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Liposome drug form with light-converting nanoparticles, a method of its preparation and use

Field of application

Injection substance containing light-converting substances in the form of nanoparticles and liposomes

containing phtalocyanine for photodynamic therapy in infrared radiation range.

State of the art

The photodynamic therapy (PDT) used for the treatment of tissue tumours is based on the process where
an active substance is accumulated in a tumour tissue due to the higher demands of the tumour tissue for
nourishment. The tumour tissue is in some cases quite well perfused, interwoven with fenestrated capillaries
and therefore, all substances get to it easier and quickly through the vascular tree. After the active substance
is applied and concentrates in the tumour, PDT is used to irradiate the tumour tissue with light of certain
wavelength.

A lot of hydrophobic substances have been developed in the world for the photodynamic therapy of tumour
diseases, they have been clinically tested (some of them pre-clinically only) for intervals between the
application and irradiation (Tpy) in the range from one hour up: benzyl ester of delta aminolevulinic acid,
Benzvix (TpL 4 to 6 hours) registered in EU for treatment of gastrointestinal tumours, U.S.patent 6492420,
(company Photocure, Oslo, Norway); Temoporfin or Foscan (methyl-tetrahydroxyphenyl chlorin, (Tpr 96
hours), WO 0166550, Biolitec Pharma, Scotland, United Kingdom) approved in the EU for palliative
tumours in the area of head and neck, tumours of prostate and pancreas, derivate of Benzoporfyrin, thus
Verteporfin (BPD-MA, Visudyne, Novartis, UK) which is in clinical tests for cutaneous amelanotic
tumours; and silicon phtalocyanine also in clinical tests for the treatment of cutaneous tumours, including
so called Bowen’s disease, actinic ceratosis, with the currently shortest Tpr of 1 hour.

The US patent claim US 5616602 describes pharmaceutical composition for topic application of
phtalocyanines which due to their properties enter surface tumours and lesions and then they can be
irradiated. The US patent US6527759 describes the equipment for application of light activated active
substances. By virtue of this equipment, the active substance can be applied and at the same time tumours
positioned deep in the tissue irradiated, where the laser light of wavelength commonly used in PDT would

not reach. However, the application of active substances is rather complex even if using this equipment.
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The closest case to our present invention is the CZ 298978 patent which was a certain step to the current
patent application. The document describes preparation of liposome gel preparation with phtalocyanine for
topical application in photodynamic therapy. The disadvantage of that design was bad permeation of
radiation with wavelength 670 nm, necessary for activation of phtalocyanine into the tissue. Another
disadvantage of the preparation was its gel formulation which also allowed only surface application.
Therefore, the preparation was limited to topical administration and irradiation of tumours immediately

under the skin.

Nature of invention

The solution proposed has appeared after an accidental combination of phtalocyanine liposomes, routinely
being prepared for the production of a topical gel preparation and light-converting (up-converting)
nanoparticles, being prepared in a wide range in an adjacent workplace. Pilot testing of the drug form has
shown a big potential for the application in photodynamic therapy (PDT) of tumour diseases. Currently,
undisclosed interaction of nanoparticles with liposome surface occurs in the system liposome-
phtalocyanine-nanoparticle of ytterbium doped with Yb** and Er** and thus, the whole system travels
together in the vascular tree after intravenous administration. Because of higher affinity of tumour tissue
the drug form is accumulated very quickly in a tumour, in order of minutes since the administration. After
the tumour is irradiated with light of wavelength in infrared (IR) spectrum (most frequently 980 nm) which
passes deep into the tissue, due to the up-converting nanoparticles absorption of light of higher wavelength
and irradiation of light with shorter wavelength, necessary for activation of phtalocyanines and elimination
of tumour tissue.

The benefit of the solution proposed lies in the possibility to apply light with wavelength in IR spectrum
which passes deeper into the tissue than the currently used light with wavelength 670 nm. Thus, the

proposed drug form allows expansion of indications of infrared photodynamic therapy.

The technical solution concerns the drug form of the injection preparation with up-converting nanoparticles
and phtalocyanine liposomes applicable for infrared photodynamic therapy of tumour diseases. The drug
form involves:

—liposomes, best if lecithin ones, with size <1 um,

—hydrophobic form of phtalocyanine, best if hydroxy-aluminium (or hydrophobic aluminium
phtalocyanine, hydrophobic zinc phtalocyanine, hydrophobic silicon or organo-silicon phtalocyanine —

hereinbelow marked as PCH), in the form of microcrystals with size <1 um or modified microcrystals
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(covered with pharmaceutically acceptable sugar, polymer, lipid or salt in ratio 5-10 wt.%) and
phtalocyanine is incorporated in the lipid double layer of liposome,

—light converting nanoparticles (after irradiation with light of wavelength in IR spectrum —
approximately 980 nm — they emit light with wavelength necessary for activation of phtalocyanines —
approximately 630 to 720 nm), best if covered with non-porous silica and usually composed of NaYF4

doped with Yb3* and Er**, with optimum size around 40 nm.

