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The  conventional  drug  delivery  system  has  serious  limitations  such  as  lack  of target  specificity,  altered
effects  and diminished  potency.  These  limitations  can  be  overcome  by  using  biocompatible  polymer  as
an  effective  drug  delivery  system.  In this  study,  bis-demethoxy  curcumin  analog  loaded  Chitosan–starch
(BDMCA–CS)  nanocomposite  particles  were  developed  using  different  ratios  of  Chitosan  and  starch  (3:1,
1:1  & 1:3)  by  ionic  gelation  method.  The entrapment  efficiency  and  drug  loading  capacity  were  found  to  be
high for  the  formulation  with  the  ratio  3:1  of BDMCA:CS.  Physical  characterization  of  the  nanocomposite
rug delivery
anocomposite
hitosan
tarch
DMCA

particles  was  determined  using  DLS and  FTIR.  The  morphology  of  the  BDMCA–CS  nanocomposite  particles
were  found  to be  spherical  and  regular  by SEM  analysis.  In-vitro  drug  release  profile  of  the  BDMCA–CS
nanocomposite  particles  showed  a very  slow  and  sustained  diffusion  controlled  release  of  the  drug.  The
cancer cells  targeting  ability  of  the  BDMCA–CS  nanocomposite  particles  were  confirmed  by  performing
MTT  assay  on  MCF-7  breast  cancer  cell lines  and VERO  cell  lines.
TT  assay

. Introduction

Nanoparticles are usually referred as particles with a size ran-
ing from 1 to 100 nm.  They have completely new properties based
n size, distribution and morphology (Jhan, 1999). Nanotechnology
ffers biological and clinical applications in terms of diagnosis, con-
rolled drug delivery and imaging. It is possible to accumulate them
or an extended period of time inside a cell which can improve
iagnostic sensitivity and therapeutic efficiency (Vidyanathan,
alishwaralal, Gopalram, & Gurunathan, 2009). These particles can
enetrate across many biological barriers through small capillar-

es into individual cells, allowing a drug to accumulate at a target
ite in the body. But in addition to the biological applications, use
f metal oxide nanoparticles in drug delivery could lead to oxida-
ive stress, inflammation and damage to blood–brain barrier (BBB)
Francis, Dushendra Babu, Lavanya, Shenbaga Vidhya, & Devasena,
011) in contrast to biocompatible and biodegradable non-toxic
olymer. Therefore, there is a need for biocompatible nanoparticles

ith higher beneficiary effects and lower toxic nature.

Polymer nanoparticles offer the best results by encapsulating
rugs and shows reduced toxicity by limiting the interaction of with
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healthy cells. Such delivery systems also have potential benefits
such as controlled and long term release rates, enhanced bioac-
tivity, reduced side effects, decreased administration frequency
and ability to deliver multiple drugs to the same site. For exam-
ple, chitosan nanoparticles have been reported as drug carrier for
5-Fluorouracil (Nagarwal, Singh, Kant, Maiti, & Pandit, 2011) and
isoniazid (Muhammed Rafeeq, Junise, Saraswathi, Krishnan, & Dilip,
2010). Chitosan, the partially acetylated mucoadhesive and cationic
(1–4)-2-amino-2-deoxy-�-d-glucan, is being used extensively as
a drug carrier owing to its biocompatibility and biodegradabil-
ity (Busilacchi, Gigante, Mattioli-Belmonte, & Muzzarelli, 2013;
Muzzarelli, 2009, 2010; Muzzarelli et al., 2012; Thanou, Verhoef, &
Junginger, 2001). It has antimicrobial and antitumor activities (Qin,
Du, Xiao, Li, & Gao, 2002; Muzzarelli et al., 1990; Roller & Covill,
1999; Zheng & Zhu, 2003), owing to its unique characteristics,
such as (i) higher affinity for negatively charged biological mem-
branes and (ii) site-specific targeting in vivo, respectively (Calvo,
Remunan-Lopez, Vila-Jato, & Alonso, 1997; Qi, Xu, Jiang, Hu, &
Zou, 2004). By maintaining the optimum size, it accumulates in
the tumor tissue via specific surface recognition (Debnath, Datta,
Babu, Kumar, & Senthil, 2010). Previous studies have also reported
that a combination of alginate, chitosan and pluronic F127 loaded
with curcumin have improved properties such as solubility, encap-

sulation and dispersity of the drug (Das, Kasoju, & Bora, 2010) and
chitosan–dextran sulphate complex have shown enhanced stability
and increased mechanical strength (Chen, Vellore Mohanraj, Fang,
& Heather Benson, 2007) than when used as individual polymer.
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Table 1
Different formulations of BDMCA loaded chitosan–starch (CS) nanocomposite
particles.

