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SUMMARY. The purpose of this study was to investigate the impregnation of chitosan microspheres with
the natural dye curcuma. The impregnation with curcuma dye was investigated in aqueous medium at pH
9.0, 9.5 and 10.0. The process of impregnation was monitored using capillary electrophoresis analysis
which was carried out to observe the presence of dye in the impregnated microspheres. The microspheres
loaded with dye at pH 10.0 were evaluated by infrared spectroscopy, optical microscopy, scanning electron
microscopy and thermal analysis. The dye was impregnated in the chitosan microspheres through an ad-
sorption process and was released when placed in contact with acidic solutions at pH 1.0-5.0. The dye was
released from the chitosan in less than 3 h, regardless of the pH, although most of the microspheres dis-
solved within 1 h. The release mechanism followed the Super Case II transport release model.

INTRODUCTION

The major pigment in commercial turmeric
rhizome extracts (Curcuma Longa L.) is curcum-
in. Curcumin (1,7-bis (4-hydroxy-3-methoxy
phenyD-1,6-heptadione-3,5-dione) is a yellow
pigment and is widely used in the food industry
as a condiment ! (Fig. 1). In recent years, the
use of natural dyes has steadily increased, due
to changes in consumer preference toward natu-
ral products having functional properties 1.2.
Over the past three decades this natural dye has
been the subject of hundreds of publications fo-
cusing on its applications, for example, as an
antioxidant, an anti-inflammatory, in the treat-
ment of cardiovascular and arthritic diseases 3-9,
as a cancer chemopreventive and chemo-thera-
peutic agent 6-9 as an anti-septic, and for
wound healing and tissue protection 1011, Due
to these properties, this dye can be used as a
nutraceutical tool, acting in the prevention of
some diseases.

It has been observed that curcumin has a
poor solubility in water and acid solutions and a
good solubility in basic medium and in any sol-
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Figure 1. Chemical structure of curcumin.

vents, such as ethanol, acetone and dimethyl-
sulphoxide ©¢. At alkaline pH in the presence of
light, a rapid degradation and instability of pure
curcumin has been observed 12-14, Thus, studies
have been carried out to improve the solubility
of pure curcumin through chemical modification
or derivatization 15, and complexation or interac-
tion with macromolecules 16, But in some cases,
slow complexation processes and the pH of the
medium may limit its practical utility 7. Some
studies have focused on the interactions be-
tween curcumin, surfactants and amphiphilic
molecules 18, forming micelles which are widely
used in the cosmetics and pharmaceutical indus-
tries. Recently, some researches have used the
impregnation of polymer surfaces with curcum-
in for several applications 1920,
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In relation to the association between cur-
cumin and macromolecules, little information
can be found on the use of the biopolymer chi-
tosan 21, Chitosan is a copolymer formed by
units of 2-deoxy-N-acetyl-D-glucosamine and 2-
deoxy-D-glucosamine joined through glycoside
p(1—4) bonds, obtained from the alkaline
deacetylation of chitin 22. Due to the nature of
its chemical configuration and its abundance,
non-toxicity, hydrophilicity, and anti-bacterial
properties, it has been employed in the prepara-
tion of films, gels and spheres, for a great vari-
ety of applications 23. A factor which makes chi-
tosan highly attractive is that it represents a re-
newable resource 2425,

In this study, we impregnated chitosan mi-
crospheres with the natural dye curcuma in or-
der to obtain a sample with potential uses in the
food and pharmaceutical industries, guarantee-
ing the preservation of the dye properties and
aiming at improving its solubility.

MATERIALS AND METHODS
Materials

Chitosan (molecular weight around 122.7 x
103 g.mol-1; degree of deacetylation of 86%) was
purchased from Purifarma, Brazil. The natural
dye curcuma (T-5-WS-P) was kindly supplied by
Christian-Hansen Ind. & Com. Ltd. Pure stan-
dard curcumin was acquired from Merck. All
other reagents employed were of analytical
grade.

