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Abstract

The synthesis and photochemical properties of taxehselenium zinc(ll) phthalocyanines, a
lipid-soluble 2,9(10),16(17),23(24)-tetrakis[(2-dithylamino)ethylselanyl]phthalocyaninato
zinc(Il) (4) and its water-soluble quaternized derivative 0906(17),23(24)-tetrakis[(2-
trimethylammonium)ethylselanyl]phthalocyaninato {if) tetraiodide %), were investigated.
Maximum absorption values were 689 nm and 684 nmdfand 5 in DMF, respectively. In
addition, phthalocyanines were revealed to be eéigient singlet oxygen generators with high
values of®, 0.74 and 0.84 fo4 and5 in DMF, and they were photostable over the iatdn
times studied. The photodynamic effect were evatiain CT26 colon carcinoma cells. After
light exposure4 and5 were found to be cytotoxic, andsCralues were 0.% 0.1 uM and 2.3+
0.6 uM, respectively. The production of a greater amoohteactive oxygen species after
phthalocyanines irradiation would be responsibleitfopotent phototoxic action on CT26 colon

carcinoma cells.
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1. Introduction

Colorectal carcinoma is one of the most common @anand one of the leading causes of
cancer-related death in the World. Conventionalceartreatments, such as chemotherapy,
radiotherapy and surgery are aggressive therap@gpgm@duce significant systemic toxicity that
causes severe short- or long-term side effectsrefére, the use of alternative selective and
noninvasive therapies that minimize systemic sidfecess are needed. In this context,
photodynamic therapy (PDT) is a promising clinit@atment of a variety of endoscopically
accessible tumors such as lung, bladder, gaststimé and gynecological neoplasm, as well as
non-melanoma skin cancer and precancerous disglaggsPhthalocyanines (Pc) are among the
most promising second-generation photosensitizergh@totoxic drugs for PDT because they
have high efficiency of reactive oxygen speciesegation upon illumination, high chemical
stability and fluorescence [8-11]. Also, they haseme advantages over hematoporphyrin
derivatives, such as an absorption peak at a lowgeelength in the red light region, where
tissue penetration is enhanced, a higher extincto@fficient at around two orders of magnitude
stronger than the highest Q-band absorption ofrplgoin, and reduced skin phototoxicity. The
photophysical properties of Pc are strongly infkesh by the presence and nature of the
coordinated central metal ion [12,13]. Zinc (Il)tpalocyanines have intensive red-visible region
absorption, high singlet and triplet yields andddifietimes of the excited triplet, making them
extremely valuable for PDT.

In PDT applications, an important issue relatedPtoderivatives is their water solubility and
aggregation properties, which may have a noticealfligence on the singlet oxygen production
efficiency, bioavailability and the in vivo distabion of Pc. While lipophilic Pc are reported to

have a higher tumor affinity, but associated withigher cutaneous phototoxicity [14], cationic



Pc are considered the best targets for a new phddzers because they are able to improve
water solubility and prevent the aggregation tleatosisly compromises the PDT value of the
photosensitizer [15].

Bioisosterism represents in medicinal chemistry ukcessful strategy in the molecular
modification and design of new therapeutically drfig6]. Our group have previously reported
the synthesis and photobiological studies of foamsieric water-soluble cationic zinc (ll)
phthalocyanines by using human nasopharynx KB wanca cells [17]. The sulfur-linked
cationic dye, 2,9(10),16(17),23(24)-tetrakis[(2¥tethylammonium)ethylsulfanyl]phthalocya
ninato zinc(ll) tetraioidide (Pc13) was the modivacof the four sensitizer assays and showed a
singlet oxygen quantum yield) of 0.58 in water and a higher bathochromic sbfift0 nm for

