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ABSTRACT

A new 5,10,15,20-tetra-(phenoxy-3-carbonyl-1-amino-naphthyl)-

porphyrin was prepared by an isocyanate condensation reaction

and its photophysical properties fully evaluated, both in terms of

photostability and singlet oxygen production. It shows consid-

erably enhanced photostability when compared with the parent

5,10,15,20-tetra-(3-hydroxy-phenyl)-porphyrin, with the photo-

degradation quantum yields for T(NAF)PP and T(OH)PP being

4.65 · 10)4 and 5.19 · 10)3, respectively. Its photodynamic

effect in human carcinoma HT-29 cells was evaluated. The new

porphyrin showed good properties as a sensitizer in photody-

namic therapy with an in vitro cytotoxicity IC50 value of

6.80 lg mL)1 for a 24 h incubation. In addition to the potential

of this compound, the synthetic route used provides possibilities

of extension to a wide range of new sensitizers.

INTRODUCTION

Cancer is a major public health problem that affects millions of
people worldwide. The techniques most commonly used in

cancer treatment are surgery, chemotherapy and radiotherapy,
but other techniques, like photodynamic therapy (PDT), are
showing promising results in the treatment of certain types of

cancer, in particular in the treatment of melanomas, oesoph-
ageal and retinal cancers (1–4).

The PDT approach consists in the administration of a

photosensitizer that becomes concentrated in tumor cells.
Upon light absorption, the photosensitizer undergoes excita-
tion to the singlet state (S1) and subsequently, by intersystem

crossing, forms the triplet excited state (T1). The photosen-
sitizer triplet state can then either participate in a one-
electron oxidation-reduction reaction (Type I photoprocess)
with a neighboring molecule, producing free radical interme-

diates that may react with oxygen to generate various
reactive oxygen radical species, or can transfer energy to
ground state oxygen (Type II photoprocess), generating the

highly cytotoxic singlet molecular oxygen, that may destroy
tumor cells, where the sensitizer accumulates preferentially
(5,6).

PDT is one of the most important applications of porphy-

rins and their derivatives. These molecules have shown
excellent properties as photosensitizers that make them ideal
candidates for medical applications in PDT, with some already

being in clinical use (7). The importance of porphyrins and
related compounds as therapeutic agents in PDT has increased
significantly over the last few years. They have high affinity
and toxicity for tumor tissues, high photostability, photo-

dynamic activity and intense absorption in a region where
biological tissues are relatively transparent (600–800 nm) (8,9).
Recently, studies have shown the potential of meso-tetra-

phenylporphyrin (TPP) derivatives for use in PDT, because of
their high selectivity in tumoral tissues (10). The clinically
approved Foscan�, a light sensitive drug that contains

temoporfin (5,10,15,20-tetra-(3-hydroxy-phenyl)-chlorin) is
an example. Naphthyl-isocyanate (NAF) is an aromatic
compound with numerous applications in the chemical indus-
try, in particular for polymer synthesis. In addition, recent

studies showed its potential application in medicine as a
therapeutic agent. In fact, in vitro studies showed that NAF
participates actively in the formation of reactive oxygen

species, having a toxic effect on cells (11,12). Following our
previous work on medicinal chemistry (13–15) and PDT
(16,17), we have designed a new macrocyclic molecule with the

expectation that, by connecting both porphyrin and NAF
characteristics, we may obtain a good PDT effect, through the
possibility of two different modes of excitation, arising from

the porphyrin macrocycle and the peripheral naphthyl groups,
therefore improving the therapeutic response for the same
molar doses. As with the related meso tetra-(4-(N-methyl-N-9-
anthracenyl-methyl)-sulfamoylphenyl)-porphyrin (18), both

singlet and triplet energy transfer pathways exist from the
naphthalene moieties to the porphyrin. In addition, the
naphthyl groups may act to stabilize the system with respect

to photodegradation.

MATERIALS AND METHODS

Reagents. All reagents used in the synthesis of the new porphyrin were
synthesis grade, purchased from commercial sources and used as
received. Solvents were purified by standard methods before use. Most
reagents used in cell culture, such as RPMI-1640, the penicillin ⁄ strep-
tomycin mixture, Trypan Blue and 3-[4,5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide (MTT), were obtained from Sigma-
Aldrich. Fetal calf serum (FCS) was obtained from Invitrogen.
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Methods. Reaction progress was monitored by UV–visible (UV–
Vis) absorption spectroscopy, using a Jasco V-530 spectrometer, and
thin-layer chromatography (TLC) on silica gel 60 F254 (Merck) with
detection by UV–Vis. Silica gel H (Fluka) was used for preparative
TLC. NMR experiments were carried out on a Bruker-AC200
instrument and recorded at 500 MHz. Mass spectra (ESI ⁄MALDI ⁄
TOF+) were measured on a Varian VG7070C spectrometer.

