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Abstract

Long time circulation systems, such as polymeric micelles, represent a growing area in biomedical research. These microparticles can be
used in many biological systems to provide appropriate drug levels with a specific biodistribution. Long time circulation micelles (LTCM)
were routinely prepared using PEG-5000-DSPE (polyethyleneglycol-5000-distearoil-phosphatidyl-ethanolamine) and zinc(ll) phthalocyanine
(ZnPc) as a photosensitizer and fluorescent probe. This compound belongs to a second generation of photoactive agents, mainly used ir
photodynamic therapy (PDT) of neoplasic tissues. Their high selectivity for tumoral target tissues as well as high phototoxicity based on
singlet oxygen generation renders the utilization of these compounds feasible as an alternative therapy for cancer treatment. LTCM were
characterized by classical spectroscopic techniques. Absorbance measurements indicated that the drug was s completely loaded into LTCM (
=2.41x 1P cm1). This was also verified by steady state and time-resolved fluorescence measurements. The lifetime profiles of ZnPc decay
curves were fitted according to biexponential function¥ 3.9 ns and, = 15.5 ns) indicating different locations for ZnPc into LTCM. The
time-resolved spectroscopy measurements for ZnPc triplet excited state lifetijp@ge(e calculated from the kinetic analysis of transient
decays at the absorption maximum (480 nm), by using laser flash photolysis technique. All the spectroscopy measurements performed allowed
us to conclude that, ZnPc in LTCM is a promising drug delivery system (DDS) for PDT.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction been studied in the last decade and clearly shown the capac-
ity to be utilized to maintain adequate therapeutic levels of
Sustained delivery systems have been emerging as a mairdrugs in the bodyKataoka et al., 1993won and Kataoka,
goal to provide a modificated release of drugs. These systemsl995; Liu et al., 200). Therefore we believe that this drug
avoid plasmatic fluctuations, lower side effects, facilitate delivery system (DDS) could be an important administration
dosage administration and reduce the required frequency ofpathway for PDT drugs acting directly on neoplasic tissue.
administration increasing patient complianktafan, 198h PDT, first developed for cancer treatment, is being ac-
Among them, long time circulation micelles (LTCM) have tively exploited in many other clinical applications such as
the treatment of age-related macular degeneration, of hard-
* Corresponding author. Tel.: +55 16 602 4300; fax: +55 16 602 4300, ENiNG arteries, sun induced precancerous skin lesions, and
E-mail addressjmarchet@usp.br (J.M. Marchetti). wound infections IDOUgherty et al., 1998; Sharman et al.,
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1999; Bonnett, 2000 In most of the applications studied,

the first step in the treatment involves the administration of a

photosensitive drug (know as a photosensitizer), which has a *
high affinity to malignant tissues and other non-normal cells. c

In a second step, the biological systems are irradiated with
appropriated low doses of light (in special at the maximum

absorption wavelength of the photoactive compound and fre-
quently isolated from laser system), leading to the produc-
tion of many reactive oxygen species such a®pj 105, *O,,

*OH (EROS) and peroxinitrites. Singlet oxygenis reported to

be the predominant cytotoxic agent when the photosensitiz-
ers are excited by light of appropriate wavelength and power.
Among the various photosensitizer drugs investigated, ph-
thalocyanines have been found to be highly promisBen(

Hur and Rosenthal, 1985; Ali and Van Lier, 1999; Tedesco
et al., 2003.

Zinc(ll) phthalocyanine (ZnPc)Hg. 1), a second gener-
ation photosensitizer much utilized in PD¥gikes et al.,
1985; Reddi et al., 1990; Gantchev et al., 20)0&s used in
our experiments due its high selectivity for tumoral targets
and enhanced cytotoxic efficiency due to singlet oxygen pho-
togenerationBen Hur and Rosenthal, 198%n addition, the
hydrophobic character of ZnPc facilitates the incorporation
of this photosensitizer in many drug delivery systems espe-
cially in LTCM. The main structure of the phthalocyanine 5 Materials and methods
dye is presented in Fig 1.