the Q-band as compared with the oxygen-linked natioaliphatic phthalocyanine
2,9(10),16(17),23(24)-tetrakis[(2-trimethylammoni@tmoxy]phthalocyaninato  zinc(ll) tetra
iodide. Moreover, no effect on cell proliferatiorasvobserved after light exposure of KB cells
previously incubated with the oxygen isoster. Thgotoxic potency of the lipophilic
phthalocyanine 2,9(10),16(17),23(24)-tetrakis-[{@ethylamino)ethylsulfanyl]phthalocyanina-
to zinc(ll)) (Pc9) incorporated into poloxamine yroleric micelles was also studied in KB and
murine colon adenocarcinoma cells (CT26 cells) destrating a remarkable more efficient
capacity to reduce cell viability after photodynantieatment than Pc13 [18, 19]. According to
these observations, the bioisosteric replacemetiiteofeteroatom attached to the phthalocyanine
macrocycle should be studied since it can caugsgfisignt modifications in the photophysical
and photodynamic properties that could be usefutife PDT requirements. We have reported
the first synthesis of a lipophilic alkylseleniumtrasubstituted zinc(ll) phthalocyanine which
presented &, of 0.64, a fluorescence quantum yiedek) production of 0.18 and a high Q band

absorption coefficient which is relevant for dosind®DT studies [20].



These results have encourage us to investigatesymehesis, photochemical properties,
photochemical stability and photobiological acviin murine colon carcinoma cells (CT26) of
the selenium-linked lipophilic dye 2,9(10),16(1324)-tetrakis[(2-dimethylamino)ethylse-
lanyl]phthalocyaninato zinc(l)4) and its water-soluble quaternized dye 2,9(101,1523(24)-

tetrakis[(2-trimethylammonium)ethylselanyl]phthayaninato zinc(ll) tetraiodideby.

2. Experimental

2.1 Materials

Chromatography columns were prepared with tlc &ges (Merck), and Aluminium Oxide 90
standardized (Merck)N,N-dimethylformamide (DMF) was dried overA3molecular sieves
during 72 hours, then filtered and freshly distlibefore utilization [21]. Sodium hydride
Riedel-de Haén 80% suspension in oil was employe8:Diphenylisobenzofuran (DPBF),
tetrahydrofuran (THF) and 1,8-Diazabicyclo[5.4.QJen-7-ene (DBU), as well as all reagents
were provided by Sigma-Aldrich. Pc9 and Pc 13 wsmathesized in our laboratory [19]. The
probe 2',7'-dichlorfluorescein diacetate (DCFH-Dax)d propidium iodide were obtained from
Sigma Chemical.

2.2. Instrumentation
Melting points were determined on an Electrother&idl0 capillary melting point apparatus!.

NMR were recorded on a Bruker MSL 300 spectromédtee'H NMR of the phthalocyanines
were recorded on a Bruker AM 600. Intermediates E3IF mass spectroscopy was determined
with a ZQ Micromass spectrometer. Phthalocyaninassnspectra were measured with a Bruker
SolariX 12 T FT-ICRMS with nano-ESI. lons were dgéel between m/z 400 and 2000, yielding
a 2 Mword time-domain transient. Electronic absorptspectra were determined with a

Shimadzu UV-3600 PC spectrophotometer. Fluorescespectra were monitored with a



QuantaMaster Model QM-4 PTI spectrofluorometerrdréd spectra were performed with a

Perkin EImer Spectrum One FT-IR spectrometer.

2.3. ynthesis

2.3.1. 4,4'-diselanediyldiphthalonitrile€2]. A mixture of 4-aminophthalonitrilelf (0.200 g, 1.4
mmol) and an aqueous HCI solution (2.7 mL, 5.4 mmals stirred at 0 °C. A cold water
solution of sodium nitrite (1 mL, 2 mmol) was adakdpwise. Then, sodium acetate (0.440 g,
5.4 mmol) and acetate buffer (40 mL) were addguHa#.5. KSeCN (0.288 g, 2 mmol) was
added under vigorous agitation, and the solutios kegt at 0 °C for 3 h. The reaction mixture

was extracted with C}l, (3 x 30 mL) and the combined extracts were wastigdwater (2 x
30 mL) and dried over N&O,. After evaporation in vacuo, the residue was dvesbin a small

