) polymers and further attached with
Capecitabine drug. The iron oxide present in these
formulations was nothing but super paramagnetic materials
which was converged to tumour cells by applying external
magnetic field. After the applied magnetic field the iron
oxides (Fe

3
O

4
nanoparticles) get heated to 37ºC - 40ºC

and the tumour cells get destroyed.

MATERIALS AND METHODS
Capecitabine was purchased from Burgeon

Pharmaceutical Company- Chennai as a gift sample. Poly-
(lactide-co-glycolide) (PLGA) and Poly ethylene Glycol
(PEG 7000 - 14000 Daltons) were purchased from the
sigma Aldrich-Bangalore. Ferric Chloride, Ferrous chloride
and Ammonium hydroxide (25%) were purchased from
SD fine chemicals- Mumbai. All other chemicals used
were of analytical grades.
Preparation of Fe3O4 nanoparticles:

In a traditional hydrothermal production method, 6.1
g of  FeCl

3
.6H

2
O and 4.2 g of  FeSO

4
.7H

2
O were dissolved

in 100 ml deionized water in a four-neck flask followed by
adding 10 ml of 25% ammonium hydroxide solution with
continuous stirring at 55ºC under a nitrogen (N

2
)

atmosphere and adjust the pH to 11.0-12.0 with ammonium
hydroxide. The temperature was raised to 65ºC and the
system was then mixed for 2 hours maintaining at same
temperature. Then, the pH was adjusted to 6-7 by adding
dilute hydrochloric acid solution and the temperature was
gradually raised to 80oC with constant stirring for an hour.
Later the pH slowly reduces to 3.4-4.0.[18]  The dark black
precipitate were collected by filtration and carefully
washed with deionized water and air dried. The Fe

3
O

4
nanoparticles were collected and stored for further use.
Preparation of capecitabine loaded Fe

3
O

4
nanoparticles modified with PLGA-PEG polymer was
done by modified nanoprecipitation Method:

The freshly prepared Fe
3
O

4
 nanoparticles of 5mg/

5ml in water were taken and sonicated. At the same time
the Poly-(lactide-co-glycolide) (PLGA) polymer (120mg)
was dissolved in acetonitrile (5ml) and the poly ethylene
glycol (PEG) polymer (10mg) in distilled water (5ml). The
organic phase solution of polymer was added drop wise
into aqueous phase solution with a continuous stirring in a
homogenizer at 18000rpm condition until the full organic
solvent evaporates i.e. (W/O). The double emulsion
method [19]  was adapted with slight modification, and the
water phase containing the surfactant was added. Later,
the drug Capecitabine was loaded into the above
formulation and the stirring was continued for about an
hour. The plain formulation was also prepared without
adding drug to the formulation.[20]  The different ratios of
polymer were taken; the procedure was repeated and
optimized (Fig.1).

RESULTS
Entrapment Efficiency

The procedure of entrapment efficiency was to
determine the drug entrapped into the copolymer. The
prepared formulations were centrifuged in 2 ml eppendroff
tube at 15000 rpm for about 30 minutes. Then the samples
were separated into supernatant and precipitated one. The
precipitated samples were redispersed by using buffers
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and recentrifuged for 3-4 times to get entrapped drug alone.
The samples were then subjected for the analysis of UV
visible spectrophotometer at 240 nm.    The capecitabine
concentration was analyzed and calculated as shown in
Fig.2.[21-22]

%EE= Total amount of Drug - Entrapped drug /
Total amount of drug X100

X-Ray Diffraction analysis (XRD)
The crystallinity of the drug, polymer, iron oxide and

formulations were analyzed by powder X-ray diffraction
technique in the range of 10º-90º by using the PAN alytical
Xpert pro X-ray diffractometer instrument. Fig shows that
3(a) capecitabine 3(b) Poly-(lactide-co-glycolide) (PLGA)
polymer 3(c) Fe

3
O

4
 nanoparticles 3(d) capecitabine loaded

Fe
3
O

4
 nanoparticles modified with PLGA-PEG polymer

(F4).  Fig 3(a) shows the sharp peaks of the pure drug
capecitabine was at 20.56º, 25.26º, 36.12º and 40.14º. Fig
3(b) shows the broad peak of polymer PLGA around
23.41º. The Fe

3
O

4
 nanoparticles Fig 3(c) shows the sharp

peak at 26.83º, 28.06º, 31.83º, 45.55º, and 75.39º. Further,
the prepared formulations Fig 3 (d) show the broad peak
at 24.40º. The XRD analysis was done for amorphous
and crystalline state of samples. As PEG 2000 was
available as flakes, we were unable to perform the XRD

for PEG polymer. On the whole, the XRD results shows
that the X-ray diffraction signals cannot penetrate into the
prepared formulation as that of in the pure drug and Fe

3
O

4
nanoparticles where it shows were in crystalline form.
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Fig. 2: Indicates the % Entrapment Efficiency (EE) of the
formulations F1-F5.