One of the main advantages of polyethyleneglycol (PEG) 2.1. Materials
conjugated micelles in comparison to conventional micelles
are the smaller value of the critical micellar concentration PEG-5000-DSPE was purchased from Avanti Polar
(CMC) of LTCM. The CMC of the PEG conjugated micelles Lipids. ZnPc and sodium dodecyl sulfate (SDS) were from
is around 107 M, while in conventional micelles is about Aldrich. Solvents and commercial reagents are of HPLC
103 to 104 M. This renders PEG conjugated micelles a grade, purchased from Merck, and utilized as obtained.
very stable system in diluted solution with a slow dissoci-
ation process, which permits incorporation and retention of 2.2. Methods
drugs for longer time resulting in higher drug concentration
inthe target tissuek@taoka et al., 1993Besides, polymeric ~ 2.2.1. Preparation of LTCM
micelles have reduced diameters with a narrow size distribu- LTCM containing ZnPc were prepared from PEG-5000-
tion; these properties constitute an additional advantage forDSPE lipid according to the methodology previously de-
their distribution control. scribed byWe|SSIg et al. (1998)Br|eﬂy, 10 mg of PEG-

The complex lipid/polymeric derivative, PEG-5000- 5000-DSPE were solubilized in chloroform and ZnPo.(8
DSPE (Diastero“ phosphatid”-ethano]amine_po|yethy|ene_ in ethan0|) was added. After removal of the Organic solvent
glycol/MW 5000 Da), may form micelle systems with a ©n a rotary evaporator, micelles formed were ressuspensed
long circulation time. The structure of the complex mi- in phosphate buffered saline (PBS) at pH 7.4 and submitted
celle/polymer formed, reduces the recognition of these par- t0 ultra-sonication process for 5min, using a bath sonica-

ticles by the Reticular Endothelial System (RES), leading tor, yielding a clear blue solution. The final concentration of
the incorporated drug was determined by absorption spec-

troscopy using the ZnPc molar extinction coefficien;§ =
2.41x 10°M~1cm™1). Freshly prepared stock solutions of
Zn/LTCM were used for all spectroscopy studies.

Fig. 2. Polymeric micelle (PEG-5000-DSPE)ncan, 2001

to a better drug biodistributior{g. 2). Many researches and
clinical trials worldwide have proven the efficiency of LTCM
as a DDS YVeissig et al., 1998; Torchilin, 1999; Torchilin,
2001; Fu et al., 2002

Inthe presentwork, ZnPc as a classical photosensitizer for
PDT incorporated in LTCM of PEG-5000-DSPE was pre-
pared and characterized by steady state and time-resolved
spectroscopics techniques. All the results clearly indicated
that ZnPc was incorporated in LTCM and most of its spec-
troscopic properties already studied in homogeneous media
electing ZnPc as a promising photosensitizer for cancer ther-
apy. Most of these properties are also present in this new for-
mulation rendering their utilization in clinical trials of PDT
feasible.

2.2.2. Spectroscopic and photophysical studies

2.2.2.1. Absorption spectroscopy and fluorescence emission.
Absorption measurements of ZnPc in micellar media and

in ethanol were made on a Perkin-Elmer Lambda 20 setup
whose background was corrected using matched quartz cu-
Fig. 1. Zinc(ll) phthalocyanine (ZnPc). vettes with scanning over the wavelength range from 300 to
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800 nm. Fluorescence emission spectra were performed orshown inEgs. (2) and (3)
a Hitachi F-4500 spectrofluorimeter and a Fluorog 3 SPEX AA x volumex 6.02 x 1023

from Ivon-Jobin, working, at 610 nm of excitation,andamax- n = (2)
imum emission setup at 682 nm. The system was equipped €
with stirring and temperature control of the sample. ¢ = " ©)
Is x t x (1—107Abs)
2.2.3. Time-resolved fluorescence measurement wherels is the number of photons per second emitted by the

