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SUMMARY. Nanoparticles are widely utilized to overcome drugs insolubility problems and sustain re-
lease improving the bioavailability. Zinc phthalocyanine, a hydrophobic photosensitizer with solubility
problems, was loaded in PLA nanoparticles. Photosensitizer loaded in polymeric nanoparticles was pro-
duced with the following characteristics: size in the 200-300 nm range, negative zeta potential (-15 to -19
mV), low polydispersity index (< 0.1), satisfactory encapsulation efficiency (70-80%), low residual PVA,
smooth surface and spherical shape. The photosensitizer release from nanoparticles was sustained and the
kinetic followed Higuchi’s model. ZnPc loaded in polymeric nanoparticles exhibited higher phototoxicity
than free photosensitizer. Phototoxicity of the ZnPc loaded in Resomer® R203 nanoparticles was im-
proved for increasing photosensitizer concentration (1 to 4 μg/ml), light dose (10 to 30 J/cm2) or incubation
time (2 to 4 h). The phototoxicity of the zinc phthalocyanine was improved by encapsulation in nanoparti-
cles and this nanocarrier is a promising delivery system for photodynamic therapy use.

INTRODUCTION
Photodynamic Therapy (PDT) is being ac-

tively exploited in many clinical applications
such as cancer treatment, age related macular
degeneration and infections 1. PDT is based on
the administration of drugs known as photosen-
sitizers that are preferentially taken up and/or
retained by neoplasic tissues 2. The photosensi-
tizer alone is harmless and ideally has no effect
on either healthy or abnormal tissues. Illumina-
tion with visible light at the appropriate wave-
length and dose induces photochemical reac-
tions that result in the tissue destruction by
apoptosis 3 or necrosis. 

Zinc phthalocyanine (ZnPc), a second gener-
ation photosensitizer, was used in our experi-
ments due its highly strong phototoxicity 4. Zn-
Pc is lipophilic and insoluble in water. The hy-
drophobic characteristic hinders its systemic ad-
ministration and restricts its clinical studies/ap-
plication. Nanoencapsulation is a viable alterna-

tive in solving the hydro-insolubility problem of
some drugs and improving phototoxicity. Sever-
al studies have proved that the nanoparticles are
promising delivery systems for the photosensi-
tizer. Hexadecafluoro phthalocyanine loaded in
polyethylene-glycol-coated polylactic acid (PEG-
PLA) nanoparticles induced a better photody-
namic effect than the photosensitizer in emul-
sion on mice EMT-6 tumour cell 5. Meso-tetra
(phydroxyphenyl) porphyrin (pTHPP)-loaded in
PLA nanoparticles induced a better phototoxicity
than a free photosensitizer on mouse mammary
tumour cells 6. Hypericin, a natural photosensi-
tizer, loaded in PLA nanoparticles showed a bet-
ter phototoxic effect than a free photosensitizer
on rat NuTu-19 epithelial ovarian cancer cells 7.
Zinc phthalocyanine loaded in poly-(lactide-co-
glycolide) (PLGA) nanoparticles exhibited high
phototoxicity on P388-D1 cancer cells (macro-
phages) after in vitro PDT 8.

Biocompatible polymers can be used to pro-
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duce nanoparticles. Much attention has been fo-
cused on the biodegradable polymers such as
polylactic acid (PLA). These synthetic polymers
have emerged as the most widely used and
studied biodegradable polymers for pharmaceu-
tical use due to their biocompatibility and
biodegradability 9. PLA nanoparticles has been
utilized as delivery systems to ferrocenyl tamox-
ifen 10, paclitaxel 11, indomethacin and magnetic
nanoparticles 12 and hypericin 7.

The aim of this work was improve the pho-
totoxic effect of the zinc phthalocyanine by en-
capsulation in PLA nanoparticles. Photosensitiz-
er was loaded in nanoparticles using PLA with
different characteristics (Resomer® R203 and
R207). Nanoparticles were characterized for size,
charge, morphology, and encapsulation efficien-
cy. In vitro release studies were carried out on
the nanoparticles to evaluate the photosensitizer
availability and kinetic. The phototoxicity of the
ZnPc-loaded nanoparticles and free photosensi-
tizer were evaluated on the MCF-7 cancer cells
(human breast adenocarcinoma). ZnPc concen-
tration, incubation period and light dose were
modified to improve the phototoxic effect.