volume of CHCI, and filtered through a silica-gel column packed pre-washed with the same
solvent. Two bands were eluted and evaporateddnoal he residue was recrystallized from
ethanol. Yield: 0.215 g (75%); mp 184-186 °C. IBB(Kcm-1): 3466, 3435, 2233, 1638, 1266,
1108, 741, 706, 524H NMR (300 MHz, CDCY): & 7.80 (m, 3H), 8.01 (m, 3H). MS (ESI): m/z
(%) = [M+Na]J calcd for GeHgNsSeNa: 436.88179; found: [M+NA}436.881109.

2.3.2. 4-((2-(dimethylamino)ethyl)selanyl)phthalonitriks)

A mixture of 4,4-diselanediyldiphthalonitrile (®X g, 0.487 mmol), 2-chlorb;N-

dimethylethanamine hydrochloride (0.246 g, 1.7 mi2] and NaH (0.200 g, 8.3 mmol) in
DMF (5 mL) was stirred under an Ar atmosphere aCofor 3 h. The reaction mixture was

poured into water (30 mL) and extracted withCH (3 x 20 mL) and the organic phase was
washed with water (3 x 30 mL) and dried over anbydrNaSQ,. After evaporation in vacuo,
the residue was dissolved in a small volume obClHand filtered through a silica-gel column

packed and pre-washed with the same solvent. Aftaporation of the solvent, the residue was



recrystallized from ethanol. Yield: 0.136 g (55 %) 115-116°C. IR (KBr, cm-1): 523, 670,
821, 1040, 1063, 1124, 1210, 1293, 1373, 1477, 18830, 2228, 2780, 2822, 2860, 2940,

2970, 3016'H NMR (300 MHz, CDCY): § 2.25 (s, 6 H), 2.67 (t, 2 H, J = 6), 3.14 (t , 2]+ 6),

7.56 (d, 1 H,J=9),7.66 (dd, 1 H, J = 3; 9)37d, 1 H, J = 3). MS (ESI): m/z (%) = [M+Na]

calcd for GoHisNsNaSe: 302.01672; found: [M+NaB02.01694. Anal. Calcd. for

CioHi1sNsSe: C, 51.81; H, 4.71; N,15.1. Found: C, 51.5%4 H3; N,15.01

2.3.3. 2,9(10),16(17),23(24)-tetrakis[(2-dimethylamind)dselanyl]phthalocyaninato zinc(ll)
(4).
A mixture of 3 (0.130 g, 0.468 mmol), anhydrousczatetate (0.160 g, 0.704 mmol), and 1,8

diazabicyclo[5.4.0]undec-7-ene (DBU) (0.2 mL,1.34nal) in anhydrous butanol was stirred
and heated at 150 °C under Ar atmosphere for am. liche mixture was cooled down and
evaporated in vacuo. The green solid residue wssollied in a small volume of GEI—
CH3OH (98:2) and filtered through an aluminum oxidéuomn packed and pre-washed with the
same solvent. After evaporation in vacuo, the dgs recrystallized from Ci€l—hexane. Yield
0.085 g (65%). IR (KBr, cm-1): 596, 743, 824, 90032, 1095, 1193, 1263, 1405, 2767, 2814,
2851, 2970'H NMR (600MHz, CDCJ): & 1.62 (br s, 24H, Ch), 2.43 (m, 8H, CkN), 3.51 (m,
8H, SeCH), 7.05-8.06 (m, 12H, Ar). MS (nano-ESI): m/z (%) [M+Na]® calcd for
CsgHsoN1oNaSezn:  1201.01841; found: [M+N&] 1201.01847. Anal. Calcd. for

CugHsoN12Sezn: C, 48.93; H, 4.45; N,14.27. Found: C, 48.804H3; N,14.18.
2.3.3. 2,9(10),16(17),23(24)- tetrakis [(2-trimethylamman)ethylselanyl]phthalocyaninato
zinc(ll) tetraiodide %)

