
Photosensitization of lymphoblastoid cells with phthalocyanines at di¡erent
saturating incubation times

E.R. Gomes1, T. Cruz1,3, C.F. Lopes1,3, A.P. Carvalho1,2 and C.B. Duarte1,2
1Center for Neuroscience of Coimbra, 2Department of Zoology and 3Faculty of Pharmacy, University
of Coimbra, Coimbra, Portugal

Received: 19 June 1999; accepted 20 September 1999

Keywords: aluminum phthalocyanine, cell damage, photodynamic therapy, phthalocyanine uptake

Abstract

Photodynamic therapy of cancer is a promising treatment based on the tumor-speci¢c accumula-
tion of photosensitizers followed by irradiation with visible light which induces tumor cell death.
The e¡ect of di¡erent preincubation times on the photosensitization e¤ciency of the phthalo-
cyanines AlPc and AlPcS4 was investigated in lymphoblastoid CCRF-CEM cells under conditions
that allow maximal uptake of the sensitizers. First, the time course for the uptake of AlPcS4 and
AlPc by CCRF-CEM cells and by the pheochromocytoma PC12 cells was compared. The uptake of
AlPcS4 by CCRF-CEM cells was not signi¢cantly di¡erent after 6 h or 24 h incubation, but the
photosensitization e¤ciency of the phthalocyanine was much higher when a 24 h preincubation
period was used, with a £uence rate of 5 mW/cm2. However, for a £uence rate of 10 mW/cm2, the
photosensitization e¤ciency of AlPcS4 was almost completely independent of the preincubation
time (6 h vs. 24 h) with the phthalocyanine. When the cells were preincubated with 1 mmol/L AlPc
for 10 min or 6 h, which allows the same accumulation of sensitizer by the cells, no signi¢cant e¡ect
of the incubation time on the photodynamic inactivation of CCRF-CEM cells was observed, with
£uence rates of 5 mW/cm2 or 10 mW/cm2, for di¡erent light doses. Confocal £uorescence
microscopy studies did not reveal di¡erences in the localization of the phthalocyanines after
maximal uptake was reached. The results show that the preincubation time with AlPcS4, after the
maximal uptake is reached, a¡ects cell growth to an extent depending on the £uence rate used, and
this e¡ect was not due to a major redistribution of the sensitizer during incubation. However, this
was not observed when AlPc was used.

Abbreviations: AlPc, aluminum phthalocyanine; AlPcS, sulfonated aluminum phthalocyanine;
AlPcS2, bisulfonated aluminum phthalocyanine; AlPcS4, tetrasulfonated aluminum phthalo-
cyanine; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; PDT, photodynamic
therapy

Introduction

In photodynamic therapy (PDT) of cancer, a
sensitizer, light, and oxygen are used to induce

death of tumor cells. When the sensitizer
absorbs light, the energy is transferred to
oxygen, generating singlet oxygen that causes
cell damage (Henderson and Dougherty, 1992;
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Moore et al., 1997). Phthalocyanines are a new
generation of photosensitizers for PDT
(Brasseur et al., 1985; Ben-Hur and Rosenthal,
1985), used successfully in clinical trials
(Sokolov et al., 1996). This group of
compounds has several advantages over the
sensitizers currently used, which are based on
hematoporphyrin (Van Lier, 1990; Rosenthal,
1991), including a red-shifted Q-band at 700
nm and the fact that they do not induce skin
photosensitivity.
The uptake of phthalocyanines by tumor