MATERIALS AND METHODS
Materials

Zinc (II) phthalocyanine and (MW=577.91)
and polyvinyl alcohol hydrolyzed (PVA, 87-89%)
(MW=13,000-23,000) were purchased from Sig-
ma-Aldrich (Milwaukee, USA). Polylactic acids
(PLA) (Resomer® R203, MW 28,000; Resomer®
R207, MW 209,000) were purchased from Bo-
heringer Ingheleim (Germany). Sodium dodecyl-
sulphate (SDS), dichloromethane (DCM), 2-
methylpyrrolidone, NaH2PO4 and Na2HPO4

were purchased from Vetec (Brazil).

Preparation of nanoparticles and Process
Yield ( %)

Nanoparticles containing ZnPc were pre-
pared by the solvent emulsification evaporation
method (SEEM) 8. About 100 mg of polymer and
0.1, 0.25 or 0.5 mg of ZnPc were briefly dis-
solved in dichloromethane (DCM). This organic
solution was emulsified by an aqueous PVA (3%
w/w) solution for 10 min using an ultrasonicator
(UP100H, 100 W, 30 kHz, Hielscher, Germany).
The solvent (DCM) was evaporated under re-
duced pressure (Rotavapor, Heidolph, Ger-
many) at room temperature (28 °C). Nanoparti-
cles were purified thrice by a 30 min centrifuga-
tion at 20,000 × g (centrifuge J-25, Beckman,
USA) for 20 min followed by resuspension in

water. The suspension was transferred into a
glass vial and frozen in a liquid nitrogen bath.
Freeze-drying was carried out in a lyophilizer,
yielding powdered nanoparticles. The samples
were stored at room temperature (28 °C) before
analysis. The process yield was calculated by
Equation [1]:

Y(%) = (MNP/MT) × 100 [1]

where: Y(%)-process yield, MNP-mass of
nanoparticles recovered after freeze-drying, and
MT-mass of polymer plus mass of ZnPc in for-
mulation. The encapsulation method was ac-
complished in triplicate (n = 3).

Characterization
Nanoparticles were characterized in terms of

size, polydispersity index (PI) and charge (zeta
potential). The size and PI were determined by
photon correlation spectroscopy using a Zetasiz-
er® 5000 (Malvern instruments, UK). The zeta
potential was measured in a 10–3 M NaCl using
the electrophoretic mode with the Zetasizer®
5000. Morphology was determined by Scanning
Electron Microscopy (SEM) (Stereoscan 440, Le-
ica, Japan). Nanoparticles were fixed on glass
slides and coated with gold prior to examination
by SEM. 

The encapsulation efficiency was determined
by a fluorometric assay. ZnPc was dissolved in
pyrrolidone at 100 µg/ml and diluted with iso-
tonic phosphate saline buffer (PBS) at pH 7.4,
containing 2% sodium dodecylsulphate (SDS).
The analytical curve was prepared in triplicate
(n = 3) covering the range of 20-200 ng/ml. The
standard solutions were excited at 608 nm and
the fluorescence emission spectra recorded be-
tween 650 and 800 nm using a fluorimeter (FP
6500, Jasco, Japan). The intensity of fluores-
cence emission was correlated with the ZnPc
concentration (ng/ml). Ten mg of freeze-dried
nanoparticles were dissolved in 10 ml of 2-
methylpyrrolidone, and 0.5 ml samples were di-
luted with 2% SDS saline buffer (PBS), and mag-
netically stirred for an hour at 28 °C. PLA is in-
soluble in aqueous media and the suspension
obtained was centrifuged at 20,000 × g for 20
min (centrifuge J-25, Beckman, USA). The su-
pernatant was collected and ZnPc content mea-
sured by the intensity of fluorescence emission
as described above. The ZnPc concentrations
were measured from the standard curve. Encap-
sulation efficiency was calculated from Equation
[2]:

EE = (M1/Mt) × 100 [2]
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where: EE-encapsulation efficiency, M1-mass of
ZnPc in nanoparticles, and Mt-mass of ZnPc
used in formulation. The experiments were ac-
complished in triplicate (n = 3).