3 (0.035 g, 0.029 mmol) was stirred in a solutiorCé#l (3 mL, 50 mmol) and freshly distilled
CH2CI2 for 24 hours at 60°C. After cooling at rodemperature, the obtained power was

centrifuged and resuspended in £ (4 mL) and centrifuged again. Yield: 0.034 g (709



(KBr, cm-1): 605, 669, 824, 901, 1034, 1097, 12BM0, 2916, 2966H NMR (600MHz,

CDCl;3 5 2.51 (s, 24H, CH), 3.24 (m, 8H, ChN), 3.84 (m, 8H, SeC}, 7.04-8.11(m, 12H, Ar),
MS (nano-ESI): m/z (%) = [M calcd for GoHesN1-.SelsZn: 1750.78937; found: [§)
1750.79201. Anal. Calcd. fors@HegN12SelsZn: C, 35.69; H, 3.92; N,9.6. Found: C, 35.58; H,

3.90; N,9.55.

2.4. Photophysical and photochemical parameters

2.4.1. Spectroscopic studies

Absorption and emission spectra were recordedfarent concentrations employing a 10 x 10
mm quartz cuvette. All experiments were perforraetbom temperature. The emission spectra
of 4 and5 were collected at an excitation wavelength of 6a0(Q-band) and recorded between
630 and 800 nm.

2.4.2. Fluorescence quantum yields

Fluorescence quantum yieldBd) were determined by comparison with those of Fg9+0.28

in THF) [17] as reference atexc = 610 nm for4 and5. Calculations were performed by

equation 1.
|S(1—10‘ARJ N2
n 1
g =Pf <= (1)
|R(1—10‘A j

nR
where R and S superscripts refer to the referenddhe sample respectively; | is the integrated

area under the emission spectrum; A is the absoebainsolutions at the excitation wavelength
and (n®/n®)? stands for the refractive index correction.

2.4.3. Quantumyield of singlet oxygen production

Standard chemical monitor bleaching rates were tesedlculate the quantum yield of singlet



oxygen generation rates [23]. Fbx studies, 1,3-diphenylisobenzofuran (DPBF) waslissea
singlet oxygen chemical quencher. To avoid chaacttiens induced by DPBF in the presence of
singlet oxygen, the absorbance of DPBF was undeerhploying a 10 x 10 mm quartz cuvette.
DPBF decay at 410 nm was monitored. Polychromatadiation was performed using a
projector lamp (Philips 7748SEHJ, 24V-250W) andutaff filter at 610 nm (Schott, RG 610)
and a water filter were used to prevent ultravialed infrared radiation. Samplés5 and Pcl3

(®Ao=0.71in DMF)
[17], were irradiated within the same wavelengitieivalA; - A, and®, was calculated

according to equation 2 [24].

& _1-AR ()
o5 —on!’ Ll I, (A)A-10%"™M)dA
AT AR oA, _AS(A) (2)
r L I (A)A-10"™)dA

where r is the singlet oxygen photogeneration aatkthe superscripts S and R stand for the
sample and reference respectively, A is the absggbat the irradiation wavelength and\pis
the incident spectral photon flow (mét sm™). When the irradiation wavelength range is
narrow, the incident intensity varies smoothly withvelength and the sample and reference

have overlapping spectra lo may be approximated bgnstant value which may be drawn out

of the integrals and cancelled.

2.4.4. Photo-oxidative stability

The photostability oft and5 was determined by the decay of the Q-band intga$ier
exposure to red light [25]. The fluence rate wasistéd to 20 mWciA. Measurements were

performed under air in THF. Photodegradation ratestants k were calculated by equation (3).



In— =kt 3)
where t, A, A;are the irradiation time, absorbance at t=0, alasurb at different times,

respectively.