As we have found that not all commercially available hydroxy-aluminium phtalocyanines have the same
effect in the application according to the proposed solution, it was necessary to better specify the active
substance. The content of impurities in phtalocyanines has been determined using HPLC to up to 5%, the
content of metal in the active substance has been determined by titration to 3.8 to 4.6%, and no sample may
contain more than 0.1% of phtalocyanine without a central metal atom. In spite of the fact that the
microfluidization process unifies the crystal structure of the active substance and forms pseudosolution,
also the form of the used phtalocyanine shows to be important for function of the whole system.
phtalocyanine has been transferred into the a form through reprecipitation from solution of concentrated
sulphuric acid. Then the product has been neutralised and dried in air to constant weight at 105°C. Pre-
clinical tests have indicated combination of mixture of a and 3 modifications as the most suitable where
the mixture should not contain more than 20 wt.% of p modification. The crystal form has been investigated

using powder x-ray diffraction where the forms have shown various response.

Up-converting nanoparticles have been prepared using the microwave method or using the fluoridation
method at 240°C. Preferable way was when the nanoparticles have been covered with tetra ethyl
orthosilicate (TEOS). Optimisation of preparation of up-converting nanoparticles required finding suitable
conditions for preparation of nanoparticles with required properties — size and photophysical properties.
With the optimum size, shape and uniformity of nanoparticles the efficiency of up-conversion is maximised,
and the nanoparticles are also able to enter the tumour tissue within the drug form, e.g. through fenestred
capillaries. Nanoparticles YF3:YbEr have been prepared using metal chlorides, NaBFs and ion fluid
bmimCl. The size of nanocrystals formed depends on reaction time, the optimum has shown to be 260
minutes at 240°C with the resulting size of nanocrystals around 40 nm and with the required photophysical
properties which also depend on the reaction time. The nanoparticles prepared can be excited with light

with wavelength 980 nm where they emit radiation at 670 nm necessary for activation of phtalocyanines.

The liposome drug form with light-converting nanoparticles is prepared in such a way that lecithin (or

another lipid) in pharmacological purity in concentration 1 to 40 mg per milliliter of fluid, best if sterile
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isotonic solution, is fluidised in a microfluidiser in a suitable chamber to final size of particles less than
1000 nanometres under temperature above 0°C and pressure 1000-2000 Bar. Then under permanent stirring
the active substance or the adjusted active substance (hydrophobic hydroxy-aluminium phtalocyanine,
hydrophobic aluminium phtalocyanine, hydrophobic zinc phtalocyanine, hydrophobic silicon or organo-
silicon phtalocyanine or hydrophobic phtalocyanine without metal) in ratio from 0.1:1 to 3:1 to lecithin
(lipid) and prepared up-converting nanoparticles in weight ratio 0.1:1 to 0.25:1 to lecithin are added. The
resulting suspension again is fluidised in a microfluidiser in a suitable smaller chamber to the final size of

particles less than 500 nanometres under pressure 1000 to 2000 Bar and under temperature above 0°C.

Another possible option of preparation of liposom drug form with light-converting nanoparticles is
fluidization of lecithin or another lipid (in pharmacological purity in concentration 1 to 40 mg per mililiter
of fluid, best if sterile isotonic solution) in a microfluidiser in a suitable chamber. The final size of particles
is less than 1000 nanometres. The fluidization process runs under pressure 1000 to 2000 Bar, at least, at
temperature above 0°C. Then the active substance (hydrophobic hydroxyaluminium phtalocyanine,
hydrophobic aluminium phtalocyanine, hydrophobic zinc phtalocyanine, hydrophobic silicon or organo-
silicon phtalocyanine or hydrophobic phtalocyanine without metal) or the adjusted active substance (best
if covered with glucose, NaCl, polyethylene glycol or lecithin) is fluidised separately in a microfluidiser in
a suitable chamber. The active substance is used in ratio from 0.1:1 to 3:1 to lecithin (lipid) in equal volume
of the fluid, best if isotonic solution. The final size of particles after fluidization is less than 1000
nanometres under pressure 1000 to 2000 Bar, at least. Then the both fluidized components are mixed
together with light-converting nanoparticles in weight ratio 0.1:1 to 0.25:1 to lecithin and are fluidized
together in a microfluidiser in a suitable smaller chamber to the final size of particles equal or less than 500

nanometres under pressure 1000 to 2000 Bar, at least, and under temperature above 0°C.

Last but not least the option of preparation of the liposome drug form with light-converting nanoparticles
is the procedure where lecithin or another lipid (in pharmacological purity in concentration 1 to 40 mg per
millilitre of fluid, best if sterile isotonic solution) is processed using microfluidization together with the
active substance (hydrophobic hydroxyaluminium phtalocyanine, hydrophobic aluminium phtalocyanine,
hydrophobic zinc phtalocyanine, hydrophobic silicon or organo-silicon phtalocyanine or hydrophobic
phtalocyanine without metal) or the adjusted active substance (best if covered with glucose, NaCl,
polyethylene glycol or lecithin) in ratio from 0.1:1 to 3:1 to lecithin (lipid). The resulting suspension is then
mixed with light-converting nanoparticles in weight ratio 0.1:1 to 0.25:1 to lecithin and all the components
together are then fluidized in a microfluidiser in a suitable chamber to the final size of particles equal or

less than 500 nanometres at pressure from 1000 to 2000 Bar, at least, at temperature above 0°C. The final
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size of particles is less than 500 nanometres under pressure 1000 to 2000 Bar, at least, at temperature above

0°C.

Various combinations of lipid processing, light-converting nanoparticles of ytterbium and an active
substance using microfluidization under given conditions provide a drug form with similar properties as

examples of the invention execution show.