PVA residual was determined using a com-
plexation method of polymer with iodine in
presence of boric acid 6. Nanoparticles (5 mg)
were dispersed in 5 ml of 2 N NaOH to hydroly-
sis of the polymer and neutralized with 2 N HCl.
The sample (1.6 ml) was added to 6 ml of boric
acid (4%) and 1.2 ml of iodine (1.27% iodine
and 2.5% potassium iodide in water). The ab-
sorbance of the samples was analyzed at 646
nm and residual PVA was measured using a
standard curve.

Releasing studies and kinetic
An amount of PLA nanoparticles containing

50 µg ZnPc was dispersed in 60 ml of 2% SDS
phosphate saline buffer (PBS), pH 7.4, at 37 oC.
The acceptor solution was stirred with a paddle
at a constant rate of 100 rpm, using dissolution
equipment (SR8 Plus, Hanson Research). At giv-
en time intervals, six samples (n = 6) of 3 ml
were withdrawn and centrifuged at 20,000 ×g
for 20 min (centrifuge J-25, Beckman, USA). The
precipitates were re-suspended in 3 ml of fresh
medium and placed in the respective dissolution
vessels. Photosensitizer release from the PLA
nanoparticles was measured by fluorometric as-
say (described above) and the intensity of fluo-
rescence emission was utilized to calculate the
concentrations of ZnPc. Release profile was ob-
tained correlating time versus photosensitizer re-
lease percentage.

The photosensitizer release data obtained
from the PLA nanoparticles were fitted utilizing
the mathematical models of Zero-order, First-or-
der, Higuchi’s model and Hixon-Crowell´s mod-
el 13. Equations of the mathematical modeling
are showed in Table 1. Data were fitted and the
regression linear of the mathematical modeling
was evaluated using R2. The application of the

correct mathematical model allows us analyzed
about release rate, points of dissolution change,
maximal dissolution of the drugs and mecha-
nisms of drug release. 

Toxicity and phototoxicity studies
MCF-7 cells (human breast adenocarcinoma)

were purchased from American Type Culture
Collection (ATCC, USA). The cells were main-
tained in D-MEM, supplemented with 10% FBS,
50 U/ml penicillin G, 50 µg/ml streptomycin,
and 1.0 µg/ml amphotericin B at 37 °C in 5 %
CO2 atmosphere. Aliquots of 2x104 cells were
placed into 96-well dishes in 100 µl of culture
medium and incubated for 24 h at 37 °C in 5%
CO2 atmosphere before dark toxicity and photo-
toxicity studies. Free ZnPc was dissolved with 2-
methylpirrolidone e diluted in culture medium
(0, 1, 2 and 4 µg/ml). Nanoparticles were resus-
pended in culture medium (0, 1 2 and 4 µg/ml
ZnPc). The MCF-7 cancer cells were washed
and incubated with ZnPc free or loaded in
nanoparticles (0, 1, 2 and 4 µg/ml ZnPc), for 2 h
at 37 °C. The cells were then washed and irradi-
ated with red light (675+nm) for 120 s and light
dose of 20 J/cm2. Irradiation was performed by
a laser (Photon Lase I, DMC). After light expo-
sure, the cellular culture was incubated for 24 h
at 37 °C in a 5% CO2 atmosphere and the cellu-
lar viability was determined by MTT assay. The
dark toxicity and light phototoxicity (0-100
J/cm2) was also determined. The cellular viabili-
ty was determined by 3-(4,5 dimethyl-thiazol-2-
yl-2,5 biphenyl) tetrazolium bromide (MTT).
This assay is based on the reduction of the solu-
ble MTT to insoluble formazan (purple) pro-
duced by the mitochondrial dehydrogenases
present only in living, metabolically active cells.
Soon, after removal from the cellular medium, a
50 µl of MTT solution (1 mg/ml) was added to
each well and incubated for 3 h. Then, the for-
mazan crystals were dissolved by adding 200 µl
of DMSO to each well. The absorbance was de-
termined at 595 nm by a microplate reader. For
each sample, the average cellular viability was
calculated from the data of ten wells (n = 10)
and expressed as a percentage, compared to un-
treated cells (100%). 