2.5. Biological Studies

2.5.1. Cellsand culture conditions

Murine colon carcinoma CT26 cells (ATCC CRL-2638&re/ maintained in a humidified
atmosphere of 5% CO2 at 37 °C in RPMI-1640 (GibBd.Bcontaining 10% (v/v) fetal bovine
serum (FBS, Gibco BRL), 2 mM L-glutamine, 50 U/méngicillin and 50 mg/mL streptomycin.
2.5.2 Photodynamic treatment

CT26 cells were plated at a density of 2 x 104séekll in 96-well microplates and incubated
overnight at 37 °C until 70-80% of confluence. Thine culture medium was replaced by
medium containing 4% FBS and different concentregiof phthalocyaniné or 5. Stock

solutions of 0.83 mM phthalocyanidalissolved in dimethyl sulfoxide (DMSQO) and 5 mM
phthalocyaniné prepared in water were employed. 24 h later, cam@s were removed and
cells were exposed to a light dose of 2.8 Fcinl7 mW crif, with a 150 W halogen lamp
equipped with a 10 mm water filter to attenuatedRiation and maintain cells cool. In addition,
a cut-off filter was used to bar wavelengths shidften 630 nm, as described previously [17]. In
parallel, non-irradiated cells were used to stuakaytotoxicity. 24 h following treatment, cell
viability was determined by the MTT reduction assHye absorbance (595 nm) was measured
in a Biotrack Il Microplate Reader (GE HealthcdPescataway, NY).

2.5.3. Determination of intracellular reactive oxygen species (ROS) production

The endogenous ROS content was evaluated fromxitlatmn of the probe 2',7
dichlorofluorescein diacetate. After diffusing irtells, DCFH-DA is first deacetylated by

esterases and then is oxidized by hydrogen peraxigeroxides to produce the fluorescent



2", 7'-dichlorofluorescein (DCF). CT26 cells weratpd at a density of 3 x 16ells/well in 24

well microplates and incubated 48 h at 37°C urtiB0% of confluence. Then, the culture
medium was replaced by RPMI containing 4% FBS afidrdnt concentrations afor 5. After
24 h, cells were washed with PBS and incubatedoaied with a 1QuM concentration of
DCFH-DA for 30 min at 37 °C. After removing the pg cells were irradiated with a light dose
of 2.8 J crif in the presence of RPMI containing 10% FBS. Gelise next solubilized by
treating with Triton X-100 (0.1% v/v) in PBS for 3@inutes, and the green fluorescence of DCF
was detected in a PerkinElmer LS55 Fluorometerk{REmmer Ltd., Beaconsfield, UK) using
488 nm excitation and 530 nm emission wavelengtfisr 10 min of incubation with a final
concentration of 5QM propidium iodide (P1), DNA content was estimafezim the
fluorescence intensity of DNA-PI complex at exegatand emission wavelengths of 538 and
590 nm, respectively. Results were expressed astioebetween DCF and PI fluorescence.
2.5.4. Statistical analysis

The values are expressed as me&E.M. Statistical analysis of the data was penéxd by

using the Student’s t-test or one way analysisagnce (ANOVA) followed by Dunnett post
hoc test where appropiate. p<0.05 denotes a gtatigtsignificant difference.

3. Resultsand Discussion

3.1. Synthesis

Novel selenium tetrasubstituted zinc (Il) phthgmaines compounds were designed and
synthesized as depicted in Scheme 1. The sequegasstwith the reaction of the commercially
available 4-aminophthalonitrile (1) with sodiumrité solution followed by the addition of
potassium selenocyanate to give compo2irghthalonitrile reacted with excess of sodium
hydride in DMF and 2-chlordd,N-dimethylethanamine hydrochloride giving 3 in 55%lg

[22]. Briefly, phthalocyanind was prepared by cyclotetramerization of phthatdei8 by

using DBU in butanol and zinc acetate at 150 °Gs @ke was purified by chromatography,

