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Introduction

Encapsulation of versatile photoactive species such as dyes,
drugs, heterogeneous catalysts, and metal nanoparticles in
nanoengineered carriers is becoming increasingly important
for a wide variety of applications ranging from drug delivery
to biomedicine and biotechnology.[1–3] Among these photo-
active ingredients, photosensitized drugs or photosensitizers
(PSs) capable of yielding cytotoxic singlet oxygen (1O2) have
been widely explored in cell biology, photodynamic therapy,
and blood sterilization.[4] However, many identified PS
drugs and other photoactive small molecules used against
cancer are poorly water soluble, and hence the PS efficacy is
greatly reduced due to the aggregation of PS molecules in
aqueous media.[5] To overcome this issue, diverse hydrophil-

ic delivery vehicles such as gels, liposomes, and colloids
were introduced to deliver encapsulated PSs at affected lo-
cations and thus enhance their photodynamic effects.[6–8] Re-
cently, hydrophilic polyelectrolyte microcapsules, construct-
ed by the layer-by-layer (LbL) self-assembly method,[9] have
received particular attention as delivery vehicles for drug
encapsulation and release due to their unique controllability
of size, shape, and permeability, as well as large inner space
capable of encapsulating drug molecules.[10,11] Some groups
have applied microcapsules as photosensitive drug-delivery
systems. B�dard et al.[12] prepared a remote laser-responsive
system by incorporating meso-tetrakis(4-sulfonatophenyl)-
porphin into microcapsule walls through an LbL self-assem-
bly method. Li et al.[13] prepared hypocrellin B (HB)-accu-
mulated microcapsules by loading water-insoluble, photo-
sensitive HB into the interior of as-prepared microcapsules
by a direct incubation process and found that HB-sensitized
microcapsules exhibited high cytotoxicity after irradiation.
In these systems, no qualitative or quantitative study on cy-
totoxic 1O2 generated from PS-grafted photosensitive micro-
capsules was reported. Furthermore, PS drugs are distribut-
ed at random in polyelectrolyte wall materials or concen-
trated on the internal volume of capsules. As a result, as the
concentration increases, aggregation of PSs occurs and re-
sults in radiationless deactivation and reduced efficiency in
generating 1O2.

[14] Apart from this, encapsulated small-mole-
cule PSs are prone to leak out of porous microcapsule walls
unexpectedly before reaching the target region.[15] Consider-
ing these issues, we propose a new feasible solution in which
PS molecules are first grafted to polymer chains to form
conjugates through covalent attachment[16] for stable immo-
bilization, and subsequently the resulting PS-grafted poly-
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mers, as one microcapsule wall component, are assembled
onto microcapsules for specific accumulation of PSs and
photoinduced generation of cytotoxic 1O2.

Biodegradable microcapsules composed of sodium algi-
nate (ALG)/chitosan (CHI) have been shown to be a prom-
ising vehicle for loading and controlled release of drugs. In
this work, we fabricated novel photosensitive microcapsules
by an LbL self-assembly technique in which rose bengal
(RB), a potent PS, was first grafted to CHI chains through a
stable chemical bond, followed by alternating assembly of
ALG and CHI/RB-grafted CHI (RB-CHI) on dissolvable
templates and subsequent removal of cores (Scheme 1).
Generation of 1O2 by the resultant photosensitive microcap-
sules on exposure to light of appropriate wavelength was in-
vestigated by ESR spectroscopy and a chemical approach.
The phototoxic effects of photosensitive microcapsules and
polymeric RB-CHI on human breast adenocarcinoma
(MCF-7) cells on irradiation were studied, and cell viability
was estimated in 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-ACHTUNGTRENNUNGtetrazolium bromide (MTT) assays.

Results and Discussion

Polymeric photosensitizer RB-CHI : To convert the OH
group of the acid moiety of RB to a good leaving group
prior to treatment with the amino group of CHI, EDC, and
NHS were added to the reaction system to activate the car-
boxylic acid, and FTIR spectra were recorded to confirm
chemical linkage between CHI and RB. Figure 1 shows
transmittance spectra and corresponding characteristic
peaks of CHI and RB-CHI in the solid state. Before graft-
ing, weak peaks at 1655 and 1599 cm�1 can be ascribed to
C=O and NH2 groups of CHI.[16b] After RB was grafted to