Comparison of the mean optical density be-
tween untreated (100%) and treated cells 24 h
after PDT allowed the evaluation of phototoxici-
ty of ZnPc-loaded nanoparticles in relation to
the free photosensitizer. The influence of differ-
ent parameters on the phototoxicity in vitro was
investigated by variation: (i) concentration of

Function Equation

Zero order F=k0t

First order ln (1-F)=-kft

Higuchi F=kHt1/2

Hixon-Crowell model 1-(1-F)1/3=k1/3t

Table 1. Applied mathematical models to the data re-
lease of the photosensitizer loaded in nanoparticles. F
denotes fraction of drug released up to time t. k0, kf,
kH, k1/3,k1/2, k2/3 are constants.
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ZnPc free and loaded nanoparticles (0-4 µg/ml),
(ii) incubation period of the cell with formula-
tions (0.5-4 h) and (iii) light dose (0-30 J/cm2).

Statistical analysis
Results were expressed as mean ± SD (stan-

dard deviation). The t-test was performed to
compare the formulations: ZnPc free and loaded
in nanoparticles or ZnPc loaded in Resomer®
R203 nanoparticles and Resomer® R207
nanoparticles. The significance of the differ-
ences of the phototoxicity studies was calculat-
ed and values of p<0.05 were considered as sig-
nificant. All analyses were run using the Graph-
pad Instat statistical program.

RESULTS AND DISCUSSION
To evaluate the effect of the PLA on the

nanoparticles characteristics, two polymers were
selected: Resomer® R203 and R207. The
nanoparticles were prepared with or without a
photosensitizer. Resomer® R203 was loaded
with 100, 250 or 500 µg of ZnPc and R207 was
loaded with 250 and 500 µg of the photosensi-
tizer. Table 2 shows the influence of the PLA
and photosensitizer amount on the nanoparti-
cles characteristics. Satisfactory process yields
were obtained (> 60%). The method produced
nanoparticles of diameter range between 200
and 300 nm with an excellent polydispersity in-
dex (PI < 0.1). Resomer® R203 produced parti-
cles smaller than R207. Unloaded nanoparticles
are smaller than the ZnPc-loaded nanoparticles.
The zeta potential was negative (-12 to -19 mV)
for all the formulations. High encapsulation effi-
ciency was obtained utilizing 100 µg of the pho-
tosensitizer loaded in Resomer® R203 nanopar-
ticles (>80%). Excellent (> 71%) and satisfactory
(> 60%) encapsulation efficiency were obtained
utilizing 250 and 500 µg of the photosensitizer,
respectively (Table 2). 

Sample Polymer ZnPc Size (PI) * b Zeta potential PVA*** E.E. Yield
(µg) (nm) a (mV) b (%, w/w) b ( %)** a (%) a

1 RES 203 - -12.3 5.2 198±7 (0.10) - 70±1.8

2 100 -13.5 6.3 217±9 (0.07) 83.6±4.2 64±1.5

3 250 -15.4 5.8 205±11 (0.10) 77.5±3.6 63±1.5

4 500 -13.7 7.7 225±6 (0.09) 61.5±2.8 71±3.6

5 RES 207 - -14.5 6.7 227±8 (0.06) - 72±1.5

6 250 -18.2 7.3 265±4 (0.08) 71.6±1.6 62±1.7

7 500 -15.3 6.5 268±7 (0.07) 60.6±1.6 64±1.7

Table 2. Characterization of photosensitizer loaded in nanoparticles. a: Mean ± S.D. n = 3 determinations; b:
Mean n = 3 determinations; * PI - Polydispersity Index; ** E.E.: Encapsulation Efficiency; *** Residual PVA in PLA
nanoparticles ( %, w/w).

The morphology of the nanoparticles con-
taining 250 µg of ZnPc was examined by SEM
and is shown on Figure 1. The PLA nanoparti-
cles have spherical shape, smooth regular sur-
face. The kind of PLA did not influence in the
nanoparticles morphology.

The residual PVA of the nanoparticles is
shown in Table 2. The purification method re-
moves free polymer (>92%), however, a residual
amount remains on the nanoparticles. PVA is a
biocompatible polymer but its administration on
blood circulation should be minimized. A small
amount can help resuspension of the nanoparti-
cles in water after liofilization. 

