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Photoactivatable nanoparticles for photodynamic applications, method of preparation thereof

sharmacceutical compositions containing them, and use thereof
e

Field of Art

The present invention relates to photoactivatable nanoparticles for photodvnamic applications,
method of preparation thereof, pharmaceutical compositions containing them, and the use thercof

as medicaments in photodynamic therapy.

Backoround Art

Photodynamie therapy {(PDT) is a relatively new method of treating various discases, with a
particolar focus on the treatment of tumors, for example squamous cell carcinoma of the head and
neck. PDT consisis in combination of photosensitizer (PS), molecule of oxvgen, and subscquent
laser wrradiation of tumor lesions. After laser irradiation of the tumor, the molecules of the
photosensitizer absorb the photons of hght and subsequently excite oxygen while releasing singlet
oxygen, which is highly destructive causing damages of the cellular structures, such as DNA or
membranes in close surrounding. Efficiency of PDT largelv depends on the photochemical,
photobiological, and phototherapeutic properties of PS. Critical factor is the formulation of PS,
which ensures, that the effect is selectively focused on the target tumorous tissue. PDT 15 a
preferred method of treatment not only in tumorous, but also in many non-tumorous applications,
for example in cosmetics, where the photosensitizer is combined with a biological filling material
(comprising collagen, hvaluronic acid, and other synthetic or natural products) and the formulation
1s subsequently mjected to the treated location (US20110021973 A1}, PDT is used also as a method
of treatment of unwanted cellulitis (UUS8414880 B2) or m the prevention and treatment of vascular
or inflammatory discases (US20090306032 A1), where the authors describe sohid hipidic
nanoparticles obtained by micro-emulgation in heat, containing cholesteryl propionate and/or

cholestervl butyrate.

Nanomedicing is a fast developing discipline of medical research, which is focused especially on
the development of nanoparticles (NPs) for prophvlactic, diagoostic, and therapeutic applications.
In the area of pharmacy, the size of nanoparticles is generally usually defined in the range of 1 nm
thra 1000 nm. Nanomedicine functions on the same principle as many biological processes and
cellular mechanisms. Photosensitizers incorporated inside the nanoparticles provide a very
promising approach in solving the problem of both bicavailability and targeted delivery to the

tumorous tissue. Methods and procedures for the synthesis, functionalization and the use of NPs are
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today widely studied and they represent new strategies for molecular targeting, mdividual therapy

and minimally invasive diagnostic techniques.

In general, there may be varicus ways of administration of PSs to the patient, for example topical
(US20090081281 Al), peroral {(US20100273803 Al) or mtravenous, and each of them has its
advantages and disadvantages. Especially intravenous administration is problematic, as many PSs
are hydrophobic or amphiphilic substances usually msoluble in water. In some cascs, PSs
{especially temoporfing are administercd in alecholic solution (ethanol, propylene glyeol). For
PDT, mainly porphyrins and chlorines were tested. Temoporfin {Biolitec Pharma, Scotland, Umnited
Kingdom) was approved in EU for palliative tumors of bhead and neck, tumors prostate and

pancreas (US20060040912 A1),

Solid lipid nanoparticles (SLNPs}) with stabilized surface with non-covalently bound medicaments
represent a new type of medical formulation. In the bloodstream, these SENPs, after adhesion to
apolipoproteins, imitate low-density-lipoprotein (LDL) transporting the lipids to the tissues. LDL
receptors are overexpressed on the surface of many tumorous cells (Kretzer, Tara F., Durvanei A,
Maria, and Ragl C. Maranh3o. 2012, Cellular Oncology 35 {6} 451-60; Huntosova, Veronika,
Diana Buzova, Dana Petrovajova, Peter Kasak, Zuzana Nadova, Daniel Jancura, Franck Surcau,
and Pavol Miskovsky. 2012, International Journal of Pharmaceutics 436 {(1-2); 463-71), which
leads to targeted delivery of the medicament o the tumor. For the specific delivery of P8 as close
as possible to the tumorsus tissue, it 1S necessary o suppress the mechanisms restricting the
cffectivity of PDT. Duc to accumulation of PS leading o unwanted photosensitizing of the entire
surface of the body of patients, the skin is the decisive organ (Moore, Caroline M., Mark Emberton,
and Stephen . Bown. 2011, Lasers in Surgery and Medicine. 3:768-73). SLNPs are then an
effective system of administration of medicaments improving biological availability also for the
substances poorly soluble in water. Formulations on the basis of SLNP provide generally higher
hicavailability and a higher therapeutic effect in vitro and in vivo in comparison with commercial
formulations, especially for use in intravenous drug application form.

155250236 describes solid hipid spherical particles that have the diameter smaller than one
micrometer. Lipid particles were obtained by adding heated lipids (above their melting point} to the
mixture composed of water, surfactant, and co-surfactant.

Patent application W 1993005768 Al describes a system of drug delivery based on solid particles
of lipidic materials or mixtares thercof, with the diameter from 10 nm to 10 yum. They provide
longer time of controlled release of active substance and enable ncorporation of hydrophilic drugs

1o the solid core of the particle.
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US20080090803 Al describes covalent conjugates of fatty aleohols and phammacewutical carriers for
the treatment of tumorous and viral discases and psychiatrc disorders.

US20060127471 Al describes the preparation of liposomal formulations containing hydrophobic
photosensitizer (temoporfin and their use in therapy, particularly using intravenous application.
Phospholipids are modified by PEGylation [containing poly{cthylene oxide) as an integral part].
The resulting PEGvlated liposomes nclude a hydrophobic photosensitizer within the membrane.
This mechanism delivers the photosensitizer o the cellular membrane of the system directly to the
site of action.

US7354599 B2 descnbes pharmaceutical liposomal formulations for PDT that contain a
hydrophobic photosensitizer of porphvrin type (temoporfin), monosacchande (fructose and
glucose) and one or more synthetic phospholipids. Thanks to the lyophilization process, the
resulting formulations are stable on storage and suitable for intravenouns administration.

58709449 B2 describes the formulation increasing the efficiency of PDT and reducing phototoxic
reactions of skin caused by PDT. The lipid emulsion contains sovbean oil, triglyecendes with
medium fong chains and phosphohipids from eggs as hydrophobic components. PS 1s selected from
the group of porphyrins, phthalocyanines, metallo-graphite derivatives, dyes and synthetic
photosensitizers.

US20080311214 Al desenbes modified lipidic nano- /micro-particles that contain on their surface
amolecule or a ligand targeting to a specific binding site, and their use for peroral administration of
medicaments and antigens.