Preparation of chitosan microspheres

Chitosan microspheres were prepared
through the phase inversion or coacervation
method. Chitosan was dissolved in 5% (v/v)
acetic acid to produce a viscous 3% (w/v) chi-
tosan solution and subsequently transferred with
a nozzle to a bath containing a 2.0 mol L-
NaOH solution through an Ismatec peristaltic
pump. After a contact time of 30 min the micro-
spheres were filtered, washed at pH 7.0, and
vacuum dried.

Effect of pH on adsorption

The chitosan microspheres (150 mg) were
placed in contact with 25.0 mL of a solution of
the dye in an initial concentration of 400 mg.L-!
in a pH range of 6.0 to 12.0 using phosphate
buffer solutions (pH 6.0-8.0) and NH4Cl/NH,OH
(pH 9.0-12.0). The solutions containing the dye,
after contact with the microspheres, were trans-
ferred to a Mini Shaker Marconi incubator, mod-
el MA 832, where they remained under stirring
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for 2 hours at 25.0 + 0.1 °C. The supernatant of
each flask was separated by filtration and the
concentration of dye determined by UV-Vis
spectroscopy using a curcumin standard calibra-
tion curve. The amount of dye adsorbed was
calculated through Equation [1]:

Co— Cog
g= —————— -V [1]
W

where ¢ is the amount of dye adsorbed on the
polymer (mg/g), Vis the volume of the solution
(L), Wis the mass of the chitosan microspheres
used (g), and C, and C are the initial concen-
tration and the equilibrium concentration of dye
in the solution (mg.L-1).

Impregnation of chitosan microspberes
with the natural dye curcuma

The chitosan microspheres were loaded with
dye employing an impregnation method. This
method consisted of the dissolution of 500 mg
of dye in buffer solutions NH4OH/NH4Cl pH
9.0, 9.5 and 10.0, respectively, (from a previous
study) and the resulting solutions were filtered
to remove any impurities. These solutions were
then placed in contact with 750 mg of micro-
spheres for 6 h at 25 °C, under continuous stir-
ring and protected from light. The microspheres
were filtered and washed with ethanol to re-
move the excess dye from the microsphere sur-
face. The impregnated microspheres were left to
dry at room temperature.

Characterization by infrared spectroscopy

FTIR spectra were obtained for the pulver-
ized form of the original chitosan and pigment-
loaded microspheres with a spectrophotometer
(Perkin Elmer, Model FT-PC-16). The samples
were prepared as KBr pellets.

Morpbology of the microspberes

In order to study the shape, size and exter-
nal morphology of the microspheres, samples
were analyzed by scanning electron microscopy
(SEM). The microsphere samples were placed
on stubs and covered with a layer of gold/palla-
dium to form a conductive film using a Cool
Sputter Coater from Bal-tec, SDC 005. Micro-
graphs of the samples were then obtained using
a scanning electron microscope (Philips, Model
XL 30) at an intensity of 10 kv, using various
magnifications.



Optical microscopy

The impregnated layer of dye was evaluated
using a Leica optical microscope, model DM
4000M, in the reflection mode. Photographs
were obtained by instantaneous digitalization by
means of a digital camera, model DC 300.

Capillary Electropboretic analysis

All experiments were performed on an Agi-
lent Technologies HP3PCE apparatus (Palo Alto,
CA, U.S.A), equipped with a diode array detec-
tor. Data acquisition and treatment were per-
formed with HP Chemstation software. This
analysis was carried out following the method
reported by Yuan and collaborators 26.

The chitosan microspheres (30 mg) impreg-
nated in buffer solution at pH 9.0, 9.5 and 10.0
were dissolved in 4 mL of 100 mmol.L-! sodium
acetate buffer by sonication for 30 min to ex-
tract the microsphere content, followed by addi-
tion of 6 mL of acetonitrile. The samples were
then centrifuged and the resultant solution was
collected and analyzed.

