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Turmeric extract (tmr) loaded nanoparticleswere prepared by crosslinkingmodi
ed carboxylmethyl cellulose (CMC) andmodi
ed
sodiumalginate (SA)with calcium ions, in a high pressure homogenizer.	eFTIR spectra ofCMCand SAwere a�ected by blending
due to hydrogen bonding. 	e negative zeta potential increased in magnitude with CMC content. 	e smallest nanoparticles were
produced with a 10 : 5 SA/CMC blend. Also the release rates of the extract loading were measured, with model 
ts indicating that
the loading level a�ected the release rate through nanoparticle structure. 	e 10 : 5 SA/CMC blend loading with tmr and pure tmr
showed a good % growth inhibition of colon cancer cells which indicate that tmr in the presence of curcumin in tmr retains its
anticancer activity even a�er being loaded into SA/CMC blend matrix.

1. Introduction

Sodium alginate (SA) and carboxymethylcellulose (CMC)
are major commercial polysaccharide polymers and easily
available. 	is is due to their advantages including low
cost, biocompatibility, and biodegradability. SA consists of
a-L-guluronic acid and b-D-mannuronic acid substituents
and is an anionic polysaccharide, while CMC is the major
commercial derivative of cellulose and is an ionic ether.	ese
polysaccharides contain carboxylate groups (−COO) in their
backbones. 	e carboxylate groups (−COO−) of SA form

complexes with divalent cations such as Ca2+ that cause its
electrostatic crosslinking. Mixtures of SA and CMC have
been studied in prior work. For example, when SA was
mixed with CMC using methylenebisacrylamide (MBA) as
a crosslinking agent and ammonium persulfate (APS) as
an initiator, the swelling ratio of the blend decreased with
increasing MBA and APS concentrations. In contrast, the
swelling ratio of these hydrogels increased with the reaction
temperature and with the fraction of SA. 	e crosslinked
SA/CMC blends exhibited a reasonable sensitivity to pH

[1]. When both SA and CMC were blended with pullulan
in an aqueous polymer solution [2], the water barrier and
mechanical properties weakened signi
cantly.	e blend had
comparatively weak hydrogen bonds acting on −OH groups,
relative to pure pullulan. Crosslinked SA/CMC blends have
been prepared by the casting solution method, under various
gamma rays irradiation doses [3]. With increased irradiation
both the gel fraction and the swelling ratio of SA/CMCblends
increase, and the swelling also increases with increasing SA
content. Moreover, SA/CMC blends have good mechanical
and thermal properties, as well as antimicrobial activity.
Microcapsules loadedwith diclofenac sodiumwere produced
from sodium carboxymethylcellulose (Na-CMC) crosslinked
with AlCl3; this was used as a loaded polymermatrix that was
coated with SA solution [4]. 	e uniformity and roundness
of the formed capsules increased with the concentration
of aluminum chloride, while the capsule size decreased
insigni
cantly. 	e SA coating of microcapsules markedly
reduced the release rate of diclofenac sodium from the
core. 	ere are many prior studies using SA as a polymer
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membrane to encapsulate a reactive agent [5–8] and cor-
responding reports on CMC [9, 10]. Extracts of the plant
turmeric contain curcumin, which is a natural pigment [5]
and potentially has antimicrobial [11], anticancer [12, 13],
and wound healing activities [14]. However, curcumin is
only a poorly water soluble making its therapeutic uses
more di�cult. 	erefore, to address the solubility problem
by creating water suspensions of nanoparticles, the objective
of this work was to prepare turmeric-loaded nanoparticles
(tmr nanoparticles) from SA/CMC blends crosslinked with
CaCl2. 	e production of such tmr nanoparticles by using
SA/CMC blends crosslinked with CaCl2 as a matrix, as
potential carriers that improve both the solubility and the
biological activity of tmr, has not been addressed in the prior
literature. 	e swelling behavior for SA/CMC blends was
also investigated to determine the in�uence of factors such
as the polymer blend ratio and CaCl2 concentration on this
swelling. In addition, the e�ects of blend ratio (SA/CMC) and

salt content (Ca2+) on the particle size 1 and zeta potential of
nanoparticle were determined.