Patent application WO 2006069985 A2 describes methods of preparation of lipid-based
nanoparticles by homogenization for the purpose of incorporating a compound into the alrcady pre-
prepared nanoparticles using a dual asymmetric centrifuge.

Patent application WO 20101 12749A1 describes the method of preparation and composiion of
suspensions of sclid hpidic nanoparticles in agueous phase, containing the minoxidil in a lipid
matrix {(mono-, di- and triglycerides non-containing stearic acid). SLNPs contain at least one
amphiphilic compound selected from phospholipids (soy lecithin, composed mainly of
phosphatidvicholines). SLNPs contain mainly phosphatidvicholine, lecithin and one or more
surfactants (selected from esters of fatty acids with sorbitans) and water phase {comprising water,
propviene glyeol and eventually ethanol). The authors focus on the cosmetic and pharmaceutical
use.

Patent application W 2011116963 A2 describes a system of delivery of medicaments using SLNP
that - as lipidic carriers - comprise at least one active substance and are coated with polymers. The
active substance is selected from cosmetic, pharmaceutical and/or alimentary active substances

and/or adjuvans. Polymers {prepared by simple or complex coacervation) are selected from the
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group of proteins, polysaccharides, polyesters, polvacrylates, polycvanocacrylates, and/or mixbures
thereof.

US3785976 A describes the preparation of colloidal suspensions of solid hipidic particles of
anisometric shapes with a lipid matrix which is in a stable polymorphic modification. They further
comprise a suspension of micro- and submicron particles of bioactive compounds. These
suspensions were prepared especially for parenteral administration, which 1s very convenient for
bioactive substances poorly soluble in water, especially medicaments, and their use in cosmetic,
food and agricultural mdustries.

US4880634 A describes lipidic nano-pellets containing pharmacologically active substances, the
size of which is m the range of from 50 to 1000 nm, and may be used as adjuvants in the system of
transport of drugs for peroral adoinistration,

PCT/EP2012/055222 (WO 2012/127037) deseribes a pharmacoutical  composition, which
comprises a corticostercid and/or vitamin D denvative incorporated as a solid sohution or
dispersion in lipid nanoparticles, said lipid nanoparticles bemg solid at ambient temperature and
comprising a first hipid with a melting pomt above body temperature, and a pharmaceutically
acceptable surfactant,

US 2015/0273084 A1 relaies to a methylene blue nanoparticle for bicimaging and photodynamic
therapy, and a use thereof as a cancer therapeutic agent and a contrast agent. The nanoparticle
contains a methvlene blue — fatty acid (or salt thereof) complex and an aphiphilic polymer
{polvoxyethylene-polvoxypropvlene block copolymer}, wherein the methylene blue -~ fatty acid
complex is enclosed in an amphiphilic polvmer micelle {Pluronic F-68).

Xingwang Zhang, Huan Wang, Tianpeng Zhang, Xiaotong Zhou, Baojian Wu, European Journal
of Pharmaceutical Sciences 62 {2014} 301-308 describes the preparation, solubilization,
stabilization and bioavailability of polymernic mixed mucelles with stiripentol as model drug. The
micelles were prepared by rapid dispersion of an ethanol solution containing stiripentol,
monomethoxy poly{ethvlene glycol}-b-poly{e-caprolactone} and sodium cleate into water.

hingvin Gou, Shuangshuang Feng, Helin Xu, Guihua Fang, Yanhut Chao, Yu Zhang, Huwi Xu and
Xing Tang, Biomacromolecules 169 (2015): 2920-2929 relates fo a preparation of well-controlled
particle size micelles, contaiming medium chain triglveeride (MCT) and a drug incorporated mside
the micelles. It also related to the influcnce of the MCT presence on the drug content. The coat of
the micelles s composed of the block copolymer mPEG-b-PCL.

Taratula O., et al, Chemistry of Materials 2717 (2015):6155-6165 describes a combined
therapeutic/diagnostic agent based on silicon naphtalocvanine encapsulated in a hydrophobic core
of PEG-PCL polymenc nanoparticles. These nanoparticles, upon their accumulation in the target

tumor tissue, may be detected using NIR flucrescence imaging. Upon NIR laser wrradiation of the
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nanoparticles, the absorbed encrgy generaies reactive oxygen species {(ROS) and bheat, which are
emitied into the surroundmg tumor tissuc.

To select a suitable tyvpe of nanoparticles as a transport medium allowing targeted application of the
respective active pharmaceutical ingredients, it is necessary to consider also all the drawbacks and
hinitations of the svstem concermned. In case of liposomes, the use of high-energy oltrasound during
the preparation often causcs oxidation and degradation of phospholipids (T. P. Chelvi and R
Ralhan, lnternational Journal of Hyperthermia, vol. 11, No. §, pp. 685-695, 1995, 8. Batzri and E.
D Kom, Biochimica et Biophysica Acta-Biomembranes, vol. 298, No. 4, pp. 1015-1019, 1973, 1.
§. Escobar-Chavez, Skin, Vol 19, p. 22, 2012; M. R. Mozafan, Cellular and Molecular Biology
Letters, Vol 10, No. 4, pp. 711-719, 2005). In micelles and liposomes, there is further a risk of for
example decomposition of the transporting system immediately after the administration because of
its msufficient stability (M. Malmsten, Soft Matter, Vol 2, No. 9, pp. 760-769, 2006). For the
systems using encapsulation into cyclodextrins, there was demonstrated irritability and therefore
security concerns and linitations of their use for parenteral admunistration {R. A. Rajowski and V.
I Stella, Journal of Pharmaceutical Sciences, vol. 85, no. 11, pp. 1142-1169, 1996; A F. Socares,
R. D. A Carvalhe, and F. Veiga, Nanomedicine, Yol. 2, No. 2, pp. 183-202, 2007}, In hqud
crystals, there are problems, due to their high viscosity, with the preparation and administration,
and they further manifest toxicity because of high content of surfactants (M. Malmsten, Soft
Matter, Vol. 2, No. 9, pp. 760-769, 2006, P. 8. Prestes, M. Chonlli, L. A. Chiavacei, M. V. Scarpa,
and G. R. Leonard:, Journal of Dispersion Science and Technology, Vol. 31, No. 1, pp. 117123,
2009; M. Riickert and G. Otting, Journal of the American Chemical Society, ¥Vol. 122 No. 32, pp.
77937797, 2000). For wvarious tvpes of nanoparticles, there mayv be fundamental also other
characteristics, for example the method of administration of a medicament, colloidal stability and
inferaction with blood protemns, biodegradability of the carrier, low incorporation and adsorption of
the curative substance, complex development of methodologies for the control of quality of the
transporting system, problems with stability during storage, toxicological tests of some types of
nanoparticles are not fully completed and there is ofien neced to increase the efficiency of the
production (W, Mehnert and K. Mader, Advanced Drug Delivery Reviews, Vol. 47, No. 2-3, pp.
165196, 2001; E. B. Souto, P. Sevenno, M. H. A. Santana, and S. C. Pinho, Quimica Nova, Vol.
34, No. 10, pp. 17621769, 2011},