cells is time dependent (Rosenthal et al., 1987;
Gantchev et al., 1994), and the amount of
phthalocyanines taken up by cells in vitro is
correlated with phototoxicity when subsaturat-
ing incubation periods are used (Rosenthal et
al., 1987; Paquette et al., 1988; Margaron et
al., 1996). The intracellular distribution of
polar phthalocyanines may also change when
longer preillumination incubation periods are
used (Bottiroli et al., 1992), and this may be
responsible for di¡erences in the photosensitiz-
ing e¤ciency of these phthalocyanines
(Gantchev et al., 1994). Another important
factor in PDT treatment is the light £uence
rate used, but this parameter has shown
contradictory e¡ects on cell viability depend-
ing on the system used (Gomer et al., 1985;
Ben-Hur et al., 1987; Foster et al., 1993;
Veenhuizen and Stewart, 1995; Moor et al.,
1997). However, the evaluation of the e¡ect of
£uence rates in PDT is di¤cult because di¡er-
ent authors use di¡erent photosensitizers and
illumination techniques, as well as distinct
tumor models and normal tissues.
In the present work we ¢rst compared the

time course for the uptake of AlPcS4 and AlPc
in two di¡erent cell lines, the lymphoblastoid
CCRF-CEM cells and the pheochromocytoma
PC12 cells, which have very di¡erent pheno-
types. We then used CCRF-CEM cells as a
model to investigate the e¡ect of di¡erent
incubation periods (which allowed maximal
uptake of the sensitizer, i.e. the same amount

of sensitizer inside the cell) on the photo-
sensitization e¤ciency of AlPcS4 and AlPc.
These two phthalocyanines have very di¡erent
polarities and, therefore, are distributed inside
the cells in a distinct manner (Peng et al.,
1991). The e¡ect of di¡erent £uence rates
under these conditions was also studied.
Photosensitization was evaluated using the
MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide) colorimetric
assay, which has been used to measure cellular
growth and survival in PDT and other studies
(Mosmann, 1983; Merlin et al., 1992;
Margaron et al., 1996; Allemann et al., 1997).

Materials and methods

Chemicals

Tetrasulfonated aluminum phthalocyanine
(AlPcS4) was kindly provided by Ciba-Geigy
(Basel, Switzerland) and aluminum phthalo-
cyanine (AlPc) was purchased from Acros
Organics (Geel, Belgium). Fetal calf serum
and horse serum were from Biochrom (Berlin,
Germany) and Life Technologies (Paisley,
UK), respectively. All other chemicals were
from Sigma Chemical Co. (St. Louis, MO,
USA) or Merck (Darmstadt, Germany). Cell
lines were from ATCC (Rockville, MO, USA).

Stock solutions of AlPcS4 (10 mmol/L)
(Gantchev et al., 1994) and AlPc (1 mmol/L)
(Ramakrishnan et al., 1989) were prepared in
Na+-medium (140 mmol/L NaCl, 5 mmol/L
KCl, 1 mmol/L CaCl2, 1 mmol/L MgCl2, 5.5
mmol/L glucose, 20 mmol/L HEPES, and 1
mmol/L NaH2PO4, pH 7.4) and dimethyl-
formamide, respectively, and were stored at
^208C, in the dark. At the ¢nal concentration
reached in the culture medium, DMF was not
toxic to the cells (not shown).
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Cell culture

Rat pheochromocytoma PC12 cells were cul-
tured in RPMI-1640 supplemented with 10%
heat-inactivated horse serum, 5% heat-inacti-
vated fetal calf serum (FCS), 23.8 mmol/L
NaHCO3, 25 mmol/L HEPES, 50 U/ml
penicillin, and 50 mg/ml streptomycin, at pH
7.4. The human lymphoblastoid CCRF-CEM
cells were cultured in RPMI-1640 supplemen-
ted with 10% heat-inactivated fetal calf serum,
23.8 mmol/L NaHCO3, 25 mmol/L HEPES,
50 U/ml penicillin, and 50 mg/ml streptomycin,
at pH 7.4. The cultures were maintained at
378C in a humidi¢ed atmosphere of 5% CO2/
95% air.

Incubation of cells with phthalocyanines

CCRF-CEM cell density was kept in the
exponential phase of growth (0.56106 cells/
ml), for 48 h before the experiments. On the
day before the experiments, PC12 cells were
transferred to a culture medium with a compo-
sition identical to that used to culture CCRF-
CEM cells, at a density of 0.76106 cells/ml.
Cell counting was performed using a Coulter
Counter ZF. Phthalocyanines were added to
the cultures (0.56106 cells/ml), directly from
the stock solutions, and the incubation was
performed at 378C, in the dark, under a
humidi¢ed atmosphere of 5% CO2/95% air.