10



followed by recrystallization to attain 55% of tlesired 2,9(10),16(17),23(24)-tetrakis[(2
dimethylamino)ethylselanyl]phthalocyaninato zing(Phthalocyanind was furthemN-
methylated using an excess of iodomethane ipCGEHo give the cationic phthalocyanifen a
high yield of 70%. According to these, compouddand5 can be synthesized by a standard
synthetic protocol and are thus obtained as a maxatiregioisomers.
In general metallophthalocyanine complexes arelud® in most organic solvents and water;
however the introduction of substituents on the imcreases their solubility. Phthalocyanihe
showed excellent solubility in THF, DMF and DMS@uaternized complex was fully soluble
DMF, DMSO and water. The presence of isomers mapdisitive effect of disrupting crystalling
order and thus enhancing solubility; however itislisadvantage if a pure photosensitizer is
required for clinical purposes.
Intermediate®-3 and phthalocyanines were characterized by UViRsand*H NMR and nano-
ESI FT-ICR mass spectroscopy has become the cmoétbod for the analysis of selenium
compounds. The analyses are consistent with theigbee structures as shown in the
experimental section.

Scheme 1
3.2. Spectroscopic studies
Spectroscopic properties of selenium zinc (ll) pldbyaninegl and5 are summarized in
Table 1. The UV-visible absorption spectradfnd5 was recorded in DMF in the 300-800 nm
range. As shown in Fig. 1, the electronic spectrdand5 is typical for non-aggregated
metallated phthalocyanines. It is characterizethieyappearance of an intense and narrow Q
band at 684-689 nm associated with some less mtatsllites at its blue flank, the appearance
of a less intense but broad Soret band at 36/8Y@nd transparency in the other spectral
region [23,26]. Furthermore, no deviations from ltlaenbert-Beer law was observed, indicating

that they are esentially free from aggregatiomatdoncentration studied. Compared with

11



oxygen containing phthalocyanines previously regmbrfl7,27,28], selenium phthalocyanines
present a bathochromic shift of 7-11 nm for theaQds. In addition, the Q band absorption
coefficient of the selenium phthalocyanidevas 2 times higher than the isosteric oxygen dye,
2,9(10),16(17),23(24)-tetrakis[(2-dimethylamino)etii]phthalocyaninato zinc(ll) [17], this
property improving skin light and it is relevant fdosing in PDT studies. Any differences in the
Q-band absorption coefficient was observed whesnaain phthalocyaning and5 were
compared with their sulfur analogs previously psidid by our group [17] .
Tablel
Figurel

The fluorescence spectrum of selenium zinc (Ibamaibstituted phthalocyanines in DMF are
shown in Fig. 1. The shape of the spectra fordgits is the same as others zinc(ll)
phthalocyanines indicating that fluorescence caattoduted only to the monomer [27, 28]. The
fluorescence Q peaks are shifted ~1 nm to theroed the corresponding absorption maximum
(Table 1). Relative fluorescence quantum yietbg @re similar for compoundéand>.
3.3. Quantumyield of singlet oxygen production

Table 1 shows singlet oxygen quantum yieldvalues for dyed¢ and5 in DMF. Sample
absorbances were kept as low as possible to praggnégation in order to obtain measurable
values of quantum yield of singlet molecular oxygéhne singlet oxygen generation mechanism
does not cause any remarkable change in the alwsonptensity of phthalocyanines which
exhibit their stability during this experiment. Aslicated in Table 1, phthalocyaningand5
are excellent singlet oxygen generators with a kigjhe of®, , 0.84 and 0.74, respectively.
3.4. Photo-oxidative stability
The photostability of4 and5 was analyzed in DMF by measuring the decreadeein t
intensity of the Q-band over time irradiation withd light under air. The time decay of the

absorbance maxima of the Q-band for both compoahdged first-order kinetics as shown in

12



Fig. 2.