A time-correlated single-photon counting technigue (TC- light source is the time in seconds and-1 10-4S is the
SPC) was used to determine the fluorescence lifetimes ofamount of light absorbed by the sample.
5uM of ZnPcin micelar mediaand in ethanol. Time-resolved |s can then be calculated by using the equation:

experiments were performed using an apparatus based on the nFe

time-correlated single photon counting method. The exci- Is= — 10-Abs (4)
. . . Pre x t x (1 — 10 )

tation source was an Edinburgh Analytical Instrument FL-

900 lifetime spectrometer, operating with a hydrogen-filled _ 6.02x 107 x Abs (510 nm)x V1 x V3 5)

nanosecond flash lamp at 40 kHz pulse frequency. The emis-'Fe = ex V2

sion wavelength was selected by a monochromator (Edin- . . .

burgh Instruments), and emitted photons were detected by avyhereg =1.11x 10¢, ¢Fe's.thpf quantum V"?'d ofiron forma-
refrigerated Hamamatsu R3809U microchannel plate photo-tlon (¢re=1.22at355 nm),|st|me and Abs_|s the absorbance
multiplier. Software provided by Edinburgh Instruments was of the KsFe(G04)3 solution at the excitation wavelength.

usedto analyse the decay curves; the exponential decay fitting IA" expgnmefnts wtgre pef[formed in thg dalrk.dThe %Iazst';
was judged by inspection of the plots of weighted residuals cal procedure Tor actinometer was previously described by

and by statistical parameters such as the reduced chi-squaré‘Vellne etal. (1998)
(x?)- :

The excitation and emission wavelengths used were setupg'g'g'll‘e}serlﬂa.Sh p;hotoly_&s b . d ZnP
at 610 and 682 nm, respectively. All measurements were ”: I o .nadyS|s 0 I.tfra.nyeﬁglsorptlon spe(;tra and Znre
made in the presence of oxygen, ar25 triplet excited state lifetimesTriplet state transient species

and lifetime measurements were made using a laser flash pho-

tolysis spectrometer, which allowed the simultaneous cap-
2.2.4. Determination of the fluorescence quantum yield ture of the transient absorption spectruim=300—-800 nm)

The fluorescence quantum yields) of ZnPc was  and the transient kinetics at a single wavelength. The sys-

measured using the ratio method describedthaton (1988)  tem is reported in detail elsewhere Bydham and Phillips
and Demas and Crosby (1971tilizing ZnPc in ethanol  (2000) Tedesco etal. (2003Briefly, the system uses the third
as a standardp¢ = 0.28). Optical densities were set below harmonic (355 nm) of a Nd-YAG laser, Continuum, model
0.1a.u.inLTCM at the wavelength of maximum absorbance SURELITE I-10. The pulse length was 8ns, and the beam
(674nm) and corrected fluorescence emission spectragiameter of the incident spot on the sample was 6 mm, with a
recorded on a Fluorog 3 spectrofluorimeter between 650 andrepetition rate of 10 Hz. The pulse energy was typically 50 mJ
800 nm, following the technique describedBgton (1988)  per pulse as measured with a Field Master power meter with

usingEq. (1} a L-30V head. A 400 W tungsten—halogen lamp was used as
5 the probe light. The lamp beam is collimated (1 mm in di-
du = [(AsFU” )} bs 1) ameter) through the sample in the cell holder, which is held
AuFsn3 in a cuvette 1cm in size. Growth—decay kinetic was mea-