Quanti¢cation of AlPc uptake

The uptake of AlPc by PC12 cells and by
CCRF-CEM cells was measured as described
previously (Chan et al., 1990). After incubation
with the phthalocyanine in culture medium,
the cells were collected rapidly on Whatman
GF/A ¢lters prewashed with 5 ml of Na+-
medium. The ¢lters were then washed with 20
ml ice-cold Na+-medium and allowed to dry.
The ¢lters were placed into vials containing 2
ml of ethanol and incubated overnight at 48C,

in order to extract the intracellular AlPc. The
resulting solutions were centrifuged at 15 800g,
and the absorbance of the supernatants was
measured at 674 nm, using a Perkin-Elmer
Lambda 3B UV/VIS spectrophotometer. The
absorbance due to endogenous intracellular
components was determined by ¢ltering the
same number of cells not preincubated with
AlPc. The binding of AlPc to the ¢lters was
measured by ¢ltering culture medium with the
phthalocyanine but free of cells. The intra-
cellular accumulation of AlPc was determined
by subtracting these values from the absor-
bance measured in cells incubated with the
phthalocyanine. The amount of AlPc taken up
by the cells under each experimental condition
was determined using a calibration curve
prepared with solutions containing di¡erent
concentrations of AlPc in ethanol.

Quanti¢cation of AlPcS4 uptake

After incubation of the cells with AlPcS4, they
were washed twice with ice-cold Na+ medium,
and resuspended in the same medium at 378C.
AlPcS4 £uorescence in the cells was deter-
mined at 378C, under stirring, using a Perkin-
Elmer LS-5B spectro£uorometer, with excita-
tion at 365 nm and emission at 680 nm (10 nm
slits). The £uorescence of the cells not pre-
incubated with the phthalocyanine, at the same
excitation and emission wavelengths, was
measured as a control, and was subtracted
from the £uorescence of cells containing
AlPcS4. The uptake of AlPcS4 was calculated
using a calibration curve, prepared by adding
known quantities of phthalocyanine to control
cell suspensions at 378C.

Irradiation of the cells

The cells (0.56106 cells/ml) were incubated
with 1 mmol/L AlPc for 10 min or 6 h, or with
25 mmol/L AlPcS4 for 6 h or 24 h, in culture
medium. The uptake of phthalocyanines was
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stopped by washing the cells twice with sterile
phosphate-bu¡ered saline (PBS) (150 mmol/L
NaCl, 2.7 mmol/L KCl, 2 mmol/L NaH2PO4,
8 mmol/L Na2HPO4, pH 7.4), at 48C. The cells
were then resuspended in culture medium at
the initial density, and transferred to 48-well
cluster plates. The cells were irradiated at
378C, using an apparatus consisting of a 2000
W tungsten/halogen lamp (Osram, Germany),
with a cut-o¡ ¢lter at 600 nm. Fluence rate was
measured with an OPHIR Nova laser power/
energy monitor equipped with a 2A-SH head
(Ophir Optronics, Israel). After irradiation,
cells were transferred to the incubator and
maintained in cell culture conditions for the
indicated period of time. Cell growth was
evaluated using the MTT assay.

MTTassay

CCRF-CEM cells were incubated with 0.5 mg/
ml MTT for 45 min at 378C, in culture
medium. MTT, when taken up by live cells, is
reduced to a water-insoluble blue-colored
product (Mosmann, 1983). After incubation
with MTT, the cells were centrifuged for 15 s
at 15 800g, and the resulting pellets were
dissolved in a 1:1 mixture of PBS^acidi¢ed
isopropanol (0.04 mol/L HCl). Formazan
quanti¢cation (MTT reduction) was performed
at 570 nm, with a reference ¢lter of 620 nm,
using a Spectra II automatic plate reader (SLT,
Austria). Control experiments revealed that
phthalocyanines taken up by the cells did not
contribute to the absorbance measured at 570
nm (not shown).

