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(54) Title: DELPHINIDIN FOR COMBATING MELANOMA CELLS
(54) Bezeichnung : DELPHINIDIN ZUR BEKAMPFUNG VON MELANOMZELLEN

(57) Abstract: The invention relates to a composition comprising a complex of delphinidin and a sulfoalkyl ether-f-cyclodextrin for

use

in the treatment of malignant melanoma.

(57) Zusammenfassung: Gegenstand der Erfindung ist eine Zusammensetzung umfassend einen Komplex aus Delphinidin und
einem Sulfoalkylether-B-Cyclodextrin zur Verwendung bei der Behandlung von malignem Melanom.
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Delphinidin for combating melanoma cells

Technical Field

The invention relates to compositions comprising a complex of
delphinidin and a sulfoalkyl ether B-cyclodextrin and/or
delphinidin or salts thereof for use in the treatment of

malignant melanoma.

Background

Malignant melanoma, also known by the term “black skin
cancer”, 1is a malignant degeneration of pigment cells, the so-
called melanocytes. Cancer has a tendency even in an early
stage to spread metastases via the circulatory and lymphatic
systems. Malignant melanoma is curable, at least if it is

diagnosed and treated early.

The most important treatment method is the surgical removal of
the tumor in addition to radiotherapy, although monotherapy
with interferons is also used in the treatment of malignant
melanoma. Vaccine therapy is also  known, i.e. active
immunotherapy by means of tumor inoculation wusing tumor
vaccines in order to stimulate the body’s own resistance for
specific combating of cancer cells. In this case, features of .
the tumor (for example, protein molecules produced by the
tumor cells or cell fragments of the tumor cells) are
presented to the immune cells via the vaccines administered
such that the immune cells recognize these features as foreign
and attack the body’s own cells, which bear these features. In
addition to vaccine therapy, chemotherapy, 1.e. medical
treatment with chemical substances that damage or inhibit

tumor cells (cytostatics), is of practical relevance.
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Summary of Invention

The object of the present invention is to provide an effective
remedy as an alternative or supplement to the treatment

options for malignant melanoma known from the prior art.

This object is achieved by the compositions and uses cited in
the independent claims, whereas advantageous embodiments of
the invention are disclosed in the dependent claims. That this
object 1is, in fact, achieved, is proven by the in vitro
experimental results of the effect of the compositions
according to the invention on melanoma cells and non-cancerous

cells and the cell vitality in Examples 6 — 12,

Firstly, some terms used in the context of the invention are

elucidated.

The composition according to the invention is wused for
treating a subject or an individual suffering from malignant
melanoma. The term “subject” comprises living animals and
humans. The purpose of this treatment is the at least partial
killing or neutralization of the tumor cells. “Neutralization”
or “killing” signifies, in the context of the present
invention, the at least partial destruction or disintegration

or inactivation or proliferation of tumor cells.

The present invention also refers to a method for treating a
subject suffering from malignant melanoma, in which a
therapeutically active amount of the composition according to
the invention is administered to the subject. Of particular
interest hefe is combating the melanoma cells with the active

ingredient on the one hand while as far as possible leaving
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unaffected the vitality and proliferation of the non-cancerous

cells on the other hand.

The term “treatment” signifies, in the context of the present
invention, complete or partial achievement of the following
specified results: completely or partially reducing the
clinical picture; improving at least one of the c¢linical
symptoms or indicators associated with the disease; delaying,
suppressing or providing protection from the progression of
the disease; or completely or partially delaying, suppressing
or providing protection from onset or development of the
disease. The subject to be treated is a human or animal,
preferably a mammal. Veterinary medical treatment, besides the
treatment of livestock »>r wild animals (e.g. sheep, cats,
horses, cows, pigs), also includes laboratory animals (e.g.

rats, mice, guinea pigs, monkeys).

The term “composition comprising a complex of delphinidin and
a sulfoalkyl ether f-cyclodextrin and/or delphinidin or salts
thereof” includes the composition as a monopreparation, i.e.
without further therapeutically active components.
Alternatively, the composition may comprise at least one
further therapeutically active substance. The composition
according to the invention can be administered alone or in
combination with at least one other therapeutic substance for
reducing one or more symptoms of malignant melanoma. The
administration of the composition according to the invention
can be administered simultaneously with the other therapeutic
substance, which can be a constituent of the same composition
or 1s provided in another composition. Alternatively, the
composition according to the invention can be administered
before or after the administration of the other therapeutic

substance. The compositi.n according to the invention can be
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administered via the same route of administration as or a
different route of administration to the other therapeutic

substance.

The further therapeutically active substance is.preferably a
Tumor necrosis factor-Related Apoptosis-Inducing Ligand
(TRAIL). In accordance with a further preferred embodiment of
the invention, the further therapeutically active substance is
selected from the group consisting of cytostatics,
interferons, preferably alpha- and/or beta-interferons, more
preferably interferon alpha-2a and alpha-2b, and tumor
vaccines. The latter can also be combined and applied in

combination with TRAIL.

Particularly 1f metastases have already formed in other
organs, a combination of chemotherapy and immunotherapy, and
radiation treatment of individual metastases may be

appropriate in order to achieve regressions.

Interferons are typically used in chemotherapy, particularly
IFN-alpha formed in white blood cells {leucocytes) and IFN-
beta formed in connective tissue cells (fibroblasts), which
inhibit the growth of healthy as well as malignant cells and
stimulate the immune system. A pure interferon obtained by
gene technology is usually relied on in cancer therapy, for
example, interferon alpha-2a (Roferon®) and interferon alpha-

2b {(IntronA®) approved for cancer treatment in Germany.

From immunotherapy comes the original concept, which 1is
increasingly rarely used, in which the body’s own tumor cells
are rendered incapable of dividing by irradiation and, to
increase stimulation of the immune system, are injected into

the skin, preferably mixed with a virus, in order to attract
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immune cells and to selectively target these tumor cells.
Instead of using whole tumor cells or cell fragments, protein
molecules produced by tumor cells, with which cells cultured
from blood precursor cells in vitro are charged, are now
regularly relied upon and, thus tailored, are given back to
the patient to present them to immune cells as something which
must be combated. Alternatively, the same result is achieved
if the gene for an attractant or activating substance for

immune cells is inserted into the tumor cells.

Also of practical relevance is the abovementioned chemotherapy
- directed against cancer cells in which various medicaments are
uéed which can inhibit tumor growth in a different way, these
chemotherapeutics usually being referred to as “cytostatics”.
Cytostatics are prepared synthetically or are derived from
naturally-occurring cytotoxins which trigger the programmed
cell death (apoptosis) of the tumor cells. Examples of
chemotherapeutic agents which may be used in the context of
the present invention include bortezomib (Velcade®,
Millennium), melphalan, prednisone, vincristine, carmustine,
cyclophosphamide, dexamethasone, thalidomide, doxorubicin,

cisplatin, etoposide and cytarabine.