2. Experimental

2.1. Materials. 	e main materials used for this work were
CMC (AR grade, Sigma-Aldrich, Seelze, Germany), SA (AR
grade, Sigma-Aldrich, Seelze, Germany), andCurcumin stan-
dard (Sigma-Aldrich, China). Turmeric, dried rhizomes of
C. longa L. are products of Songkhla Province, 	ailand,
and is purchased from Hat Yai market of 	ai medicine.
Turmeric extract was obtained from our laboratory. For
grindingmachine-assistedmacerating extraction as a control
for traditional extraction methods, 15 g of turmeric powder
was extracted with a 10-fold excess volume of solvents
(w/v) with 100W grinding machine treatment for 1 h, unless
otherwise stated. 	e extraction solution was centrifuged at
5000 g for 20min, 
ltered through a 0.35 lm membrane 
lter
and analysed by UV spectroscopy (Shimadzu UV-1601) at
428 nm (�max). Deionized water was prepared using Milli-
Q water system (Millipore, USA). EtOH was supplied by
EMSURE (Germany). Calcium chloride was purchased from
Ajax Finechem Pty Ltd. (Australia). 	e SA and CMC were
modi
ed according to our previous work [15]. SA powder
was dissolved in distilled water to get the SA solutions at 2%
(w/w). 	e chemical modi
cation was performed at room
temperature. Initially, the 2% w/w SA 100 g was mixed with
small amount of H2O2 (2-3 drop) and themixture was stirred
under microwave for 2min to the reduction of viscosity. In
case of CMC, it was modi
ed at the same procedure with SA.

2.2. Preparation of tmr Nanoparticles. We synthesized the

tmr-loaded SA/CMC nanoparticles containing Ca2+ by a
simple complexation method in a high-pressure homoge-
nizer (Pro Scienti
c Pro250, Monroe, CT, USA). Brie�y,
0.1 g of tmr containing 1400 ppm curcumin and 20 g of a
mixture with 2%wt CMC solution and 2% SA were mixed
to form a homogeneous solution under continuous stirring
and then added dropwise into 50mL of distilled water in
the presence of 2%w/w CaCl2 under stirring, to obtain the

turmeric extract loaded SA/CMC nanoparticles complexed
with Ca2+. Finally, the tmr nanoparticles were centrifuged at
13,000 rpm/min for 30min, discarding the supernatant, and
resuspended with 10mL of distilled water solution for further
characterizations.	e e�ect of 2%w/w CaCl2 contents at 1, 3,
5, and 7 g on the particle size and dynamic viscosity of tmr
nanoparticles was investigated.

2.3. Characterization. 	e gel content of the SA/CMC blend
was evaluated by the extraction of samples in boiling toluene
for 8 h and the extraction of samples in boiling water for 24 h
using Soxhlet apparatus. 	e extracted samples were dried
in an oven at 50∘C till constant weight. 	e gel fraction was
calculated by the following:

% Gel content = (�0 −�1)�0
∗100, (1)

where �1 and �0 are the weights of the dried samples
a�er extraction and before extraction, respectively. 	is
experiment was carried out in triplicate.

	e chemical structures of individual CMC, SA, and their
blend were characterized by attenuated total re�ection mode
Fourier Transform Infrared spectrophotometer (ATR-FTIR)
(Equinox 55, Bruker) with 100 scan repetitions.	e nanopar-
ticle sizes in water suspension were determined with a Zeta
seizer (DLS using DLS-ZP/Particle Sizer Nicomp 380 ZLS).

	e nanoemulsion samples were loaded into 1 cm3 cuvettes
and put into a thermostat regulated chamber. Dynamic light
scattering was observed at a 90∘ angle.