Localization studies with confocal microscopy

CCRF-CEM cells (0.56106 cells/ml) were
incubated with 1 mmol/L AlPc for 10 min or 6
h, or with 25 mmol/L AlPcS4 for 6 h or 24 h, in
culture medium. The uptake of phthalo-
cyanines was stopped by washing the cells
twice with sterile phosphate-bu¡ered saline

(PBS) (150 mmol/L NaCl, 2.7 mmol/L KCl; 2
mmol/L NaH2PO4, 8 mmol/L Na2HPO4, pH
7.4), at 48C, and the cells were then resus-
pended in the same bu¡er. Phthalocyanine
£uorescence was then visualized using a 6100
objective, with an MRC600 confocal imaging
system (Bio-Rad Laboratories, Milan, Italy)
linked to a Nikon Optiphot-2 £uorescence
microscope. A krypton/argon mixed laser was
used in combination with a 647 nm bandpass
¢lter (excitation) and a 680 nm longpass ¢lter
(emission). Confocal Assistant software (Bio-
Rad) was used for image processing.

Statistical analysis

Results are presented as means+SEM for the
indicated number of experiments. Statistical
signi¢cance was determined using two-tailed
unpaired Student's t-test, using GraphPad
Prism 2.01.

Results

Phthalocyanine uptake by CCRF-CEM cells
and by PC12 cells

The time course for the uptake of AlPc (1
mmol/L) and AlPcS4 (25 mmol/L) is shown in
Figure 1. The uptake of AlPc was higher in
CCRF-CEM cells than in PC12 cells for each
time investigated, but the maximal uptake of
AlPc was reached after 10 min incubation in
both cell lines (Figure 1a). The accumulation
of AlPcS4 was much slower, the maximal
uptake being observed after 6 h incubation in
both cell lines (Figure 1b). For periods of
incubation longer than 3 h, the uptake of
AlPcS4 by PC12 cells was signi¢cantly higher
than that observed in CCRF-CEM cells.
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Time dependence of AlPcS4-induced
photosensitization in CCRF-CEM cells

Since the uptake and intracellular localization
of tetrasulfonated phthalocyanines is deter-
mined by the incubation period, and this
a¡ects photodynamic inactivation of cells
(Gantchev et al., 1994; Bottiroli et al., 1992),
we investigated the photodynamic e¡ects of
AlPcS4 (25 mmol/L) on CCRF-CEM cells after
preincubating for 6 h or 24 h, which allows
maximal uptake of the phthalocyanine (Figure
1b). The MTT reduction by cells incubated
with phthalocyanines in the absence of light,
or by cells irradiated without phthalocyanines,
was not di¡erent from the MTT reduction by
control cells maintained in the absence of light
and not incubated with phthalocyanines (not
shown). There was a time-dependent increase
in the absorbance of formazan produced by
the reduction of MTT, in the absence of light,
due to cell growth (author's unpublished obser-
vation, see also Mosmann, 1983). Forty eight
hours after seeding CCRF-CEM cells at
0.56106 cells/ml, the slope of the curve
decreased (0 J/cm2, Figures 2 and 3) because
the cells reached the plateau phase of the
growth curve at this time (not shown).

When the cells were incubated with AlPcS4
for 6 h and were irradiated with 5 mW/cm2,
using light doses ranging from 2 to 6 J/cm2

(Figure 2a), there was a small decrease on
MTT reduction, relative to the control, 15^24
h after irradiation but not after 3 h or 48 h. The
same £uence rate (5 mW/cm2) was much more
e¡ective in decreasing MTT reduction by
CCRF-CEM cells, as measured 15^24 h after
irradiation, when the cells were preincubated
with AlPcS4 for 24 h (p50.01) (Figure 2b).