In addition to the drug administration according to the
invention, radiotherapy can additionally be used. Apart from
the use of radioactive drugs, so-called
“radiopharmaceuticals”, radiotherapy is preferably used
locally in a limited manner. This means that the preferably
electromagnetic radiation and particle beams as well act
locally in this case limited to the irradiated area and damage
the tumor cells, particularly the DNA in the cell nucleus, by

ionization and formation of free radicals and breaks in the
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DNA of the tumor cells. In order to protect the healthy tissue

surrounding the tumor, screens can be used.

The administration of the active ingredient of the invention
by way of monotherapy or in combination with TRAIL or other or
further therapeutic active ingredients, for example selected
from the group consisting of cytostatics, interferons and
tumor wvaccines, can also be done as a so-called regional
therapy, for example by targeted injection (e.g. by means of a
catheter) in body regions, body cavities or into the blood
vessels of the tumor region or organ in which the tumor is
located. Permeation of the affected area or organ 1is also
possible by means of regional perfusion, in which the
medicament flows through the area (e.g. arm or leg) or the
organ on completion of the remaining circulation and is passed

directly through again without reaching the rest of the body.

The composition according to the invention 1is preferably
provided and administered as a pharmaceutical composition. The
term “pharmaceutical composition” comprises one or more active
ingredients and one or more inactive ingredients which
function as carriers for the active ingredient(s). The
pharmaceutical composition allows the complex according to the
invention or the composition according to the invention to be
administered by the oral, rectal, parenteral, including
intraperitoneal, percutaneous, subcutaneous, intramuscular,
intravenous, ophthalmic, pulmonary or nasal routes. A
parenteral administration form may be, for example, a tablet,
capsule, solution, suspension or dispersion. An ophthalmic,
pulmonary or nasal administration form may be, for example, an
aerosol, solution, cream, paste, lotion, gel, salve,
suspension or dispersion. Appropriate techniques for

formulation and administration are known from the prior art,
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for example, see “Remington’s Pharmaceutical Sciences” (Mack
Publishing Co., Easton Pa.). For example, the compositions
according to the invention can be administered intravenously
to a subject by means of a pharmaceutically acceptable carrier
(e.g. physiological saline solution). A formulation in aqueous
sclution, preferably in physiologically acceptable buffers
(e.g. Hank’s solution, Ringer’s solution or physiologically
buffered saline solution), is suitable for injection. For
parenteral administration, including intravenous,
subcutaneous, intramuscular and intraperitoneal
administration, an aqueous or oily solution or a solid
formulation 1s also useful. The proportion of active
ingredient in the pharmaceutical compositicn may vary and is
typically between 2 and 60% by weight of the dose unit. The
proporticn of active ingredient is accordingly selected such
that an effective dose 1is achieved. 1In accordance with a
preferred embodiment of the invention, the delphinidin or
salts thereof and/or the complex of delphinidin and the
sulfoalkyl ether p-cyclodextrin are used 1in a galenic
preparation for controlled and/or delayed release of the

delphinidin.

“Salt” or “pharmaceutically acceptable salt” is any salt of a
compound of the present invention, acceptable from a
pharmaceutical standpoint, which can liberate the
pharmaceutically effective active ingredient or active
metabolite thereof after administration. Salts of the
compositions and complexes o©of the present invention may be

derived from inorganic or organic acids and bases.

The anthocyanidin delphinidin may be used in “pure form” or
“purified”, which signifies that undesired components have

been removed.
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“Anthocyanidins” have the basic structure shown below:

The substituents in this formula are selected from the group

consisting of hydrogen, hydroxyl group, and methoxy group.

Cyclodextrins, which can be complexed with the anthocyanidin
delphinidin in accordance with the invention, are cyclic
oligosaccharides of glucose molecules llinked by o-1,4-
glycosidic bonds. B-cyclodextrin has seven glucose units. In a
sulfoalkyl ether B-cyclodextrin, hydroxyl groups of the
glucose ﬁnit in a sulfoalkyl alcohol are etherified. According
to the invention, generally only some of the 21 hydroxyl
groups of a B-cyclodextrin are etherified. The preparation of
sulfoalkyl ether cyclodextrins is familiar to those skilled in
the art and is described, for example, in US 5,134,127 or WO
2009/134347 AZ.

Sulfoalkyl ether groups are used in cyclodextrins in the prior
art to 1increase their hydrophilicity or water solubility.
Sulfoalkyl ether groups contribute to a particular degree to
increasing the stability of the complex of anthocyanidins and
correspondingly substituted B-cyclodextrin and thus
substantially improve the storage stability and
formulatability of the anthocyanidins, which are particularly

sensitive to oxidation. The complex according to the invention
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may be formulated as an aqueous solution or solid, stable on

storage, as will be shown in even more detail below.

In accordance with the invention, particular preference 1is
given to complexing the active ingredient delphinidin with a
sulfoalkyl ether B-cyclodextrin, preferably a sulfobutyl ether
B-cyclodextrin (SBE-P-CD) or a sulfoethyl ether
B-cyclodextrin, which increases, surprisingly, the solubility
and stability of the active ingredient. A possible explanation
for this, which does not 1limit the scope of protection, is
that the negatively charged sulfobutyl units or sulfoethyl
units interact electrostatically with the positively charged
anthocyanidin delphinidin and, in terms of the alkyl groups,
the butyl group or ethyl group have the optimal length to
enable an appropriate steric interaction. It should be noted
at this point, that no generally valid statement can be made
that any active ingredient, such as delphinidin, in a complex
with a sulfoalkyl ether P-cyclodextrin, results in improved
solubility and stability. Reference may be made at this point,
for example, to Table 1 in Ueda et al., “Evaluation of a
Sulfobutyl Ether p-Cyclodextrin as a Solubilizing/Stabilizing
Agent for Several Drugs”, Drug Development and Industrial
Pharmacy, 24 (9), 863 - 867 (1998), in which the solubilities
of wvarious active ingredients alone, in the complex with
sulfobutyl ether p-cyclodextrin and in the complex with
B-cyclodextrin, are contrasted. From the solubility values
(SBE7-p-CD vs. B-CD) shown therein, it can be seen that in one
third of the active ingredients complexed with sulfobutyl
ether PB-cyclodextrin investigated, the exact opposite is the
case, i.e. the complex of active ingredient and sulfobutyl
ether f-cyclodextrin results in a significantly lower

solubility compared to the complex with p-cyclodextrin.
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The degree of substitution of the cyclodextrin with sulfoalkyl
ether groups 1is preferably 3 to 8, more preferably 4 to 8,
more preferably 5 to 8, more preferably 6 to 7. Suitable
sulfobutyl ether Pp-cyclodextrins having a mean degree of
substitution of 6 to 7 are described, for example, in WO
2009/134347 A2 and are commercially available under the trade
name Captisol®. Corresponding cyclodextrins having a degree of

substitution of 4 to 5, for example 4.2, can likewise be used.