CHI, the original 1599 cm�1 peak decreased sharply and
concomitantly two characteristic peaks at 1643 and
1548 cm�1, corresponding to C=O stretching vibration
(amide band I) and NH bending and CN stretching (amide
band II), respectively, appeared.[17]

Besides, a new strong absorbance peak appeared at about
1450 cm�1 and can be ascribed to CN stretching.[18] Also, no
peak at about 1730 cm�1 assignable to the CO stretching vi-
bration of the ester units occurred, that is, amino groups of
CHI as effective binding sites can be grafted to carboxyl
groups of RB in a dehydration reaction,[16b] though a previ-
ous report demonstrated that the reaction between the hy-
droxyl groups of CHI and the carboxyl groups of RB can
occur to some extent.[19]

Possible changes in binding energies of C, O, N, and I spe-
cies due to RB grafting were investigated by X-ray photo-
electron spectroscopy (XPS). Figure 2 shows survey spectra

of CHI before and after RB grafting. Compared to the spec-
trum of CHI, the wide-scan spectrum of RB-CHI exhibits a
new double peak around 620.5 and 631.8 eV characteristic
of I 3d, and the contributions of C 1s, N 1s, and O 1s compo-
nents in RB-CHI showed changes from 64.77 to 68.84 %,
from 6.06 to 4.89 %, and from 29.17 to 25.51 %, respectively,
because of introduction of RB. In addition, the substitution
ratio was estimated from atomic contents of the elements in
RB-CHI to be about 3.90 mol % with respect to the glucosa-
mine unit of CHI. Core-level spectra with fitted peaks of
CHI and RB-CHI are shown in Figure 3. For RB-CHI, the
C 1s core-level spectra can be curve-fitted with peak compo-
nents of 285.8 eV for CN species and at 287.4 eV for CONH
species,[20] which compare to peaks of CHI at 286.2 eV for

Scheme 1. Fabrication of photosensitive microcapsules by core-mediated LbL technique and generation of singlet oxygen.

Figure 1. FTIR spectra of CHI (A) and RB-CHI (B). Peaks at 1655 and
1599 cm�1 are ascribed to C=O and NH2 groups of CHI, and peaks at
1643 and 1548 cm�1 to amide bands I and II of RB-grafted CHI.

Figure 2. XPS survey scans for CHI (A) and RB-CHI (B), and the ele-
mental compositions excluding hydrogen; atom % for C 1s: 64.77 (CHI),
68.84 (RB-CHI); for O 1s: 29.17 (CHI), 25.51 (RB-CHI); for N 1s: 6.06
(CHI), 4.89 (RB-CHI); for I 3d: not recorded (CHI), 0.76 (RB-CHI).
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C�O species and at 288.3 eV for C=O species.[21] By compar-
ison to the N 1s spectrum of CHI containing a sole peak
component for primary amine, the N 1s core-level spectrum
of RB-CHI consists of two peaks at 399.4 and 400.2 eV,
which are assigned to amine nitrogen and amide nitrogen,
respectively, in excellent agreement with the previously re-
ported XPS investigation.[22] In light of these results and dis-
cussion above, one can reasonably conclude that RB has
been successfully grafted to CHI.

Morphology of photosensitive microcapsules : Preliminary
morphological studies on (ALG/CHI)4/ALG/RB-CHI pho-
tosensitive microcapsules were conducted under an optical
microscope. The constructed microcapsules exhibit good dis-
persity, spherical shape, and uniform size (ca. 3 mm in diam-
eter), as shown in Figure 4 a. Figure 4 b shows an overview

SEM image of air-dried photosensitive microcapsules exhib-
iting many folds and creases in flat disklike microcapsules.
In contrast to (ALG/CHI)5 capsules (inset of Figure 4 b),
RB-CHI coated photosensitive microcapsules show slight
morphological changes. The RB moiety of the RB-CHI wall
component is an iodine derivative of fluorescein with fluo-
rescence, and thus the constructed (ALG/CHI)4/ALG/RB-
CHI capsules can be traced by CLSM observations. Fig-

ure 5 a shows many vivid red fluorescent rings along the pe-
rimeter of the photosensitive capsules with outermost RB-
CHI coat as wall component. This phenomenon demon-