When the £uence rate was increased to 10
mW/cm2 (Figure 2c,d), the phototoxicity was
almost completely independent of the pre-
incubation time with AlPcS4, in contrast to
the results obtained when 5 mW/cm2 was used.
When we compared the photosensitizing
e¤ciency of AlPcS4 on CCRF-CEM cells,
using £uence rates of 5 or 10 mW/cm2, the
most striking di¡erences were found between
cells preincubated with the phthalocyanines for
6 h (Figure 2a,c), and only small di¡erences
were observed between cells preincubated with
the phthalocyanine for 24 h (Figure 2b,d).

Time dependence of AlPc-induced
photosensitization in CCRF-CEM cells

A similar study was performed with the same
cell line, CCRF-CEM cells, but using AlPc.
The cells were incubated with 1 mmol/L AlPc
for 10 min or 6 h, which allows for the uptake
of the same amount of the phthalocyanine
(Figure 1a). The e¡ect of using di¡erent
incubation times with AlPc on cell growth
after irradiation with di¡erent £uence rates
and light doses is shown in Figure 3.

For all light doses tested, the e¡ect of
irradiation on cell growth was nearly indepen-
dent of the preincubation period with the
phthalocyanine when the cells were irradiated
with 5 mW/cm2 (Figure 3a,b) or 3 mW/cm2

(data not shown). When the £uence rate was
increased to 10 mW/cm2 (Figure 3c,d), the
preincubation time with the sensitizer was still

Figure 1. Time course for the uptake of AlPc (1 mmol/L; a) and
AlPcS4 (25 mmol/L; b) by CCRF-CEM (&) and PC12 (~) cells
in culture medium. Cells were exposed to the phthalocyanines
for the indicated periods of time, and the amount of AlPc or
AlPcS4 taken up by the cells was determined as indicated in
Material and Methods. Data are presented as means+SEM of
independent experiments (n= 3^4).Whenever the error bars are
not visible they are contained within the symbols.
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without e¡ect on cell growth, when cells were
irradiated with 4 J/cm2. However, when the
cells were irradiated with 2 J/cm2, using the
same £uence rate, we observed a signi¢cant
di¡erence (p50.001) on MTT reduction 3 h
after irradiation between cells preincubated
with AlPc for 10 min and for 6 h. This
di¡erence decreased 15 h after irradiation
(p50.05) and was not signi¢cant 24 h after
irradiation.
Comparing the e¡ect of £uence rate on cell

growth, using the same preincubation period
with AlPc (Figure 3a vs. Figure 3c and Figure
3b vs. Figure 3d), we observed that the photo-
toxicity was higher when the cells were
irradiated with 10 mW/cm2 than when 5 or 3
mW/cm2 was used.

Localization of phthalocyanines

In order to evaluate whether the e¡ect of the
incubation time on the photosensitizing
e¤ciency of the phthalocyanines was due to
redistribution of the sensitizer after the max-
imal uptake was reached, intracellular localiza-
tion of both phthalocyanines was determined
after 6 h or 24 h incubation with 25 mmol/L
AlPcS4 and 10 min or 6 h incubation with 1
mmol/L AlPc (Figure 4).

The distribution of AlPcS4 was con¢ned to
the cytoplasm of the cells, exhibiting a granular
pattern (Figure 4a,c), and this distribution was
the same for both incubation times (6 h or 24 h).
AlPc distribution was more di¡use throughout
the cell and the pattern was not altered with the
incubation period (Figure 4b,d). Neither
phthalocyanine was localized in the nucleus.

Figure 2. E¡ect of £uence rate and light dose on the growth of CCRF-CEM cells, preincubated with 25 mmol/L AlPcS4 for 6 h (a, c) or
24 h (b, d). Cells were irradiated with di¡erent light doses (&, 0 J/cm2; ~, 2 J/cm2; !, 4 J/cm2;*, 6 J/cm2;^, 8 J/cm2), using £uence
rates of 5 mW/cm2 (a, b) or 10 mW/cm2 (c, d). Cell growth was measured using the MTT assay. Data are presented as means+SEM
from independent experiments (n=4^6).Whenever the error bars are not visible they are contained within the symbols.
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Discussion