sured at a single wavelength using a monochromator (M300
from Bentham) and a photomultiplier (Hamamatsu, model
R928P). Transient decays were averaged using a Tetronix
TDS 340A digital oscilloscope. The stored digitized kinetic
decays were transferred to a personal computer for analysis
2.2.5. Determination of photobleaching quantum yield in software supplied by Edinburgh Instruments.
Photobleaching quantum yield of ZnRgpg) in LTCM
was determined following the procedure described by 2.2.7. Physical chemistry characterization
Aveline et al. (1998)Potassium ferroxalate actinometer was 2.2.7.1. Laser light scattering (LLS).LS studies were per-
used to evaluate the total amount of energy used in the pho-formed with a Zetasizer 3000-DTS 5300, Malvern Instru-
tobleaching experiments. The photobleaching quantum yield ments, with angle scattering 9@nd particle size measure-
(¢pB) is defined as the number of molecules undergoing ments of 2 nm to 3um. For each experiment three sequences
bleaching ), divided by the number of photons absorbed by of 10 measurements each were performed. LTCM were ana-
the samplen was calculated by the decrease in the absorp- lyzed in the presence and in the absence of the ZnPc photo-
tion maximum divided by the molar extinction coefficientas sensitizer.

where u is unknown, s is standarg@r is fluorescence
quantum yield A is absorbance; is fluorescence area and
nis refractive index.
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Fig. 3. Absorption spectra of ZnPc (@) in SDS (a); SDS-PEG-5000 (b); ~ Fig- 4. Fluorescence emission spectra of ZnPeNg in SDS (a); SDS-
LTCM (c); and in ethanol (d). PEG-5000 (b); LTCM (c); and in ethanol (d).

tosensitizer is sensitive in its environment yielding much in-
formation (Cuccovia et al., 1982).

The fluorescence emission spectra showrig 4 in-
dicate the positions of the maximum emission at 682, 682

The absorption spectra of ZnPc®) in the micellar and 680 nm of the classical ZnPc emission maximum, af-
medias of SDS, SDS-PEG-5000, LTCM and in ethanol are €' light excitation at 610 nm in SDS, SDS-PEG-5000 and
illustrated inFig. 3 In all the medias, ZnPc exhibits a strong LTCM, respectively. In ethanol, ZnPc emission maximum
absorbance in the red region, with a maximum wavelength at'Was at 685nm.

674 nm (670 nm in ethanol). Furthermore, it presents a group Fluorescence band shifts for red in the studied medias
of Q bands in the region from 600 to 720nm and a Soret can be related with the connection site of the micellar media

band at 340 nm. The Q bands represent the vibration lev- and the organic media (ethanol). Some research related with
els referring to first and second excited electronically states. Photosensitizers shnfts attached the aIbumm had been StUd'?d
The Soret band is a group of ten electronic transitions with (Morgan etal., 1980; Lamola etal., 1981; Reddi etal., 1981;

different spins and dipole moments sizes (Eichwurzel et al., G€nov etal., 1988 _ _ _
2000). According toFig. 4, the incorporation of ZnPc in ethanol,

In all the studied systems (LTCM SDS-PEG-5000 and SDS, SDS-PEG-5000 and LTCM resulted in ablue shift of the

SDS micelles) ZnPc was not dimer aggregation states form. fluorescence emission maximum position. The fluorescence
This can be observed Clearly H_‘Ig 3 behind of Spectral emission maximum position was shifted from 685 to 682, 682

profile Q and Soret bands (monomeric aggregation) in the and 680 nm, respectively. Of the same way, bathochromic

micellar medias. The red shifts observed are in agreementsmfts in the absorption and in the fluorescence emission
with the process drug of incorporation in the micellar me- Maximum were going observed for monomerization of ZnPc
dia. This behavior as frequently observed and previously and/or solublhzatlpn of the Qrug in an apolar environment
described Yiswanathan and Natarajan, 1996; Ringsdorf et (Kessel, 198p This blue shift of the fluorescence maxi-
al., 1993; Balasubramaniam and Natarajan, )967many mum position indicates the incorporation of the drug into
porphyrins and phthalocyanines dyes incorporated in micro- "ydrophobic microenvironments.
heterogeneous medias. Otherside, this can indicate that ZnPc molecules are lo-
Thus, if ZnPc had dimer aggregation states form it could cated in less hydrophobic environment than the organic

be observed changes drug spectral profile, which this cannof&thanol), and therefore can perceive the water presence
be observed. in the micellar environment and however are locating near