Synthesis. The new derivative of 5,10,15,20-tetra-(3-hydroxy-
phenyl)-porphyrin (T(OH)PP) was obtained from the reaction of this
porphyrin with NAF (Fig. 1). The parent T(OH)PP used as starting
material was synthesized in our laboratory by the Rothe-
mund ⁄Adler ⁄Longo method (16) and gave spectroscopic data in full
agreement with the literature (19). The synthesis of 5,10,15,20-tetra-
(phenoxy-3-carbonyl-1-amino-naphthyl)-porphyrin (T(NAF)PP) was
carried out in tetrahydrofuran (12 mL) in the presence of K2CO3 (3 g,
0.02 mol) using T(OH)PP (55 mg, 0.08 mmol) and NAF (54 mg,
0.32 mmol), following a standard procedure for the general alcohol ⁄
isocyanate coupling (20).

Preparative TLC (SiO2 ⁄CH2Cl2) and precipitation in n-hexane, to
remove remnants of NAF, allowed the isolation of the T(NAF)PP
(0.02 mmol, 25%). 1H-NMR (CDCl3 ⁄TMS): d 9.15 (s, 4H, aminocar-
bonyl group), 7.80–8.29 (m, 28H, naphthyl group), 7.19–7.67 (m, 16H,
meso porphyrin phenyl groups), 6.44 (s, 8H, b-pyrrolic positions of
porphyrin), )2.10 (s, 2H, NH inner pyrrole hydrogens). MS calculated
for C88H58N8O8 (M

+) 1355.45, found 1354.80 (the mass spectrum of
T(NAF)PP can be found in Fig. S1 of the Supporting Information).

Photophysical studies. Toluene was used as solvent in the photo-
physical characterization of T(NAF)PP. The ground-state absorption
and fluorescence spectra were recorded at room temperature with a
Shimadzu UV-2100 spectrophotometer and a Horiba-Jobin-Yvon-
SPEX Fluorolog 3-22 spectrofluorometer, respectively. Fluorescence
spectra were corrected for the wavelength response of the system.
Fluorescence quantum yields were determined using 5,10,15,20-tetra-
phenylporphyrin (TPP) in toluene (FF = 0.11) as standard (21).

Flash photolysis experiments were performed with an Applied
Photophysics LKS.60 flash kinetic spectrometer pumped by the third
harmonic (355 nm) of a Nd:YAG laser (Spectra-Physics Quanta Ray
GCR 130). The monitoring light was produced by a 150 W pulsed Xe
lamp. Signals were detected with a Hamamatsu IP28 photomultiplier
and transient spectra were obtained by monitoring the absorbance
change at 10 nm intervals over the 300–700 nm range.

Singlet oxygen (1Dg) yields and lifetimes were obtained by direct
measurement of the phosphorescence at 1270 nm using an adaptation
of the LKS.60 spectrometer. The singlet oxygen emission at room
temperature was detected using a Hamamatsu R5509-42 photomulti-
plier, cooled to 193 K in a liquid nitrogen chamber (Products for
Research, model PC176TSCE005), following excitation (355 nm) from
a Nd:YAG laser of an aerated solution of the porphyrin

(A355 nm = 0.25) in toluene. The modification of the spectrometer
involved the interposition of a Melles Griot dielectric mirror
(08MLQ005 ⁄ 345) that reflects more than 99.5% of the incident light
in the 610–860 nm range, and a Schott RG665 filter. A 600 line
diffraction grating was mounted in place of the standard spectrom-
eter one to extend spectral response to the infrared. The filters
employed are essential in eliminating from the infrared signal all the
first harmonic contributions of the sensitizer emission in the 500–
800 nm range.