In the present work we compared the photo-
toxicity of two di¡erent phthalocyanines,
AlPcS4 and AlPc, in the lymphoblastoid cell
line CCRF-CEM cells; di¡erent preincubation
periods with the phthalocyanine were used,
which allowed maximal uptake of AlPcS4 and
AlPc. The time-dependent uptake of the two
phthalocyanines by the lymphoblastoid
CCRF-CEM cells was compared with the
uptake properties of an excitable cell line, the
pheochromocytoma PC12 cells. Our results
revealed that under conditions of maximal
uptake of AlPcS4, the extent of photosensitiza-
tion was proportional to the length of pre-

incubation period when a £uence rate of 5
mW/cm2 was used. This e¡ect was no longer
observed when a £uence rate of 10 mW/cm2

was used, with AlPcS4 as a sensitizer, or when
AlPc was used. We also showed that these
results apparently were not due to the
redistribution of AlPcS4 after the maximal
uptake was reached, as determined by confocal
microscopy.

AlPc and AlPcS4 are taken up di¡erently by
lymphoblastoid and pheochromocytoma cell
lines

As expected from the di¡erences in the polarity
of AlPc and AlPcS4 molecules, the uptake of
AlPc by the two cell lines was faster than that

Figure 3. E¡ect of £uence rate and light dose on the growth of CCRF-CEM cells preincubated with 1 mmol/L AlPc, for 10 min (a, c) or
6 h (b, d). The cells were irradiated with 5 mW/cm2 (a, b) or 10 mW/cm2 (c, d), using di¡erent light doses (&, 0 J/cm2;~, 2 J/cm2;!, 4
J/cm2; *, 6 J/cm2). Cell growth was measured using the MTT assay. Data are presented as means+SEM from independent
experiments (n= 4^8).Whenever the error bars are not visible they are contained within the symbols.
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of AlPcS4. The rapid uptake of AlPc by
CCRF-CEM cells and by PC12 cells con¢rms
previous observations in three strains of a
mouse lymphoma cell line (L5178Y) (He et
al., 1998; Ramakrishnan et al., 1989). How-
ever, in our experiments the maximal uptake of
AlPc (1 mmol/L) was reached within 1 hour of
incubation, whereas in the V79 cell line the
uptake of AlPc (0.4 mmol/L) reached a plateau
3 h after incubation with the sensitizer (Ben-
Hur and Rosenthal, 1986).
Interestingly, we found that the uptake of

this sensitizer by CCRF-CEM cells was higher
and faster than the accumulation of the
phthalocyanine by PC12 cells (Figure 1a).
These results correlate with previous observa-
tions showing that L5178Y-5 cells, a mouse

leukemia cell line, take up more sulfonated
aluminum phthalocyanine (AlPcS), a hydro-
phobic phthalocyanine, than do EJG-HBP
cells (a bovine endothelial cell line), V79 cells
(Chinese hamster ¢broblasts), and human
peripheral blood lymphocytes (Rosenthal and
Ben-Hur, 1989).

In contrast to what we observed with AlPc,
the uptake of AlPcS4 was higher in PC12 cells
than in CCRF-CEM cells. This could be due to
the fact that sulfonated phthalocyanines are
primarily taken up by endocytosis (Roberts
and Berns, 1989) and this mechanism may be
more e¤cient in PC12 cells. The time-depen-
dent uptake of 25 mmol/L AlPcS4 by CCRF-
CEM cells was well correlated with a study
made with Namalva cells (Burkitt's lymphoma

Figure 4. Localization of AlPcS4 and AlPc after incubation for 6 h (a) or 24 h (c) with 25 mmol/L AlPcS4, or 10 min (b) or 6 h (d)
incubation with 1 mmol/L AlPc. The images are representative of at least two independent experiments. No measurable
auto£uorescence was detected in CCRF-CEM cells not incubated with phthalocyanines (not shown).
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cells) (Gantchev et al., 1994), where it was
observed that the uptake of 20 mmol/L AlPcS4
or 20 mmol/L ZnPcS4 was maximal after 6 h
incubation in culture medium. The uptake of
ZnPcS4 (25 mmol/L) by V79 cells was linear up
to 24 h (Rosenthal et al., 1987), which to some
extent resembles the properties of AlPcS4
uptake by PC12 cells.