Electropherograms were recorded as follows:
standard solutions and samples were introduced
from the outlet and injected hydrodynamically
at 50 mbar (5.25 Pa) for 9 s with reverse pres-
sure. UV detection was performed at 360 and
429 nm. The applied separation voltage was 30
kV positive polarity on the injection side. The
electrolyte was composed of sodium tetraborate
(STB) and 20.0x10-3 mol L-1. At the start of each
new working session, the capillary was condi-
tioned at 25 °C and flushed with 1.0 mol L-!
sodium hydroxide for 10 min, followed by
deionized water for 5 min and finally with the
background electrolyte (BGE) for 10 min. Be-
tween runs with the same buffer, the capillary
was rinsed for 0.5 min with BGE. At the end of
the analysis, the capillary was rinsed for 5 min
with 1.0 mol L-! sodium hydroxide and for 10
min with deionized water.

Differential scanning calorimetry

Thermograms of the curcuma dye, original
chitosan and dye-loaded microspheres were ob-
tained with a differential scanning calorimeter
(Shimadzu-DSC50) interfaced to a computer.
Samples (12 mg) were sealed in aluminum pans.
The scanning rate throughout the study was 10
°C.min-! and a dynamic N, atmosphere was
maintained using a flow rate of 50 mL min-1. All
tests were carried out in duplicate.

Swelling degree
The dry microspheres were initially weighed
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and then kept in the different buffer solutions:
pH 1.0 and pH 2.0 (HCI 0.1 and 0.01 mol.L-D);
pH 3.0, pH 4.0 and 5.0 (CH3COOH 0.1 mol.L-1).
The solutions containing the microspheres were
transferred to a Mini Shaker Marconi incubator,
model MA 832, and they were maintained under
stirring at 25.0 = 0.1 °C. At predetermined time
intervals the microspheres were removed from
the buffer solutions and dried with adsorbent
paper to remove the excess of solution and
weighed again.

The swelling capacity of the microspheres
was calculated using Equation [2]:

W/l_ Wo
swelling x 100 (2]

Wo

where W; and W,, refer to the weights of the
samples at time ¢ and in the dry state, respec-
tively. The microsphere swelling data are given
as the mean of three determinations.

Release studies

Microsphere samples (25.0 mg) were sus-
pended in 25.0 mL of buffer solution: pH 1.0,
pH 2.0, pH 3.0, pH 4.0 and 5.0. At predeter-
mined time intervals, 3 mL samples were re-
moved to determine the quantity of dye re-
leased and then returned to the flask (25.0 + 0.1
°C). The samples were analyzed at 429 nm, us-
ing a UV-Vis spectrophotometer. The percent-
age of dye released was calculated using the
standard curcumin calibration curve (y = 0.0126
+ 0.0794.x; R2 = 0.9982). All the experiments
were performed in triplicate. The results are ex-
pressed as a percentage of the dye released.
The release study was conducted until the total
dissolution of the microspheres.

RESULTS AND DISCUSSION

Figure 2 shows the amount of dye adsorbed
in the chitosan microspheres as a function of
pH. This study was carried out in the pH range
of 6.0 — 12.0, since chitosan is soluble in acidic
medium. Below pH 5.5 chitosan forms a gel and
its capacity to adsorb dye cannot be evaluated
25, The adsorption of the dye increases in alka-
line medium and it was observed that the opti-
mum adsorption pH was 11.0 (Fig. 2). Since
pure curcumin may degrade at highly alkaline
pH 12 the values of pH 9.0, 9.5 and 10.0 were
selected for a more detailed study of the dye
impregnation.

The process of dye impregnation at pH 9.0,
9.5 and 10.0 was monitored using capillary elec-
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Figure 2. pH dependence for adsorption of natural

curcumin dye at 25 + 0.1 °C, C, = 400 mg.L-! with a
contact time of 2 hours.

trophoresis analysis. This particular analysis was
carried out to observe the presence of curcumin
in the impregnated microspheres.