The photostability of the porphyrins T(NAF)PP and T(OH)PP was
evaluated by determining their photodegradation quantum yields using
azobenzene as actinometer. Light of wavelength 420 nm was used and
was selected from the 450 W xenon arc lamp of a Horiba-Jobin-Ivon
SPEX Fluorolog 3-22 spectrometer using a monochromator. Acti-
nometry for quantum yield measurements used a solution of azoben-
zene in cyclohexane taking the value 0.40 for the quantum yield of its
cis–trans photoisomerization on excitation at 420 nm (22). Quantum
yields were determined by monitoring the change in absorbance as a
function of irradiation time at the appropriate analytical wavelengths
(444 nm for azobenzene and 514 nm for the porphyrins), using the
expression:

U1

U2
¼ dA1=dt

dA2=dt

e2
e1

g21
g22

where F1 is the quantum yield of cis–trans photoisomerization of
azobenzene, F2 is the quantum yield of photodegradation of the
porphyrins, dAn ⁄ dt are the respective slopes of plots of absorbance as
a function of irradiation time, e1 is the difference between the molar
absorption coefficients of the cis and trans isomers of azobenzene (1140
and 490 MM

)1 cm)1, respectively, at 436 nm), e2 is the molar absorption
coefficient of the porphyrins (2.02 · 104 and 2.06 · 104 MM

)1 cm)1 at
514 nm, for T(NAF)PP and T(OH)PP, respectively) and g1 and g2 are
the refractive indexes of cyclohexane and toluene, respectively.

Cell culture. Cells from the HT-29 cell line were used throughout
this study. This epithelial-like adherent human cell line from a primary
colorectal adenocarcinoma was obtained from the American Type
Culture Collection (ATCC; Manassas, VA; ATCC no. HTB-38). Cells
were cultured as monolayers at 37�C in a humidified atmosphere of
95% air:5% CO2, in RPMI-1640 medium, supplemented with 10%
FCS, 100 U mL)1 penicillin and 100 mg mL)1 streptomycin. Cells
were always in the logarithmic phase of growth, with a duplication
time of 24 h.

Porphyrin treatment. Porphyrins were dissolved in dimethyl sulfox-
ide (DMSO) and the resulting solutions (1 lg mL)1) were sterilized
through a 0.2 lm filter before use. To allow for proper cell attachment,
the porphyrin solutions were only added to the cultures in complete
medium 24 h after seeding. The volume of porphyrin solution added
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Figure 1. Scheme of the synthesis of 5,10,15,20-tetra-(phenoxy-3-carbonyl-1-amino-naphthyl)-porphyrin (3) from 5,10,15,20-tetra-(3-hydroxy-
phenyl)-porphyrin (1) and naphthylisocyanate (2).
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was always £5% of the total volume and the final concentration of
DMSO was always 0.5% (vol ⁄ vol). Control cultures, established and
processed in parallel, received the same amount of the addition vehicle
(DMSO) as the treated cultures did. Treatments were always carried
out in the dark.

Cytotoxicity screening. For the initial cytotoxicity (dark toxicity)
screening, cultures were subjected to a 24 h treatment with the
specified concentration of the porphyrins under study. The effect of
each treatment on the viability of the cultures was determined
immediately after the treatment by Trypan Blue dye exclusion, which
distinguishes between live and dead cells based on the integrity of their
plasma membrane. Briefly, cells were seeded in 6-well plates at 20 000
cells cm)2 in 5 mL of medium. Triplicate wells were used for each
condition. At the end of each incubation, cell counts were performed
on cell suspensions using a hemocytometer.

Irradiation. For the determination of the photodynamic activity of
the different porphyrins under study, cultures were irradiated using, as
light source, a Reflecta Diamator slide projector (AGFA) equipped
with a 150 W low voltage halogen lamp (Xenophot 64640 HLX;
OSRAM) and a cutoff filter that only permitted the transmission of
radiation with wavelengths longer than 600 nm (Fig. S2). The light
was also filtered through a water layer for heat absorption. The fluence
rate at the treatment site was 9.8 mW cm)2, as determined using a
Coherent� power meter (model 212; head sensitivity 0.351 mA mW)1

at 633 nm). Cells were exposed to this light intensity for different
periods (0–30 min), corresponding to total light doses of 0–
17.6 J cm)2. For each independent experiment, porphyrin-treated
cultures and the corresponding control cultures were irradiated
simultaneously.