Formulation
code

Chitosan
(mg)

Starch
(mg)

STPP
(%)

Tween-80 (%) BDMCA
(mg)

BDMCA–CS 3:1 150 50 1 0.5 50

tent was  determined for all the three different formulations of
S.B. Subramanian et al. / Carboh

Starch is a natural storage polymer of plants with unique prop-
rties such as biodegradability, low cost and renewability. It has
een recently reported that starch based polymers have greater
pplication in the biomedical field such as drug delivery systems
nd tissue engineering scaffolds (Baran, Mano, & Reis, 2004). The
ajor drawback of starch is that it is poor in processability, dimen-

ional stability and mechanical properties of its end products. Thus,
tarch has been reported to be used as a nanocomposite (Lu, Xiao,

 Xu, 2009). It was interesting to note that the mechanical strength
f chitosan-TPP beads increases on addition of starch granules
Venugopal, 2011). Bajer et al. have reported the intermolecular
nteractions between the chitosan and starch in their blend (Bajer &
aczmarek, 2010). Thus we expect the formation of chitosan–starch
omposite carriers which may  load the anticancer drug (BDMCA)
nd subsequently release the drug with high efficacy.

BDMCA stands for bis-desmethoxycurcumin analog, which
s a curcuminoid of turmeric. In vitro and animal studies
ave reported that curcuminoids has antitumor (Aggarwal &
hishodia, 2006; Choi, Chun, Kim, Kim, & Park, 2006; Strofer,
elkmann, & Depping, 2011), antioxidant, antiarthritic, antiamy-
oid, anti-ischemic (Shukla, Khanna, Ali, Khan, & Srimal, 2008) and
nti-inflammatory properties (Stix, 2007). It has potential anti-
ancer activity which stems from its ability to induce apoptosis
n cancer cells without cytotoxic effects on healthy cells (Aggarwal

 Shishodia, 2004). Studies have reported that Curcumin analogs
how poor bioavailability due to poor absorption, rapid metabolism
nd rapid systemic elimination (Anand, Kunnumakkara, Newman,

 Aggarwal, 2007). Therefore, there is a need for controlling release
f this drug, through which good bioavailability can be achieved
apidly even at a lower dose.

Therefore, this investigation aims to synthesize a polymer
anocomposite using chitosan and starch loaded with BDMCA by

onic gelation technique and to determine (i) the drug (BDMCA)
oading efficiency of the CS nanocomposite (ii) the drug entrapment
fficiency of the CS nanocomposite (iii) the anticancer activity of
DMCA–CS nanocomposite against MCF-7 breast cancer cell line by
TT assay and (iv) cytotoxic activity of BDMCA–CS nanocomposite

gainst VERO cell lines by MTT  assay.

. Materials and methods

.1. Materials

Chitosan, starch and sodium tri poly phosphate were purchased
rom Sigma-Aldrich. Soluble starch was obtained from Hi Media
nd Tween-80 from Merck Specialties Pvt. Ltd., Mumbai and Glacial
cetic acid from Thermo Fischer Scientific India Pvt. Ltd. Acetyl ace-
one, dimethyl formamide, diethanolamine and boric acid were
urchased from Sisco Research Laboratories Pvt. Ltd. Salicylalde-
yde was obtained from Merck Specialities Pvt. Ltd.