Dnsclosure of Invention

The present invention provides fully bicdegradable formulation of photoactivatable nanoparticles
for photodyvnamic applications with minimum side effects. i is based on solid lipid nanoparticles

(SLNPs) of the photosensitizer and fatty alcohols, wherecas the surface of these sohd lipid
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nanoparticles is stabilized with a non-toxic surface active polymer, such as a copolvimer
polv{cthviene oxide) monomethyl ether - biock - poly(s-caprolactone), which prevents entrapping
of SNLPs io reticuloendothelial system. Fatty alcohols are then fully degradable during
metabolization by B-oxidation, while the surface active copolymer itself i1s also biodegradable to
the 6-hydroxvhexanocic acid and polv{ethyienc oxide)., and based on the relatively low molecule
weight, both types of fragments arc eliminable by kadneys. SLNPs are at the storage temperature of
4 °C sohd, stable, and do not aggregate. Melting temperature of the core 1s 39 °C, which causes
releasing of the photosensitizer in the tumor in a controllable way as a result of intensive hyper

thermic metabolism.

The subject of the present invention is a photoactivatable nanoparticle for photodynanuc
applications, containing a core and a shell, the core of which contains from 1 to 50 weight % of a
photosensitizer, referred to the total dry weight of the nanoparticle, preferably from 1 to 4 weight %
of the photosensitizer, referred to the total dry weight of the nanoparticle, and the said
photoactivatable nanoparticle further containg from 1 to 80 weight % of {Cq to Crn) fatty alcohols,
referred to the total drv weight of the nanoparticle, preferably from 12 to 72 weight % of {(; to
{5y} fatty alechols, referred to the total dry weight of the nanoparticle; and the shall containg from 1
to 80 weight % of polymeric surfactant, preferably of polv{ethvicne oxide) monomethvl ether -
block - poly {e~caprolactone), referred to the total dry weight of the nanoparticle, preterably the
shell contains from 14 to 72 weight % of the said polymeric surfactant, referred to the total dry
weight of the nanoparticle; wherein the size of the nanoparticle is i the range of from 1 to 1000
om, preferably in the range of from 11 to 760 nm, most preferably in the range of from 11 to 30
nm, and wherein the core of the nanopariicle 1s solid at the temperature of 4 °C, and hguid at the
temperature of 39 °C, determined by differential scanning calonimetry with flashing with nitrogen
gas with the volume of 50 em’/min while using indium as a standard in temperature cyeles: heating
— cooling - heating, at 5 °C/min, and the temperature reading was performed frony the first curve of
heating of the differential scanning calornmetry, where the result was a bimodal thermogram with
two endotherms, one for the eutectic mixture of the photosensitizer and the fatty aleohol, and the

second one for the fatty alcohol.

Inclusion of temoporfin to the lipidic matrix leads to the melting temperature around 26 °C, when
the eutectic mixture of the photosensitizer and of the (Cs to Cy) fatty alcohol melts, and between
35 and 39 °C, preferably between 37 and 39 °C, most preferably at around 39 °C, when the faity
alcohol-based core matrix itself melts. it means, that two phases exist in the lipid core, containing

the photosensitizer and the (Cy to Cyy) fatty alcohol. This composition enables the stability of solid
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lipid nanopaiticles during their storage at the temperature of 4 °C, and, at the same time, the

melting temperature of the core of 39 °C.

In a preferred embodiment, the photosensitizer 18 selected from denivatives of chlorine and/or
porphyrin and/or anthraguinone, more preferably the photosensitizer is selected from the group

comprising temoporfin, verieporfin, lutetium texaphyrin, hypencin and porphycene.

In one embodument of the invention, the core of the photeoactivatable nanoparticle contains one type

of (Cq 1o Ca) fatty aleohol; preferably the fatty alcohol is the (Cy4) fatty alcohol.

In another embodiment of the invention, the core of the photoactivatable nanoparticle contains a

combination of (Cs to Cy,) fatty alcohols,

In one cmbodiment of the mvention, the polvmeric surfactant is the poly{cthvienc oxide)
monomethy! ether-Alock-polv{s-caprolactone), preferably with the degree of polymerization of the
poly(ethvlene oxide) block in the range of from 10 t¢ 100, and with the degree of polymenzation of
the poly{e-caprolaciong) block in the range of from 3 to 60, more preferably the degree of
polyvmernization of the polv{cthviene oxide) block 1s in the range of from 20 to 50, and the degree of
polymerization of the poly(s-caprolactone} block is i the range of from 3 to 20; most preferably
the degree of polvmerization of the polyv{cthvlene oxide} block 1s 45, and the degree of

polymerization of the poly(e-caprolactone) block is 7.

The subject of the present invention is also a method of preparation of the photoactivatable
nanoparticle according to the present invention, wherein:

- the photosensitizer s dissolved in a solvent, preferably m dichloromethane, and it is added to the
(Cy to Cyy) fatty alcohol heated to 45 °C while forming a first phase;

- the polvmeric surfactant is dissolved in an organic solvent, preferably in dichloromethane, then
water 15 added, and the mixture is heated to 45 °C while forming a second phase;

- both heated phases are mixed together and homogenized, preferably for the period of 2 minutes at
8000 rotations per minute (RPM);

- the resulting emulsion is subjected to sonication by ulirasound;

- the resulting emulsion 1s cooled down to the laboratory temperature.

Ultrasound sonication may be performed, for example, at the laboratory temperature and the

ultrasound amplitude between 50 % and 75 %, preferably at the ultrasound amplitude of 50 % for
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the time period of 35 min and then at the ultrasound amplitude of 70 % for the time period of 5

min.