The total amount of AlPcS4 taken up by the
cells may have been underestimated due to
aggregation of the phthalocyanine inside the
cell, since in the aggregated form AlPcS4 is not
£uorescent (MacRobert et al., 1989). However,
this is not expected to account for the large
di¡erences between the measured accumula-
tion of AlPc and AlPcS4. Accordingly, after
incubation of V79 cells with 10 mmol/L AlPcS4
for 18 h, only 16% of the intracellular phthalo-
cyanine was found in the aggregated, non-
£uorescent, form (Berg et al., 1989). In less
sulfonated phthalocyanines the percentage of
the dye in the monomeric form decreases with
the decrease in sulfonation (Berg et al., 1989)
and, therefore, the uptake of AlPc by PC12
cells and by CCRF-CEM cells was quanti¢ed
in this study after extraction.
From the uptake studies reported here, we

can conclude that the amount of phthalo-
cyanines taken up by the cells is dependent on
the type of cell line used; however, it is not
clear at the present time why this is so.

Phthalocyanine phototoxicity in CCRF-CEM
cells: e¡ect of preincubation time and of £uence
rate

Using the MTT assay to measure cell growth,
we found that the photosensitizing e¤ciency of
AlPcS4 was dependent on the preincubation
time with the phthalocyanine and on the
£uence rate used. When CCRF-CEM cells
were irradiated with 5 mW/cm2, only minor
damage was detected in cells preincubated with
AlPcS4 (25 mmol/L) for 6 h, even when a light
dose of 6 J/cm2 was used, in contrast to the

results obtained in cells preincubated with the
phthalocyanine for 24 h. Since the amount of
AlPcS4 taken up by the cells in the two
experimental conditions (6 h vs. 24 h) was
similar (Figure 1b), the results suggest that
there may be a redistribution of the sensitizer
during long incubation periods; however, this
was not observed when we looked at the
£uorescence of the intracellular phthalo-
cyanines by confocal microscopy (Figure 4).
The localization of the phthalocyanines is
important for photosensitization since this
process is thought to be due to formation of
singlet oxygen (Rosenthal and Ben-Hur, 1995),
which can di¡use less than 0.1 mm because of
its short lifetime (Moan, 1990).

Fluorescence microscopy studies revealed
that after incubation of the melanoma cell line
LOX with AlPcS4 (1^100 mmol/L), for 18 h,
the phthalocyanine is localized in lysosomes
(Moan et al., 1989; Peng et al., 1991). How-
ever, in that study it was not investigated how
the intracellular distribution of the phthalo-
cyanine changed with the incubation time. The
£uorescence pattern of human embryonic
epithelium cells incubated with bisulfonated
aluminum phthalocyanine (AlPcS2), for 30
min, characterized by both bright £uorescence
spots and a di¡use £uorescence, was found to
change when the cells were incubated with the
phthalocyanine for 16 h (Bottiroli et al., 1992).
In the latter experimental conditions, brighter
and localized £uorescence spots were observed
in an endocytic compartment, whereas the
di¡use £uorescence was rather low. It is possi-
ble that in our experimental conditions,
although the images obtained did not reveal
any alteration in the subcellular distribution of
the sensitizer with the incubation time, short
incubation periods with AlPcS4 may not allow
the sensitizer to reach its main target; longer
incubation periods may allow microenviron-
mental alterations on AlPcS4 localization
and/or interaction with cellular components,
increasing the photosensitization e¤ciency.
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When a £uence rate of 10 mW/cm2 was
used, the photodynamic e¤ciency of AlPcS4
was no longer strictly dependent of the pre-
incubation period with the phthalocyanine;
only a small e¡ect was detected for the higher
light-doses employed. In an ideal situation,
where the photophysical properties of the
sensitizer are not altered during irradiation,
the £uence rate is proportional to the rate of
formation of the triplet state of the sensitizer
and this formation is proportional to the rate
of singlet oxygen production. In this same ideal
situation, the light dose is proportional to the
total amount of singlet oxygen produced.
Therefore, the concentration of singlet oxygen
is increased during irradiation using 10 mW/
cm2, as compared with 5 mW/cm2, although
the total amount produced is the same for the
same light dose. If the same mechanism applies
to intact cells, the increase in the concentration
of singlet oxygen, when higher £uence rates are
used, could be su¤cient to induce irreparable
cell damage, even when the phthalocyanine is
not located in the more sensitive loci.
When the cells were preincubated for 24 h