Determination of the photodynamic activity. The photodynamic
activity of the different porphyrins was assessed in terms of their
effects on the dehydrogenase activity (a viability measure) of the
treated cultures, using the MTT colorimetric assay (23). Cells were
seeded in 24-well plates, at a cell density of 20 000 cells cm)2, in 1 mL
of medium. Triplicate wells were used for each condition. At the end of
the 24 h treatment, the porphyrin-containing medium was removed,
the monolayers washed with PBS and incubated in 1 mL of PBS.
Cultures were then irradiated for the specified times as just described.
Afterward, the PBS solution was removed and 1 mL of porphyrin-free
fresh medium was added to the cultures, which were returned to the
incubator for a further 24 h. At the end of this incubation, the medium
was removed and 0.5 mL of a 0.5 mg mL)1 MTT solution was added.
After 3 h incubation, the MTT solution was aspirated and the
insoluble formazan crystals that formed were dissolved in an equal
volume (0.5 mL) of a 0.1 MM HCl solution in isopropanol. Absorbance
values at 570 nm (A570) were then measured. For each irradiation time,
control cultures, which were treated with the addition vehicle only,
were processed in exactly the same way. The linearity between the
MTT assay response (A570) and the number of viable cells in culture
was confirmed under the experimental conditions employed.

Statistical analysis. The statistical significance of the differences
from the control was assessed using one-way ANOVA followed by
Dunnett’s posttest.

RESULTS AND DISCUSSION

Photophysical studies

The porphyrin T(NAF)PP shows typical spectroscopic fea-
tures of free-base porphyrins, e.g. an intense Soret band in the
violet range of the visible region and four broad Q-bands in the

500–650 nm region. The absorption spectrum is shown in
Fig. 2. The molar absorption coefficients were calculated from
the Beer–Lambert law using solutions with concentrations in
the range 10)7–10)5

MM. We found no evidence for aggregation

at these concentrations, as good linear plots (r ‡ 0.999) that
pass through the origin were obtained. The steady-state
fluorescence emission spectrum (Fig. S3) presents two maxima

which we assign to Q(0–0) and Q(0–1) transitions on the basis
of comparison with other porphyrin systems (24,25). The
relevant data from the absorption and fluorescence spectra are

summarized in Table 1. The fluorescence quantum yield (FF)
was calculated by steady-state comparative method using TPP

in toluene (FF = 0.11) as standard (21), and was obtained by
comparison between the integrated emission spectra of optically
matched deaerated solutions of T(NAF)PP and the reference

(TPP). The value obtained was slightly lower than that found
with T(OH)PP (0.12) (25). The spectroscopic singlet-state
energy (ES)was obtained from the intersection of the normalized

absorption and fluorescence spectra.
Triplet-singlet difference absorption spectra of T(NAF)PP

were obtained by laser flash photolysis, and presented the
typical absorption band at �450 nm and the ground state

bleaching bands (Fig. 3). The triplet molar absorption coeffi-
cient (eT) was calculated by the singlet depletion method
(26,27). The triplet formation quantum yield (FT) was

obtained by the comparative technique using TPP as standard
(eT = 6.6 · 104 MM

)1 cm)1 at 440 nm, FT = 0.82) (28,29). The
triplet-state lifetimes were measured at 450 nm in the presence

(air-equilibrated samples) and absence of oxygen, and from
these the bimolecular rate constant (kq) for the quenching of
the triplet state of T(NAF)PP by molecular oxygen (3O2) was

calculated using the concentration of oxygen in toluene
(1.81 · 10)3

MM) (30):

kq ¼ ð1=sO2
� 1=sN2

Þ=½O2�

The values obtained for the lifetimes and the quenching rate
constant by molecular oxygen are presented in Table 2. The
value of kq is in the range typically observed for quenching of

triplet states by molecular oxygen leading to singlet oxygen
generation (31,32).

The singlet oxygen quantum yield (FD) was obtained by

comparing the intensity of singlet oxygen emission at 1270 nm
in an air-equilibrated sample of T(NAF)PP against the
intensity obtained from an optically matched sample of a
reference sensitizer. The singlet oxygen lifetime under these

conditions was 29.8 ± 1.0 ls, which is in agreement with
the literature value in toluene (33). The aromatic ketone
1H-phenalen-1-one (also called phenalenone and perinaphthe-

none), one of the most efficient singlet oxygen sensitizers, was
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Figure 2. Normalized absorption spectrum of T(NAF)PP (solid line)
in toluene solution. The absorption spectrum of T(OH)PP in toluene
(dashed line) is also presented for comparison.
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chosen as the reference sensitizer (FD = 0.95) (34). Different
laser intensities were employed and the quantum yield was
determined from the ratio of the slopes obtained with
T(NAF)PP and 1H-phenalen-1-one as standard (Fig. 4,