Figure 1. Scanning electronic micrograph from 250 µg
of ZnPc-loaded PLA nanoparticles: A) Resomer® R203
and B) Resomer® R207.
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The in vitro release studies are showed in
Figure 2A. Photosensitizer exhibited a slow re-
lease from nanoparticles in a period of 72
hours. ZnPc release profiles from Resomer®
R203 nanoparticles produced with 100, 250 or
500 µg of the photosensitizer are similar (Fig.

Release mathematical models Parameters 1 2 3 4 5

Zero order R2 0.9381 0.9472 0.9464 0.9552 0.9693

First order R2 0.9561 0.9621 0.9615 0.9612 0.9728

Higuchi R2 0.9936 0.9943 0.9940 0.9849 0.9813

Hixon-Crowell model R2 0.9505 0.9574 0.9565 0.9593 0.9717

Table 3. Squared correlation coefficient (R2) obtained after linear regression of the release data utilizing four
mathematical models. R2: squared correlation coefficient; 1: ZnPc-loaded Resomer® R203 nanoparticles (photo-
sensitizer mass of 100 µg); 2: ZnPc-loaded Resomer® R203 nanoparticles (photosensitizer mass of 250 µg); 3:
ZnPc-loaded Resomer® R203 nanoparticles (photosensitizer mass of 500 µg); 4: ZnPc-loaded Resomer® R207
nanoparticles (photosensitizer mass of 250 µg); 5: ZnPc-loaded Resomer® R203 nanoparticles (photosensitizer
mass of 500 µg).

Figure 2. Release profile of ZnPc from PLA (Reso-
mer® R203 and 207) nanoparticles (A) and Regres-
sion linear of the release data utilizing the Higuchi’s
model (B).  Release studies were carried out in 60 ml
of isotonic PBS (pH 7,4) containing 2% SDS, at 37 °C,
agitation using paddle at a constant rate of 100 rpm.
Each point represent the mean ± S.D. of n = 6 deter-
minations.

2A). The increase of the concentration of the
photosensitizer (100 to 500 µg) decreased the
encapsulation efficiency and did not modify the
photosensitizer release profile (Figure 2A). Simi-
lar results were obtained with R207. 

Resomer® R207 nanoparticles have slower
ZnPc release rate than R203. The results are sim-
ilar to the results observed in the previous
works with others drugs. Docetaxel was loaded
in Resomer® R203 or R207 nanoparticles.
Nanoparticles were added directly to the disso-
lution medium in the release studies. Docetaxel
release rate from Resomer® R207 nanoparticles
was slower than release rate from Resomer®
R203 nanoparticles. A sustained release profile
was observed and nearly 80% of the drug was
release from nanoparticles in 340 h 14.

Several mathematical models have been es-
tablished to describe the drug release kinetics,
and they are used to understand the mechanism
of drug release from system 13,15. Zero-order ki-
netics can be used to describe the drug release
from several types of delivery systems such as
matrix tablets for drugs with low solubility 16

and osmotic systems, where drug release would
be directly proportional at time. First-order ki-
netics 17,18 can describe the release profile from
the delivery systems containing hydrophilic
drugs dispersed in porous matrices, where
drugs would be release at the rates proportional
to the amounts of drug remaining in the interior
of the delivery system 15,19. Higuchi’s model 20

has been based on the Fick’s low where the re-
lease occurs by the diffusion of drugs within the
delivery system. In this case, the cumulative re-
leased amount is proportional at square root of
time gives the straight line. Hixson-Crowell’s
cube root model 21 can be applied to the deliv-
ery systems whose drug release rate is propor-
tional to the surface area of the system such as
the erosion-dependent release systems 22,23. As
shown in Table 3, Higushi’s model gave the
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highest value of the squared correlation coeffi-
cient (R2), indicating that this mathematical
model would be the most suitable model for de-
scribing the release of the photosensitizer from
PLA nanoparticles. Figure 2B show the linear re-
gression of the release data obtained utilizing
the Higuchi’s model. This result suggests that
the release of the photosensitizer from PLA
nanoparticles is controlled by the diffusion.
From these results, the mechanism of the photo-
sensitizer release from PLA nanoparticles can be
considered as follows: 1) water penetrates into
polymeric matrix of the nanoparticles through
porous slowly dissolving the photosensitizer, 2)
zinc phthalocyanine is released by diffusion to
acceptor solution and 3) photosensitizer is hy-
drophobic and accumulates into SDS micelles.