Microfluidization chambers of types Z and Y are used most frequently within the microfluidization process.
Labelling of the chambers indicates their geometric shape, it is a long capillary with certain inner diameter,
most frequently 100 to 200 nm which contains a host of diamond blades through which the microfluidized
suspension is driven under pressure. Presence of bends and turns in chambers enables mixing of the
microfluidized suspension and prevents rise of unrequired laminar flow of the suspension through the

capillary.

The resulting liposome drug form with light-converting nanoparticles is applied in therapy of tumours and
metastases intravenously. Natural processes of the body transport the preparation and concentrate it in
indicated tumours. The process takes minutes from application to concentration of the preparation in the
tumour (tumours). Then the tumour is irradiated with light with wavelength 980 nm and intensity 1 J/cm?
or more.

The drug form proposed has shown disintegration effect on tumours and induced remission of tumours in

preclinical tests in athymic nu/nu mice with xenotransplanted human tumours.
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Figure captions

Fig. 1:

Fig. 2:
Fig. 3:

Fig. 4:

Fig. 5:

Fig. 6:

Fig. 7:

Fig. 8:

Microscopic check of microfluidization efficiency. Dark small crystals are non-incorporated
phtalocyanine, transparent bodies are liposomes.

Up-converting nanoparticle covered with non-porous silica. Photo from electron microscope.
Result of infrared PDT for various TpL (1-5), for a drug form without PCH (6), for application
of only nanoparticles (7).

Comparison of change of tumour volume when applying various drug forms with PCH
according to examples 7a-9b intratumourously. Tpr 10 minutes.

Comparison of change of tumour volume when applying various drug forms with PCH. Tpr. 10
minutes. A control group of xenotransplanted mice without treatment (“control”), a group of
mice treated with gel topical preparation according to patent CZ 298978 (,.fc+lipo, topical), a
group of mice treated with the drug form according to this patent intratumourously
(,,fctlipotnano 1.t.%), a group of mice treated with the drug form according to this patent
intravenously (fct+lipo+nano i.v.%).

Comparison of size of up-converting nanoparticles prepared according to example 5 as
depending on water content in the reaction mixture.

Comparison of size of up-converting nanoparticles prepared according to example 6 as
depending on reaction time and ratio of sodium to mixture of chlorides.

Comparison of change of tumour volume when applying various drug forms with PCH. Tpr 10
minutes. UCN labels up-converting nanoparticles, FC labels phtalocyanine, m1-8 labels

individual test mice, C labels control mice only irradiated with laser.
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Examples of invention completion

Examples of procedure of preparation of powder PCH:
Example 1

Powder finely ground PCH has been covered with glucose in ratio 5 — 10 wt. % to PCH.

a) 50 mg of glucose was mixed with 10 ml of distilled water. Powder hydroxyaluminium phtalocyanine
(1g) with size of particles ranging from 250 to 500 nm was added to the solution under permanent stirring
and the complete mixture was mixed at laboratory temperature for 10 minutes, at least. Then the suspension
was heated to temperature 37°C and all the water was evaporated gradually. The result was PCH covered

with glucose in ratio of 5% .

b) 75 mg of glucose was mixed with 10 ml of distilled water. Powder hydroxyaluminium phtalocyanine
(1g) with size of particles ranging from 250 to 500 nm was added to the solution under permanent stirring
and the complete mixture was mixed at laboratory temperature for 10 minutes, at least. Then the suspension
was heated to temperature 37°C and all the water was evaporated gradually. The result was PCH covered

with glucose in ratio of 7.5% .

¢) 100 mg of glucose was mixed with 10 ml of distilled water. Powder hydroxyaluminium phtalocyanine
(1g) with size of particles ranging from 250 to 500 nm was added to the solution under permanent stirring
and the complete mixture was mixed at laboratory temperature for 10 minutes, at least. Then the suspension
was heated to temperature 37°C and all the water was evaporated gradually. The result was PCH covered

with glucose in ratio of 10% .

Example 2

Powder finely ground PCH has been covered with polyethylene glycol PEG 600 in ratio 5 — 10 wt. % to
PCH.

a) 50 mg of polyethylene glycol PEG 600 was mixed with 10 ml of distilled water. Powder
hydroxyaluminium phtalocyanine (1g) with size of particles ranging from 250 to 500 nm was added to the
solution under permanent stirring and the complete mixture was mixed at laboratory temperature for 10
minutes, at least. Then the suspension was heated to temperature 37°C and all the water was evaporated

gradually. The result was PCH covered PEG in ratio of 5%.
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b) 75 mg of polyethylene glycol PEG 600 was mixed with 10 ml of distilled water. Powder
hydroxyaluminium phtalocyanine (1g) with size of particles ranging from 250 to 500 nm was added to the
solution under permanent stirring and the complete mixture was mixed at laboratory temperature for 10
minutes, at least. Then the suspension was heated to temperature 37°C and all the water was evaporated
gradually. The result was PCH covered PEG in ratio of 7.5%.

¢) 100 mg of polyethylene glycol PEG 600 was mixed with 10 ml of distilled water. Powder
hydroxyaluminium phtalocyanine (1g) with size of particles ranging from 250 to 500 nm was added to the
solution under permanent stirring and the complete mixture was mixed at laboratory temperature for 10
minutes, at least. Then the suspension was heated to temperature 37°C and all the water was evaporated

gradually. The result was PCH covered PEG in ratio of 10%.