The capillary electrophoresis analysis shows
that an increase in the pH of the impregnation
solution favors the interaction between the dye
and chitosan biopolymer (Fig. 3A). The pKa val-
ues for curcumin are 8.38, 9.88 and 10.51 27.
Since curcumin is ionized at pH 9.0, 9.5 and
10.0 it is expected to have a higher affinity for
chitosan through its amino and phenolate
groups. Curcumin has been observed to have a
strong affinity for amines and positively charged
amino acids 28. Figure 3A shows a quantitative
increase in the concentration of dye in the mi-
crospheres with pH, observing a maximum at
pH 10.0. On the other hand, it is also observed

10 mAu i
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that vanillin is present in the microspheres (Fig.
3B), formed in solution due to the alkaline
degradation of curcumin 12. Vanillin, vanillic
acid, ferulic aldehyde and ferulic acid have been
identified as the degradation products of cur-
cumin 2. In general, the curcumin impregnation
in alkaline medium was efficient indicating that
chitosan is a potential option for this applica-
tion.

The encapsulation efficiency of the dye in
the microspheres was evaluated through the re-
lation between the amount of dye present in the
microspheres at pH 4.0 and the respective theo-
retical value.

The values for the encapsulation efficiency
were: 44.80% + 1.16; 66.14% +1.15 and 86.64% =+
2.44 for the microspheres at pH 9.0, 9.5 and
10.0, respectively. These data are consistent
with the data obtained in the capillary elec-
trophoresis analysis where a greater concentra-
tion of curcumin was verified in the sample at
pH 10.0 (Fig. 3A).

The impregnated sample at pH 10.0 was
characterized by Fourier Transform Infrared
Spectroscopy (FTIR), Scanning Electron Mi-
croscopy (SEM), Optical Microscopy and Differ-
ential Scanning Calorimetry (DSC).

Figure 4 shows the infrared spectra of chi-
tosan and dye-loaded microspheres. In the IR
spectrum for the chitosan (Fig. 4a), characteristic
absorption bands were displayed at 3442 cm-!
relating to —OH groups, and two other bands lo-
cated at 2925 and 2860 c¢cm-! are typical of C-H
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Figure 3. Electrophoretogram of impregnated microespheres at pH 9.0 (a), pH 9.5 (b), pH 10.0 (¢) and pure
standard curcumin (d) at 429 nm (A) identifying curcumin (1) and 360 nm (B) identifying vanilin (2) in the im-

pregnated microespheres.
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Figure 4. FTIR spectra of chitosan microspheres (a)
impregnated chitosan microspheres (b) and dye (c).

groups. Over the range of 1500-1700 cm-! both
amide and amine bands are observed. The
amide I band, a C-O stretching mode together
with an N-H deformation mode, is located at
1650 c¢m-! 3032, The band at 1567 c¢m-! is as-
signed to the NH, groups of the chitosan (Fig.
4a). The FT-IR spectrum of the dye (Fig. 4¢)
shows characteristic absorption bands at 1620
cm-! assigned to the C=O group of ketone; 1562
and 1420 cm-! to C=C stretching of the aromatic
ring and 1070 cm-! to stretching of the C-O-C
of the ester 33. It was observed that the peak at
1567 cm! relating to the NH, group of the chi-
tosan was shifted in the case of the impregnated
sample to 1576 cm! (Fig. 4b). The FTIR results
suggested an interaction between chitosan and
dye in the impregnated microspheres.

The SEM analysis performed on all batches
of microspheres showed that they are spherical
with smooth surfaces. It also indicated the non-
porous and crack-free nature of the micro-
spheres (Fig. 5a), indicating the formation of a
continuous film on the wall. The mean particle
size of the loaded chitosan microspheres was
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796 (+ 20) pm, whereas for non-loaded chitosan
microspheres it was 776 (£ 25) pm. As is evi-
dent from Fig. 5b, the inside of the chitosan mi-
crospheres also had a non-porous and crack-
free structure. The analysis of the micrographs
of the loaded microsphere surfaces and cross-
sections, together with the visually observed
change in the microsphere surface coloration to
an intense chestnut-yellow, indicate a high effi-
ciency of impregnation.

The optical microscopy analysis showed that
the dye moved weakly through the microsphere
without reaching its nucleus (Fig. 6). A greater
dye concentration gradient was observed at the
surface of the microsphere in the direction to-
ward the center (diffuse layer) (Fig. 6b).