Based orNunes et al. (2004)and other work developed to surfactant—polymer interface (SDS-PEG-5000), and near

in the group with ZnPc in different drug delivery systems, we lIPid—polymer interface (LTCM). Nevertheless, it occurs a
believed that aggregation process is not present in the rangd€d shift for the band located in the region of 750 nm due ho-
of concentration used in the present work. The monomeric M0geneous environment (ethanol) changes for the micellar
state of ZnPc in organic media (all spectroscopy analysis) €nvironments of SDS, SDS-PEG-5000 and LTCM. _
clearly indicates that our results are in agreement with the  B€Sides, this red shift of the fluorescence maximum posi-
dye behavior. ZnPc is one of the highest hydrophobic ph- t|qn |nd|cz_;\tes the incorporation of the drug into hydrophobic
thalocyanine derivatives with critical spectroscopic changes Microenvironments.
when aggregation process takes place.

One of the best manners to investigate the behavior of 3.2. Measurements of time-resolved fluorescence
microheterogeneous or biological systems consists of the
study of their photophysical properties using fluorescent  Fluorescence lifetime measurements were carried out us-
compounds as probes. The fluorescence emission of the phoing a time-resolved spectrofluorimeter FL900CD (Edinburgh

3. Results and discussions

3.1. Absorption and fluorescence spectroscopy
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Instruments) with a bl lamp operating at 40 KHz frequen-
cies. All measurement was done collecting around 3000
counts. Fluorescence lifetimes were estimated by fitting the
decays data analyzed by an interactive deconvolution proce-
dure based on Marquardt-algorithm using software supplied
by Edinburgh. The reduced chi-square tgg) @nd the devia-
tion function criteriawere used to test the quality of the fit dur-
ing the analysis procedure. Also the global analysis software
exhibits the number of population present. In organic phase
ZnPc presents monoexponential decégh(e 1), clearly in-
dicating one population of the drug. In microheterogeneous
media, studies for ZnPc and many other photosensitizers, in
micelles and liposomal media present biexponential decay,
clearly indicating two populations. The results of fluores-
cence quenching for ZnPc in organic and liposomal media
(Nunes et al., 2004prove the presence of two different pop-
ulations of ZnPc, located in the inner and outer position in 1000
a double bilayer of liposome. Considering that in both mi-
cellar medias studied, conventional micelle and LTCM pre-
sented the same hydrophobic region as liposome system, we
believe that the ZnPc in these medias are located in two dif-
ferent positions in these heterogeneous systems, as observed
for photosensitizers dyes in liposomes. The second life time
observed in micellar medidéble 1) longer (around 19.9 ns)
is the some order of magnitude as found to liposomes, belong
to the population located in the inner region of the micelles
alkyl chain. Other hydrophobic probes as pyrene and other
photosensitizers dyes also present the same biexponential de- o5 a0 35 40 45 50 55 60
cay adjustment with two different populations lifetimes. B Time, 10

Singlet excited state lifetime was determined through the
decay curves profiles of ZnPc in the micelar medium and in Fig. 5. Fluorescence decay curve of ZnPp.{8) in (A) ethanol; (B) LTCM.
ethanol according tig. 5A and B.