The subject of the present invention is alsc a pharmaceutical composition which comprises the
photoactivatable nanoparticle according to the present invention, and the said pharmaceutical
composition further comprises pharmaceutically acceptable additives. selected from the group
comprising anti-adhesive agents, binders, coating agenis, coloring agents, swelling agents,

Havoring agents, lubricants, preservatives, sweeteners, crvoprotectives, absorbents.

The subject of the present wvention is also the photoactivatable nanoparticle according to the
present invention and/or the pharmaceutical composition according to the present invention for the

use as a medicament.

The subject of the present invention is also the photoactivatable nanoparticle according to the
present nvention and/or the pharmaceutical composition according to the present invention for the
use as a medicament for intravenous applications. An wmtravencus application is understood as

mjection of a liquid form of the medicament directly 1nto a vein or a artery of a patient.

The subject of the present invention is also the photoactivatable nanoparticle according to the
present invention and/or the pharmaceutical composition according to the present invention for the

use in the photodynamic therapy and/or photodynamic diagnostics.

The present invention of the system of sohid lipid nanoparticles provides a solution to overcome all
of the aforementioned limitations of the background art, such as for example simple preparation,
stability during the period of storage, the core of the nanoparticle at the storage temperature (4 °C)
is solid, stable, and it does not aggregate at the physiclogic pH {(pH ~ 7.4}, while the core mehing
temperature of 39 “C allows for release of the photosensitizer in the turnor in a controlied manner
ag a result of intensive hyperthermic metabolism. The nanosystemn of this unigque composition is
fuily biodegradable and it provides an increase of bigavailability and of the therapeutic effect in
vitro and in vive {in comparison with commercial formulations). The use of the nanoformulation is

suitable both for the peroral as well for the intravenous medicament application forms,
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Brief Description of the Drawings

Figure 11 'H-NMR spectrum of the copolymer poly{ethylene oxide)-Plock-poly{e-caprolactone),
(PEQ-5-PCL}. Integral mtensities of proton signals marked as: a (8 = 3.63 ppm, corresponds to the
PEQ block) and ¢ (5 = 1.64 ppm, corresponds to the PCL block) in the "H-NMR spectrun.

Figure 2: Thermograms of the DSC analysis of the solutions without a content of temoporfin
(marked as SLNP with the corresponding PEO«PCLy), with incorporated temoporfin {prepared in
accordance with the Examples 1, 2, and 3}, and the pure temoporfin {10 t¢ 20 mg).

Figure 3. Transmission electron micrographs of samples of solid lipid nanoparticles with
mcorporated temoporfin, prepared in accordance with the Examples 1, 2, and 3.

Figure 4: Time profile of in vitro release of temoporfin (%) from solid lipid nanoparticles prepared
i accordance with the Examples 1, 2, and 3, at pH 7.4. The data are expressed as the average + 8D
{n=3}

Figure 5: The influence of "one-shot” PDT on the growth of a human breast carcinoma line MDA~
MB-231. A formulation of solid Iipid nanoparticles with incorporated temoporfin prepared in
accordance with the Examples 1, 2, and 3 (the dose of temoporfin 0.8 mg/kg mouse, 1.v.} was
mtravenously applied to a group of Ne/Nu mice {(n = 3}, and compared with a non-treated group of
mice {in graphs as a countrol group) and with a commercial formulation {(Originator, containing 4
mg of temoporfin, 376 mg of ethanol, and 560 mg of propylenc glveol per gram). Three hours after
the application, the tumorous areas were irradiated (100 Jem?) and subsequently dimensions of the
tumors were measured regularly.

Figure 6. The tumor growth inhibition curve - TGE % as a function of time after intravenous
application (1.v.) of tested formulations of solid hipid nanoparticles with incorporated temoporfin
prepared in accordance with the Examples 1, 2, and 3 (the dose of temoporfin 0.8 mg/kg mouse)
comparison with the commercial formulation {Urigimator, containing 4 mg of temoporfin, 376 mg
of ethanol, and 560 mg of propylene glycol per gram). The graph shows the growth inhibition of a

human breast carcinoma line MDA-MB-231 in a group of Nu/Nu nice (n=5).

Examples

Example |

The svnthesis of the copolvmer poly(ethyiene oxide}-block-polv{e -caprolactone) (PEO-H-PCL) is
based on the ning-opening polymernization of e-caprolactone without the presence of a catalvst,
mitiated using the polvicthylene oxide} monomethyl ether (MPEQ), weight-average molecular
weight 2 kDa. Three grams (1,49 mmol) MPEO were placed into a 50 ml graduated flask with
magnetic stirrer. The system was degassed in 5 vacuuwm - argon cycles. Thice point four g (30

mmol) e-caprolactone were added under argon atmosphere. Subsequently, the system was cooled
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down with dry ice/ethanol, evacuated, and heated to 185 °C. Ring opening polvmerization took 33
h. After polymerization, the svstem was filled with argon and it was cooled down to the laboratory
temperature. The solids in the tlask were dissolved i 10 mi of dichloromethane and precipitated
mio 350 ml of diethy] ether. Once dried, the polymer was suspended in water and dialyzed against
water 1a the dialyzation membrane with molecular weight cut-off (MWCQO) 2 kDa. Example of the
"H-NMR spectrum of the PEQ-b-PCL copolymer is depicted in Figure 1. The ratio of monomer
units of the imdividual products was calculated using the intensities of proton signals marked as a (3
= 3.63 ppm, corresponding to the PEO block) and ¢ (6 = 1.64 ppm, corresponding to the PCL
block) in "H-NMR spectrum, following equation (1):

DP(PCL) = DP{PEQ) *f}- (1

wherein DP(PCL) is a degree of polymerization of the poly{s-caprolactone) block, DP(PEOU) is a
degree of polvmenization of the polyv(ethyiene oxide) block, and ¢ and ¢ are mtegral intensities of
signals of the corresponding protons (see Figure 1),

The iength of the PEQ block of the macro initiator in the copolymer with the degree of
polymenization was DP = 45 monomeric units. The length of the PCL block with the degree of
polymerization DP = 7 monomeric units. The resulting copolymer (polymeric surfactant) has

therefore average formula: PEGPCL,

Solid lipid nanoparticles with incorporated photosensitizer temoporfin were prepared using a high-
power homogenization and ultrasound method. Lipid phase composed of 1-tetradecanol (10 mg/mi)
was put in a glass vial and warmed to 45 °C. Temoportin (10 mg/ml) was dissolved mn 1 mi of
dichloromethane and added to the hipid phase to obtain the hpid-active pharmaceutical mgredient
mixture after evaporation of the dichloromethane. Water phase was obtained by dissolving
PEG,sPCL, copolymer (50 mg/mi} in 1 ml of dichloromethane, subsequent addition of 5 ml of b0
and warming up to 45 °C. The hot lipid phase was added to the hot water phase and subsequently
the mixture was homogenized during the period of 2 min at 8000 RPM. The resulting emulsion was
subjected to ultrasound using the standard oltrasound tip (125 digital Ultra-Tarrax, IKA, Schoeller
Instruments, s.r.0., Czech Republic). The amplitude of the ultrasound was set to 50 % for the period
of time of 35 min and to 70 % for the period of 5§ min. The resulting enmlsion was immediately
cooled to room temperature.