	e SA/CMC blend solution at di�erent blend ratios
(50.0mL) was immediately transferred into the beak cup
reservoir of the rotational viscometer. 	e data of the vis-
cometer output parameters started 1min a�er the experiment
onset. 	e alters of dynamic viscosity (�) and torque were
measured at di�erent temperatures using a digital rotational
viscometer Brook
eld DV-II+ PRO (Brook
eld Engineering
Labs Inc., Middleboro, MA, USA). At the spindle rotational
speed of 180 rpm, the shear rate equaled 237.6 s−1 and this
experiment was carried out in triplicate. 	e morphology of
dry tmr nanoparticles was investigated by AFM OCA15EC
(Data Physics). Transmission Electron Microscopy (TEM)
with JEOL JEM-2010 was also used to study the morphology.
	e dispersed tmr nanoparticles were diluted approximately
400-fold from their original concentration, with distilled
water. 	ey were then placed on a 400 mesh grid and dried
overnight in a desiccator before characterization.

	e particle size of our nanoparticle system dispersed in
water was obtained by zeta potential measurements (DLS-
ZP/Particle Sizer Nicomp 380 ZLS).

	e e�ciency of tmr entrapment in the SA/CMC matrix
was calculated from the ratio between the initial mass of
tmr to be encapsulated and its mass in the 
nal product. In
this case, a known amount of tmr nanoparticles (ca. 12mg)
was dispersed in a 50/50 EtOH/H2O mixture and stirred for
2 days at room temperature. Subsequently, the suspension
was 
ltered, and the content of dissolved tmr in the 50/50
EtOH/H2O mixture solution was determined by UV-visible
spectrometry (Shimadzu UV-1601) at 428 nm (�max). At
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de
nite intervals of time, an aliquot (5mL) was taken for
the analysis of tmr in tmr nanoparticles. Experiments were
performed thrice. 	e cumulative release of tmr from tmr
nanoparticles was estimated from the following:

% Cumulative tmr from tmr nanoparticles = ���∞ . (2)

�� is cumulative amounts of drug released at time �, while
�∞ is the cumulative amounts of drug released at time � and
at in
nite time.

	e release results were evaluated by using an empirical
equation to estimate the value of 	 as follows:
��
�∞ = 
�

� or log( ���∞) = log (
) + 	 log (�) , (3)

where ��/�∞ is the released fraction at time �, 	 is the
release exponent, and 
 is the release factor. From the slope
and intercept of the plot of log(��/�∞) against log(�),
kinetic parameters 	 were calculated.

In addition, the anticancer activity of the tmr nanopar-
ticles was assessed in vitro with select cell lines, observed by
methyl thiazol tetrazolium bromide (MTT) assay.

	e HT-29 (human colon adenocarcinoma) cells line
was grown in Dulbecco’s Modi
ed Eagle Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS). Cells were
seeded in 96-well plates (3500 cells/well) and allowed to
adhere for 1 day at 37∘C with 5% CO2 in a fully humidi
ed
incubator. 	en 100L of 25 L/mL sample in medium were
dispensed into wells of the cell plates and incubated further
for 3 days. A�er removal of the sample medium, the cells
were topped upwith 200 LD-MEMmedium and incubated.
A�er 72 h cells were 
xed with cold 40% trichloroacetic acid,
kept in 4∘C for 1 h, and washed with tap water. 	e cells were
assessed with sulforhodamine assay, and the absorbance was
measured at 492 nmusing amicroplate reader.	e calculated
results describe the inhibition of cell growth as compared
with control (cells in media without tmr):

% inhibition = OD control −OD sample

OD control
× 100. (4)

Here, OD is the absorbance at 492 nm.

3. Results and Discussion

3.1. Interaction between CMC and SA and Curcumin in tmr.
	e e�ect of SA on the gel content and swelling ratio of
SA/CMC in water are presented in Figure 1.

SA at 2% w/w was blended with CMC to decrease
the dissolution of SA in water. 	is is due to hydrogen
bonding between SA and CMC as shown in Figure 1(a)
and Figure 1(b), respectively. 	e gel content of the 10 : 2.5
SA/CMC blend was 80%. 	ese results indicate a good
interaction between CMC and SA as expected [1]. When
concentration of CMC was increased in the mixing ratios
10 : 5, 10 : 10, and 10 : 15 SA/CMC blend the gel content of the
samples was a constant 90%. However, at 10 : 25 SA/CMC
blend, the gel content decreased due to dissolution in water

of SA. 	e unbalance of SA and CMC amounts reduced
their mutual interaction [1]. A�er the addition of tmr in
SA/CMC blend, the hydrogen interaction between hydroxyl
group from curcumin in tmr and carboxylic group of SA and
CMC as represented in Figure 2(b). 	ese phenomena result
in the controlling release of tmr from bead and the more
details were discussed in Section 3.6.