.2. Methods

.2.1. Preparation of BDMCA–CS nanocomposite particles
The chitosan–starch (CS) nanocomposite particles were synthe-

ized using ionic gelation method (Calvo et al., 1997). Chitosan and
oluble starch solutions were prepared in 2% Acetic acid. After the
omplete dissolution of chitosan and starch in acetic acid, few drops
f 0.5% Tween-80 were added to the solution for uniform disper-
ion and to prevent aggregation at ambient temperature during
tirring. BDMCA (bis-desmethoxy curcumin analog) was prepared

sing the protocol reported earlier (Babu & Rajasekaran, 2009).
riefly, to the mixture of acetyl acetone and boric acid, dimethyl

ormamide (DMF) was added in drops and heated for 15 min. This
ixture was heated with salicylaldehyde for 5 min. A few drops
BDMCA–CS 1:1 100 100 1 0.5 50
BDMCA–CS 1:3 50 150 1 0.5 50

of glacial acetic acid and diethanolamine mixture was added to
this mixture and heated for 5 to 6 h. Kept it for overnight and
then DMF  was  added and warmed to form a flow paste. This paste
was added slowly into the 10% acetic acid and stirred for 2 to 3 h.
After stirring, the mixture was  sonicated for 15 min. Then the mix-
ture was filtered in a Whatman No. 1 filter paper using a vacuum
pump and dried on a watch glass at room temperature for 1–2 h.
About 0.05% of chemically synthesized BDMCA was added to the CS
nanocomposite. Finally, 1% sodium tri poly phosphate was  added in
drops to the solution as a cross linking agent until opalescence. The
final suspension was centrifuged. The pelleted particles were then
lyophilized at 5 mTorr and −54 ◦C for 8 h. These lyophilized parti-
cles were then denoted as BDMCA–CS nanocomposite particles. The
BDMCA–CS nanocomposite particles were characterized by Parti-
cle size analysis, Scanning electron microscopy, Fourier transform
infra-red spectroscopy. The BDMCA–CS nanocomposite particles
were also analyzed for drug loading efficiency, in vitro drug release
studies, cytotoxic activity and anticancer activity. The supernatant
was used for the determination of drug entrapment efficiency. Dif-
ferent formulations of BDMCA–CS nanocomposite particles were
prepared as shown in Table 1.

2.2.2. Physical characterization
The lyophilized BDMCA–CS nanocomposite particles were dis-

persed in distilled water and its particle size was measured using
MALVERN ZETASIZER.

The scanning electron microscope (HITACHI model S3400N,
Japan) was used to determine the surface morphology of nanocom-
posite particles. A drop of the well-dispersed sample was placed
on a disc which was  then air dried and scanned in a high vacuum
chamber with a focused electron beam.

The infrared absorption bands of chitosan, starch, CS, BDMCA
and BDMCA–CS nanocomposite particles were obtained using
PERKIN ELMER Spectrum Rx1, USA. 1 mg  each of chitosan, starch,
CS, BDMCA and BDMCA–CS nanocomposite were ground in a mor-
tar pestle along with KBr to make a small pellet of thickness 0.1 cm.
KBr pellet was  used as blank. Spectrum was observed in the scan-
ning range of 400 to 4500 cm−1 with a resolution better than
0.7 cm−1 resolution. The peaks were used to identify the molecular
components and structures.

2.2.3. Percentage drug content and drug encapsulation efficiency
About 2 mg  of the lyophilized BDMCA–CS nanocomposite par-

ticles were dissolved in 10 ml  Acetonitrile and centrifuged at
8000 rpm for 10 min. The acetonitrile solubilize the BDMCA alone
to bring them out of the nanocapsules to be released into the
supernatant. The absorbance of the supernatant was analyzed using
UV–visible Spectrophotometer (T90+ UV/VISIBLE Spectrometer PG
Instrument Ltd.) at 418 nm.  The amount of BDMCA present in
the supernatant was calculated using the calibration curve. From
the calculated concentration of BDMCA, the percentage drug con-
BDMCA–CS using the following formula:

percentage drug content = total amount of drug × 100
total weight of BDMCA − CS particles
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Table 2
Size distribution of different formulations of BDMCA–CS nanocomposite particles.

Formulation code Size of the particle (nm)

BDMCA–CS 3:1 320
72 S.B. Subramanian et al. / Carboh

After the incorporation of 0.05% BDMCA into the nanocomposite
articles, the solution was centrifuged at 8000 rpm for 10 min. The
hotometric absorbance of the supernatant containing unloaded
rug molecules was determined at the wavelength of 418 nm. The
mount of BDMCA present in the supernatant was calculated by the
ormula: Y = 0.0084X + 0.011 using the calibration curve. From the
alculated concentration of BDMCA, the encapsulation efficiency of
he nanocomposite particles was determined for the three differ-
nt formulations of BDMCA–CS nanocomposite particles using the
ollowing formula:

ncapsulation efficiency = (total amount of drug − amount of unbound drug) × 100
total amount of drug

The best two  formulations of BDMCA–CS nanocomposite par-
icles showing the high percentage drug content and high drug
ncapsulation efficiency were taken for in vitro drug release stud-
es.