For the measurement of particle size (hyvdrodynamic radius, Ry}, index of polydispersity (PD1), and
the zeta potential (ZP) of the solid lipid nanoformulations with corporated temoporfin under test,
the Zetasizer (Zen 3600, Malvern Instruments Ltd.) was used using dynamic hght scattering (DLS).
To achieve the appropriate concentration prior to the actual measurement, the samples were diluted

with re-distilled water (pH ~ 5 of the the resulting solution). All measurements were made at the
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teraperature of 25 °C. For the representation of the NPs size distribution data, the mtensity-

weighted distribution was used. The results are shown in Table 1.

The analysis using the differential scanning calorimetry {DSC), the calorimeter (Q2000, V24 11
Build 124, TA Instruments) with gascous nitrogen flushing (50 cm’/min) was used. The instrument
was calibrated for measuring the temperature and the heat flow using indium as standard. The
samples analvzed were both without the content of temoporfin (marked as SLNP with the
corresponding PEOXPCLy), and with incorporated temoporfin (prepared i accordance with the
Examples 1, 2, 3}, and the temoporfin alone {(sohid substance, 10 to 20 mg), {see Figure 2}.
Nanoformulations were placed to T-zero henmetic aluminum pans and the analvsis was done in
temperature cycles: heating - coohing - heating, from 10°C to 50 °C, at 5°C/min. Melting
temperatures of these samples were read from the lst DSC-curve of heating. Inclusion of
temoporfin into the lipid matrix results in bimodal themmogram with two endotherms: one at around
26 °C {(cutectic mixture of temoporfin and I-tetradecanol) and another at around 39°C (1-
tetradecanol). It means that there exist two phases m the lipid core, containing temoporfin and 1-
tetradecanol. The composition according to the present invention enables the stability of solid hipid

nanoparticles at storage temperature of 4 °C, and, equally, the core melting temperature at 39 °C.

The tested nanoformulations were stored in glass vials in the refrigerator at temperature of 4 to
8 °C for the period of 1 month. Un day 1, 14, and 30, DLS was used to measure the size of particles
{Ry, nm}, PDL and ZP (mV}, at pH ~ 5 and 7.4, Based on the one-way statistic analysis of vanance
{onc-way ANOVA), no significant difference was found during the storage (dav 1, 14, 30). The
value of @ = (.05 was used as a threshold value of statistical significance.

The content of temoporfin in the Bpid matrix was determined using UV-VIS spectrometry
(Evolution 220, Thermo Scientific™) in the following way: Samples of nanoformulations (1 ul)
were digsolved m methanol (0.999 ml) and analyzed at 652 nm. The concentration of temoporfin
was calculated using Lambert-Beer law, Amax = 652 nm, g5, = 22 400 M’lcm'l(fl), The efficiency of
temoporfin encapsulation (EE %) and the content of temoporfin in the system of nanoparticles (DL
% were caleulated following equations (3) and (4}, and the results are listed in the Table 2.

A=¢g.cli {2}

¥

Weotal

. Wiarug in SLN
EE (%) = =402 100 % (3)

DL (%) = Warug in SLNP X100% (4)

Warugin suupt Wiipia ¥ Weyreactant

(1) A =absorbance; g, = molar absorption coefficient at the wavelength & (632 nm); ¢ = molar

concentration of the absorption component in mol/L; | = length of the absorption layer. (2) EE (%
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= gncapsulation efficiency; Wams in sine = weight of temoporfin in solid lipid nanoparticles; Wi =
total weight of temoporfin used in the preparation of tested nanoformulations; (3) DL (%) = content
of temoporfin in the nanoparticle svstem (drug loading); wipe = weight of I-tetradecanol; sumcam =

weight of PEQ,sPCL,,

Tested samples were analyzed and visualized using transmission clectron microscope (TEM)
{(Tecnai G2 Spirtt Twin 12, FED. A sample (2 ul) was dropped on the perforated, carbon-coated
grid and the excess of the solation was sucked by a narrow strip of filtration paper (1 min}.
Nanoparticles were left to dry completely at the laboratory temperature, and subsequently they
were observed using the TEM microscope (bright ficld view, accelerating voltage 120 kV}. The
particles are shown as black spots on a gray background {positive contrast}, they have a spherical
shape and the size correlating with the hydrodynamic radius, measured using DLS, as shown in the

Figure 3.

In order to study the release of temoporfin in vitro from the tested formulations, a method of
dialysis through a dialyzation membrane was used (see Figure 4). The dialvzation membrane (3.5
kDa} was tmmersed for 20 min to distilled water. Aliquot volume of the formulation (2 ml) was
first diluted with 2 ml of 2-time more concentrated PBS. This mixture was displaced o
dialyzation membranes and subsequently put in the preheated (37 °C) solution of PBS with pH ~
7.4 (200 mb) and left stirred on the magnetic stirrer (200 RPM}. Aliguot parts (0,1 ml} of samples
were taken in the time mtervals of 0.5, 1; 2; 4; 6, 8, 24; and 72 h from the internal space of the
dialization membrane and analvzed using UV-VIS spectrometry (after suitable dilution with
methanol). Subsequently, the percentage of released temoporfin was calculated based on the
difference of its concentration used for the preparation of the solution of SLNP (10 mg/ml) and the
determined concentration using UV-VIS spectrometry in the sample of the solution taken from the

mside of the dialyzation membrane.

The tumor cell Hnes 471 (murme mammary carcinoma) and MDA-MB-231 (human breast
adenocarcinoma} were maintained in the exponential phase of growth under stertle conditions in
the medium RPMI 1640 enniched with 10 % of fetal calf serum {(FCS), penicitlin (100 units/ml},
streptomvein (0,1 mg/mi), and L-glutamine (2 mmol). They were incubated at 37 °C in the
atmosphere of 95 % air and 5 9% CO,. Cell lines were passaged every second or third day.