The anthocyanidin used in complexed form in accordance with
the invention is delphinidin. The chemical structure
corresponds to the formula given above with the following

substitution pattern

Delphinidin -0OH -OH —OH -OH -OH -H -OH

The invention also relates to an aqueous solution of the
composition according to the invention for use as a medicament

for the treatment of malignant melanoma.

The preparation of the complex according to the invention, and

also a corresponding agqueous solution comprises the following

steps:

a) preparing an aqueous solution of the sulfoalkyl ether pB-
cyclodextrin,

b) adding the anthocyanidin delphinidin and mixing to

prepare the complex.
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In step a), preference 1is given to preparing an aqueous
solution comprising 5 to 10% by weight of the cyclodextrin
used. It is particularly preferred in the context of the
invention if the pH of the aqueous solution is adjusted during
or after, but preferably before, addition of the delphinidin,
to a pH of 7 or less, preferably 6 or less, more preferably 5
or less, more preferably 4 to 5. It has been shown that, at
this pH, a higher concentration of the complex in aqueous

solution can be established.

The concentration of the delphinidin, calculated as the
chloride, is preferably at least 0.5 mg/ml, more preferably at
least 1.0 mg/ml, more preferably at 1least 1.5 mg/ml, more
preferably 2.0 mg/ml. In the context of a preferred
embodiment, the particularly preferred concentration range of
at least 2.0 mg/ml can be established in particular in an

aqueous solution having a pH between 4 and 5.

In the context of the preparation, the mixing of the
constituents of the aqueous solution can be accomplished by
stirring with preferred periods for the mixing of 2 to 20 h.
The mixing is preferably carried out in the dark in order to

avoid light-induced oxidation.

The invention further relates to a solid for use as a
medicament in the treatment of malignant melanoma, which can
be obtained in accordance with the invention by removing the
solvent from an agueous solution according to the invention
described above. The removal can preferably be effected by
freeze drying (lyophilization). Both the aqueous medicinal
solution according to the invention and the medicinal solid

have good storage stability.
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Brief Description of the Drawings

The invention will now be described further in the examples
which follow with reference to the attached figures without

being restricted to them.

Figure 1 shows histograms of cells of the human melanoma cell
line A-375 treated with delphinidin-SBE-B-CD (b) and untreated
(a) .

Figure 2a shows the dose-dependent induction of apoptosis by
delphinidin-SBE-R-CD and delphinidin Cl compared to the
controls SBE-B-CD, DMSO and untreated A-375 cells at low cell

confluence, determined by the sub-Gl peak method.

Figure 2b shows the dose-dependent induction of apoptosis by
delphinidin-SBE-B-CD compared to delphinidin Cl1 and the
controls SBE-B-CD, DMSO and untreated A-375 cells at high cell

confluence, determined by the sub-Gl peak method.

Figure 3a shows the dose-dependent effect on cell viability of
delphinidin-SBE-B-CD and delphinidin <€l compared to the
controls SBE-R-CD, DMSO and untreated A-375 cells at low cell

confluence, determined by the WST-1 assay.

Figure 3b shows the dose-dependent effect on cell viability of
delphinidin-SBE-P-CD compared to delphinidin Cl1 and the
controls SBE-B-CD, DMSO and untreated A-375 cells at high cell

confluence, determined by the WST-1 assay.

Figure 4 shows micrographs of untreated A-375 cells and A-375
cells treated with delphinidin-SBE-B-CD, delphinidin C1 and
SBE~R~CD.
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Figure 5 shows cell number and cell proliferation (real-time
cell monitoring) of high cell confluence A-375 cells treated
with delphinidin-SBE-P-CD compared to untreated cells, using

the xCELLigence system.

Figure 6 shows cell number and cell proliferation (real-time
cell monitoring) of low cell confluence A-375 cells treated
with delphinidin-SBE-3-CD compared to untreated cells, using
the xCELLigence system.

Figure 7 shows cell number and cell proliferation (real-time
cell monitoring) of high cell confluence A-375 cells treated
with delphinidin Cl compared to untreated cells, using the

xCELLigence system.

Figure 8 shows cell number and cell proliferation (real-time
cell monitoring) of low cell confluence A-375 cells treated
with delphinidin Cl compared to untreated cells, using the

xCELLigence system.

Figure 9 shows cell number and cell proliferation (real-time
cell monitoring) of high cell confluence A-375 cells treated
with SBE-B-CD compared to untreated cells, using the

xCELLigence system.

Figure 10 shows cell number and cell proliferation (real-time
cell monitoring) of low cell confluence A-375 cells treated
with SBE-B-CD compared to untreated <cells, using the

xCELLigence system.

Figﬁre 1la shows the induction of apoptosis by delphinidin-

SBE-B-CD with and without TRAIL compared to the controls
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(untreated cells or cells treated only with TRAIL) at low cell

confluence, determined by the sub-Gl peak method.

Figure 11lb shows the induction of apoptosis by delphinidin-
SBE-f-CD with and without TRAIL compared to the controls
(untreated cells or cells treated only with TRAIL, cells
treated with SBE-B-CD) at high cell confluence, determined by
the sub-G1l peak method.

Figure 1l2a shows the effect on cell viability of delphinidin-
SBE-P-CD with TRAIL compared to delphinidin-SBE-B-CD alone and
the controls (untreated cells or cells treated only with

TRAIL) at low cell confluence, determined by the WST-1 assay.

Figure 12b shows the effect on cell viability of delphinidin-
SBE-B-CD with TRAIL compared to delphinidin-SBE-(-CD alone and
the controls (untreated cells or cells treated only with
TRAIL, cells treated with SBE-B-CD) at high cell confluence,

determined by the WST-1 assay.

Figure 13 shows micrographs of untreated A-375 cells, A-375
cells treated only with TRAIL, treated only with delphinidin-

SBE-R-CD and treated with delphinidin-SBE-f-CD and TRAIL.

Figure 14 shows cell number and cell proliferation (real-time
cell monitoring) of high cell confluence A-375 cells treated
with TRAIL, delphinidin-SBE-B-CD, TRAIL and delphinidin-SBE-B-

CD compared to untreated cells, using the xCELLigence system.