Figure 7 shows the results obtained from the
DSC analysis of the chitosan microspheres, the
dye and the dye-loaded microspheres. Scanning
calorimetry (DSC) was used to confirm the pos-
sible interaction between the polymeric matrix
and the dye. The chitosan microspheres (Fig.
7a) show a large endothermic peak at around
80-120 °C which is due to the evaporation of
the water present in the sample, followed by a
sharp exothermic peak at around 299°C corre-
sponding to the degradation temperature of the
polymer 2534, An endothermic peak was ob-
served at 172 °C corresponding to the curcumin
dye melting point 2! (Fig. 7¢). The DSC profile
of the dye-loaded microspheres (Fig. 7b) shows
two exothermic peaks, the first at 284 °C and
the second at around 303 °C, which may be at-
tributed to the degradation temperatures of the
dye and polymer, respectively. The DSC analysis
indicated the presence of dye in the impregnat-
ed microspheres and it confirmed a physical in-
teraction between the dye and the polymer in
the impregnated microspheres.

The release of dye from the impregnated chi-
tosan microspheres was monitored, as a func-
tion of time, under different buffer solution con-
ditions. Figure 8 shows a plot of the fraction of

Figure 5. Scanning elec-
tron micrographs of chi-
tosan microspheres im-
pregnated with dye (a)
and cross-section of im-
pregnated chitosan mi-
crosphere (b).
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Figure 6. Optical Micrographs of chitosan micro-
spheres (a) and impregnated chitosan microspheres

(b).

dye released as a function of time, where M is
the amount of dye released at time t and M, is
the amount of dye released as time approaches
infinity. The release of dye at pH 1.0, 2.0, 3.0
and 4.0 began after 10 min. The corresponding
time for pH 5.0 was 20 min, due to the time re-
quired for the permeation of the dye to reach
the medium from the inner cavities of the mi-
crosphere. The time required for a 50% dye re-
lease was with 10-42 minutes in the pH range of
1-5 (Table 1). A faster release was observed at
pH 1.0. It can be seen from Fig. 8 that the dye
was released from the chitosan in less than 3 h,
regardless of the pH, although most of the mi-
crospheres dissolved within 1 h.
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Figure 7. DSC results for chitosan microspheres (a),
impregnated chitosan microspheres (b) and dye (c).
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Figure 8. Release profiles of curcuma dye-impregnat-
ed microspheres at different pH values at 25 °C.

In recent years, many attempts have been
made to elucidate the mechanism of solute re-
lease from hydrophilic matrices 31-38. It has been
shown that solute release from hydrophilic ma-
trices involves a complex interaction between
swelling, diffusion, erosion and polymeric chain
relaxation 35,

Swelling Equation 3
. . Time required for
pH Time 2 Swelling % 50% r?:lease b n R2
1.0 8 32.18 10 1.13 0.9959
2.0 24 36.56 23 1.68 0.9918
3.0 14 82.30 19 1.85 0.9977
4.0 20 71.20 21 1.69 0.9946
5.0 28 32.18 42 1.33 0.9970

Table 1. Parameters of swelling and release from chitosan matrix containing the natural dye curcuma. 2 time re-
quired to obtain microspheres of constant mass, min. P min.
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Equation [3] is currently used for the analysis
of solute release processes in order to gain an
understanding of the predominant mechanisms
39

M,
= k.tn (3]
Mo

where M;/M, is the proportion of dye released
at time ¢, k is a kinetic constant and n is the re-
lease exponent, indicative of the mechanism of
solute release 303840, Equation (3] is valid only
for the early stages (£ 60%) of solute release.

The values for the release parameter, n, were
determined from the slope of the plot of log
(M;/Ms) versus log t. The results are summa-
rized in Table 1. The values obtained for the dif-
fusional exponent are n > 1.0 regardless of the
pH and reveal a Super Case II transport release
mechanism.

The swelling capacity of the impregnated mi-
crospheres is shown in Table 1. The results indi-
cate that the swelling behavior was affected by
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