Example 3

Powder finely ground PCH has been covered with lecithin in pharmacological quality in ratio 5 — 10 wt. %
to PCH.

a) 50 mg of powder lecithin was mixed with 10 ml of ethanol heated to 40°C. Powder hydroxyaluminium
PCH (1g) with size of particles ranging from 250 to 500 nm was added to the suspension under permanent
stirring and the complete mixture was mixed at laboratory temperature for 10 minutes, at least. Then the
suspension was heated to temperature 37°C and all the water was evaporated gradually. The result was

PCH covered with lecithin in ratio of 5%.

b) 75 mg of powder lecithin was mixed with 10 ml of ethanol heated to 40°C. Powder hydroxyaluminium
PCH (1g) with size of particles ranging from 250 to 500 nm was added to the suspension under permanent
stirring and the complete mixture was mixed at laboratory temperature for 10 minutes, at least. Then the
suspension was heated to temperature 37°C and all the water was evaporated gradually. The result was

PCH covered with lecithin in ratio of 7.5%.

c¢) 100 mg of powder lecithin was mixed with 10 ml of ethanol heated to 40°C. Powder hydroxyaluminium
PCH (1g) with size of particles ranging from 250 to 500 nm was added to the suspension under permanent
stirring and the complete mixture was mixed at laboratory temperature for 10 minutes, at least. Then the
suspension was heated to temperature 37°C and all the water was evaporated gradually. The result was

PCH covered with lecithin in ratio of 10%.
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Example 4

a) Powder finely ground PCH has been covered with NaCl in ratio 5 — 10 wt. % to PCH.

50 mg of NaCl was mixed with 10 ml of distilled water. Powder hydroxyaluminium PCH (1g) with size of
particles ranging from 250 to 500 nm was added to the solution under permanent stirring and the complete
mixture was mixed at laboratory temperature for 10 minutes, at least. Then the suspension was heated to
temperature 37°C and all the water was evaporated gradually. The result was PCH covered with NaCl in

ratio of 5%.

b) 75 mg of NaCl was mixed with 10 ml of distilled water. Powder hydroxyaluminium PCH (1g) with size
of particles ranging from 250 to 500 nm was added to the solution under permanent stirring and the
complete mixture was mixed at laboratory temperature for 10 minutes, at least. Then the suspension was
heated to temperature 37°C and all the water was evaporated gradually. The result was PCH covered with

NaCl in ratio of 7.5%.

C) 100 mg of NaCl was mixed with 10 ml of distilled water. Powder hydroxyaluminium PCH (1g) with
size of particles ranging from 250 to 500 nm was added to the solution under permanent stirring and the
complete mixture was mixed at laboratory temperature for 10 minutes, at least. Then the suspension was
heated to temperature 37°C and all the water was evaporated gradually. The result was PCH covered with

NaCl in ratio of 10%.

Examples of production of up-converting nanoparticles:
Example 5

Into a 25ml teflon vessel, 80 mg of mixture of chlorides of lanthanoids (YCls, YbCls, ErCls, GdCls in the
form of hexahydrates, in molar ratio of elements Y:Yb . Er:Gd = 80:16:2:2) was placed and it was mixed
with 300 mg of NaOH. 500 to 6000 mg of distilled water and 1 ml (1050 mg) of ion fluid 1-Butyl-3-
methylimidazolium chloride (bmimCl) melted at 50°C was added into the vessel. The mixture was stirred
for 5 minutes. Then 30 mg of NH4F was added and the mixture was stirred for next 2 minutes. Then the
vessel was placed into a microwave oven DAEVO KOC-1BSK. The reaction ran at power 1000 W for 1
minute. After the reaction took place, the mixture was moved into 20 ml of methanol and the nanoparticles
were separated using centrifugation. The product was refined by washing in 10 ml of methanol and 10 ml

of hot distilled water.
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The amount of distilled water added into the reaction mixture has an effect on the size of the crystals. The
more water, the lesser outgoing nanoparticles. Higher water content in the reaction mixture results in
quicker heating of the complete mixture and thus in quicker fluoridation. Increasing the weight of water in
the reaction mixture above 4000 mg has no significant effect on the size of particles (see Figure 6).

The up-converting nanoparticles acquired of NaYFs doped with Yb** (20% doping, in relation to the
quantity of Y) and Er** (2.5% doping, in relation to the quantity of Y) and Gd** (2.5% doping, in relation
to the quantity of Y) have shown the required photochemical properties but they have not shown uniformity

of the particles required.

Example 6

Ion fluid bmimCl (1-Butyl-3-methylimidazolium chloride) was melted first in a vessel of fluoropolymer
(PFA) at temperature 60°C. Hexahydrates of chlorides YCls, YbCl; and ErCl; were mixed in molar ratio
of elements Y:Yb:Er = 80:18:2. NaBF, was used as a fluoridation agent, it was added to the mixture of
chlorides in stoichiometric ratio 1:1 or 2:1, sodium to mixture of chlorides. The prepared powder was added
to the melted ion fluid, and the complete mixture was stirred. Then the mixture was placed in a drying kiln
preheated to 240°C for 40, 70, 140, 180, 260 minutes and 22 hours.