strates directly that RB-CHI is immobilized on the exterior
of microcapsules as a polymeric photosensitizer. To investi-
gate the fluorescence intensity from the microcapsule wall, a
line was drawn across the microcapsule center (Figure 5 b).
The fluorescence distribution profile along the line shows
two equal-intensity fluorescence peaks mainly concentrated
on the outer wall of the capsule at a separation correspond-
ing to the microcapsule diameter (Figure 5 c). In addition,
we carried out a control experiment by directly loading free
RB in the (ALG/CHI)5 suspension by a incubation process,
and found that free RB molecules could also migrate across
the capsule walls and then accumulate inside the microcap-
sules, which exhibit a red fluorescent region in their entire
interior (Figure 5 d). This also further suggests that pregraft-
ing RB to CHI is a key to fabricating hollow photosensitive
microcapsules, and leaves plenty of room to encapsulate
active species in the microcapsule interiors.

Detection of singlet oxygen : Stable nitroxide radical
TEMPO, detectable by ESR, was implicated in the reaction
of TEMP with 1O2 formed by PSs (see Scheme 2), whereby
TEMP was used as a probe molecule, and TEMPO is a
TEMP–1O2 spin adduct.[23] As shown in the inset of Figure 6,
when an aqueous suspension containing photosensitive mi-
crocapsules and TEMP was irradiated at room temperature,
a typical triplet signal characteristic of TEMPO appeared,
while without irradiation there was no signal. This provides
the diagnostics for 1O2 generated from photosensitive micro-

Figure 3. XPS core-level scans for the C 1s (a) and N 1s spectral regions
(b) of CHI as well as the C 1s (c) and N 1s (d) spectral regions of RB-
CHI.

Figure 4. Optical micrograph (a) and SEM image (b) of photosensitive
microcapsules. Inset shows a high-resolution SEM image of hollow
(ALG/CHI)5.

Figure 5. CLSM images of (ALG/CHI)4/ALG/RB-CHI capsules (a), fluo-
rescence intensity of (ALG/CHI)4/ALG/RB-CHI capsules collected
along the line (b and c), and (ALG/CHI)5 capsules loaded with free RB
(d). Excitation at 543 nm.
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capsules. Furthermore, with increasing irradiation time, ESR
signal intensities from photosensitive microcapsules initially
increased at a fast rate and reached a stable plateau in a
short period (Figure 6; curve A). To further verify that 1O2

is involved in the photosensitizing process, we carried an ex-
periment in which histidine was added as 1O2 quencher to
the photosensitive microcapsule system. In the presence of
histidine, the signal intensities were dramatically suppressed
just like those of the hollow capsules (Figure 6; curve B and
curve C), in agreement with previous reports.[24] This con-
firms that TEMPO is formed by reaction of TEMP with 1O2

generated from photosensitive microcapsules on irradiation.
Besides ESR detection, a chemical method based on

water-soluble 9,10-anthracenediylbis(methylene)dimalonic
acid (ABDA) detector was also employed to investigate the
photogeneration process and the quantum yield of 1O2 from
RB-CHI-coated capsules by monitoring the loss of absorb-
ance intensity of ABDA at 400 nm.[25] ABDA has a high re-
action rate constant with 1O2 and can yield a steady-state en-
doperoxide for UV detection (see Scheme 3). The loss of
absorbance intensity at 400 nm of ADBA in a photosensi-
tive microcapsule suspension with increasing exposure time
is shown in Figure 7 a. Under irradiation, the characteristic
absorption band of ADBA at approximately 400 nm de-
creased rapidly within the initial 40 min, showed slow photo-
bleaching with further irradiation, and finally remained un-
changed after 120 min. The time-dependent decrease of
ABDA indicated an increased amount of 1O2 produced by

RB-CHI-coated capsules (Figure 7 b). The photobleaching
rate of ABDA in the presence of photosensitive microcap-
sules follows a first-order exponential decay function depen-
dent on exposure time with a coefficient of determination of
R2 = 0.9966 (Figure 7 b, curve A). In contract, a control ex-
periment showed that pure ABDA was bleached to a small
extent in the absence of photosensitive microcapsules (Fig-
ure 7 b, curve B), that is, photobleaching of ABDA is caused
by oxidation of 1O2 generated from photosensitive microcap-
sules instead of its photoreaction in the excited state.[25] By
using RB as reference (FRB = 0.75[26]), the 1O2 quantum
yield of RB-CHI-coated capsules was calculated to be as
high as 0.38 according to the method reported in the litera-
ture,[16b, 27] and this value seems reasonable because it lies in
the broad range of quantum yields from 0.05 to 0.75 for
RB-grafted polymers.[28]

Figure 6. Changes of ESR signal intensity caused by the production of
the spin adduct of TEMPO during illumination of TEMP in photosensi-
tive capsules (A), photosensitive capsules with quencher histidine (B),
and hollow capsules (C). Inset showing ESR signals of TEMPO with or
without irradiation.