Figure2
The corresponding photodegradation constants ksaee in Table 1. As shown in Table 1,
phthalocyanines showed low values of k, thus indigathat they are stable over thee irradiation
time of our experiments. Moreover cationic phthgdoine 5 presented the highest
photostability. This finding is consistent with tfect that the oxidative reactions, mediated by
singlet oxygen, have no appreciable contributioth@photo-oxidation of positively charged Pc.
Moreover, increasing the electron-withdrawing chteaof substituents at periphery of macro-
ring by positive charge substantially enhancegtiwostability of zinc phthalocyanines [29].
3.5. Photocytotoxicity studies
The cytotoxic effect of different concentrationstioé lipophilic phthalocyaniné (dissolved in
0.4% DMSO) and the hydrophilic phthalocyanm@lissolved in culture medium) was examined
on CT26 cells. As shown in Fig. 3, no change ih @lvival was observed when cells were
incubated in the dark up to g concentration of any compound. However, a conmegion
dependent cytotoxicity was evident upon exposueelight dose of 2.8 J ¢ 1.17 mW crif.
The comparison of the Kgvalues, obtained from dose-response curves, rey¢aatd showed
a higher potency thab (Table 2). This is consistent with the conclusibattlipophilic
photosensitizers are preferentially transportetigmproteins, which are uptaken directly by
tumor cells and favoring the cell killing efficagy comparison with the hydrophilic one, as
reported by Jori and co-workers [30-32].
In a previous work, we demonstrated that sulfukedoh cationic aliphatic phthalocyanines are
more effective photosentitizers than oxygen-linkatonic isosteric compounds [17, 33]. We
then reported the photodynamic potency of PcOhtlaeophobic sulfur-linked phthalocyanine
analog of4 [18] that represents an intermediary compounténstynthesis of Pc13, the water

soluble sulfur-linked cationic dye isoster®f17]. When the cytotoxic properties of these

13



compounds were studied in the human nasopharyngdf@noma cell line, a greater effect was
achieved with the hydrophobic phthalocyanine (dissibin DMSO) with respect to the
hydrophilic one. Thus, I§ values of 0.12 0.07 uyM and 2.7+ 0.6 uM were obtained for Pc9
and Pc13, respectively [17, 18]. In addition, phe@todynamic activity of Pc9 significantly
increased after its incorporation into differentreas, such as liposomes and micelles [18, 34].
For comparative purposes, in this work we decideekiamine the phototoxic activity of these
sulfur-linked phthalocyanines in CT26 cells. Unttex same experimental conditions herein
employed, a 50% cell growth inhibition was obtaime¢d.7+ 0.1 uM of Pc9 and 1.4 0.3 uM of
Pcl13 (Table 2). After light exposure, the selenisasters 4 and 5 were found to be cytotoxic,
and IC50 values were 0450.1 uM and 2.3t 0.6 uM, respectively. These findings revealed that
although lipophilic compounds exhibited higher patgthan the water-soluble dyes, a similar
antitumor action was obtained for selenium- anfustinked phthalocyanines regardless of
their hydrophobic properties.

3.6. Production of reactive oxygen species

An appropriate photosensitizer should induce thra@ellular production of ROS, cytotoxic
molecules responsible of the oxidative damagerttegt result in cell death [35,36]. In order to
explore the ability of both selenium-linked phth@gtanines to generate ROS, Pc-loaded CT26
cells were incubated with DCFH-DA, a probe whicloxsdized to a fluorescent compound in
the presence of ROS. After irradiation of tumols;dROS formation was proportional to the
photocytotoxicity of each phthalocyanine. Thusigaisicant increment in ROS levels was
detected at Pc concentrations representing thesmonding 1G values, increasing ROS
formation in a concentration-dependent manner @)ig.