The reaction time and the ratio of sodium to chlorides mixture had an effect on the size of the prepared
nanoparticles and also on the quantum yield of up-conversion and thus on photochemical properties of
nanoparticles. The optimum reaction time showed to be 260 minutes at temperature 240°C with the
resulting nanoparticles size around 40 nm and an efficient up-conversion of light with the wavelength 980
nm to the emission wavelength 670 nm. The optimum up-conversion has also been achieved for the ratio
of sodium to mixture of chlorides 1:1. The required properties of nanoparticles were also acquired for
reaction time of 22 hours at temperature 240°C and ratio of sodium to the mixture of chlorides 2:1. Because
of the time consuming nature of the whole procedure, nanoparticles prepared under the following conditions
were chosen for preparation of the drug form: 240°C, 260 minutes, 1:1 sodium: mixture of chlorides. The
overview of reaction time influence and the ratio of sodium to the mixture of chlorides on the nanoparticles
size is presented in Figure 7.

A part of nanoparticles of NaYF4 acquired doped with Yb3* (22.5% doping, in relation to quantity of Y)
and Er’* (2.5% doping, in relation to quantity of Y) was further adjusted being covered by a silicate polymer
layer using tetraethylorthosilicate (TEOS). 6.6 ml of Triton X-100 (Sigma Aldrich), 6.6 ml of HNOs (1M),
32.6 ml of acetylacetone, 88 ml of TEOS and 66 ml of ethanol was mixed in a plastic vessel to create a
layer-forming solution. This solution was mixed for 6 hours. 0.4 g of prepared nanoparticles was added into

25 ml of the layer-forming solution being mixed. The suspension was stirred in a laboratory hood at

10
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laboratory temperature till the layer-forming solution evaporated. The result of covering were up-
converting nanoparticles of NaYFs doped with Yb** (22.5% doping, in relation to quantity of Y) and Er’*

(2.5% doping, in relation to quantity of Y) covered with non-porous silica.

Examples of microfluidization procedure:
Example 7

a) Powder lecithin in pharmacological purity in concentration of 10 mg per millilitre of sterile isotonic
solution, 100mM potassium-phosphate buffer (KPI) was first fluidized in a cooled microfluidizer
(manufactured by company Microfluidics, Inc., USA, for pilot operations). Fluidization was carried out in
a chamber of the Z type with diameter of 100 micrometres in 60 cycles in the way so that the whole volume
of the fluid passed several times through the microfluidization chamber at pressure 1000 Bar. Then light-
converting nanoparticles prepared in example 5 were added under permanent stirring and while using 500
mg of water, in weight ratio 0.2:1 to lecithin, and then non-adjusted microcrystalline powder phtalocyanine
(PCH with size particles ranging from 250 to 500 nm) in weight ratio 1:1 to lecithin was added under
permanent stirring and heating the whole mixture to 35°C. Then the suspension was processed again in a
microfluidization chamber of the Z type with diameter of 100 micrometres, namely in 100 cycles of passing
fluid through the chamber at pressure of 1500 Bar and under continuous cooling with crumbled ice.

34.7 mg/ml of the drug form 7a with concentration of hydroxyaluminium PCH was prepared.

b) Powder lecithin in pharmacological purity in concentration of 30 mg per millilitre of sterile isotonic
solution KPI was first fluidized in a cooled microfluidizer (manufactured by company Microfluidics, Inc.,
USA, for pilot operations). Fluidization was carried out in a chamber of the Y type with diameter of 100
micrometres in 60 cycles in the way so that the whole volume of the fluid passed several times through the
microfluidization chamber, at pressure of 1000 Bar. Then light-converting nanoparticles prepared in
example 6, covered with TEOS, in weight ratio 0.15:1 to lecithin, were added under permanent stirring and
then microcrystalline powder PCH covered with glucose prepared in example 1b was added under
permanent stirring and heating the whole mixture to 37°C, and the active substance had weight ratio 2:1 to
lecithin. Then the suspension was processed again in a microfluidization chamber of the Y type with
diameter 100 of micrometres, namely in 110 cycles of passing fluid through the chamber at pressure of
1600 Bar and under continuous cooling with crumbled ice.

36.2 mg/ml of the drug form 7b with concentration of hydroxyaluminium PCH was prepared.

11
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The efficiency of the whole process was followed in a microscope so that dark blue crystals of
phtalocyanine would not appear in the resulting mixture any more, and all phtalocyanine would be

incorporated into liposomes or would be washed off from the drug form.

Example 8

a) Powder lecithin in pharmacological purity in concentration of 10 mg per millilitre of sterile isotonic
physiological solution was first fluidized in a cooled microfluidizer (manufactured by company
Microfluidics, Inc., USA, for pilot operations). Fluidization was carried out in a chamber of the Z type with
diameter of 100 micrometres in 60 cycles in the way so that the whole volume of the fluid passed several
times through the microfluidization chamber at pressure 1200 Bar. Then non-adjusted microcrystalline
powder PCH (with size particles ranging from 250 to 500 nm, in weight ratio 2:1 to lecithin in the same
volume of isotonic solution) was fluidized independently, namely in a microfluidization chamber of the Y
type with diameter of 100 micrometres in 50 cycles and then in one with diameter of 75 micrometres also
in 50 cycles, at least, together in 100 cycles of passing fluid through the chamber at pressure of 1500 Bar.
Both the fluidized components were preheated to temperature 37°C, mixed and light-converting
nanoparticles prepared in example 6, not-covered, in weight ratio 0.1:1 to lecithin were added under
permanent stirring. Then the whole mixture was again processed in a microfluidization chamber of the Z
type with diameter of 100 micrometres, in total 100 cycles of passing fluid through the chamber at pressure
of 2000 Bar under continuous cooling with crumbled ice.