Scheme 2.

Scheme 3.

Figure 7. a) Absorption spectra of ABDA in the presence of (ALG/
CHI)4/ALG/RB-CHI capsules under irradiation over different periods of
time. b) Absorbance changes of ABDA caused by 1O2 oxidation plotted
against irradiation time in the presence (A) and absence (B) of photosen-
sitive capsules.
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Cytotoxicity : Once the photosensitive microcapsules were
verified to be capable of generating 1O2, we studied cell
phototoxicity to MCF-7 cells in vitro using the MTT assay to
assess their photoresponsive therapeutic action.[29] Incuba-
tion of RB-CHI-coated photosensitive capsules with the
cells was followed by light illumination. Cells that were nor-
mally incubated with capsules in the dark or that were incu-
bated only in the cell culture medium under irradiation
were employed as controls. Cell death after irradiation
(69 %) increased sharply in the presence of RB-CHI-coated
photosensitive capsules compared to the uniform solution of
RB-CHI with lower toxicity of 52 % (p<0.01), as shown in
Figure 8. This result could be explained by the fact that

MCF-7 cells are attached, and sedimentation of photosensi-
tive microcapsules provided a more dramatic interaction, a
larger contact area, and a shorter reaction distance for
short-lived 1O2. To further verify whether interaction of
cancer cells with RB-CHI-coated capsules occurred, the
CLSM technique was employed. Figure 9, left, showed irreg-
ular-shaped red fluorescence in the marked positions, that is,
RB-CHI-coated capsules can be captured by cells after incu-
bation. Confocal section micrographs in the z direction fur-
ther revealed that fluorescence completely originated from
the cell-incorporated capsules. The capsules internalized
through phagocytosis could also be distinctly observed in
the bright-field image (Figure 9, right). The RB-CHI-coated
photosensitive capsules generated sufficient 1O2 to kill
tumor cells. The mechanism of 1O2 generation from RB-
CHI coatings in a photodynamic process is summarized in
Scheme 1. Control experiments showed that the irradiation
used in this phototoxicity study has no effect on cell growth
and the photosensitive microcapsules prepared in the dark
have relatively high viability, as expected (p<0.01). This ex-
ceptional biocompatibility will make the photosensitive mi-
crocapsules ideal delivery vehicles for drug loading and re-
lease.

Conclusion

We have reported the synthesis of polymeric photosensitizer
RB-CHI and their implementation as a wall component of
biodegradable, photosensitive microcapsules with uniform
size and good dispersity in aqueous solution. On irradiation
with light of appropriate wavelength, the microcapsules effi-
ciently generate 1O2. In vitro cytoxicity tests showed that
RB-CHI-functionalized capsules photoinduced significant
cell death compared to free RB-CHI, while the microcap-
sules themselves are biocompatible with cells in the dark.
We expect that highly active PSs other than RB can be
grafted to biopolymers and then assembled on microcap-
sules. The fabricated photofunctional hollow microcapsules
may also offer plenty of inner space to load active species
such as cancer drugs for potential combination therapy in
patients.

Experimental Section

Materials : Melamine–formaldehyde (MF, ca. 3 mm) particles were pre-
pared by previously described dispersion polymerization method.[30] ALG
(Mw 12000–80 000 kDa) was obtained from Sigma, Canada. CHI (Mw

30000 kDa, degree of deacetylation >94.5 %) was obtained from Primex
Biochemicals, Norway. 1-Ethyl-3-(3-dimethyllaminopropyl) carbodiimide
hydrochloride (EDC, 98.5 %) and N-hydroxysuccinimide (NHS, 98.0 %)
were obtained from Alading Agents. RB (ca. 99.0 %), 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 2,2,6,6-tetramethyl-
4-piperidone (TEMP, 99.0 %), and 9,10-anthracenediylbis(methylene)di-
malonic acid (ABDA, 90.0 %) were purchased from Sigma. MCF-7 cell
line was generously donated by the ATCC. All other chemicals used in
the experiments were obtained from commercial sources as analytical re-
agents and used without further purification. Millipore water with a resis-
tivity of 18.2 MWcm�1 reduced by a reagent water system (Easy pure,
Barnstead) was used throughout the study. The chemical structures of
RB as well as the polyelectrolytes used for the fabrication of the capsules
are given below.

