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ABSTRACT

A formulation which can be used as a photosensitizer in the
therapy of cancer, for example bladder cancer, contains
polyvinylpyrrolidone-bound or polyvinylpyrrolidone-complexed

hypericin sodium salt.



FORMULATION OF HYPERICIN FOR PHOTODYNAMIC THERAPY
FIELD

The invention relates to a novel formulation of hypericin, which can

be used in photodynamic therapy.

BACKGROUND

Pheotodynamic therapy (PDT) is a method suitable for treatment of
tumors and premalignant changes in the skin and mucous membranes of
various hollow organs (Juarranz et al., 2008; Agostinis et al.,

2011) .

PDT is based on the interaction of three components:

photosensitizer, light in the visible range and oxygen.

After systemic or topical application of a photosensitizer, the
photosensitizer accumulates in the malignant tissue. The
photosensitizer can be excited by using light of a suitable
wavelength. In the excited state, energy is transferred to a
reactant, for example, molecular oxygen. In doing so, reactive
oxygen molecules are created, and these in turn damage cellular
structures of the tumor tissue, thereby initiating cellular
processes, such as apoptosis and necrosis (Agostinis et al., 2011;
Allison and Sibata, 2010).

An ideal photosensitizer for PDT exhibits selective accumulation in
tumor cells, minimal or no systemic toxicity and is photochemically

efficient.

Hypericin 1,3,4,6,8,13-hexahydroxy-10,11-dimethylphenantro
(1,10,9,8-opgra)perylene-7,14-dione has already been described in
the literature as a potential photosensitizer (Agostinis et al.,
2002).

In vitro studies have demonstrated the efficacy of hypericin in PDT

in a number of cell lines (Karioti and Bilia, 2010).
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In addition, in vivo animal studies have confirmed the potential
of hypericin for use in PDT {(Bhuvaneswari et al., 2010; Chen et
al., 2003; Liu et al., 2000; Sanovic et al., 2011).

Hypericin is hydrophobic and insoluble in water. For this
reason, hypericin has in the past been dissoclved with the help
of the organic solvent dimethyl sulfoxide (DMSO) or a water-
soluble polymer, polyethylene glycol (PEG).

Animal experiments in a rat model have shown encouraging results
with regard to PDT of bladder carcinoma. In these experiments,
hypericin was introduced into the tumor cells with the help of
polyethylene glycol. Up to 98% of the tumor cells could be
killed with a hypericin dose of 30 uM and irradiation with light
(595 nm) at an intensity of 25 to 50 mW/cm® (Kamuhabwa et al.
2003).

For clinical use, however, a water-soluble formulation of
hypericin that has tumor selectivity and can be energized with

light in the visible range is required.

The document WO 01/89576 A2 describes how the solubility of
hypericin can be increased by the additive polyvinylpyrrolidone
(povidone, PVP).

Use of PVP hypericin in PDT is also described in WO 2014/079972
Al. WO 2014/079972 Al relates in particular to a device that can
be used in PDT of hollow organs, such as the human bladder.

PVP hypericin manifests a selective accumulation in tumor cells
in vitro and in vivo (Kubin et al., 2008; Vandepitte et al.,
2011).



SUMMARY

The invention is based on the object of making available a sterile
and stable formulation of hypericin that can be used for clinical

administration in PDT.

This object is achieved with a formulation of hypericin having the

features described herein.

Preferred and advantageous embodiments of the formulation of

hypericin according to the invention are also described.

DETAILED DESCRIPTION

It has surprisingly been found that the formulation of hypericin
according to the invention is stable and can be used under clinical

conditions only if hypericin is present in the form of a salt.