	e possible crosslinking between Ca2+ and carboxylic
groups of CMC and carboxylic group of SA are shown in
Figure 3(a) and Figure 3(b), respectively. 	e in�uence of
CaCl2 on the swelling ratio of the 10 : 5 SA/CMC blend
is displayed in Figure 1(b). Increasing CaCl2 decreases the
swelling ratio of SA/CMC due to contraction of SA/CMC
blend [16, 17]. With CaCl2 concentration at 0.2, 0.4, 1, and
2 %w/w, the swelling ratio of 10 : 5 SA/CMC blend was 50,
40, 40, and 30%, respectively. 	e CaCl2 in polymer blend
solution reacts with carboxyl functional groups of SA to form
a crosslinked SA, restrictingmovement of the polymer chains
and their ability to swell [18]. A�er adding CaCl2 in the
SA/CMC/tmr mixture, tmr nanoparticles are formed, and
a schematic conceptual model of a nanoparticle is shown
in Figure 3(c). 	e tmr is dispersed in the polymer matrix
of SA/CMC blend, crosslinked with CaCl2. CMC forms
aggregate particles with CaCl2, while the carboxylic groups
of SA are ionically crosslinked with Ca2+.

3.2. FTIR Study. In order to investigate the chemical

crosslinking reaction between Ca2+ and carboxylic groups of
SA, FTIR was used and the results are shown in Figure 4.

FTIR in 2000–400 cm−1 range showed stretching of carboxyl
groups of SA at 1607 and 1424 cm−1, assigned to symmetric
and antisymmetric COO stretching vibrations of the free
carboxylate groups [8, 19, 20]. 	e absorption band of

CMC homopolymer appears at 2983 cm−1 referring to C–
H stretching and C–O stretching of the ether group of the

carboxymethylation of cellulose and at 1187 cm−1 assigned
to the ether linkage [1,4-�-d-glucoside] of cellulose [21].
	ere are two further strong bands. 	e 
rst strong FTIR

absorption band at 3223 cm−1 is due to O–H stretching of
the nonsubstituted hydroxyl groups of cellulose. 	e second

strong absorption band seen at 821 cm−1 is due to the C–O
stretching of alcohol. 	e main ATIR bands of SA at 1620

and 1416 cm−1 are assigned to asymmetric and symmetric
stretching peaks of carboxylate salt groups. In addition, the

FTIR bands around 1320, 1131, 1022, and 949 cm−1 are referred
to C–O stretching, C–C stretching, C–O–C stretching, and
C–O stretching, respectively, of the saccharide structure. 	e
FTIR spectra of CMC and SA were a�ected by blending due
to hydrogen bonding. Similar 
ndings have been reported for
the addition of lactose to alginic acid [20].

3.3. Parameters A�ecting Nanoparticle Size

3.3.1. In	uence of CMC on Particle Size. 	e e�ect of CMC
content on the particle size of tmr nanoparticles is plot-
ted in Figure 5(a). 	e average capsule size increased with
CMC content. With CMC contents from 0.2% to be 0.4%
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Figure 1: E�ect of polymer blend ratio on the (a) gel content and (b) e�ect of CaCl2 concentration on the swelling ratio of SA/CMC blends
in water.
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Figure 2: (a) Possible hydrogen bonding between CMC and SA and (b) interaction between Ca2+ and SA/CMC blend.

in the blend the average tmr nanoparticle size was about
380 nm. 	e smallest nanoparticles were produced with a
10 : 5 SA/CMC blend. However, with 1% CMC the average
particle size was about 820 nm, so the CMC concentration
of the solutions strongly a�ected the particle size. From the
literature, the capsule size is controlled by dynamic viscosity
and consequently by the polymer concentration [22]. 	e
dynamic viscosities determined for CMC solutions are shown
in Figure 5(b), which clearly correlates with the observed
particle sizes.