For the analysis of in vitro cvtotoxicity of the tested formulations, the cells 4T1 (2 x 10%) were
placed in Petrt dishes (35 mun) and incobated overmight at 37 °C. Then the tested formulations were
added 1o the cells so that the final concentrations of termoporfin were within the range of from 0.25

to 2 uM, and subsequently they were further incubated for 16 h. The concentration of temoporfin in
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SLNP was chosen in order not to cause more than 16 % cell mortality on its own. Testing dishes
were flushed with medium without phenol red (PR}, and after addition of cultivation medium
without PR they were irradiated for 30 min with halogen lamp (75 W) equipped with the filter for
wavelengths of 620 to 680 nm (Andover, Salem, NH). The maximum excitation of temoportin
corresponds 10 L, = 652 nm. The intensity of irradiation of cells was 3.7 mW/cm” with the overall
irradiation dosc of 6.6 Jem® The ratio of live and dead cells (%, cells/ml) was determined in
Birker chamber 24 h afier irradiation using the absorption of trypan blue, thus obtaining the dose -
effect curve, from which the values of ICs were numerically evaluated. The value of ICy
represents the concentration of temoporfin, which is necessary to kill 30 % of cells. and it was
calculated for cach curve (Table 3). In control experiments, their toxic effect without irradiation
was evaluated {the so-called "dark toxicity”, toxicity without the photodynamic effect) and also the
toxicity of SLNP formulations without the content of temoporfin ("empty”, i.e. 1-tetradecanol and
PEGPCLy) at the same concentration counditions. A very low toxicity was found without
trradiation as well as in case of SPLP without temoporfin (below 10 % in the entire concentration

range}.

Subcellular localization of the photosensitizer of temoporfin was studied using flucrescence
microscopy in comparison with the formulation of the originator {commercial, containing 4 mg of
temoporfin, 376 mg of cthanol, and 560 mg of propylene glveol per gram). Tumor cells 471
moculated to cover glasses, placed 1 Petri dishes {diameter 35 mm)} were incubated with the
formulations of temoporfin with the final concentration of 2 uM (1 h or 4 b incubation) or 1 uM
(16 h of imcubation) in the cultivation medium at 37 °C. Afier incubation, the dishes with the cells
were washed three times with PBS, poured with colorless mediom without PR, and wvestigated
under the microscope (DM IREB, Leica) equipped with the camera (DFC 480) while using the
object-lens with 63-times ¢il immersion and filtration cube (N2.1, Leica), excitation: BP 515-560
nm, emission: LP 590 nm). Fluorescence of the formulations of the photosensttizer of temoporfin
in the tumor 471 cells was measured 1, 4, and 16 h after the addition of the formulation into the
cultivation mediwm. The tested nanoformulation, in comparison with the formulation of the
originator, has shown significantly faster kinetics of fluorescence growth {(after 4 ).

To monitor subcellular co-localization, the cells were incubated with tested nanoformulation of
temoporfin, and 100 nM of MitoTracker Green (to label nutochondria) or 250 nM of ER-Tracker
Blue to label endoplasmic reticulum (ER) was gradually added to the cells for 30 minutes. In order
to label lysosomes, 500 nM of LysoTracker Green were added to the cultivation medium {1 h}.
Filtration «<¢ube Tvpe A (Leica, excitationn BP 340-380 nm and cmission:

LP 400 nm) was used for the analysis of ER Tracker Blue; filtration cube I3 (Leica, excitation: BP
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450-490 and emission: LP 515) was used for MitoTracker Green and LysoTracker Green. The
tested nanormulation was localized mainly in ER.

Therapeutic efficiency for the targeted transport of drugs with PDT application was tested on the
tumor model Nuw/Nu mice in vive and 1t was compared with the original formulation {commercial,
marked as originator). The homan breast carcinoma cells ling MDA-MB-231 (1 x 107 cells) were
suspended in 0.1 mi of PBS and 0.1 ml of Matrigel and subsequently subcutancously {s.c ) injected
to hind flank of mice. When the weight of the tumor reached the volume of 200 to 300 mot’ (7 to
10 days afier transplantation), the tested formulation was injected 1n the vohime of 6.1 ml per 20 g
of mice mtravenously (1.v.) to the tail vein in the dose of temoporfin of 0.8 mg/kg of the mouse.
After three hours, the area of the tumor (2 em?®) was irradiated using a xenon lamp, (500-700 nm,
hex 632 nm), with the total maximum dose of light 100 J/em” and the intensity of irradiation of 200
mW/em®. The control group of mice was irradiated under the same conditions but without the
action of the medicament {se¢ Figure 5. Each experimental group consisted of 5 mice. Forty-two
days after administration of the tested nanoformuliations, the mice were sacrificed by overdose of
ketamine and the tumors were evaluated histologically. All aspects of anmimal experiments and
rearing were conducted in accordance with national and European legislation and were approved
by the constitutional committce (Bfiza, Tomas, Jarmila Kralova, Petr Cigler, Zdengk Kejik, Pavia
Pouckova, Petr Vasek, Irena Moscrovd, Pavel Martasek, and Viadimir Kral. 2012, Bicorganic &
Medicinal Chemistry Lerters 22 {1} 82-84; Kralova, Jarmila, Tomas Briza, frena Moserova,
Bohumil Dolensky, Petr Vasck, Pavila Pouckova, Zdenck Keiik, et al. 2008, Journal of Medicinal
Chemistry 51 (19 5964-73). The data obtained for cach tested group are expressed as an
arithmetic average {(n = 3), the crror of measurement was calculated as the standard deviation (%
SI¥) and plot as a function of time. Reduction of the volume of the tumor was in companson with

the non-treated control group statistically significant at the level of significance o= 0.01 (Table 4).