In LTCM, smaller lifetimes were observeth(= 3.9 ns and to the reduction of singlet excited state lifetimesg)(as ob-
2 = 15.5 ns, with population percentages of 91 and 9%, re- served byNunes et al. (2004)n LTCM, the presence PEG
spectively) Table 1), probably related to ZnPc location near chain attach to the micelle increase of the polarity, of the
a polar media, since hydrophobic probes located next to po-media leading to two different populations of the dye in the
lar regions emit shorter fluorescence lifetimes than those lo- excited state (two lifetimes).
cated in apolar region${emiarczuk and Ware, 199@&nPc ZnPc in ethanol has a best fit to monoexponential func-
molecules are hydrophobics and therefore they locate in apo-tion with a decay time of 4.1 ns. However, the biexponential
lar environments. Previous studies in liposomal meliaies decay observed in the medias studied can be related to the
et al., 200 clearly indicate that the hydrophobic ZnPc in heterogeneity of the micelar systela({duga et al., 1988
microheterogeneous media present two different population,
one locate in the inner double bilayer phase (more apolar) and3.3. Determination of the fluorescence quantum yield
other in the double layer region, close to the polar surface.
The position near to the surface presents more polar behavior The relationship between emitted and absorbed photons
leading to the reduction of the fluorescence lifetime. Thus, results in the fluorescence quantum yiesg), by which val-
the localization of ZnPc in region with higher polarity leads ues near unity indicate that the fluorophores are more efficient

as fluorescence probes for diagnostic use than as photosensi-

Counts

Std Dev

Table 1 tizers for PDT.

Lifetimes of the ZnPc and population distribution (%) in the micelar medias In the micellar medias of SDS, SDS-PEG-5000, LTCM,
and in ethanol and in ethanol were obtained fluorescence quantum yields
Media 11 (NS) 2 (NS) 71 (%) 2 (%) (¢F) values about 0.15, 0.14, 0.23 and 0.28, respectively. It
SDS 4.3+ 0.1 19.9+ 0.1 94 6 can be observed that in LTCM tlge- (0.23) increased in re-
SDS-PEG-5000 4.%£0.1 19.64+ 0.1 93 7 lation to others micelar medias. This value found for ZnPc
LTCM 39+01 155+ 0.1 91 9 in LTCM showed a small increase in relation to the others
Ethanol 4.1+ 0.1 - 100 -

medias studied. However this value is still low enough to
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Fig. 6. Photobleaching spectrum of the ZnPc in LTCM with insertion of the quantity of engygd¢ed to the system.

allow this class of phthalocyanine to be used as photodiag-that in this system the photosensitizer shows a better stability

nostic and photosensitizer in neoplastic diseases. This datafter receiving high doses of energy during photoactivation.

could be directly related to the photodynamic efficiency of Photobleaching is aterm used to indicate that the optical den-

the photosensitizeFpote, 199} sity of the photosensitizer utilized for photosensitization ac-

tivation decreases during exposure by light. The lower value
3.4. Determination of the photobleaching quantum yield found for the photobleaching also allowed us to evaluate the
degree of aggregation of the dye in the DDS used. ZnPc in

Photobleaching quantum yield of ZnPc in LTCM was cal- LTCM seemsto be less aggregated thanin other DDS (such as

culated as-0.055. This small value indicates a better stability liposomes), where a lowepgg) was found due to secondary

of the photosensitizer in comparison to the photobleaching aggregation4veline et al., 1998

process. Several publications have reported that lower val-

ues of the photobleaching quantum yield are associated with3.5. Laser flash photolysis

a lower aggregation of the dyéyeline et al., 1998Fu et

al., 2003 This behavior leads to a better photodynamic ac- 3.5.1. Analysis of the ZnPc triplet excited states

tion since aggregation reduces the photophysical activity of ~ Triplet excited state decay of ZnPc was calculated at the

the moleculesFig. 6 shows the photobleaching spectrum of maximum absorption wavelength (480 nm) in function of

ZnPcin LTCM. time (Fig. 7). The decay profiles obtained in micelar me-
The determination of the photobleaching quantum yield dias presented biexponential decay kinetic, using an adjusted

(¢pB) provide information of the energy maximum that can computer program.