3.3.2. E�ect of SA on Particle Size. 	e in�uence of SA on
the tmr nanoparticle size is displayed in Figure 6(a). 	e size
increased with SA concentration [22]. 	e lowest particle
size was observed at 0.2% SA. 	e dynamic viscosities of

SA solutions are shown in Figure 6(b) and are considerably
higher than those for CMC solutions.

3.3.3. E�ect of CaCl2 on Particle Size of tmr Nanoparticle.
Figure 7(a) shows the e�ect of CaCl2 concentration on the
tmr nanoparticle size made from 10 : 5 SA/CMC blend. 	e
highest particle size was found at 5 g of 1% CaCl2. At high
CaCl2 salt concentration, the CMC molecule chains lose
their �exibility; the hydrodynamic size of the molecules
diminishes, producing an agglomeration of polymer chains,
and resulting in the decrease of nanoparticle size [23].

Adding CaCl2 causes crosslinking between carboxylic
groups of CMC and CaCl2 as shown in Figure 3(a).
Figure 7(b) is a plot of 2%w/w CaCl2 concentration that
a�ects the dynamic viscosity of SA/CMC blend solution.
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Figure 5: E�ect of CMC on (a) particle size and (b) dynamic viscosity of SA/CMC blend crosslinked with Ca2+.
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Figure 6: E�ect of SA on (a) particle size and (b) dynamic viscosity of SA/CMC blend crosslinked with Ca2+.

	e dynamic viscosity dramatically decreased with CaCl2
concentration, because CaCl2 promoted aggregate formation
of CMC and SA. Khaled and Abdelbaki [23] studied the
e�ects of ions from calcium chloride, sodium chloride, and
potassium chloride on the rheological and electrokinetic
properties of dilute 0.50% sodium carboxymethylcellulose
(Na-CMC) dispersions in a coaxial cylinder viscometer over

a wide range of shear rates (0 to 600 s−1). 	e ions reduce the
consistency index, and the rheological parameters of CMC
solutions in a saline medium are quasi-stable [23].

3.4. Zeta Potential Study. 	e e�ects of CMC content on the
zeta potential of nanoparticles are shown in Figure 8(a). 	e
negative zeta potential increased in magnitude with CMC
content. 	e negative charge of CMC and SA is due to
the dissociation of Na+ from carboxylic groups [24]. 	e
in�uence of CaCl2 on the Zeta potential are illustrated in
Figure 8(b), showing that the magnitude of negative zeta
potential decreased with the salt concentration. 	is may be
due to the neutralization between the negative charges from

carboxylic group of SA/CMC and Ca2+ ions, leading to a
reduction of zeta potential [23].

3.5. Morphology by TEM. 	e shapes and sizes of tmr
nanoparticles were observed under TEM, and the results
are shown in Figure 9. 	e tmr nanoparticles, with 10 : 5
SA/CMC blend as the polymer matrix crosslinked in the
presence of 3 g CaCl2, had an average size of about 550 ±
20 nm, as shown in Figure 9(a).When 2%w/wCaCl2 content
in medium increased from 3 to 7 g, the mean particle size
decreased to 350 ± 20 nm due to increased crosslinking
density; see Figure 9(b). 	e shape of tmr nanoparticles
change from spherical into rectangular shapes as shown in
Figure 9(b) due to increasing concentration of ions [25]. 	e
previous study of the in�uence of silver concentration on the
change in shape of Ag ions was found. For example, at 1.2mM
silver nitrate solution, no signi
cant shape and composition
occur in silver templates. 	e shape of this product was
found to be a spherical shape and few numbers of ringling
particles. When the concentration of 1.2mM silver nitrate
solution increased from 1.2mM to 4.8mM, the shape of silver
was decahedral. 	is size trend was also seen in the Zeta-
Sizer measurements, but the actual sizes di�er due to drying
shrinkage of capsules [8, 26]. 	e tmr nanoparticles imaged
had various shapes including spherical, egg, and rectangular
shapes.
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3.6. Release of tmr Loading. 	e e�ect of tmr content on the
kinetics of tmr release is depicted in Figure 10(a). Higher
tmr contents clearly give higher release rates. 	is might
be due to the tmr easing the penetration of liquid as well
as tmr di�usion within the nanoparticle, through e�ects on
its microstructure, especially porosity. A prior study of the
encapsulation of neem with poly(vinyl alcohol) (PVA)/SA
blend as polymeric membrane showed that the rate of tmr
release increased with neem content due to thermodynamics
forces [8].