The tumor growth wrhibition (% TG as a measure of efficiency of the therapy was compared with
the commercial formulation {(containing 4 mg of temoporfin, 376 mg cthanol, and 560 mg of
propviene glveol per gram), {refer to Figure 6). It was calculated in accordance with the equation
{53, wherein V 1s the mean volume of the tumor of the specific group under test at the given time,
Vy is the mean voluome of the tumor of the specific group under test at the beginning of the
experiment, Vy is the mean volume of the tumor of the control group {with the application of
physiological solution) at the given time, and Vi, 15 the mean volume of the tumor of the control
group at the beginning of the experiment:
V/Vs

TGI (%) = 100 ~ [-lm-;m x 100] (5)

7
Vie/Vie
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Example 2

The formulation was analogical to Example 1, the modification consisted in other composition
{degree of polymerization of the poly (e-caprolactone) block} of the copolvmer used (PEQy:PCL 7).
The results from the DLS analysis (Ry, PDI, ZP) are shown 1n Table 1. The results from DSC are
shown in Figure 2. The results for the effectivity of encapsulation of temoporfin (%) and the
contents of temoporfin {96) in SLNP are shown in Table 2. Transmission electron micrographs of
the tested samples are shown i Figure 3. The time profile of in vitro releasmg of temoportin (%

from the nanoformelations 1s shown in Figure 4. The analysis of the in vifrro cvtotoxicity was done
in accordance with Example 1, the modification consisted in the use of the final concentrations of
temoporfin incorporated in the SLNPs under test, which were in the range of from 1 to 20 uM. The
results from the mortahity of the cells (%), 1Cs (uM) are listed m Table 3. The procedure of
subceliular localization of the photosensitizer of temoporfin using the fluorescence microscopy was
performed in aceordance with Example 1. The procedure of determination of the subcellular co-
localization of the nanoformulations using fluorescence microscopy was performed in accordance
with Example 1, the modification consisted in its localization - mainly m lysosomes. The results of
therapeutic cfficiency for the targeted transport of temoporfin with the application of PDT in vive
are shown in Figure 3 and their statistical evaluation is shown in Table 4. The graph showing the

tumor growth inhibition is shown in Figure 6.

Example 3

The formulation in accordance with Example 1, the modification counsisted in other composition
{degree of polymerization of the poly (e~caprolactone) block) of the copolvmer used (PEOPCL;y).
The results from the DLS analvais (Ry, PDI, ZP) are shown in Table 1. The resulis from DSC are
shown in the Figure 2. The results for the effectivity of encapsulation of temoporfin (96} and the
contents of temoporfin (%) in SLNP are shown in Table 2. Transmission electron micrographs of
the samples under test arc shown in the Figure 3. The time profile of in vitro releasing of
temoporfin (%) from the nanoformulations s shown in the Figure 4. The analysis of the in vitro
cviotoxicity in accordance with the Example 1, the modification consisted in the use of the final
concentrations of temoporfin incorporated in the SLNPs under test, which were in the range 1 - 20
uM. The resulis from the mortality of the cells (%), 1Cs (1tM} are shown in Table 3. The procedure
of subcchular localization of the photosensitizer of temoporfin using the fluorcscence nucroscopy
in accordance with Example 1. The results of therapeutic efficiency for the targeted transport of
temoporfin with the PDT application in vivo are shown m Figure 5, the modification consisted in
the statistic analvsis of data, where the reduction of volume of the tumor was in comparison with
the non-treated group control group statistically insignificant on the level of significance o = 0.01,

ag 1t 1s shown i Table 4. The graph showing the tamor growth inhibition is shown i Figure 6.
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Examplec 4

Formulation in accordance with Example 1, ts modification lies in weight composition of the
lipidic phase, wherein the weight of 1-tetradecanol was 30 mg/ml, and in the weight composition of
the aqueous phase, where the weight of PEQ4PCL; was 10 mg/ml. The results from the DLS
analysis (Ryg, PDL 7ZP) are shown in Table 1. The resulis for the effectivity of encapsulation of

temoporfin (%) and the contents of temoporfin (%) in SLNP are shown in Table 2.

Example 5

Formulation according to Example 1, modification lies in weight composition of the lipid phase,
where the weight of 1-tctradecanol was 50 mg/ml, and 1o the weight composition of the aqueous
phase, where the weight of PEO.PCL» was 10 mg/ml. The modification further lies in other
composition {degree of polvmerization of the poly (e-caprolactone} block) of the copolymer used
{(PEQsPCLy7). The results from the DLS analysis (Ry, PDE, ZP) are shown in Table 1. The results
for the cffectivity of encapsulation of teroporfin (%) and the contents of temoporfin (%) in SLNP

are shown in Table 2.

Example 6

Formulation according to Example 1, modification lies in weight composttion of the lipid phase,
where the amount of the 1-tetradecanol was 30 mg/ml, and in the weight composition of the
aqueous phase, where the amount of PEQ,PCLy; was 10 mg/ml. The modification further
consisted in other composition {degree of polymerization of the poly (e-caprolactone) block) of the
copolvmer used (PEG4PCLay). The results from the DLS analysis (Ry, PDL ZP) are shown in
Table 1. The results for the effectivity of encapsulation of temoporfin (%) and the contents of

temoporfin (%) in SLNP are shown in Table 2.

Example 7

Formulation according to Example 1, the moditication lics in the amount of temoporfin used in the
preparation of the nanoformulation under test, which was 20 mg/ml. The results from the DLS
analysis {Ry, PDL ZP) are shown in Table 1. The results for the effectivity of encapsulation of

temoporfin (%) and the contents of temoporfin (%6) 10 SLNP are shown in Table 2.

Example 8

Formulation according to Example 1, the modification lies in the amount of temoporfin vsed in the
preparation of the nanoformulation under test, which was 20 mg/ml. Further modification consisted
in another composition {degree of polymerization of poly{e-caprolacione) block) of the copolymer

used (PEQO,sPCL)5). The results from the DLS analveis (Ry, PDI, ZP) are shown i Table 1. The
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results for the effectivity of encapsulation of temoporfin (%) and the contents of temoporfin (%

10 SLNP are shown in Table 2.

Exampie 9

Formulation according to Example 1, the modification was in the amount of temoporfin used in the
preparation of the nanoformulation under test, which was 20 mg/ml. Further modification consisted
in different composition {degree of polymenzation of polv{s-caprolactone) block) of the copolymer
used (PEQuPCLsy). The results from the DLS analysis (Ry, PDL, ZP} are shown mn Table 1. The
results for the effectivity of encapsulation of temoporfin (%} and the contents of temoporfin (%)

10 SLNP are shown in Table 2.
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Table 2 Effectivity of encapsulation of temoporfin (EE %) and the contents of teraoporfin (DL %)
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in tested SLNP with incorporated temoporfin {mean £+ 8D, n =3},

Formulation

DL (%) + SD

EE (%) = SD

Examplc 1
Example 2

Example 3

392 £0.06
393 +0.09
3.96 +0.08

2222x03
22.65x0.1

2306404

Example 4
Example 5

Example 6

298 £0.11
3.08 =005
312 +0.08

1483+06
170211
181308

Example 7
Example 8

Example ¢

1.70 034
1824012
1.0 £ 0.02

526403
7.15+04
91203

Table 3. Cell mortalitv (%) and {Cs (uM) afler administration of SLNP with incorporated

temoporfin, prepared according to Examples 1, 2 and 3 (mean + 8D, n = 5}

Concentration . v ,
. , Cell mortality (94) 1Cs (uM)
Formulation (M3 ,
\ {mean £ 8D} {(temoporfin}
{temoporfin)

(.25 24468
6.5 674247

Example | 0.39
1 28+09
2 93+2.4
t 474129
2.5 444472

Example 2 241
16 66+ 7.7
20 61+ 115
§ 2116
25 2176

Example 3 >20
16 264157
20 29+£97

PCT/CZ2017/050008
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Table 4: Statistical analysis of in vive data { one-shot™ PDT) using one-way statistical analysis of
variance {onc-way ANOVA) from Origin 9 (Oniginlab software), at treshold values of statistical

significance o= 0.05 and 0.G1.