33.6 mg/ml of the drug form 8a with concentration of hydroxyaluminium PCH was prepared.

b) Powder lecithin in pharmacological purity in concentration of 30 mg per millilitre of sterile isotonic
solution was first fluidized in a cooled microfluidizer (manufactured by company Microfluidics, Inc., USA,
for pilot operations). Fluidization was carried out in a chamber of the Y type with diameter of 100
micrometres in 50 cycles in the way so that the whole volume of the fluid passed several times through the
microfluidization chamber, at pressure of 1500 Bar. Then microcrystalline powder PCH covered with NaCl
prepared in example 4a, in weight ratio 1:1, active substance in relation to lecithin in the same volume of
isotonic solution) was fluidized independently, namely in a microfluidization chamber of the Z type with
diameter of 75 micrometres, in total 100 cycles of passing fluid through the chamber at pressure of 1600
Bar. Both the fluidized components were mixed after heating to 37°C and under permanent stirring light-
converting nanoparticles prepared in example 5 were added while using 4000 mg of water, in weight ratio

0.15:1 to lecithin. Then the whole mixture was again processed in a microfluidization chamber of the Z
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type with diameter of 100 micrometres, namely in total 120 cycles of passing fluid through the chamber at
pressure of 2000 Bar under continuous cooling with crumbled ice.

33.1 mg/ml of the drug form 8b with concentration of hydroxyaluminium PCH was prepared.

The efficiency of the whole process was followed in a microscope so that dark blue crystals of
phtalocyanine would not appear in the resulting mixture any more, and all phtalocyanine would be

incorporated into liposomes or would be washed off from the drug form.

Example 9

a) Powder lecithin in pharmacological purity in concentration of 10 mg per millilitre of sterile isotonic
solution KPI was first fluidized in a cooled microfluidizer (manufactured by company Microfluidics, Inc.,
USA, for pilot operations). Fluidization was carried out in a chamber of the Z type with diameter of 100
micrometres in 60 cycles in the way so that the whole volume of the fluid passed several times through the
microfluidization chamber, at pressure of 1000 Bar. Then light-converting nanoparticles prepared
according to example 6, not-covered, in weight ratio 0.25:1 to lecithin, were added to fluidized lecithin
under permanent stirring. Non-adjusted microcrystalline powder PCH in weight ratio 2:1 to lecithin was
added to the mixture under permanent stirring. Then the suspension was processed in a microfluidization
chamber of the Y type with diameter of 100 micrometres in 60 cycles and then in one with diameter of 75
micrometres in 40 cycles, at least, together 100 cycles, at least, of passing fluid through the chamber at
pressure of 1700 Bar and under continuous cooling with crumbled ice. Then the substance was processed
in a microfluidization chamber of the Z type with diameter of 100 micrometres, namely in total 100 cycles
of passing fluid through the chamber at pressure of 2000 Bar and under cooling with crumbled ice.

35.9 mg/ml of the drug form 9a with concentration of hydroxyaluminium PCH was prepared.

b) First powder lecithin in pharmacological purity in concentration of 30 mg per millilitre of sterile isotonic
solution KPI was fluidized in a cooled microfluidizer (manufactured by company Microfluidics, Inc., USA,
for pilot operations). Fluidization was carried out in a chamber of the 7Z type with diameter of 100
micrometres in 50 cycles in the way so that the whole volume of the fluid passed several times through the
microfluidization chamber, at pressure of 1200 Bar. Then light-converting nanoparticles prepared in
example 6, covered with TEOS, in weight ratio 0.1:1 to lecithin g were added to fluidized lecithin under
permanent stirring. Microcrystalline powder PCH covered with polyethylene glycol prepared in example
2¢) in weight ratio 0,5:1, active substance in relation to lecithin, was added to the mixture under permanent

stirring and heating to temperature 30°C. Then the suspension was processed in a microfluidization
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chamber of the Y type with diameter of 100 micrometres, namely in total in 100 cycles of passing fluid
through the chamber at pressure of 1800 Bar and under continuous cooling with crumbled ice. Then the
substance was processed in a microfluidization chamber of the Z type with diameter of 75 micrometres in
total 100 cycles of passing fluid through the chamber at pressure of 2000 Bar and under cooling with
crumbled ice.

33.8 mg/ml of the drug form 9b with concentration of hydroxyaluminium PCH was prepared.

The efficiency of the whole process was followed in a microscope so that dark blue crystals of
phtalocyanine would not appear in the resulting mixture any more, and all phtalocyanine would be

incorporated into liposomes or would be washed off from the drug form.

Example 10

a) First powder lecithin in pharmacological purity in concentration of 10 mg per millilitre of sterile saline
solution was fluidized in a cooled microfluidizer (manufactured by company Microfluidics, Inc., USA, for
pilot operations). Fluidization was carried out in a chamber of the Z type with diameter of 100 micrometres
in 60 cycles in the way so that the whole volume of the fluid passed several times through the
microfluidization chamber, at pressure of 1200 Bar. Then non-adjusted microcrystalline powder PCH in
weight ratio 2:1 to lecithin was fluidized independently. Fluidization was carried out in a chamber of the Y
type with diameter of 100 micrometres in 40 cycles in the way so that the whole volume of the fluid passed
several times through the microfluidization chamber, at pressure of 1000 Bar. Fluidized lecithin was mixed
with fluidized PCH, and to their mixture light-converting nanoparticles prepared according to example 6,
covered with TEOS, in weight ratio 0.25:1 to lecithin, were added under permanent stirring. Then the
suspension was processed in a microfluidization chamber of the Y type with diameter 100 micrometres in
total 100 cycles of passing fluid through the chamber at pressure of 2000 Bar and under cooling with
crumbled ice.