Nanoparticles have been chosen as vehicles
for delivery of photosensitizers because: they
can transport hydrophobic drugs in blood, their
large surface area can be modified with func-
tional groups for additional chemical/biochemi-
cal properties, they have large volumes of distri-
bution and are generally taken up efficiently by
cells and controlled release of the drug is possi-
ble 24,25.

No toxicity was observed in controls where
cells were incubated with polymeric nanoparti-
cles without photosensitizer. No dark toxicity of
ZnPc free or loaded in Resomer® R203 or R207
nanoparticles was detected in the range of 0.5
to 4 µg/ml (figure not shown). Light alone (0-
100 J/cm2) was also harmless to the cells (not
shown).

The phototoxicity of different concentrations
of free ZnPc and loaded in Resomer® R203 and
R207 nanoparticles was evaluates in cancer cells
culture and compared with free photosensitizer.
For all studied formulations, cell viability de-
creased with increase in the photosensitizer
concentrations in the range of 1 to 4 µg/ml. No
phototoxicity was observed at 0.5 µg/ml (Fig.
3). From the range 1 to 4 µg/ml, ZnPc-loaded
Resomer® R203 nanoparticles exhibited a pho-
totoxicity significantly higher than free photo-
sensitizer (p < 0.05) (Fig. 3). ZnPc-loaded Re-
somer® 207 nanoparticles showed phototoxicity
similar to free photosensitizer in the range of 1
to 2 µg/ml and in the concentration of 4 µg/ml
exhibited a phototoxicity significantly higher
than free photosensitizer (p < 0.05). At concen-
tration of 4 µg/ml, ZnPc-loaded Resomer® R203
nanoparticles exhibited a 6 fold higher photo-
toxicity than free photosensitizer. Resomer®

Figure 3. Influence of the photosensitizer concentra-
tion on phototoxicity of free ZnPc or loaded nanopar-
ticles. The cells were incubated for 2 h at equivalent
photosensitizer doses ranging from 0 to 4 µg/ml and
irradiated at a light dose of 20 J/cm2. MTT assay was
performed 24 h after light exposure. Each data point
represents the mean (± S.D.) of n = 10 determina-
tions.

R203 nanoparticles were selected to comple-
mentary studies of light dose and incubation
time.

The in vitro results showed that photosensi-
tizer encapsulation in nanoparticles improved
the phototoxicity. The different phototoxicity of
the free ZnPc in solution and loaded in nano-
particles is explained by the difference in the
cellular localization and aggregation in the dim-
mer form. In solution, free lipophilic photosen-
sitizer is generally up-taken by diffusion across
the plasmatic membrane (lipophilic) leading to
a low intracellular concentration. In aqueous
medium, ZnPc can aggregate in dimmers with
reduction of phototoxic activity. In contrast,
nanoparticles are up-taken by endocytosis by
the cells. Endocytosis of the ZnPc-loaded poly-
meric nanoparticles may lead to higher intracel-
lular concentration of the photosensitizer where-
as free ZnPc, due to its hydrophobic nature,
tends to diffuse passively into the cell mem-
brane, where it is less active. ZnPc exhibited
slow release from nanoparticles preventing the
formation of the dimmers.

The phototoxic effect was influenced by the
polymer molecular weight. Resomer® R203
nanoparticles was more efficient than R207 (Fig.
4). In this case, Resomer R203 and R207
nanoparticles possess similar characteristics in
terms particle size, negative zeta potential, mor-
phology and encapsulation efficiency. However,
nanoparticles produced with Resomer® R203
(small molecular weight) have a higher release
rate and thus phototoxic effect.
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The phototoxicity efficiency of ZnPc loaded
in nanoparticles is dependent on the polymer
nature. Resomer® R203 (PLA) and PLGA have
different characteristics such as hydrophilicity,
water accessibility, drug release rate, matrix ero-
sion rate and polymer degradation rate. Ricci &
Marchetti 8 loaded ZnPc in PLGA nanoparticles
utilizing SEEM and the development system was
able to inactivate 60% of the P388-D1 cells in
culture medium after phototherapy. The cancer
cells were incubated with nanoparticles corre-
sponding at 2.89 µg/ml of ZnPc by 6 h and illu-
minated with light (675 nm) by 120 s and light
dose of 30J/cm2. ZnPc loaded in Resomer®
R203 nanoparticles produced by SEEM inactivat-
ed 83% of the MCF-7 cells. The photoretapy
conditions were incubation with nanoparticles
corresponding at 2 µg/ml of ZnPc by 2 h and il-
luminated with light (675 nm) by 120 s and light
dose of 20J/cm2. The nanostructured system
produced with Resomer® R203 was more effi-
cient because utilized small photosensitizer con-
centration and light dose.