Control | Originator | Example ! |Example 2 Example 3
Control R Rt ++ + 4+ +
Originator |+ + T 10 0 0
Example | ++ 0 e L + 4+
Example 2 j++ ) { T ¥
Example 3 + 0 T ~\\\_\\\
{ No statistically significant varations among the groups, a = 0.05.
+ Statistically significant variations among the groups, a = .03,
++ Statistically significant variations among the groups, a = 0.01.

Example 10

Formulation according to Example | wherein verteporfin was used as photosensitizer.

Example 11

Formulation according to Examaple 1 wherein Jutecium texafyrin was used as photosensitizer.

Example 12

Formulation according to Example 1 wherein hypericin was used as photosensitizer.

Example 13

Formulation according to Example 1 wherein porficen was used as photosensitizer.
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CLAIMS

1. A photoactivatable nanoparticle for photodynamic apphications, contaiming a core and a shell,
characterized in that the core of which contains from 1 to 50 weight % of a photosensitizer,
referred to the total dry weight of the nanoparticle, preferably from 1 to 4 weight % of the
photosensitizer, referred to the total dry weight of the nanoparticle, and the said photoactivatable
nanoparticle further contains from 1 to 80 weight % of (Cy to Cyy) fatty alcohols, referred to the
total dry weight of the nanoparticle, preferably from 12 to 72 weight % of (Cs to Cp) fatty
alcohols, referred to the total dry weight of the nanoparticle; and the shall contains from 1 to 80
weight % of polvmeric surfactant, preferably of poly{cthviene oxide) monomethyl ether-hlock-
polv{e-caprolactone), referred to the total dry weight of the nanoparticle, preferably the shell
contains from 14 to 72 weight % of the said polymernic surfactant, referred to the total dry weight of
the nanopaiticle; wherein the size of the nanoparticle is in the range of from 1 to 1000 nm,
preferably o the range of from 11 to 760 nm, most preferably in the range of from 11 to 30 nm,
and wherein the core of the nanoparticle is solid at the temperature of 4 °C, and hguid at the
temperature of 39 °C, determined by differential scanning calorimetry with flashing with nitrogen
gas with the volume of 50 cm’/min while using indium as a standard in temperature cyeles: heating
— cooling - heating, at 5 °C/min, and the temperature reading was performed from the first curve of
heating of the differential scanning calorimetry, where the result was a bimodal thermogram with
two endotherms, one for the eutectic mixture of the photosensitizer and the fatty aleohol, and the

second one for the fatty alcohol.

2. The photoactivatable nanoparticle according to claim 1, characterized in that the
photosensitizer s selected from derivatives of chlornne and/or porphyrin and/or anthraguinone,
more preferably the photosensitizer 1s selected from the group comprising temoporfin, verteporfin,

futetium texaphvrin, hypericin and porphveene.

3. The photoactivatable nanoparticle according to claim 1 or 2, characterized in that the core of
the photoactivatable nanoparticle contains one type of (Cs to Coo} fatty alcohol; preferably the fatty

alcohol is the (Cy) fatty alcohol.

4. The photoactivatable nanoparticle according fo claim | or 2, characterized in that the core of

the photoactivatable nanoparticle contains a combination of (Cs to Cy,) fatty alcohols.
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5. 'the photoactivatable nanoparticle according to any one of the claims | to 4, characterized in
that the polymeric surfactant is the poly{cthylenc oxide) monomethyl cther-block-polyvie-
caprolactone), preferably with the degree of polymenization of the polv{ethylene oxide) block in the
range of from 10 to 100, and with the degree of polymerization of the poly{e-caprolactone) block in
the range of from 3 to 60, more preferably the degree of polymerization of the polv{ethyviene oxide}
block is in the range of from 20 to 30, and the degree of polymerization of the poly{(e-caprolactone)
block 13 m the range of from 3 to 20; most preferably the degree of polymenzation of the
poly(ethviene oxide) block is 45, and the degree of polymerization of the poly{s-caprolactone)

block s 7.

6. A method of preparation of the photoactivatable nanoparticle according to any one of the
preceding claims, characterized in that:

- the photosensitizer 1 dissclved in a solvent, preferably in dichloromethane, and it is added to the
{Cs to Cy) fatty alcobol heated to 45 °C while forming a first phase;

- the polymenic surfactant 1s dissolved n an organic solvent, preferably in dichloromethane, then
water is added, and the mixture 1s heated to 45 °C while forming a second phase;

- both heated phases are mixed together and homogenized, preferably for the period of 2 minutes at
{000 rotations per minute (RPM});

- the resulting emulsion is subjected to sonication by ultrasound;

- the resulting emualsion is cooled down to the laboratory temperature.

7. A pharmacecutical composition, characterized in that it comprises the photoactivatable
nanoparticle according to any one of the preceding claims, and the said phammaccutical
composition further compnses pharmaceutically acceptable additives, selected from the group
comprising anti-adhesive agents, binders, coating agents, coloring agents, swelling agents,

Havoring agents, lubricants, preservatives, sweeteners, absorbents.

8. The photoactivatable nanoparticle according to any one of the claims 1 to 5 and/or the

pharmaceutical composition according to claim 7 for the use as a medicament.

9. The photoactivatable nanoparticle according to anv one of the claims I to 5 and/or the
pharmaceutical composition according to clamm 7 for the use as a medicament for intravenous

applications.
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10.  The photoactivatable nanoparticle according to anv one of the claims 1 to 5 and/or the
pharmaceutical composition according to claim 7 for the use in the photodvnamic therapy and/or

photodynamic diagnostics.
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