be added to system, avoiding photodegradation of the dye, re-  Transient spectra of ZnPc in the micelar systeRig.(7)

ducing your photodynamic action. The photobleaching quan- presented one transient specie with two different lifetimes in

tumyield @pg) was determined only for LTCM, where avery the order ofus. Triplet excited state of ZnPc presented ab-

small value of this constant (0.055) was obtained, indicating sorption in the wavelength range from 380 to 650 nm, with
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Fig. 7. Transient absorption spectra of ZnPc obtained by laser pulse photolysis in SDS (a); SDS-PEG-5000 (b); LTCM (c); and in ethanol.
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maximum transient absorption at 480 nm. Beyond the triplet sions in the nanometer range confirm that this system is ap-
absorption, in the excitation process the ground state pho-propriate for drugs delivery in PDT.
tobleaching of the Q and Soret bands of the ZnPc can be The physical chemistry characterization of the LTCM was
observed. made by LLSFig. 8). The size distributions are monomodals.
ZnPc in ethanol has a best fit to monoexponential function The average diameter obtained for the LTCM in the presence
with lifetime of 0.17ws (100%). However, it forms simple  of the ZnPc, was larger than in its absence (163 and 40 nm,
specie with one lifetime. respectively). InFig. 8A, in the first observed peak, ZnPc
Lifetime values of ZnPc in LTCM wereTt1 = 4.5us was not completely incorporated in LTCM and kiig. 8B,
(87.9%) andrt2 = 2.2us (12.1%). The presence of two dif-  the observed peak in 150 nm can correspond the some struc-
ferent lifetimes indicates the distribution of the photosensi- tures formed through aggregation process of the micelles.
tizer in distinct populations with different locations in LTCM.  However, after the incorporation of ZnPc in LTCM, the av-
The main population (about 88%) presented nearly a dou-erage diameter obtained was 160 nm. These values confirm
ble triplet lifetime. This is considered to be an advantage in the incorporation of the drug in this system.
relation to monomeric state in ethanol, because two popu- Since ZnPc maintains most of its photophysical and pho-
lations in two different locations in the LTCM enable the todynamic properties unaltered, the results presented here
transfer of energy to the molecular oxygen present in the me-clearly indicate a good potentiality for the utilization of
dia leading to an efficient production of singlet oxygen. The ZnPc/LTCM in PDT.
decay curves adjustments were performed according to the
chi-square function and in all the cases these values were 1.0
+ 0.2, which are entirely acceptable. 4. Conclusions
Photodynamic efficiency of the photosensitizer is criti-
cally dependent on the quantum yield and the triplet excited ~ Following incorporation of ZnPc into either one of the
state lifetime Foote, 199) Therefore, the bigger the triplet  three systems studied (SDS, SDS-PEG-5000 and LTCM) no
excited state lifetime, the better is the probability that drug Significant spectroscopic changes of the photosensitizer prop-
energy can be transferred to molecular oxygen and conse-€rties are observed. ZnPc loaded in LTCM presented suitable
quently to produce singlet oxygen. conditions for its utilization in PDT and photodiagnostic pro-
cedures, including an enhanced fluorescence quantum yield,
and lifetimes of the triplet excited state lasting longer than
those obtained in conventional micelles and in ethanol solu-
. . tion (monomeric state). Furthermore, this system provides a
3.6.1. Laserlight scattering (LLS) better stability of the incorporated drug, has a narrower size

LLS analysis determined the average diameter values Ofdistribution attern of its particles and a lower photobleach-
the LTCM in the presence and in the absence of ZnPc, which, X P P

L : o ing quantum yield.
were 163 and 40 nm, respectivelyid. 8). The size distribu- .
tion of the LTCM is quite narrow, with a monomodal profile All these results suggest that LTCM may be promise sys-

) o ) . tem to vehicle ZnPc for PDT use. Understanding the physical
and uniform distribution of the particles. The small dimen chemistry properties of ZnPc loaded LTCM is the first step

for a future study of their biodistribution in cells neoplasic.
80 - A study in vitro for ZnPc quantification in aqueous media

3.6. Physical chemistry characterization

5 60 - will be developed briefly.
5
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