Fig.1 : Illustrates that the synthesis of Fe
3
O

4
 nanoparticle coated with Polymer (PLGA) Poly-(lactide-co-glycolide) and Poly

Ethylene Glycol (PEG) loaded with Capecitabine and the Capecitabine nanoparticles were distributed in the large intestine by
applying, the external magnetic field. It gets localized in the area of colon cancer cells.
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Fourier Transform Infra Red Spectroscopy (FTIR)
The FTIR spectrum shows the interaction between

the pure drug, polymer and Fe
3
O

4
 nanoparticles. The

spectrum scanning range from 400-4000cm-1 and the
resolution was 1cm-1. From the Fig.4(a) shows the
characteristics peaks of pure drug capecitabine at the
wave number of 3521 cm-1  shows O-H stretching where
the free hydroxyl group was present, the characteristic
peak at 3253 cm-1 indicates the N-H stretching vibrations,
at 2968cm-1 shows the C-H stretching, at wave number
2859 cm-1shows the presence of aldehyde group (C-
H=O), at 1773 and 1627  cm-1 indicates the presence of

C=O carbonyl group of stretching vibrations, at 1500cm-
1shows the N=O bending vibrations and further at 1245cm-
1shows the C-N bending vibrations. From the Fig. 4 (b)
the Fe

3
O

4
 nanoparticles shows the characteristic peak at

3417cm-1 indicates the N-H stretching vibrations, at
2853cm-1 the presence of aldehyde group (C-H=O) with
stretching vibrations, at 1754 cm-1 shows the presence of
C=O carbonyl group with stretching vibrations, at 1457cm-
1 indicates the (N=O) nitro groups with bending vibrations
and at 1044 cm-1 shows the presence of C-N group with
bending vibrations. The Fig. 4 (c) Poly Ethylene Glycol
(PEG) 2000 shows the characteristic peaks at 1706cm-1
indicates the presence of C=O carbonyl group with
stretching vibrations, at 1354cm-1shows the N=O group
of bending vibrations, at 1241cm-1 shows the presence of
N-O bending vibrations and at 1093cm-1shows the peak
of  C-N group bending vibrations. The Fig. 4 (d) Poly-
(lactide-co-glycolide) (PLGA) polymer shows the
characteristic peak at 3648cm-1 indicates the free O-H
hydroxyl group with the stretching vibrations, at 2962cm-
1 shows the C-H stretching vibrations, at 2131cm-1 shows
the C=C stretching vibrations, at 1664cm-1 indicates the
C=O carbonyl group with bending vibrations and at
1165cm-1 shows the presence of the C-O bending
vibrations. Moreover, the Fig.4(e) shows the characteristic
peaks of formulation (F4) at 3660cm-1 indicates the free
O-H group of stretching vibrations, at 3308cm-1 shows
the N-H stretching vibrations, at 2113cm-1 indicates the
presence of C=C stretching vibrations and at 1627cm-1
shows the presence of C=O bending vibrations. Overall,
the FTIR spectrum of the pure drug, Fe

3
O

4
 nanoparticles

and formulation (F4) shows no interaction between the
molecules. The functional groups present in the drug and
polymer also exists in the formulation but without any
interactions between them.
Vibrating Sample Magnetometer Analysis (VSM)

The Vibrating Sample Magnetometer (VSM) was
used to measure the magnetic property of the iron oxide
nanoparticle. It initiates that there was hysteresis in all
the M versus H curves. The magnetization of the
synthesized Fe

3
O

4
 nanoparticle increases with increase

in magnetic field strength.[23]  Magnetization using
Vibrational Sample Magnetometer (VSM) shows a
Saturation Magnetism (Ms) around positive 2.7119 emu
as shown in the Fig. 5.
Particle Size Analyzer (PSA)

The particle size of the formulation was taken by
using the Malvern particle size analyzer. The drop of the
sample was taken and diluted to 1ml with D.I water and
placed in the sample cuvette. The prepared formulation
F4 was taken for particle size analysis and found the
average particle size of the formulation as around 252 nm.
The total particle size range of the formulation F4 was
150 to 400 nm as shown in the Fig. 6.
Scanning Electron Microscope (SEM)

The particle size of the formulation of capecitabine

Fig. 3: X-Ray Diffraction patterns (XRD) of (a) shows the
Capecitabine pure drug (b) polymer Poly-(lactide-co-glycolide)
(PLGA) (c) Fe