.2.4. In vitro drug release studies
In vitro drug release studies of the BDMCA–CS nanocompos-

te particles were performed in a Franz-Diffusion cell containing
hosphate buffer (pH 7.4) and using a dialysis membrane with a
olecular weight cutoff (MWCO) of 10 kDa. The membrane was

laced over the mouth of the cell, to which the nanocompos-
te particles were loaded. A magnetic peddle was placed in the
ell and maintained at 100 rpm in a magnetic stirrer for uniform
ixing. The entire setup was placed in a bowl filled with dis-

illed water to maintain the temperature at 37.4 ◦C. About 2 ml
f the solution was removed, using a syringe, from the Franz-
iffusion cell for every one hour and replaced with 2 ml  of fresh
hosphate buffer. The absorbance of the collected solution was
easured using UV–visible spectrophotometer at 418 nm.  From

he absorbance value, the concentration of the BDMCA in the solu-
ion using a standard calibration curve. The formulation which
hows slow and sustained drug release profile was taken for cyto-
oxic and anticancer assay studies.

.2.5. Drug release kinetics
In order to understand the mechanism and kinetics of drug

elease, it is essential to fit the results of in vitro drug release
tudy of well-known kinetic equations such as Zero order model
% cumulative drug release vs time), First order model (log % cumu-
ative drug remaining vs time), Higuchi model (% cumulative drug
elease vs square root of time) and Hixson–Crowell model (cube
oot of % cumulative drug remaining vs time). Since our formu-
ation is a polymeric system, the drug release data were further
nalyzed using Korsmeyer–Peppas model equation, Mt/M∞ = ktn,
here Mt/M∞ is the fraction of drug released at time t, k is release

ate constant and n is the release exponent (Dash, Murthy, Nath, &
howdhury, 2010).

.2.6. Anticancer assay
The anticancer activity of the BDMCA–CS nanocomposite parti-

les were checked on MCF-7 breast cancer cell lines and on VERO
ell lines (kidney epithelial cells from African green monkey). Cells
1 × 105/well) were plated in 100 �l of medium (MEM)  per well in
6 well titer plates (Hi media). After 48 h incubation at 37 ◦C the
ell reaches the confluence. Then, the medium was removed and
he monolayer of cells was washed twice with MEM.  To the washed
ell sheet 1 ml  of the medium containing defined concentrations
f BDMCA–CS nanocomposite particles were added in respective
ells. Each dilutions of BDMCA–CS nanocomposite ranged from
:1 to 1:64 and they were added to the respected wells of 96
ell titer plates. The plates were incubated for 48 h at 37 ◦C in

% CO2. After incubation, the wells were decanted and washed
ith MEM  for 2 to 3 times. Then, about 5 mg/ml  concentration of
BDMCA–CS 1:1 91
BDMCA–CS 1:3 170

MTT  (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-tetrazolium bro-
mide) was added into the well (200 �l/well). After 4 h incubation,
100 �l of DMSO was  added to each well and was incubated for
10 minutes. The presence of viable cells was then confirmed by the
formation of purple color formazan crystals after adding solubil-
izing reagent (DMSO). The absorbance was  measured at 594 nm
colorimetrically. Cell viability was  defined as the ratio (expressed
as a percentage) of absorbance of treated cells to untreated
cells.

% Cell viability = test absorbance
control absorbance

× 100

The relative % Cell viability was obtained by plotting concentra-
tion along X-axis and cell viability along Y-axis.

3. Results

3.1. Particle size analysis (PSA)

The particle sizes of the BDMCA–CS nanocomposite particles of
different formulations (3:1, 1:1 and 1:3) are shown in Table 2 and
their dispersity is shown in Fig. 1a–c, respectively.