Table 2). The singlet oxygen quantum yield value obtained
for T(NAF)PP (0.60) is comparable to that of TPP (0.62), is
somewhat higher than that found with T(OH)PP (0.46) (25)

and almost twice the value for Photofrin II (0.32) (35). The
value obtained for the fraction of triplets quenched by oxygen
giving rise to singlet oxygen (SD = FD ⁄ FT = 0.79) is in

agreement with the typical values found for porphyrins
(0.76 ± 0.02) (36).

The photostability of the porphyrins T(NAF)PP and

T(OH)PP was evaluated by monitoring the changes in their
visible absorption spectra upon irradiation (kex = 420 nm),
using azobenzene actinometry to determine their photo-
degradation quantum yields (22). Figure S4a,b shows,

respectively, the visible absorption spectra for the Q bands
of T(NAF)PP and T(OH)PP for several irradiation times. It

can be seen that with increasing irradiation time there are
negligible changes in the visible absorption spectra of

T(NAF)PP. However, for T(OH)PP an increase in absor-
bance is observed. Whilst we have not characterized this
decomposition reaction, the fact that there is an increase in

absorption over the whole spectrum and that this becomes
more pronounced at shorter wavelengths strongly suggests
that it is not due to reaction of the porphyrin moiety but

instead arises from light scattering due to the formation of
poorly soluble species. It is known that phenols react with
singlet oxygen (37), and we feel it is probable the oxidation
products of the hydroxyphenyl substituents react to produce

oligomeric species. The photodegradation quantum yields for
T(NAF)PP and T(OH)PP are 4.65 · 10)4 and 5.19 · 10)3,
respectively. Given the error limits, the value for T(NAF)PP

is probably an upper limit. Although both compounds show
reasonable photostability, we suggest that the carbonyl-1-
amino-naphthyl groups are responsible for the increased

photostability of T(NAF)PP.

Table 2. Triplet lifetimes for T(NAF)PP in deaerated and aerated toluene solutions, with respective oxygen quenching rate constant, triplet molar
absorption coefficient, triplet and singlet oxygen quantum yields, and the fraction of triplets quenched by oxygen giving rise to singlet oxygen.

sT(N2) [ls] sT(O2) [ns] kq(O2) [MM
)1 s)1] eT [MM)1 cm)1] FT* FD* SD

T(NAF)PP 44.9 ± 1.0 320.6 ± 12.8 1.71 · 109 6.37 · 104 0.76 0.60 0.79

*The estimated uncertainty is 10%.
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Figure 3. Triplet-singlet difference absorption spectra observed at
various times following laser excitation at 355 nm of a deaerated
solution of T(NAF)PP in toluene.

Table 1. Absorption and fluorescence data for the T(NAF)PP porphyrin in deaerated toluene solution.

Absorption,
kmax [nm] (e [MM)1 cm)1])

Fluorescence,
kmax [nm]

FF* ES [kJ mol)1]Qx(0–0) Qx(1–0) Qy(0–0) Qy(1–0) B(0–0) Q(0–0) Q(0–1)

T(NAF)PP 646 (3.65 · 103) 590 (6.38 · 103) 548 (8.19 · 103) 514 (2.02 · 104) 420 (4.02 · 105) 652 718 0.086 201.2

*The estimated uncertainty is 10%.
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Figure 4. Singlet oxygen emission intensity (at 1270 nm) as a function
of relative laser intensity: 1H-phenalen-1-one (circles) and T(NAF)PP
(squares) in toluene solutions.
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Photodynamic activity studies

The porphyrins T(OH)PP and T(NAF)PP are water-insoluble,
but soluble in various organic solvents, including DMSO,
which was chosen as the addition vehicle. For both control and

porphyrin-treated cultures, the final concentration of DMSO
in the medium was always 0.5% (vol ⁄ vol). At this concentra-
tion, the percentage of dead cells in culture did not exceed 2%

and the total number of cells in culture was always ‡90% that
of the control value for 24 h incubations (average values from
two independent experiments that differed in less than 12%).