Preparation of RB-CHI : The general procedure with a 4:1 molar ratio of
the glucosamine unit of CHI to RB is briefly summarized.[16b, 31] 0.1 g of

Figure 8. Percentage viability of MCF-7 cells under various conditions.
a) Treatment with light. b) Photosensitive capsules in the dark. c) Photo-
sensitive capsules under light. d) RB-CHI solution under light. Asterisks
denote the significant differences with p<0.01. (values: mean � standard
deviation of five replicates).

Figure 9. CLSM images showing RB-CHI-coated capsules taken up by
MCF-7 cells. Left: Fluorescence images of the interaction of cells and
capsules. The xz orthogonal section images at the bottom and on the
right were recorded along the yellow and purple cross lines, respectively.
Right: Bright-field image of cells after incubation with RB-CHI-coated
capsules. The microtubules of the cells were labeled with FITC (green)
and RB-CHI-coated capsules were preloaded with free RB for clear ob-
servation (red).
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CHI was dissolved in 1 % acetic acid (10 mL) and the solution stirred for
more than 10 h. Then 0.48 g EDC was added to a solution of RB (15 mg,
15 mm) in methanol to activate the carboxyl group for 5 min followed by
NHS stabilization for further 20 min, with a 4:1 molar ratio of EDC to
NHS. Subsequently, the solution of CHI with pH adjusted to 5.8 was
added dropwise over a period of 20 min and reacted with RB under in-
tense stirring at room temperature overnight. The mixture was further
purified by dialysis and wash/centrifugation circles until no free RB was
detected in the supernatant. After freeze-drying, RB-CHI was isolated as
a pink powder.

Fabrication of photosensitive hollow microcapsules : Polyelectrolyte mi-
crocapsules were fabricated by using weakly polymerized MF cores as re-
movable templates due to their stable monodispersity with uniform diam-
eter and high density of surface charges.[32] General procedure for capsule
fabrication is summarized: 1 mL of ALG (1 mg mL�1 in 0.5m NaCl) or
CHI solution (1 mg mL�1 in 0.2m NaCl, pH 3.3) with opposite charge to
MF templates (15 mg mL�1) or the last layer was assembled through elec-
trostatic interaction. Each layer was left to absorb for one hour with dis-
persion at intervals, and the excess species was removed by three centri-
fugation (2500 g, 3 min)/washing/redispersion cycles with Millipore water.
On the outmost layer, RB-CHI was employed as photosensitive coating
in place of CHI. Then MF templates were dissolved in a solution of hy-
drochloric acid (pH 1), after which centrifugation and washing with Milli-
pore water were carried out for the construction of hollow photosensitive
microcapsules with composition (ALG/CHI)4(ALG/RB-CHI). The con-
centration of photosensitive microcapsules used throughout the study
was 5 � 107 microcapsules per milliliter, as determined by using a blood-
cell counting chamber, if not otherwise indicated. The overall fabrication
procedure is summarized in Scheme 1.

Detection of singlet oxygen : To identify 1O2 production, the ESR tech-
nique was employed. Spin trap TEMP reacts with 1O2 forming stable ni-
troxyl radical spin adduct TEMPO, which produces a triplet ESR signal.
Photoinduced ESR spectra were obtained by mixing 40 mL of 2.0m

TEMP with 150 mL of photosensitive microcapsule suspension for imme-
diate ESR analysis. Hollow microcapsules and histidine/photosensitive
microcapsules were used as controls. As 1O2 quencher, 40 mL of 10 mm

histidine prepared in phosphate-buffered saline (PBS, pH 7.4) was added
to the microcapsule system. Besides, the ESR signals of TEMPO generat-
ed by photosensitive microcapsules in the presence of TEMP with or
without irradiation were collected.