A maximum size of 320 nm was observed in the formulation
BDMCA–CS 3:1 due to the higher concentration of chitosan. A
size of 170 nm was observed in BDMCA–CS 1:3 due to increased
concentration of starch. Uniform size distribution was  obtained
in all the three formulations. However, as the chitosan and starch
concentration was reduced, the size of the nanocomposite parti-
cles got reduced with the least size of 91 nm in the formulation
BDMCA–CS 1:1.

3.2. Scanning electron microscopy (SEM)

The SEM images of all the three formulations (BDMCA–CS 3:1,
1:1 & 1:3) are shown in Fig. 2a–c. The morphology of the BDMCA–CS
nanocomposite particles were found to be spherical with smooth
and regular surface for all the three formulations. The change in
polymer concentration does not affect the morphology. Amongst
all shapes spherical nanoparticles are best suited for drug delivery
applications. (Venkatraman, Hedrick, Ong, & Yang, 2011). Reports
suggest that the spherical nanoparticles have higher probability
for cell entry (Zhang et al., 2012). Therefore, we  report that the
three formulations may  be investigated for drug loading and drug
encapsulation efficiency.

3.3. Fourier transform infrared spectroscopy (FTIR)

The IR spectrums of chitosan, starch, CS, BDMCA and
BDMCA–CS nanocomposite particles were reported in the
Fig. 3.

The IR spectrum of chitosan showed five characteristic peaks
at 3451 cm−1 ( OH stretching), 2920 cm−1 ( CH stretching),
1647 cm−1 ( NH2), 1382 cm−1 ( CO stretching of primary alco-
holic group) and 1076 cm−1 (C O C stretching). These results

coincide with the findings of Nagarwal et al. (2011).

The spectrum of starch showed peaks at 3402 cm−1 ( OH
stretching), 2929 cm−1 ( CH stretching), 1159 cm−1 ( CO stretch-
ing), 997 cm−1 and 925 cm−1 ( COH bending), 1084 cm−1 and
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Fig. 1. Size dispersity of BDMCA–CS nanoco

59 cm−1 (C O C symmetrical stretching). These results are found
o be similar to the data reported earlier (Cael, Koenig, & Blackwell,
973, 1975).

On comparison of IR spectrum of chitosan and starch with that

f CS nanocomposite particles, we noticed that the absorption band
wing to OH moiety has broadened at 3482 cm−1. Kumari and
ani (2011) has implied that broadening of the OH stretch is an

Fig. 2. SEM image of different ratios of nanocomposites (a) B
te particles of ratio (a) 3:1, (b) 1:1 & (c) 1:3.

indication of intermolecular hydrogen bonding. We  could, there-
fore, suggest that the chitosan is hydrogen bonded to starch. The
1647 cm−1 peak of NH2 group in chitosan shifts to 1654 cm−1. This
indicates that the phosphate group of tripolyphosphate is asso-

ciated with ammonium groups of chitosan through electrostatic
interactions to form the polyelectrolyte complex. Overall, the FTIR
data of chitosan, starch and CS nanocomposite confirms that the

DMCA–CS 3:1 (b) BDMCA–CS 1:1 (c) BDMCA–CS 1:3.
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tating a controlled and sustained release of the drug without any
initial burst release (Das et al., 2010). Our results fulfill this crite-
rion as we  also observed a controlled release of BDMCA without
any burst release. Thus, we  expect that the chitosan–starch (CS)
ig. 3. FTIR Spectrum of chitosan, starch, CS nanocomposite, BDMCA and BDMCA–CS
anocomposite.

pherical particles (observed in SEM) are nanocomposite of chi-
osan and starch, gelated with TPP.

The FTIR spectrum of BDMCA shows O H stretching at
425 cm−1, C O stretching at 1614 cm−1 and 1230 cm−1, C C
lefienic stretching and C C aromatic stretching at 1505 cm−1

nd 1449 cm−1, respectively, and C CH aromatic stretching at
56 cm−1. These data corresponds to the functional groups present

n BDMCA. These data are similar to those observed by Naama,
l-Temimi, and Ahmed (2010).