35.1 mg/ml of the drug form 10a with concentration of hydroxyaluminium PCH was prepared.

b) First powder lecithin in pharmacological purity in concentration of 30 mg per millilitre of sterile saline
solution was fluidized in a cooled microfluidizer (manufactured by company Microfluidics, Inc., USA, for
pilot operations). Fluidization was carried out in a chamber of the Z type with diameter of 100 micrometres
in 50 cycles in the way so that the whole volume of the fluid passed several times through the

microfluidization chamber, at pressure of 1500 Bar. Then microcrystalline powder PCH covered with
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polyethylene glycol prepared in example 2a in weight ratio 2:1 to lecithin was fluidized independently.
Fluidization was carried out in a chamber of the Z type with diameter of 100 micrometres in 60 cycles in
the way so that the whole volume of the fluid passed several times through the microfluidization chamber,
at pressure of 1200 Bar. Fluidized lecithin was mixed with fluidized PCH and to their mixture light-
converting nanoparticles prepared according to example 6, covered with TEOS, in weight ratio 0.2:1 to
lecithin, were added under permanent stirring. Then the suspension was processed in a microfluidization
chamber of the Z type with diameter of 100 micrometres, namely in 60 cycles of passing fluid through the
chamber at pressure of 1500 Bar and then in a chamber of the Y type with diameter of 75 micrometres in
40 cycles, and under cooling with crumbled ice.

34.2 mg/ml of the drug form 10b with concentration of hydroxyaluminium PCH was prepared.

The efficiency of the whole process was followed in a microscope so that dark blue crystals of
phtalocyanine would not appear in the resulting mixture any more, and all phtalocyanine would be

incorporated into liposomes or would be washed off from the drug form.

Example 11

a) First powder lecithin in pharmacological purity in concentration of 10 mg per millilitre of sterile saline
solution together with powder microcrystalline PCH covered with NaCl prepared in example 4b, where the
active substance had the weight ratio 1:1 to lecithin, was fluidized in a cooled microfluidizer (manufactured
by company Microfluidics, Inc., USA, for pilot operations). Fluidization was carried out in a chamber of
the Y type with diameter of 100 micrometres in 60 cycles in the way so that the whole volume of the fluid
passed several times through the microfluidization chamber, at pressure of 1200 Bar. Then light-converting
nanoparticles prepared in example 6, covered with TEOS, in weight ratio 0.1:1 to lecithin, were added
under permanent stirring. Then the suspension was processed in a microfluidization chamber of the Z type
with diameter 100 micrometres in total 100 cycles of passing fluid through the chamber at pressure of 1800
Bar and under continuous cooling with crumbled ice.

34.2 mg/ml of the drug form 11a with concentration of hydroxyaluminium PCH was prepared.

b) First powder lecithin in pharmacological purity in concentration of 30 mg per millilitre of sterile isotonic
solution KPI together with powder microcrystalline PCH covered with glucose prepared in example 1b,
where the active substance had the weight ratio 2:1 to lecithin, was fluidized in a cooled microfluidizer

(manufactured by company Microfluidics, Inc., USA, for pilot operations). Fluidization was carried out in
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a chamber of the Y type with diameter 100 micrometres in 60 cycles in the way so that the whole volume
of the fluid passed several times through the microfluidization chamber, at pressure of 1000 Bar. Then
light-converting nanoparticles prepared in example 6, covered with TEOS, in weight ratio 0.15:1 to lecithin,
were added under permanent stirring. Then the suspension was again processed in a microfluidization
chamber of the Y type with diameter of 100 micrometres, in total 110 cycles of passing fluid through the
chamber at pressure of 1500 Bar and under continuous cooling with crumbled ice.

35.2 mg/ml of the drug form 11b with concentration of hydroxyaluminium PCH was prepared.

The efficiency of the whole process was followed in a microscope so that dark blue crystals of
phtalocyanine would not appear in the resulting mixture any more, and all phtalocyanine would be

incorporated into liposomes or would be washed off from the drug form.

Examples of testing therapeutical efficiency of prepared drug forms:
Example 12

Intratumoural application of the drug form directly into a tumour of athymic naked nu/nu mice with
xenotransplanted human tumours, actually with amelanotic non-pigmented melanoma of C-32 line, was
selected for the purposes of pilot testing (screening) of drug forms prepared in examples 7-11. After
implantation of human tumour cells into subcutis of athymic nu/nu mice, the tumour was monitored and as
soon as it reached the size of approximately 100-150 mm? (some 8 days after the transplantation), the
intratumoural application of the drug form was executed. The drug form prepared according to examples
7-11 was first filtered through filters with 1 micrometre pores, then 200 microliters of the drug form was
applied by injection directly into the tumour of the test mice. After 10 minutes time (TpL) the tumour tissue
was irradiated with laser at wavelength 980 nm at output of 3W and total energy 160 J/cm?.