A chemical oxidation method based on ABDA was also used to assess
the capability of photosensitive microcapsules to generate 1O2. Water-
soluble ABDA exhibits photobleaching when oxidized by 1O2 to its endo-
peroxide, which causes a decrease in ABDA absorption at 400 nm (maxi-
mum absorbance of ABDA). In this method, a suspension of photosensi-
tive microcapsules (3 mL in PBS, pH 7.4) containing 50 mL of 10 mm

ABDA was irradiated with a 500 W halogen lamp through a 545 nm
cutoff filter. The control experiment was carried out with 10 mm ABDA

solution and the same irradiation but in the absence of photosensitive mi-
crocapsules. The change in ABDA absorption at 400 nm was recorded as
a function of irradiation time. Furthermore, the 1O2 quantum yield of
photosensitive microcapsules was measured according to Equation (1),
where F is the quantum yield of 1O2 and K is the slope of the bleaching
curve, R denotes reference, and S the sample.

FS ¼ FR
KS

KR
ð1Þ

Cell culture : For routine maintenance, MCF-7 cells were cultured in Dul-
becco�s modified Eagle�s medium (DMEM, Gibco BRL) containing high
glucose, 10% fetal bovine serum, and 1 % gentamicin at 37 8C in a hu-
midified atmosphere of 5% CO2. The medium was renewed every day
and passage was conducted when confluent by trypsinization of the mix-
ture containing 0.25 % trypsin and 0.02 % ethylenediaminetraacetic acid.
Sterile culture technique was used in all manipulations done to cells.

In vitro phototoxicity of photosensitive microcapsules to MCF-7 cells :
MCF-7 cells in aliquots (2.0 � 105 cells per well) seeded on 96-well plates
were cultured in CO2 incubator for 24 h for cell attachment. Then the
cells were exposed to different samples, that is, photosensitive microcap-
sules, and RB-CHI solution, after refreshing the culture medium. For
each sample, the absolute amount of PS moiety (7 mg mL�1 chromophore)
was maintained equivalent. After 6 h of further incubation, one plate was
irradiated with a 500 W halogen lamp through a 545 nm cutoff filter for
20 min with a central optical density of 13 mW cm�2, measured by a pho-
tometer (ILT, 1400A). At the same time, the other sample was kept
under the same conditions except for irradiation. Subsequently both
plates were cultured for a further 16 h for cells to interact with the addi-
tives adequately, after which the MTT assay was employed to assess the
viability of cells. In a typical MTT method, 50 mL of MTT solution
(1 mg mL�1 in PBS, pH 7.4) was added into each well for four-hour incu-
bation, and then 150 mL of dimethyl sulfoxide solution was added to the
cells after removal of all other media. Absorbance at 570 nm was record-
ed on a microplate reader (Bio-Rad-318, Molecular Devices, Sunnyvale,
CA) to estimate the proportion of viable cells. The cell viability was as-
sessed as the percentage of viable treated cells compared to the cells in-
cubated at normal state without treatment by irradiation or any agent.
Interaction of live cells and capsules was traced by first labeling cells
with fluorescein isothiocyanate (FITC) at 10 mgmL�1 for 1 h at 37 8C, and
then incubating with capsules for 16 h. Excess fluorophore and un-
changed capsules were removed by washing with PBS three times for
5 min.

Instrumentation and measurements : FTIR spectra were recorded on a
Bruker Vector-22 IR spectrometer by using the KBr pellet method, and
the accessory software supplied with the spectrometer was used to pro-
cess the data. XPS analysis of RB-CHI was conducted on a ThermoFish
Scientific ESCALAB250 spectrometer with an MgKa anode (300 W). A
passing energy of 200 eV at intervals of 1.0 eV for survey scans and of
30 eV at intervals of 0.05 eV for high-resolution scans was used with the
neutral C 1s peak at 284.6 eV serving as a standard for all other binding
energies (BEs).[20] To obtain accurate results, sensitivity factors were em-
ployed to correct the intensity of tested components, and then the rela-
tive molar percentage was calculated. UV/Vis spectroscopy was per-
formed on a Shimadzu UV 2501 spectrometer. Fluorescent images were
obtained by using an Olympus FV500 confocal laser scanning microscope
(CLSM) excited at a wavelength of 543 nm. ESR spectra were taken on a
Bruker EPR E-500 spectrometer. SEM images were collected on a JEOL
JSM-6701-F microscope to study the morphology of the prepared sam-
ples. The concentrations of microcapsules and MCF-7 cells were counted
in a blood-cell counting chamber. A 500 W halogen lamp with a 545 nm
cutoff filter was used as irradiation source.
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