In the FTIR spectrum of BDMCA–CS nanocomposite, the peak
orresponding to OH stretching has broadened (3456 cm−1). This
ay  be due to the interaction of BDMCA with the CS nanocompos-

te by means of hydrogen bonding. After the loading of BDMCA
nto the CS nanocomposite, a shift in the peak from 1654 cm−1

nd 1382 cm−1 to 1626 cm−1 and 1378 cm−1, respectively, was
bserved. It was also interesting to note that a similar range of peak
hifts has already been reported by Das et al. (2010) suggesting the
ossibility of encapsulation of curcumin into the CS nanocomposite.
hus, it is logical to infer that the peak shift observed in our study
ignals that the drug BDMCA might have got encapsulated in the
S nanocomposite. Further, some extra peaks corresponding to the
omposite compound starch and the drug, BDMCA also appeared in
he FTIR spectrum of BDMCA–CS. They are: (i) peaks at 1097 cm−1

nd 887 cm−1 due to C O C symmetrical stretching of starch
ii) the peak at 756 cm−1 (C H aromatic stretching), 1451 cm−1

C C aromatic stretching) and 1239 cm−1 (C O stretching) are the
haracteristic peaks of BDMCA. These peaks are Supportive data
or confirming the presence of our drug BDMCA within the CS
anocomposite. For the most part, the FTIR spectrum of BDMCA–CS
anocomposite reveals that the drug got encapsulated within the
S nanocomposite.

.4. Percentage drug content and drug encapsulation efficiency

The amount of drug per unit volume present in the formula-
ion is the drug content. The amount of drug entrapped within
he nanocarrier is its drug encapsulation efficiency. The percent-
ge drug content and drug encapsulation efficiency are calculated
ith a constant amount of BDMCA (50 mg)  but varying the ratio

f chitosan and starch. The drug content was found to be 25.75%,

7.5% and 24.25% for the formulations BDMCA–CS 3:1, 1:1 and 1:3,
espectively. The encapsulation efficiency was found to be 88.98%,
6.54% and 86.60% for the formulations BDMCA–CS 3:1, 1:1 and
:3, respectively. Both the parameters showed maximum values
Fig. 4. In-vitro release profile of bis-demethoxy curcumin analog (BDMCA) from the
formulation with chitosan: starch in the ratio of 3:1.

in the formulation BDMCA–CS 3:1. This may  be attributed to the
increased amount of chitosan since longer chain of chitosan can
encapsulate larger amount of BDMCA in the presence of TPP as
a cross linking agent. Only minor difference was observed in the
encapsulation efficiency between BDMCA–CS 1:1 (86.54%) and 1:3
(86.60%), though the proportion of Starch was  higher in the formu-
lation BDMCA–CS 1:3. The second leading drug loading capacity
was observed in BDMCA–CS 1:3 (24.25%). This may  be due to the
higher quantity of Starch. BDMCA–CS 1:1 (17.5%) had the least
drug loading capacity as the shorter chains of Chitosan and Starch
can load the minimum amount of BDMCA. We  therefore interpret
that the percentage drug content and drug encapsulation efficiency
increases with increasing concentration of the polymer and the
increase was  more predominant with increasing concentration of
chitosan.

3.5. In-vitro drug release studies

From our results discussed so far, it is obvious that the for-
mulations BDMCA–CS 3:1 and 1:3 exhibit higher percentage drug
content and drug encapsulation efficiency. We  therefore used
these two  formulations for in-vitro drug release studies. The drug
(BDMCA) release profile from the two  formulations (BDMCA–CS 3:1
and 1:3) are shown in Figs. 4 and 5, respectively. The drug release
profile showed a very slow release of BDMCA from the two dif-
ferent formulations for every one hour. Formulation BDMCA–CS
3:1 showed about 20% of the drug release in 10 h, 35% of drug
release in 20 h and about 40% in 24 h. Whereas, the formulation
BDMCA–CS 1:3 showed about 23% drug release in 10 h, 39% in 20 h
and 45% release in 24 h. There was no initial burst release found
in both the formulations. Though there was  only minor difference
between the release profiles of the two  formulations, the formu-
lation BDMCA–CS 3:1 showed a very slow release compared to
BDMCA–CS 1:3. One of the primary criteria for passive targeting
of cancer cells is that the drug delivery system should be capable
of retaining the drug for a prolonged period of time, thus, facili-
Fig. 5. In-vitro release profile of bis-demethoxy curcumin analog (BDMCA) from the
formulation with chitosan: starch in the ratio of 1:3.
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Fig. 6. Release kinetics of BDMCA from the formulation (a) BDMCA–CS 3:1 (b) BDMCA–CS 1:3.
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ig. 7. (a) Morphology of MCF-7 cancer cells with BDMCA–CS nanocomposite part
50  �g/ml of BDMCA–CS; (iv) Cells treated with 1000 �g/ml of BDMCA–CS. (b) Mo
ells  treated with 62.5 �g/ml of BDMCA–CS; (iii) Cells treated with 250 �g/ml of BD