The outcome of the experiment was assessed according to the change of tumour volume and the size of
surface necrosis. All the drug forms prepared according to examples 7-11 showed similar results in
intratumoural application (see Figure 4). However, only one drug form could be selected for subsequent
testing of therapeutical efficiency, namely due to the high number of test animals, and so the drug form

prepared according to example 7b was selected at random.
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Example 13

Athymic naked nu/nu mice with xenotransplanted human tumours, actually with amelanotic non-pigmented
melanoma of line C-32, were selected for testing of therapeutical efficiency of the liposome drug form.
After implantation of human tumour cells into subcutis of athymic nu/nu mice, the tumour was monitored
and as soon as it reached the size of approximately 200 mm? (some 10 days after the transplantation), the
intravenous application of the drug form was executed. The drug form prepared according to example 7b
was first filtered through filters with 1 micrometre pores, then 200 microlitres of the drug form was applied
by injection into a tail vein of the test mice. After various intervals of time the tumour tissue was irradiated
with laser at wavelength 980 nm at output of 3W and total energy 160 J/cm?.

The mice showed remission of tumours and apparent healing accompanied with surface necroses after the
treatment. Just these two parameters were used for assessment of the experiment: the size of the tumour in
the time after irradiation and the size of surface necroses. Athymic naked nu/nu mice with xenotransplanted
human tumours irradiated with laser only, mice with the application of the drug form without irradiation or
with the application of the drug form without PCH and subsequent irradiation were used as the control
panel. The test results are presented in Figure 8.

It was established that efficiency of PDT, the size of necroses and the size of a tumour depends on TprL —
interval between application of the preparation and irradiation by laser, and the best results were achieved
for application of the drug form 10 minutes before laser irradiation, on the other hand, the treatment was
ineffective, the tumour was not affected and it grew on in a case of application of the drug form 12 hours
before the laser irradiation (see Figure 3). The graph of therapeutic efficiency of the drug form administered
i.v. in comparison with the control group, with gel topical preparation according to patent CZ 298978 and

with application of the drug form i.t. according to example 10 is presented in Figure 5.

Utility of the patent

Liposome drug form with light-converting nanoparticles is applicable in infrared photodynamic therapy of

tumour diseases.
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CLAIMS

A liposome drug form with light-converting nanoparticles characterized by the fact that it
contains lecithin, light-converting nanoparticles of NaYF4 doped with Yb?* and Er’*in weight ratio
0.1:1 to 0.25:1 to lecithin and an active substance in weight ratio 0.1:1 to 3:1 to lecithin, and the
active substance is selected in the group involving hydrophobic hydroxyaluminium phtalocyanine,
hydrophobic aluminium phtalocyanine, hydrophobic zinc phtalocyanine, hydrophobic silicon or

organo-silicon phtalocyanine.

The liposome drug form according to claim 1 characterized by the fact that light-converting
nanoparticles of NaYF4 doped with Yb3" and Er’* have molar ratio of sodium to ytterbium and

erbium 1:1to 2:1.

The liposome drug form according to claim 1 characterized by the fact that light-converting
nanoparticles of NaYF4 doped with Yb3* and Er** have molar ratio of yttrium to ytterbium to erbium

80:18:2.

The liposome drug form according to claim 1 or 2 or 3 characterized by the fact that light-

converting nanoparticles of NaYF, doped with Yb** and Er’** are covered with non-porous silica.

The liposome drug form according to claim 1 characterized by the fact that the active
substance is in the form of microcrystals or modified microcrystals that are covered with
pharmaceutically acceptable sugar, polymer, lipid or salt that forms 5 to 10 wt. % of the modified

microcrystal.

A method of preparation of the liposome drug form according to claim 1 characterized by the
fact that lecithin and the active substance are mixed with water or aqueous solution in
concentration of 10 to 30 mg per millilitre and the suspension formed is applied in a microfluidizer
fitted with a microfluidization chamber with diameter of 75 to 100 micrometres under temperature
above 0°C, the microfluidizer is set to pressure 100 to 200 MPa and the fluidization process runs
for 40 cycles, at least, of transfer of the suspension through the microfluidization chamber, then

light-converting nanoparticles of NaYF4 doped with Yb** and Er®* are added to the suspension.
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The method of preparation of the liposome drug form according to claim 6 characterized by the
fact that the suspension with light-converting nanoparticles of NaYF.is fluidized in 50 cycles, at

least.

The method of preparation of the liposome drug form according to claim 6 characterized by the
fact that lecithin is mixed with water or aqueous solution in concentration of 10 to 30 mg per
millilitre before being mixed with the active substance and the suspension formed is applied in a
microfluidizer fitted with a microfluidization chamber with diameter of 100 micrometres under
temperature above 0°C, the microfluidizer is set to pressure 100 to 200 MPa and the fluidization
process runs for 50 cycles, at least, of transfer of the suspension through the microfluidization

chamber.

The method of preparation of the liposome drug form according to claim 6 characterized by the
fact that the active substance is mixed with water or aqueous solution in concentration of 10 to 30
mg per millilitre before being mixed with the lecithin and the mixture formed is applied in a
microfluidizer fitted with a microfluidization chamber with diameter of 75 to 100 micrometres
under temperature above 0°C, the microfluidizer is set to pressure 100 to 200 MPa and the
fluidization process runs for 40 cycles, at least, of transfer of the suspension through the

microfluidization chamber.

The method of preparation of the liposome drug form according to claims 7 or 8 or 9 or 10
characterized by the fact that the aqueous solution is sterile isotonic solution, saline solution
or buffer.

The liposome drug form according to claim 1 for application as a drug,

The liposome drug form according to claim 1 pro application in treatment of tumour diseases using

infrared photodynamic therapy.
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