4. Conclusions

The syntheses, photochemical properties, photodatmsiiability and photobiological activity on

murine colon carcinoma cells (CT26) of the selenlurked lipophilic dye4 and its water-
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soluble quaternized dy® were investigated. Phthalocyanines were prepased lone-step
cyclotetramerization reaction of the corresponghthalonitrile in the presence of Zn(OAcin
good yields and consequently are mixtures of regmiers. In addition, the phthalocyanines
were revealed to be very efficient singlet oxygemeayators with a high value df, 0.74 and
0.84 for4 and5 in DMF, respectively and exhibited remarkable tpktability over the
irradiation times studied. Phthalocyanieand5 had no dark toxicity and showed an effective
photodynamic activity in CT26 cells. A higher cyawric effect was obtained with the lipophilic
phthalocyanine} (ICse= 0.5+ 0.1 uM) with respect to the hydrophilic phthalocyanibélCsy=
2.3 0.6uM). In accordance with this result, lower concetitwas of4 were required to generate
ROS and induce a more potent cell death. Theseltseshowed that the synthesized
phthalocyanines are promising candidates for Ppglieation and encourage us to carry out
further in vivo studies after the investigation péire isomers isolation.
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Figurelegends

Scheme 1. Synthetic route of phthalocyanines 4 and 5. Retageamd conditions: (a) HCI 2M
NaNG; 2M, 0°C; buffer acetate; KSeCN; 0°C; 3h, 75%;{ghloroN,N-dimethylethanamine
hydrochloride; NaH, DMF, 60°C, 3h, 55%; (c) Zn(Ae@MBU, BUOH, reflux, 1h, 65%; (d)

CH3|, CH20|2, reflux, 24h, 70%.
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Table 1. Photophysical parameters and photodegradatiostaotk obtained for4 and5 in

DMF.

Fig. 1. Absorption and fluorescence spectra of phthaome4 and5 in DMF.

Fig. 2. First-order plots for the photodegradation ofhathdcyaninet and5 in DMF.

Fig. 3. Effect of4 and5 on CT26 cell viability. Different concentrations BE were incubated
with CT26 cells in the darli(m; 5 ) or exposed to a light dose of 2.8 Jof#h o; 5 o). After 24

h of incubation, cytotoxicity was assessed by therMssay, as described under Experimental.
Results are expressed as the percentage of célaurbtained in the absence of
phthalocyanine and represent the mean + S.E.Mhreétdifferent experiments.

Table 2. Photocytoxicity of selenium phthalocyanines5 and the sulfur isosteric analogs Pc9
and Pc13 in CT26 colon carcinoma cell lines.

Fig. 4. Intracellular ROS production after irradiationRxd-loaded CT26 cells. Cells incubated
for 24 h in the presence or absence (grey bariffefent concentrations &f (white bars) ané
(black bars), were treated with a 18 concentration of DCFH-DA for 30 min at 37 °C. @&t
removing the probe, cells were irradiated and sbagd as indicated in Materials and methods.
DCF fluorescence was measured in a fluoromete D@ content was estimated after staining
with a final concentration of 50M PI in the dark. Results are expressed as the bbatiween

DCF and PI fluorescence, and represent the meai.M. of three different experiments.
Statistical significance in comparison with theregponding control values is indicated by *p<

0.005.
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Compound Solvent  AnaQ-band Amax EMission Emax [ON [ON k

(nm) (hm)* (Nen?) (10°%min'Y)
DMF 689 691 (1.34+0.15)R10  0.14+0.01 0.85+0.02 34
5 DMF 684 685 (1.43 +0.33)x19 0.13+0.01 0.74 +0.03 6

Tablel




Compound ICs0 (LM)°
4 05+£01
5 23+0.6
Pc 9 0.7+01
Pc 13 14+£0.3

® The molar drug concentrations required to cause 50% growth inhibition (ICs) were
determined from dose-response curves. Results represent the mean =+ SE.M of at least

three different experiments.

Table2
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Normalized absorbance and fluorescence intensity (a.u.)
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Highlights

Novel hydro- and lipo-philic selenium zinc(l1) phthal ocyanines are syntheti zed.

The phthal ocyanines are efficient singlet oxygen quantum yield generators.

The photodynamic effect is evaluated on murine colon carcinoma CT26 cells.
Lipophilic selenium phthal ocyanine shows a higher phototoxicity (1Csp= 0.5+0.1 uM).

Water soluble selenium phthal ocyanine presents the highest photostability.