anocomposite can be a perfect drug delivery tool for cancer cells.
herefore, we subsequently investigated the ability of CS nanocom-
osite particles to release BDMCA into breast cancer cells possibly
ia passive tumor targeting. Sustained drug release may  be the rea-
on for delayed saturation, as ob served by the absence of plateu in
igs. 4 and 5. The mechanism of drug release may  be due to diffusion
r polymer dissolution as explained in the next section.

.6. Drug release kinetics

The release profile, i.e., the order and the mechanism of BDMCA
elease from the nanocomposite can be interpreted by differ-
nt kinetic models such as, Zero order model, First order model,
iguchi’s model, Korsmeyer–Peppas model and Hixson–Crowell

odel. Therefore, the kinetic release data of BDMCA–CS 3:1

Fig. 6a) and 1:3 (Fig. 6b) were fitted into the Zero order model.
irst order model, Higuchi’s model, Korsmeyer–Peppas model and
ixson–Crowell model.
(i) Control; (ii) Cells treated with 62.5 �g/ml of BDMCA–CS; (iii) Cells treated with
gy of VERO cells treated with BDMCA–CS nanocomposite particles. (i) Control; (ii)

–CS; (iv) Cells treated with 1000 �g/ml of BDMCA–CS.

The First order plot exhibited good linearity (R2 = 0.992 for
both the formulations, BDMCA–CS 3:1 and 1:3) when compared
to Zero order plot (R2 = 0.984 and 0.977 for BDMCA-CS 3:1 and 1:3,
respectively). This shows that the amount of BDMCA released is
dependent on the concentration of the drug loaded in the nanocom-
posite i.e., drug release is concentration dependent (Cho, Wang, Nie,
Chen, & Shin, 2008).

We also observed good linearity in Higuchi plot (R2 = 0.937 and
0.964 for BDMCA–CS 3:1 and 1:3, respectively). This observation
clearly indicates that the drug release is due to diffusion mecha-
nism.

The release of BDMCA from the CS nanocomposite exhibited a
good fitting with Hixson–Crowell plot with a good linearity value
(R2 = 0.990 and 0.988 for BDMCA–CS 3:1 and 1:3, respectively). This
shows that the BDMCA may  be released due to polymer dissolution

or erosion (Rahman et al., 2011).

The value of n in Korsmeyer–Peppas plot is 1.070 and 1.017 for
BDMCA–CS 3:1 and 1:3, respectively. Dash et al. (2010) have sug-
gested that an > 0.5 corresponds to Fickian diffusion mechanism,
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Fig. 8. Cell viability of MCF-7 and VERO cells at in

.45 < n < 0.89 corresponds to non-Fickian mechanism, n = 0. 89 to
elaxational transport (Case II) while n > 0.89 refers to Super case
I transport. Thus, we suggest that the release of BDMCA form CS
anocomposite is Super case II transport.

.7. Anticancer assay

Anticancer agents exert their activity by blocking the cell cycle
rogression and triggering apoptotic cell death. The half-maximal

nhibitory concentration (IC50) is the concentration of the anti-
ancer agent that induces 50% of the cell death. The anticancer
ctivity of BDMCA–CS nanocomposite particles was  determined by
erforming MTT  assay on MCF-7 and Vero cell lines after incubating
hese cells with different concentration of BDMCA–CS nanocom-
osite particles.

The MCF-7 and Vero cells were treated with different concentra-
ions of BDMCA–CS nanocomposite particles (1.953, 3.906, 7.8125,
5.625, 31.25, 62.5, 125, 250, 500 and 1000 �g/ml). Microscopic

mages of BDMCA–CS treated and untreated (Control) MCF-7 and
ero cell lines are shown in Fig. 7a and b. The microscopic images
evealed that the BDMCA–CS had a greater cytotoxic effect on
CF-7 cells than on Vero cells. MCF-7 cells treated with higher con-

entration of BDMCA–CS exhibited morphological changes such as
embrane shrinkage, cell aggregation, detachment from the well

urface and rounding up of cells. These morphological features indi-
ate the BDMCA–CS induced cell death (Soundarajan & Sreenivasan,
012).