3
O

4
 nanoparticles (d) Capecitabine loaded Fe

3
O

4

nanoparticles modified with PLGA-PEG polymer (F4).
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loaded Fe
3
O

4
 nanoparticles modified with PLGA-PEG

polymer (F4) were viewed and photographed using
Scanning Electron Microscopy (SEM) (QUANTA 3D FE-
SEM). The prepared nanoparticles were dropped on a
double sided carbon tape. The solution evaporated slowly
at room temperature. The image was captured on SEM
mode at desired magnification. The SEM images shows
the particles of capecitabine loaded Fe

3
O

4
 Nanoparticles

modified with PLGA-PEG polymer (F4) was in spherical
shape and size approximately around 100nm to 500nm as
mentioned in the Fig. 7.
In-vitro release study analysis

The In-vitro drug release was studied majorly by using
Franz diffusion cell (FDC). The FDC enable to analyze
the drug movement across a membrane using a two-

compartment model. The donor compartment contains the
dose; while the recipient compartment contains phosphate
buffer saline (PBS) pH 7.4 and a non-rate limiting
membrane (semi permeable) separates the compartments
and supports the dose. Thus, drug release profiles can be
produced for controlled-drug release formulations.[24-25]

The samples were withdrawn from the sampling port at a
regular time intervals and the drug release was quantified
using UV spectrophotometer as shown in the Fig. 8.
Stability Studies

The prepared formulations (F4) were carried out for
stability studies by storing at 4oC±2ºC refrigeration
temperature conditions, 25oC ± 2oC room temperature
conditions and 40ºC±2ºC high temperature conditions for
a period of 3 months as per ICH (International Conference
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Fig. 7 (a) and (b): Scanning Electron Microscopic image (SEM) of the formulation (F4). The Fig.7 (a) shows the particles were
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on Harmonization) guidelines. The obtained data was
shown in the Fig. 9.

DISCUSSIONS
From the Fig.2 the prepared formulation F4 shows

the maximum entrapment efficiency of 73.2%, whereas
the F5 shows the entrapment efficiency around 62.17%,
F3 shows the  entrapment about 60.26%, and F2 and F1
shows around 56.92% and 50.80% respectively. When
compared to all other formulations F1, F2, F3 and F5, the
F4 shows maximum entrapment efficiency. The best
formulation F4 was chosen for the drug release study.
The yields of the F1-F5 formulations were found to be
40-45%. The XRD spectrum (Fig. 3) of the pure drug and
Fe

3
O

4
 nanoparticles shows sharp peaks and it confirms

the crystal nature. Whereas the formulation F4 shows the
amorphous state due to XRD signal which was unable to
pass into the composites as that of individual drug
materials. The FTIR spectrum (Fig. 4) clearly explains

that there was no interaction between the drugs, polymer
with that of the formulation F4. The VSM data (Fig. 5)
reveals that magnetic property of the Fe

3
O

4
 nanoparticles,

which was positive 2.7119 emu. While the formulation F4
has positive 0.19299 emu, due to the Fe

3
O

4
 nanoparticles

get coated into the polymer its magnetic strength gets
reduced. The particle size analyzer (Fig. 6) shows the
average particle size, which was around 252 nm. The total
formulation F4 shows the particle size was around 150nm
- 400nm. The SEM images (Fig. 7(a) and (b)) shows the
particles were uniform and spherical in shape. The
particles in images show around 100 to 500nm in range.
The In-vitro release studies (Fig. 8) shows the graph of
sustained release with 84% of drug released in 24 hours.
In stability studies (Fig. 9) the refrigeration conditions
(4oC±2ºC) storage data shows good stability, at room
temperature (25ºC±2ºC) it shows better stability whereas,
the temperature at (40ºC±2ºC) shows the degradation
gradually.

The Fe
3
O

4
 nanoparticles were prepared successfully

by chemical precipitation method. Then, the Fe
3
O

4
nanoparticles formulation was loaded with capecitabine
drug by modifying the nanoprecipitation method. The
prepared formulation was optimized, selected as best
formulation from the entrapment efficiency. The XRD
shows no crystalline in the formulation and FTIR shows
no interaction between the drug and polymers. The particle
size analyzer indicates the uniform size of the particles
present in the formulation. The SEM images shows
discrete and spherical in shape. The above prepared
formulation was more stable in refrigeration conditions.
Moreover, the in-vitro release study shows the maximum
drug release with prolonged release to attain its
bioavailability. By this novel drug delivery system we can
able to minimize the dose frequency, side effects, adverse
affects, minimal dose and to obtain proper patient
compliance.
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