Figure 15 shows cell number and cell proliferation (real-time
cell monitoring) of high cell confluence A-375 cells treated
with TRAIL, delphinidin Cl, TRAIL and delphinidin Cl compared

to untreated cells, using the xCELLigence system.
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Figure 16 shows cell number and cell proliferation (real-time
cell monitoring) of high cell confluence A-375 cells treated
with TRAIL (0.02 pg/ml), SBE-B-CD (30 pg/ml), TRAIL (0.02
pg/ml) and SBE-B-CD (30 pg/ml) compared to untreated cells,

using the xCELLigence system.

Figure 17 shows cell number and cell proliferation (real-time
cell monitoring) of high cell confluence A-375 cells treated
with TRAIL (0.02 pg/ml), SBE-B-CD (1000 pg/ml), TRAIL (0.02
Hg/ml) and SBE-B-CD (1000 upg/ml) compared to untreated cells,

using the xCELLigence system.

Figure 18 shows the effect of delphinidin Cl1 and the
delphinidin-SBE-B-CD complex at concentrations of 0.1 uM, 3.2
pM and 100 upM compared to active ingredient-free control
medium on the wvitality of endothelial cells using the ATP

luminescence assay.

Figure 19 shows the efrect of delphinidin Cl and the
delphinidin-SBE-R-CD complex at concentrations of 0.1 uM, 3.2
pM and 100 pM compared to active ingredient-free control
medium on the wvitality of human fibroblasts using the ATP

luminescence assay.

Detailed Description

Examples

I. Preparation of a complex of delphinidin and cyclodextrins

1. Materials used:
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The following cyclodextrins are used:

o—-CD ID No: CYL-2322
B-CD ID No: CYL-3190
y—-CD ID No: CYL-2323

(2-Hydroxypropyl) -f-CD | ID No: L-043/07

Sulfobutyl ether B-CD ID No: 47K010111

Delphinidin chloride was purchased from Extrasynthese.

2. Determination of the delphinidin content

A reversed-phase HPLC method was used to determine the
delphinidin chloride content in the delphinidin-containing
compositions. The following reagents were used for this

purpose:

Purified water
Methanol for chromatography
Formic acid, p.a.

1 M hydrochloric acid as a volumetric solution.

The column used was a Waters X Bridge™ cC18, 35 pl, 150 mm x

4.6 mm.

The mobile phases were as follows:
Phase A: Water 950 ml, methanol 50 ml, formic acid 10 ml
Phase B: Water 50 ml, methanol 950 ml, formic acid 10 ml
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The following gradient program was used:

Time [min] Percent phase B
0 0

5 0

25 60

30 100

Stop time: 35 min

After-run time (post time): 8 min

Flow rate: 1 ml/min

Injection volume: 20 nl

Column temperature: 30°C +/- 2°C

UV/Vis detector: 530 um for the assay, 275 pm for the
detection of impurities

Integrator: area

Solutions and sample preparation:

Dilution solution 1: Mixture of 100 ml of methanol and 2.6 ml
of M HC1
Pilution solution 2: Mixture of 100 ml of 40% methanol and

2.6 ml of 1 M HC1

Calibration solution: A reference solution of delphinidin was
prepared by weighing 10 mg of delphinidin chloride into a
10 m1 flask and dissolving in dilution solution 1. After
dissolution, the solution was diluted approximately 10-fold
with dilution solution 2 to  produce an approximate

concentration of 0.1 mg/ml.
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The control calibration solution was prepared in the same
manner. The calibration solutions were immediately analyzed by

HPLC since delphinidin chloride is unstable in solution.

Preparation of the test solutiocns:

To determine the delphinidin content of the solids prepared
according to the invention (for preparation see below),
approximately 50 mg of this composition were weighed into a
10 ml flask. This was then dissolved in dilution solution 2
and further diluted with the same dilution solution 2 until an
approximate concentration of delphinidin of 0.1 mg/ml was

established.

The determination of the delphinidin content in the samples
was calculated with the aid of the Agilent ChemStation
software using calibration with the external standard

described.

Example 1: Complexing of delphinidin with SBE-(-CD

In this example, the complexing of delphinidin by various
cyclodextrins and the solubility of the complex in aqueous

solution are investigated.

Neutral aqueous solutions were prepared comprising 10% by
weight of the respective cyclodextrin. Due to the lack of
solubility of B-CD, a concentration of only 2% by weight was

selected.

Glass flasks were filled with 5 ml each of the aqueous
cyclodextrin solutions and pure water. An  excess of

delphinidin chloride was then added. The required excess



CA 02893881 2015-06-04

19

amount was 10 mg for the solutions of o=, B- and y-
cylcodextrin and 15 mg for the solutions of HPBCD
(2-hydroxypropyl-p-cyclodextrin) and SBE-(f-CD.

The suspensions were stirred at 30°C for 20 h in the dark. The
suspensions were then filtered through a membrane filter of

0.22 pm pore size.

The solubilities achievable are shown in the table below.

Cyclodextrin | Cyclodextrin Delphinidin
concentration chloride
- 0 0.07 mg/ml
a-CD 10% 0.14 mg/ml
5-CD 2% 0.05 mg/ml
v-CD 10% 0.21 mg/ml
HPBCD 10% 0.19 mg/ml
SBE-R~CD 10% 0.66 mg/ml

It can be seen that the complexing and the increased
solubility thereby effected is far better for SBE-$-CD than

for the other cyclodextrins.

Example 2: Influence of pH

In this example, the influence of the pH on the solubility of
a delphinidin-SBE-B-CD in agueous solution was investigated.
Aqueous sdlutions of SEB-B-CD were prepared according to the
procedure of Example 1, but these solutions were adjusted with
1 M HCl to the acid pH values given in Table 2. Delphinidin
chloride was then added according to the procedure of

Example 1 and further processed with the only exception that
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the stirring time was limited to 2.5 h. The results are shown

in the table below.

PH Delphinidin
chloride
6.0 0.60 mg/ml
4.8 2.12 mg/ml
4.1 2.03 mg/ml

It can be seen that at pH values between 4 and 5, the
solubility of the complexed delphinidin chloride increases by

a factor of approximately 3 compared to a neutral pH.

Example 3 Preparation of a solid according to the invention

In this example, a complex according to the invention is
formulated as a solid. For comparative purposes, a
delphinidin/HPBCD complex and a delphinidin/starch formulation

are prepared in the form of a solid.