A cell is said to be viable when the key enzyme, dehydroge-
ase present in the mitochondria of the cell, converts the yellow
olored MTT  dye into purple colored formazan crystals. Thus, the
bsorbance reading at 594 nm indicates the number of viable cells.
he cell viability of MCF-7 and Vero cells against increasing con-
entration of BDMCA–CS nanocomposite particles are graphically
epresented in Fig. 8.

. Discussion

We  suggest that the size of the nanocomposite particles
ncreases with increasing concentration of at least one of the
olymers (320 to 91 nm). It has been reported that the size of

he nanoparticles used in drug delivery applications should be
arge enough (100 to 600 nm)  to prevent their leakage into blood
apillaries but small enough (150 to 200 nm)  to escape the retic-
loendothelial system (Cho et al., 2008). This context is related to
ing concentration of BDMCA–CS nanocomposite.

enhanced permeability and retention (EPR) effect. It is the property
by which certain sizes of molecules typically liposomes, nanoparti-
cles, and macromolecular drugs tend to accumulate in tumor tissue
much more than they do in normal tissues. Therefore, we  infer that
all the three formulations prepared by us may  further be analyzed
for drug loading and drug encapsulation efficiency. Previous stud-
ies suggested that the spherical nanoparticles are best suited for
drug delivery applications because they are capable of overcoming
the limitations such as poor drug loading capacity, low drug effi-
cacy, broad size distribution and non-specific drug toxicity (Cho
et al., 2008). These findings coincide with our results, as the parti-
cles synthesized by us were also spherical. Thus, we suggest that
the BDMCA loaded CS nanocomposites are good candidates for
drug delivery. The FTIR data of chitosan, starch and CS nanocom-
posite confirms that the spherical particles (observed in SEM) are
nanocomposite of chitosan and starch, gelated with TPP. Among the
three ratios investigated, the percentage drug content and the drug
encapsulation efficiency were found to be highest for the composite
with highest proportion of chitosan.

First order, Korsmeyer–Peppas & Hixson–Crowell Kinetics plot
of our study reveals a good linearity. Previous studies on sustained
release of Ranolazine (Rahman et al., 2011) suggested that good lin-
earity value in vitro model is an indicator of sustained drug release
by both diffusion and polymeric erosion. These findings are in line
with our reports revealing the dual mechanism involved in the
release of BDMCA from CS nanocomposite. Thus we could suggest
that CS nanocomposite may  help with sustained release of BDMCA,
which may  be useful for many therapeutic applications. With these
findings as a preliminary approach, we carried out cytotoxic assay
(in Vero and MCF-7) to check the anticancer activity of CS-BDMCA.
This may  be a proof for the sustained release of BDMCA.

On comparing the cell viability of Vero and MCF-7 cells, it can
be observed that the cell viability of the MCF-7 cells decreased at
a higher rate as the concentration of the BDMCA–CS increased.
Thus, it is obvious that BDMCA–CS functions as an anticancer
agent by inducing cell death via cytotoxicity. Further, it was found
that 62.5 �g/ml concentration of BDMCA–CS induced 50% of the
MCF-7 cells (IC50), whereas more than 250 �g/ml concentration of
BDMCA–CS induced 50% cell death in Vero cells.
5. Conclusion

For the first time, we have formulated BDMCA loaded
chitosan–starch nanocomposite for the controlled release of
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DMCA. The formulation BDMCA–CS 3:1 showed good drug
ntrapment efficiency and percentage drug content, followed by
DMCA–CS 1:3. These formulations showed sustained release of
DMCA. Subsequently, formulation BDMCA–CS 3:1 showed anti-
ancer activity against the breast cancer cell lines (MCF-7). Release
inetics studies revealed that the release of BDMCA from the CS
anocomposite takes place by both diffusion and polymeric ero-
ion. On the whole, we speculate that the CS nanocomposite of ratio
:1 can be a better delivery tool for BDMCA to treat breast cancer.
he effect of this formulation of other cancer models is underway
n our laboratory.
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