The influence of incubation period and light
dose on the phototoxicity was evaluated at a
concentration of 1 µg/ml for incubation times
ranging from 0.5 to 4 h and light doses from 0
to 30 J/cm2. The incubation time reflects the ki-
netics of cellular uptake of the dye or delivery
system, short incubation time may suggest a
rapid uptake of the nanostructured systems by
cancer cells 6. At 1 µg/ml, the first phototoxicity
was observed after 2 h of incubation for both
studied formulations (Fig. 4). A significant differ-
ence on the cell viability was observed between

Figure 4. Influence of incubation time on photoactivi-
ty of free ZnPc and loaded Resomer® R203. The cells
were incubated for increasing incubation times (30
min to 4 h), at an equivalent drug dose of 1 µg/ml,
and irradiated at a light dose of 20 J/cm2. MTT assay
was performed 24 h after light exposure. Each data
point represents the mean (±S.D.) of n = 10 determi-
nations.

Figure 5. Influence of light dose on phototoxicity of
free ZnPc and loaded RES 203. The cells were incu-
bated for increasing incubation times 2 h, at an
equivalent drug dose of µg/ml, and irradiated at a
light dose from 0 to 30 J/cm2. MTT assay was per-
formed 24 h after light exposure. Each data point rep-
resents the mean (±S.D.) of n = 10 determinations.

1 and 2 h (p < 0.05) and 2 and 4 h (p < 0.05).
In the incubation time of 2 or 4 h, ZnPc-loaded
Resomer® R203 nanoparticles exhibited a pho-
totoxic effect significantly higher than free pho-
tosensitizer (p < 0.05) (Fig. 4). No phototoxicity
was observed to incubation time of 0.5 and 1 h
evidencing a low cellular uptake of the ZnPc
free or nanostructured system. ZnPc is photoac-
tive after cellular uptake and accumulate in plas-
matic membrane, mitochondria, nucleus and lis-
sosome. Phototoxicity was observed after 20
J/cm2 exhibiting a phototoxic effect significantly
higher than free photosensitizer (p < 0.05) (Fig-
ure 5). No phototoxic effect was observed be-
low 10 J/cm2. The incubation time might be
even shortened by increase of the light dose
from 20 to 30 J/cm2 since the phototoxicity of
ZnPc loaded in nanoparticles was improved at 2
h of incubation compared with the free photo-
sensitizer (Fig. 5). A rise in the light dose 1.5
times is enough to increase 4 times cell death.
High percentage of cellular death (85%) may be
achieved utilizing long incubation time (4 hours
incubation, 20 J/cm2) or rise dose light (30
J/cm2, 2 hours incubation).

CONCLUSION
The nanoencapsulation method was suitable

for the preparation of PLA nanoparticles. Photo-
sensitizer has a slow release from nanostruc-
tured systems. Encapsulation of ZnPc in the PLA
nanoparticles improved its in vitro phototoxicity.
The phototoxicity was influenced by the PLA
and photodynamic parameters such as incuba-
tion period, light dose and drug concentration.
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Low photosensitizer concentration of ZnPc load-
ed in Resomer R203 nanoparticles was required
to obtain an excellent phototoxicity after pho-
totherapy. ZnPc loaded in Resomer® R203
nanoparticles were more phototoxic than free
photosensitizer and loaded in Resomer® R207
nanoparticles. Phototoxic effect of the free ZnPc
or loaded in Resomer® R203 nanoparticles was
improved by the increase of the incubation peri-
od and light dose. All the photobiological mea-
surements performed allow us conclude that
ZnPc-loaded Resomer® R203 nanoparticles is a
promising photosensitizer delivery system for
the photodynamic therapy.
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