Example 3.1: Delphinidin-SBE-B-CD

5 g of SEB-B-CD were dissolved in 40 ml of distilled water to
give a clear solution. The pH of the solution was adjusted to
4.8 with 1 M HCl. 0.11 g of delphinidin chloride was then
added and the mixture was stirred for 2 h at 27°C in the dark.
The homogeneous ligquid was filtered under vacuum through a
cellulose nitrate membrane filter of pore size 0.45 pm. The
solution was frozen and subsequently freeze-dried at -48°C and
a pressure of approximately 10.3 Pa (77 mTorzr). The
lyophilizate was milled and sieved through a sieve of 0.3 mm

mesh size.



CA 02893881 2015-06-04

21

Example 3.2: Delphinidin/HPBCD

This was processed in the same manner as Example 3.1, but a
significant amount of material was filtered off during the
filtration which indicates that the solubilization was
significantly less effective than using SBE-$-CD according to

Example 3.1.

Example 3.3 Delphinidin starch formulation

5 g of starch were suspended in 40 ml of distilled water. A
white suspension was obtained. The pH of the solution was
adjusted to 4.6 with 1 M HCl. 0.11 g of delphinidin chloride
was then added and the mixture was stirred for 2 h at 27°C in
the dark. The resulting homogeneocus liquid was freeze-dried

and the solid milled and sieved, as in Example 3.1.

Example 3.1 is in accordance with the invention, while

Examples 3.2 and 3.3 are comparative examples.

Example 4: Stability trials

The solids according to Examples 3.1 to 3.3 were stored under
the following conditions:
- 8 days at room temperature in brown, screwtop glass
containers,
- then 22 days at room temperature in glass containers in

the dark in an oxygen atmosphere.

The latter 22 days of the storage mentioned above were
conducted in glass vials with a volume of 20 ml. In each case,
250 mg of the samples previously already stored for 8 days

were placed therein, and the vials were closed and sealed with
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a rubber stopper. By means of two injection needles, the head
space of the vials was purged with pure oxygen. The samples

were then stored in the dark.

The delphinidin content of the solids (calculated as
delphinidin chloride and given in % by weight) was determined
by the HPLC method described above. The results are given in

the following table.

Time elapsed (days)
Start 2 8 19 30
Example 3.1 1.69 1.52 1.55 1.40 0.93
Example 3.2 1.30 1.20 1.14 1.03 0.68
Example 3.3 1.60 1.59 1.56 1.53 1.15

The results show that a delphinidin complex can be prepared in
accordance with the invention, which has high stability and
thus good storage suitability even under a pure oxygen
atmosphere. The complex also has good solubility in aqueous,
particularly slightly acidic solutions, such that delphinidin
may be formulated in accordance with the invention in a
variety of ways. The stability of the solid according to the
invention is Jjust as good as a formulation with starch
(Example 3.3), but this comparative example cannot be

formulated as an agqueous solution.
Example 5: Stability trials in aqueous solution

To determine the delphinidin chloride <content in the
delphinidin-containing solutions, a reversed-phase HPLC method
was used similar to the one already described above. The

following reagents were used in this case:



CA 02893881 2015-06-04

23

Purified water
Methanol for chromatography
Formic acid, p.a.

1 M hydrochloric acid as a volumetric solution.

The column used was a Waters X Bridge™ C18, 35 pl, 150 mm x

4.6 mm.
The mobile phases were as follows:
Phase A: Water 770 ml, methanol 230 ml, formic acid 10 ml

Phase B: Water 50 ml, methanol 950 ml, formic acid 10 ml

The following gradient program was used:

Time [min] Percent phase B
0 0

5 0

20 20

25 100

Stop time: 25 min

After-run time (post time): 8 min

Flow rate: 1 ml/min

Injection volume: 20 pl

Column temperature: 30°C +/- 2°C

UV/Vis detector: 530 um for the assay, 275 um for the
detection of impurities

Integrator: area
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Solutions and sample preparation:

Dilution solution 1: Mixture of 100 ml of methanol and 2.6 ml
of 1 M HCL
Dilution solution 2: Mixture of 100 ml of 50% methanocl and

2.6 ml of 1 M HC1

Calibration solution: A reference solution of delphinidin was
prepared by weighing 10 mg of delphinidin chloride into a 10
ml flask and dissolving in dilution solution 1. After
dissolution, the solution was diluted approximately 10-fold
with dilution solution 2 to produce an approximate

concentration of 0.1 mg/ml.

The control calibration solution was prepared in the same
manner. The calibration solutions were immediately analyzed by

HPLC since delphinidin chloride is unstable in solution.

Preparation of the test solutions:

To determine the delphinidin content of an aqueous solution
according to the invention, delphinidin/SBE-R-CD from
Example 3.1 (inventive) and delphinidin (comparative example)
were dissolved in 0.9% NaCl solution wuntil a starting
concentration {(based on the delphinidin) of 1.584 mg/ml
(inventive example) or 0.0216 mg/ml (comparative example) had
been established. The solutions were prepared at room
temperature and subsequently stored in the dark at 37°C in

closed vials.
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The delphinidin content was determined after 1, 2, 3 and 4 h.
The table below gives the content determined as a percentage

of the starting concentration stated above.

Time [h] Non-complexed Delphinidin/SBE-
delphinidin B-CD
0 100% , 100%
1 8.3% 80.7%
2 ©.5% 74.5%
3 5.6% 64.7%
4 5.1% 62.8%

The determination of the delphinidin content in the samples
was calculated with the aid of the Agilent ChemStation
software using the calibration with the external standard

described.

II. Effect of delphinidin and the delphinidin-SBE-B-CD

complex on melanoma cells

Test cell lines

In the in vitro experiments described below, the effect of the
complex of delphinidin and sulfobutyl ether pB-cyclodextrin
(hereinafter delphinidin-SBE-p-CD) and delphinidin was
investigated using the model human melanoma cell line A-375
[ATCC Catalog No. CRL-1619; Bruggen J., Sorg C. (1983)
Detection of phenotypic differences on human malignant
melanoma lines and their variant sublines with monoclonal

antibodies. Cancer Immunol Immuncther 15: 200 - 205].
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The cell line was cultured at 37°C, 5% CO, in DMEM (Dulbecco’s
Modified Eagle'’s Medium from Gibco, Karlsruhe, Germany)

supplemented with 10% FCS (Fetal Calf Serum) and antibiotics.

Example 6
(Measurement of induction of apoptosis using the sub-Gl peak

method)

In the experiment according to Example 6, the effect of the
substances investigated on the induction of apoptosis in the
test cell line was investigated using the sub-Gl peak method,
also commonly referred to as the “Nicoletti method” in the
technical literature [Riccardi C. Nicoletti I. (2006) Analysis
of apoptosis by propidium iodide staining and flow cytometry.

Nat. Protoc. 1: 1458 - 1461].