In order to choose porphyrin doses for the determination of
the photodynamic activity that were not overtly cytotoxic, a
preliminary dark toxicity screening was carried out with the

porphyrin T(OH)PP. The results obtained in that screening are
summarized in Fig. 5. From this dose–response curve, an
in vitro cytotoxicity IC50 value (i.e. the concentration at which
cell viability was inhibited by 50%) of 6.80 lg mL)1

(R2 = 0.9554) was obtained for a 24 h incubation.
Two doses of relatively low cytotoxicity (0.5 and

1.0 lg mL)1) were then chosen for the determination of

the photodynamic activity of porphyrins T(OH)PP and
T(NAF)PP. In the case of porphyrin T(NAF)PP, a statistically
significant photodynamic activity (i.e. a cytotoxic activity upon

irradiation statistically different from that obtained without
irradiation) could only be observed for the longest light
exposure and, even with this light dose, the effect was rather
small (Fig. 6). However, an important finding arising from this

study was that the insertion of naphthyl groups into the
T(OH)PP molecule resulted in a significant decrease in dark
cytotoxicity, therefore allowing for the use of higher porphyrin

concentrations. Hence, a third dose (5.0 lg mL)1) was
included for T(NAF)PP and, this time, a significant photody-
namic activity was observed. The results obtained are sum-

marized in Fig. 6. As can be seen, both porphyrins exhibited
photodynamic activities that, as expected, were dependent
upon the concentration of the porphyrin and upon the light

dose. In contrast to our initial expectations, under the
experimental conditions used and for identical dark cytotox-
icities, the results obtained do suggest a lower photodynamic
activity for the new porphyrin than for the parent porphyrin.

However, the new porphyrin was an active photosensitizer
toward HT-29 cells, and although it is very difficult to establish
direct comparisons between the results obtained in this in vitro

photodynamic study and those described in the literature for
other photosensitizers, due to variations in the experimental
procedures (cell line, incubation time, light source, light dose,
etc.) and in the dark toxicity values of the photosensitizers

under comparison, the in vitro photocytotoxicity IC50 values
for both porphyrins compare favorably with that of Photofrin.
We note that, for a light dose of 5.9 J cm)2, the values for

T(OH)PP and T(NAF)PP were ca 1 lg mL)1 (1.5 lMM) and
<5 lg mL)1 (<3.7 lMM), respectively, while that obtained for
Photofrin under identical experimental conditions was 10 lMM

(38). Moreover, in the assessment of a given molecule as a
potential sensitizer for PDT, parameters other than the
photodynamic activity have to be taken into consideration,

including photostability, which was higher for T(NAF)PP than
for T(OH)PP.

CONCLUSIONS

The planned synthesis of the title compound was performed
and the new porphyrin was isolated, fully characterized and its

photodynamic properties were evaluated using cultures of HT-
29 cells. The yield of triplet state and singlet oxygen formation
was greater than that of T(OH)PP, possibly due to the
involvement of energy transfer pathways. In addition, the

compound showed markedly greater photostability than
T(OH)PP. Taking into account the overall results of the
present study, we conclude that the porphyrins tested demon-

strate good potential as sensitizers for PDT, as they absorb
light between 600 and 800 nm, have a low dark cytotoxicity
and show phototoxicity at the same level as the clinically used

PDT agents. In addition, the isocyanate condensation reaction
used provides a new tool for the development of more efficient
PDT drugs. Taken together, our observations suggest that the

Figure 5. Viability of cultures of HT-29 cells after treatment with
different concentrations of porphyrin T(OH)PP. For each culture, cell
viability was determined using Trypan blue dye exclusion. Values are
expressed as percentage of the corresponding control value, obtained
with control cultures established and processed in parallel. Data
represent the mean ± SD of at least three independent experiments.
*P < 0.05, **P < 0.01, when compared with control value, with
ANOVA followed by Dunnett’s multiple comparison test.
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Figure 6. Photodynamic activity of porphyrins T(OH)PP and
T(NAF)PP against cultures of HT-29 cells. The effect of the different
porphyrin concentrations and light doses tested on the viability of the
cultures was determined in terms of dehydrogenase activity using the
MTT assay. Values are expressed as percentage of the corresponding
control value, obtained with control cultures established and processed
in parallel. Data represent the mean ± SD of at least four independent
experiments. *P < 0.05, **P < 0.01, when compared with non-
irradiated cultures, with ANOVA followed by Dunnett’s multiple
comparison test.
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synthetic approach described in the present study may
represent a promising lead for the development of novel
photosynthesizing agents.
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