with AlPcS4, the increase of £uence rate from 5
mW/cm2 to 10 mW/cm2 induced a small
increase of cell death, as measured 24 h after
irradiation. This is probably due to the fact that
AlPcS4 was already located in a very sensitive
locus and, therefore, the singlet oxygen
concentration produced using a £uence rate of
5 mW/cm2 was su¤cient to induce cell death.
The di¡erences obtained regarding the

photosensitizing e¡ect of AlPcS4, depending
on the preincubation time, could also be due to
di¡erent states of aggregation of the sensitizer
inside the cell, as suggested previously (Mar-
garon et al., 1996).When the cells are incubated
with AlPcS4 for 24 h, the amount of sensitizer in
the monomeric form may increase, and this
may increase singlet oxygen production after
irradiation. However, this is not in agreement
with the observation that the £uorescence of
intracellular monomeric AlPcS4 was not

signi¢cantly di¡erent in cells preincubated with
the phthalocyanine for 6 h or for 24 h.

Taken together, our results with AlPcS4
show that CCRF-CEM cells can tolerate a
certain level of oxidative stress, such as that
caused by irradiation using a £uence rate of 5
mW/cm2, upon incubation with the phthalo-
cyanine for 6 h. A higher photosensitization
e¤ciency can be achieved by increasing the
incubation time with the phthalocyanine and/
or by enhancing the £uence rate. The former
mechanism may be necessary for the sensitizer
to reach the loci where singlet oxygen is
e¤cient in inducing cell death, whereas the
latter process increases the rate of production
of singlet oxygen.

When we incubated the cells with AlPc no
signi¢cant e¡ect of the incubation time was
observed when cells were irradiated with 3
mW/cm2 (data not shown), 5 mW/cm2 or 10
mW/cm2 (Figure 3), under conditions where
maximal uptake of the phthalocyanine was
achieved. This is perhaps related to the fact
that this phthalocyanine is di¡usely distributed
in the cytoplasm of the cells when observed
with confocal microscopy (Figure 4; see also:
Ben Hur et al., 1992; Malham et al., 1996).
Indeed, since AlPc is very hydrophobic, it is
probably embedded in the lipids of the cell.
This sensitizer has a very fast uptake since the
maximal concentration inside the cell was
achieved after 10 min incubation (Figure 1)
and the mechanism of uptake is possibly by
simple di¡usion through the cell membrane
(Ben-Hur and Rosenthal, 1986). Therefore, no
di¡erence in its location inside the cell was
observed with the di¡erent incubation periods
used (Figure 4). In the experiments where AlPc
was used, photosensitization was in£uenced
mostly by the £uence rate used. Interestingly,
our results are in contrast with a recent
publication where a decrease in the e¤cacy of
PDT with AlPc was observed for lympho-
blastic cell lines as the incubation time was
increased (He et al., 1998).
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Conclusions

The results show that the preincubation time
with AlPcS4 a¡ects photosensitization for the
lower £uence rate used under conditions where
the same amount of the phthalocyanine was
taken up by the cells. However, increasing the
£uence rate reduced the e¡ect of the preincu-
bation time on cell damage. Photosensitization
with AlPc was a¡ected by the £uence rate but
not by the preincubation period with the
phthalocyanine. These e¡ects did not appear
to be due to redistribution of the sensitizer
inside the cells after the maximal uptake was
reached, as observed by confocal microscopy.
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