The method is based on the lower DNA content of apoptotic
cells compared to vital cells. A feature of apoptosis is the
cleavage of DNA into short DNA fragments by endonucleases,
whereby the content of low molecular weight DNA 1is increased
and the proportion of high molecular weight DNA is reduced in
apoptotic cells compared to vital cells. In induced lysis
(permeabilization) of the cell membrane, the low molecular
weight DNA fragments leak out from the apoptotic cells. If the
cells are stained with ©propidium iodide (PI), a dye
intercalating the DNA, apoptotic cells fluoresce less
intensively than vital cells and the DNA content determined by
flow cytometry in apoptotic cell nuclei appears as a broad,
hypodiploid, more weakly fluorescing DNA peak (sub-G1 peak),
which can be easily distinguished from the narrow DNA double
peak of healthy cells with diploid DNA content. An example of
this is provided by the histograms a and b shown in Figure 1.

Histogram a shows wuntreated, PI-stained cells. Propidium
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which can be easily distinguished from the narrow DNA double
peak of healthy cells with diploid DNA content. An example of
this is provided by the histograms a and b shown in Figure 1.
Histogram a shows untreated, PI-stained cells. Propidium iodide
has been incorporated into the DNA and fluoresces in two narrow
peaks: the cells in the G1 phase (left peak) with single DNA
content, and cells in the G2 phase (right peak) with double DNA
content. A sub-Gl peak upstream of the left peak is virtually
missing. Histogram b in contrast shows a broad sub-Gl peak. This
shows the proportion of apoptotic cell nuclei after 24 hour

treatment with delphinidin-SBE-[3-CD.

To carry out the sub-Gl peak method according to Example 6, the
cells were incubated for 24 hours with 10 - 3000 pg of
delphinidin-SBE-B-CD per ml of cell suspension or 15 -120 uM
purified delphinidin chloride (hereinafter delphinidin Cl) per
ml of cell suspension, where cells treated with the complex
partner SBE-B-CD and also DMSO, and untreated cells, served as
controls. For each individual experiment (control, delphinidin-
SBE-B-CD, SBE-3-CD, delphinidin Cl), three 3 ml wells a on a
well plate were prepared with cells. The cells were subsequently
harvested by means of trypsinization, washed with ice-cold
phosphate-buffered saline solution (PBS) and incubated for 1
hour with the staining buffer comprising 0.1% sodium citrate,
0.1% Triton™ X-100 and PI (40 pg/ml; Sigma-Aldrich, Taufkirchen,
Germany), before then measuring and evaluating the DNA content
of the cell nuclei by flow cytometry (FACSCalibur and CellQuest
software; Becton Dickinson, Heidelberg). The mean was calculated
from the respective triplicate measurements, where the measured

values for the control cells served as reference for the t-test.

CA 2893881 2020-01-22
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the exponential growth phase, in which the experiment was
carried out in parallel both at low (low cell confluence) and
higher cell density (higher cell confluence), of which the
results processed graphically are shown in Figures 2a (low

cell confluence) and 2b (higher cell confluence).

Experimental results

- Purified delphinidin Cl1 shows a significant dose-dependent
induction of apoptosis (cf. Figure 2a at 120 uM);

- the delphinidin-SBE-B-CD complex shows a distinctly stronger
induction of apoptosis (cf. Figuie 2a at 1000 pg/ml and Figure
2b at 3000 pg/ml);

- whereas the complex partner SBE-B-CD and also DMSO shows no

effect, analogous to the untreated control cells.

Example 7
(Cell viability test)

In the experiment according to Example 7, the effect of the
substances investigated on the cell viability of the test cell
line was quantified using the WST-1 assay (Water Soluble
Tetrazolium) from Roche Diagnostics. The WST-1 assay 1s
designed to detect an intact respiratory chain in cells,
wherein vital cells having an intact mitochondrial succinate
tetrazolium dehydrogenase system cause an enzymatic conversion
of the weakly red-colored tetrazolium salt WST-1 (4-[3-(4-
iodophenyl) -2~ (4-nitrophenyl)-2H-5-tetrazolio] -1, 3-benzene

disulfonate) to the dark red formazan. This color change can
be measured photometrically 1in ~a spectrophotometer and

evaluated.
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To carry out the WST-1 assay according to Example 7, the cells
were incubated analogously to Example 6 for 24 hours with 10 -
3000 ng of delphinidin-SBE-p-CD per ml of cell suspension or
15 -120 pM purified delphinidin Cl per ml of cell suspension,
where cells treated with the complex partner SBE-B-CD and also
DMSO, and untreated cells, served as controls. 1In the WST-1
assay, such as described in detail in Plotz et al. (2012),
Mutual Regulation of Bcl-2 Proteins Independent of the BH3
Domain as Shown by the BH3-Lacking Protein Bcl-xAK, PLOS ONE,
vol 7, issue 4, e34549, for example, the staining with calcein
AM occurred on incubation with calcein (4uM; e Bioscience,
Frankfurt, Germany) in serum-free growth medium at 37°C for 60
minutes as did washing with PBS, before the cell viability
measurement was conducted by flow cytometry (see Example 5) in
order to differentiate calcein-stained (living) cells from

unstained (dead) cells.

Analogous to Example 6, the experiment in Example 7 was also
carried out both at low (low cell confluence) and higher cell
density (higher «cell confluence), of which the results
processed graphically are shown in Figures 3a (low cell

confluence) and 3b (higher cell confluence).

Experimental results

- Purified delphinidin C1 shows a loss of vital cells with
increasing dose at low cell confluence (cf. Figure 3a):

- delphinidin-SBE-B-CD complex causes a distinctly higher and
significant loss of cell vitality (cf. Figure 3a at 1000 ng/ml
and 2000 pg/ml and Figure 3b at 3000 pg/ml);

- whereas the complex partner SBE-B-CD and also DMSO shows no

effect, analogous to the untreated control cells.
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The effect of the loss of vital cells beyond induction of
apoptosis (Example 6) is also reflected in the morphology of
the cells under microscopic analysis after 24 hours of
treatment, which cells at high concentrations of delphinidin
Cl or delphinidin-SBE-R-CD become globular and/or detached, as

is evident from the micrographs in Fiqure 4.

Example 8
[Real-Time Cell Analysis - RTCA]

The cell number and cell proliferation at the same active
ingredient investigation, analogous to Examples 6 and 7, was
recorded in real time using the xCELLigence system (Roche
Diagnostics, Mannheim, Germany). The xCELLigence system is a
microelectronic biosensor system for cell-based, label-free
analyses which provides dynamic cell data in real time. The
culture plates of the xCELLigence system are equipped with
microelectrodes at the bottom of each well to measure changes
in electrical impedance. Quantitative changes in impedance
correlate with the number and strength of the cell contacts

using the underlying electrodes.