In power law 
ts of di�usion data, the exponent n is
an indication of the rate limiting mechanism. An 	 = 0.5
indicates that the release is Fickian di�usion controlled [8],
while 	 = 1 represents zero-order release. Values of 	 between
these ideal cases indicate potentially a reactive agent release
mechanism, or non-Fickian di�usion, or chain relaxation
controlled release. From the plots of log(��/�∞) against
log(�), release exponents (	) were calculated as shown in
Figure 10(b). 	e 	 value increased as a function of tmr in
polymer blend and then remains a constant value. For the
sample with 10 g tmr a regression 
t gave approximately 	 =
0.336, so the release was not Fickian di�usion controlled, and
with 5 g tmr the results 	 = 0.342 were closely similar. 	e
dependence of the 	 value on tmr concentration suggests that
the particle structure is a�ected in this range of tmr contents.

3.7. Cell Uptake. 	e cellular uptake by normal and cancer
cells of nanoparticles with various polymer blend ratios was
quanti
ed, using ethanol extraction and spectrophotometric
observation at 492 nm.

	e 10 : 5 SA/CMC blend without tmr showed 80%
growth inhibition of cancer cells from human colon adeno-
carcinoma. 	is might be due to interaction of carboxylic
group fromSA/CMCand colon cell cancer. A�er the addition
of tmr in polymer blend, the 10 : 5 SA/CMC blend loading
with tmr showed comparable e�ect on colon cancer cells
which indicate that tmr in the presence of curcumin retains
activity even its anticancer a�er being loaded into polymer
blend matrix. 	is result was in agreement with the previous
work [27].

Table 1

% tmr % Inhibition

0 80.821 ± 0.384
1 90.531 ± 0.544
2.5 97.253 ± 0.651
5 97.602 ± 0.503
10 97.832 ± 0.542
Pure 2.5%tmr 98.544 ± 0.522

	e % growth inhibition of a cancer cell line in vitro was
97-98%, as shown in Table 1. It is known that curcumin, a
hydrophobic polyphenol derived from turmeric, has anticar-
cinogenic activity [5]. Our nanoparticles were in the optimal
below 800 nm size range for drug delivery applications [5].
	e e�ciency of SA/CMCblend loadedwith tmr in% growth
inhibition of colon cancer cell showed lower than that of
unloaded tmr owing to its encapsulation in polymer matrix
as shown in Figure 3(c).

4. Conclusions

Nanoparticles loaded with turmeric extract were successfully
prepared fromSA/CMCcrosslinkedwithCaCl2, in a pressure
homogenizer. Increasing CaCl2 decreases the swelling ratio

of SA/CMC due to chemical interaction between Ca2+ and
hydroxyl group SA/CMC blend matrix and con
rmed by
FTIR. Moreover, the hydrogen interaction between hydroxyl
group from curcumin in tmr and carboxylic group of SA
and CMC a�er the addition of tmr in SA/CMC blend. 	e
nanoparticle size dramatically increased with SA and CMC
concentrations but decreased with calcium salt concentra-
tion, because the salt was a crosslinking agent. 	e smallest
nanoparticles were produced with a 10 : 5 SA/CMC blend.
	e tmr nanoparticles imaged had various shapes including
spherical, egg, and rectangular shapes depending on tmr
concentration.Higher tmr contents clearly give higher release
rates. 	e 	 value increased with increasing tmr content in
polymer blend. 	e release pattern was not Fickian di�usion
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controlled. 	e dependence of the 	-value on tmr concen-
tration was found. 	e 10 : 5 SA/CMC blend loading with
tmr and pure tmr showed comparable e�ect on colon cancer
cells which indicate that tmr in the presence of curcumin in
tmr retains its anticancer activity even a�er being loaded into
polymer blend matrix. 	e % growth inhibition of a cancer
cell line in vitro was 97-98%.
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