Delphinidin-SBE-B-CD shows a complete decline in cell
proliferation (cf. Figures 5 and 6) in accordance with the
high rates of apoptosis (Example 6} and the loss of cell
vitality (Example 7) and particularly strong antiproliferative
effects from a concentration of 1000 pg/ml in Figure 5 and a
complete blockade of cell proliferation from 500 ng/ml in

Figure 6.

Similarly strong antiproliferative effects are seen with
delphinidin Cl1 at 60 - 120 pM (cf. Figures 7 and 8) while, as
expected, the untreated cells and the DMSO control behaved in
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an almost neutral manner (cf. Figures 7 - 10), 1i.e. the
antiproliferative effects described previously are uniquely
attributable to the investigated active ingredients

delphinidin-SBE-R-CD and delphinidin C1.

III. Effect of delphinidin and the delphinidin-SBE-B~CD

complex in combination with TRAIL on melanoma cells

Test cell line and methods used

The same cell line and method was used in the experiments as

in the preceding section II.

Example 9
(Measurement of induction of apoptosis using the sub-Gl peak

method)

In the experiment according to Example 9, the effect of the
delphinidin-SBE-{3-CD complex in combination with the
proapoptotic death ligand TRAIL was investigated using the
sub-Gl peak method, against which the cell line A-375 has only
moderate apoptosis sensitivity. To carry out the sub-Gl peak
method according to Example 9, the cells were incubated for 24
hours with 30 - 1000 ug of delphinidin-SBE-B-CD per ml of cell
suspension with and without 0.02 ng of TRAIL per ml of cell
suspension, where cells treated with the complex partner SBE-
p-CD and untreated cells served as controls. The experiments
were carried out in parallel both at low (low cell confluence)
and higher cell density (higher cell confluence), of which the
results processed graphically are shown in Figures 1la (low

cell confluence) and 11b (higher cell confluence).

Experimental results
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- In the combination of delphinidin-SBE-B-CD with TRAIL, the
induction of apoptosis is increased with respect to
delphinidin-SBE-B-CD alone at all delphinidin-SBE-$-CD
concentrations investigated;

- an increase in induction of apoptosis is likewise
significantly increased for delphinidin-SBE~B-CD with TRAIL
with repect to TRAIL alone at higher delphinidin-SBE-B-CD
concentrations;

- whereas the complex partner SBE-f-CD is at control level.

Example 10
(Cell viability test)

In the experiment according to Example 10, the cell viability
of the test cell line was investigated analogously to Example
7, with the difference that the cells were exposed to the

combination of delphinidin-SBE-{$-CD complexes and TRATIL.

To carry out the assay analogously to Example 7, the cells
were incubated for 24 hours with 30 - 1000 pg of delphinidin-
SBE-P-CD per ml of cell suspension with and without 0.02 pg/ml
of TRAIL per ml of cell suspension, where cells treated with
the complex partner SBE-B-CD and untreated cells served as

controls.

The experiment in Example 10, analogous to Example 9, was also
carried out both at low (low cell confluence) and higher cell
density (higher «cell confluence), of which the results
processed graphically are shown in Figures 12a (low cell

confluence) and 12b (higher cell confluence)

Experimental results
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- In the combination of delphinidin-SBE-p-CD with TRAIL, the
cell vitality decreases with respect to delphinidin-SBE-R-CD
alone at all delphinidin-SBE-B-CD concentrations investigated;

- a decrease in cell vitality is likewise evident which the
combination of delphinidin-SBE-B-CD with TRAIL with respect to
TRAIL alone at higher delphinidin-SBE-R-CD concentrations;

- whereas the complex partner SBE-P-CD is at control level.

The effect of the loss of vital c¢ells beyond induction of
apoptosis (Example 9) is also reflected in the morphology of
the cells under microscopic analysis 24 hours after treatment,
where use of TRAIL in addition to delphinidin-SBE-f-CD causes
the cells to become even more globular and/or detached, as is

evident from the micrographs in Figure 13.

Example 11
(Real-time cell analysis - RTCA)

The cell number and cell proliferation at the same active
ingredient investigation, analogous to Examples 9 and 10 and
additionally supplemented by the combination of delphinidin Cl
with and without TRAIIL, was recorded in real time using the

xCELLigence system (Roche Diagnostics, Mannheim, Germany).

Delphinidin-SBE-{3-CD in combination with TRAIL shows
synergistic and stronger blocking of cell proliferation (cf.
Figure 14) in accordance with the increased rates of apoptosis
(Example 9) and greater loss of cell wvitality (Example 10)
compared to delphinidin-SBE-B-CD alone. Stronger blocking of
cell proliferation can also be observed in the combination of
delphinidin Cl with TRAIL compared to TRAIL alone and

delphinidin alone (cf. Figure 15). No intensification of TRAIL
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sensitivity by SBE-B-CD could be observed (cf. Figures 16 and
17), i.e. the intensification of antiproliferative effects
described above are 4uniquely attributable to the active
ingredient delphinidin investigated in the delphinidin-SBE-p-
CD in combination with TRAIL.

IV. Cytotoxicity investigations - effect of delphinidin and

the delphinidin-SBE-B-CD complex on cell vitality

Example 12
(Effect of delphinidin and the delphinidin-SBE-B-CD complex on

vitality of human fibroblasts and endothelial cells)
Cells used

The cells used were primary, even isolated fibroblasts and

microvascular endothelial cells from human donor skin.

To isolate the fibroblasts, the tissue cell structure was
dissolved by means of a one-hour incubation with trypsin-EDTA
solution. To stop the cell detachment reaction, stop medium
was added to the skin. The piece of skin was then swirled
twice in PBS resulting in a suspension of fibroblasts. The
fibroblasts obtained were centrifuged at 4°C for 5 min at 100

revolutions per minute and were used after quantification.

The human dermal microvascular endothelial cells were obtained
by the standard method known to those skilled in the art of
Hewett and Murray (1993) [Hewett P. W. and Murray J. C. (1993)
Immunomagnetic purification of human microvessel endothelial
cells using Dynabeads coated monoclonal antibodies to PECAM-1.

Eur J Cell Biol 62: 451 - 454; Hewett P. W. & Murray J. C.
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(1993) Human microvessel endothelial cells: Isolation, culture

and characterization. In Vitro Cell Biol: 823 - 830].

Measurement method used

In the experiments according toc Example 12, the effect of the
substances investigated on the vitality of human fibroblasts
and endothelial <cells was investigated using the ATP
luminescence assay, which is known to those skilled in the art

and is briefly summarized below for the sake of completeness.

After cell death, due to the effect of a cytotoxic active
ingredient for example, the intracellular ATP content
decreases to a large degree due to degradation mediated by
ATPases. By the inhibition of endogenous ATPases, the ATP
content liberated by lysis can thus be used as a measure for
the number of +vital cells. For the quantification, the
liberated ATP is coupled to a reaction catalyzed by the enzyme
luciferase, in which the ATP-dependent oxidation of the
substrate luciferin to oxyluciferin, carbon dioxide, AMP and
inorganic phosphate takes place in the presence of Mg”, with
release of light. The amoﬁnt of light released correlated with
the ATP content is measured and ©provides a directly
quantifiable conclusion about the vitality of the cells
investigated. This is measured in RLU (relative light units),
an independent unit which reflects the amount of ATP in the
sample. Kits and instruments for ATP determination are known
to those skilled in the art, for example, the ATP test kit
from Biothema, AB, Haning, Sweden, and the portable
luminometer Lumino® from STRATEC Biomedical Systems AG,
Birkenfeld, Germany. To determine intracellular ATP, 50 ul of
the sample to be investigated are usually pipetted into a

glass tube, 50 pl of the extractant reagent B/S added thereto
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for cell 1lysis and 400 ul of ATP-HS reagent added and, after
subsequent mixing, the sealed tube 1is placed 1in the
luminometer for automatic measurement and evaluation of the

light emission.

Prior to the treatment with active ingredient and application
of the ATP luminescence assay, the human fibroblasts or
endothelial cells with Dulbecco's Modified Eagle's Medium
(DMEM medium) were seeded in the present case in 9%6-well
microtiter plates (5000 cells / well) and cultured for 3 days.
After this adhesion and growth phase of the cells in an
incubator, the substance treatment was carried out at time
intervals of Day 1 - Day 4 (endothelial cells) and 4 h, 24 h,
48 h and 96 h (fibroblasts), where active ingredient
delphinidin Cl or delphindin-SBE-B-~CD complex dissolved in 100
nl of DMEM medium was added to 3 wells respectively at various
concentrations (0.1 pM; 3.2 uM; 100 pM). Cells with substance-
free medium were used as a reference control. Depletion of the
substances occurred after 3 hours, followed by washing with
Dulbecco’s phosphate-buffered saline (PBS) . The endpoint
measurement was carried out using the WST-1 assay already

mentioned in Example 7.

The experimental results of the ATP luminescence assay are
presented graphically in Figures 18 (endothelial cells) and 19

(fibroblasts) and can be summarized as follows:

- delphinidin Cl and delphinidin-SBE-R-CD show no significant
cytotoxic effects on human fibroblasts and endothelial cells
at the active ingredient concentration investigated (0.1 - 100

pM) .
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This opens up a completely new and particularly suitable
active ingredient group for treating cancer, the active
ingredients delphinidin Cl and delphinidin-SBE-p-CD
investigated having on the one hand the desired
antiproliferative effects on cancer cells (melanoma cells)
(Examples 6-11) while on the other hand avoiding the generally
expected undesired cytotoxic (side) effects on non-cancerous
cells at therapeutic active ingredient concentrations

according to the present Example 12.
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Claims

1. A composition comprising a complex of delphinidin and a
sulfoalkyl ether PB-cyclodextrin for use in the treatment of

malignant melanoma.

2. The composition for use as claimed in claim 1, wherein
the sulfoalkyl ether PB-cyclodextrin in the complex is a

sulfobutyl ether PB-cyclodextrin.

3. The composition for use according to any one of claims 1-
2, wherein the degree of substitution of the cyclodextrin with

sulfoalkyl ether groups in the complex is 3 to 8.

4. The composition for use according to claim 3, wherein the
degree of substitution of the cyclodextrin with sulfoalkyl

ether groups in the complex is 4 to 8.

5. The composition for use according to claim 4, wherein the
degree of substitution of the cyclodextrin with sulfoalkyl

ether groups in the complex is 5 to 8

6. The composition for use according to claim 5, wherein the
degree of substitution of the cyclodextrin with sulfoalkyl

ether groups in the complex is 6 to 7.

7. The composition for use according to any one of claims 1-
6, wherein the composition comprises a therapeutically active
amount of the complex of delphinidin and sulfoalkyl ether B-

cyclodextrin.

8. The composition for use according to any one of claims 1-

7, wherein the composition is used as a mono-preparation.

9. The composition for use according to any one of claims 1-
8, wherein the composition comprises at least one further

therapeutically active substance.
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10. The composition for use as claimed in claim 9, wherein
the therapeutically active substance is a Tumor necrosis

factor-Related Apoptosis-Inducing Ligand (TRAIL).

11. The composition for use as claimed in claim 9, wherein
the therapeutically active substance is selected from the
group consisting of cytostatics, interferons, and tumor

vaccines.

12. The composition for use as claimed in claim 9, wherein
the therapeutically active substance is selected from the
group consisting of alpha-interferons, beta-interferons, and

combinations thereof.

13. The composition for use as claimed in claim 9, wherein
the therapeutically active substance is selected from the
group consisting of interferon alpha-2a, interferon alpha-Z2b,

and a combination thereof.

14. The composition for use according to any one of claims 1-
13, further comprising one or more pharmaceutical auxiliaries

and/or additives.

15. The composition for use according 14, wherein the one or
more pharmaceutical auxiliaries and/or additives are selected
from the group consisting of a pharmaceutically acceptable

carrier, fillers, odorants and stabilizers.

16. The composition for use according to any one of claims 1-
15 in a formulation form for administration in a form selected
from the group consisting of oral, rectal, parenteral,
percutaneous, subcutaneous, intramuscular, intravenous,

ophthalmic, pulmonary and nasal.

17. The composition for use according to any one of claims 1-

15 in a formulation form for administration in intraperitoneal
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form.

18. The composition for use as claimed in claim 16 or claim
17, wherein the administration form is selected from the group
consisting of tablet, capsule, suspension, aerosol, solution,

cream, paste, lotion, gel and salve.

19. The composition for use according to any one of claims 1-
18, wherein the complex of delphinidin and the sulfoalkyl
ether B-cyclodextrin are used in a galenic preparation for

controlled and/or delayed release of the delphinidin.

20. The composition for use according to any one of claims 1-
19, wherein the treatment of malignant melanoma is carried out
in a subject who has been subjected to, is being subjected to
or is being prepared for a treatment selected from the group
consisting of surgical removal of melanoma cells or tissues
affected with malignant melanoma, radiotherapy, immunotherapy,

chemotherapy and interferon treatment.
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