An evaluation of the formulation of hypericin according to the
invention in animal experiments has surprisingly shown that, at a
dose of 30 uM hypericin in a stable formulation with PVP according
to example 1, a required light intensity of 5 or 25 mW/cm? at a
wavelength of 595 nm and 120 minutes treatment time in the bladder
(instillation time) is sufficient to kill 98% of the tumor cells.
The same result of 98% killed tumor cells is also obtained with the
same light intensity and 40 uM hypericin after 15 minutes or 30
minutes of exposure time and treatment with light at a wavelength of
610 nm. Likewise an instillation time of 1 hour with 20 pM hypericin
and the same light intensity and 570 nm light frequency yields a
kill rate of 97%, and an instillation time of 120 minutes with 9 uM
hypericin, the same light intensity and treatment at 600 nm vields a
kill rate of 95%. Thus, with a light intensity of 5 to 25 mW/cm? and
a light frequency of 570 to 610 nm, hypericin concentrations of 9 to
40 uM and treatment times between 15 and 120 minutes, a kill rate of
95% to 98% of the tumor cells is achieved (application examples 1,
2, 3 and 4).
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The efficacy of PDT depends to a significant extent on the total
amount of light. At the same time, the probability of local adverse

effects is also increased by increasing the light intensity.

With the help of the formulation according to the present invention,
an improved accumulation in malignant tissue is achieved, so that a
greatly reduced light intensity of only 5 mW/cm?® to max. 25 mW/cm? is

sufficient to kill tumor cells.

Selective enrichment of the formulation of hypericin according to
the invention and the surprisingly low light intensity needed for
PDT in the animal model when using the formulation of hypericin
according to the invention allows its use in treatment of lesions in
various body cavities that can be reached with the reguired dose of
light.

Examples of the formulation of hypericin according to the invention

{(hypericin-PVP complex) are given below.

General procedures for preparing a formulation with sodium

hypericinate as an active ingredient.

The goal is to prepare a formulation containing hypericin for use as

a photosensitizer in the field of photodynamic therapy.

The formulation according to the invention is prepared from a salt

of hypericin, in particular sodium hypericinate.

To define the hypericin content of the starting material, mainly the
water content is needed in addition to the determination of the
concentration, and in the case of sodium hypericinate, the sodium

content must be determined. The chemico-physical

CA 3000409 2018-12-20
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properties may have an influence on the formulation of the

pharmaceutical substance.

For clinical use, stability of the formulation according to the
invention is required. This stability is ensured by the
composition of the finished product and, at the same time, also
relates to the preparation process. A sufficient stability of
the bulk solution can be achieved by means of the buffer systems
used even during preparation up to the stage of lyophilization
of the finished product.

Various additives may be used as the buffer systems, preferably
yvielding a physiologically tolerable pH for the bulk solution as
well as the reconstituted solution and achieving an osmotic
pressure of 290 mOsmol/kg after reconstitution with 50 mL water
for injection. Phosphate or citrate buffer systems may be used

primarily.

After completion of the bulk solution from the ingredients
mentioned above, the corresponding amount of the bulk solution

is bottled in injection vials and lyophilized.

Example 1:

A solution with a target initial weight of 90.0 mg hypericin is

prepared from sodium hypericinate.

To 1875 mg PVP k25 is added 5.0 g hypericin solution and
dissolved completely.

This solution is quantitatively topped off to 250.0 g with a
phosphate buffer solution. The final concentration of this

solution is 0.0225 mg hypericin/g solution.
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For lyophilization, a defined amount of the resulting bulk
solution is bottled in vials, and the finished lyophilizate is

prepared with a corresponding lyo program.

Example 2:

The procedure described in Example 1 is followed, but instead of
PVP k25, PVP k17 is used for complexing sodium hypericinate.

Example 3:

The procedure described in Example 1 is followed, but instead of

PVP k25, PVP k30 is used for complexing sodium hypericinate.

Example 4:

The procedure described in Examples 1, 2 or 3 is followed, but
instead of the phosphate buffer solution, a citric acid buffer

solution is used.

The bulk solutions prepared as described in Examples 1 through 4

can be produced with different hypericin contents.

The efficacy of the formulation of hypericin according to the
invention was tested in a preclinical study using the
formulation described in Example 1.

Application Examples:

The formulation of hypericin according to the invention for PDT
was tested on rats in a preclinical orthotopic bladder tumor
model. In all examples, the tumors were treated with the
formulation of hypericin according to the invention in various

concentrations from 9 to 40 uM, at different light intensities
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of 5 or 25 mW/cm?, at different light frequencies of 570 to
610 nm and different instillation times.

Example 1. After a 2-hour instillation with 30 uM of the
formulation of hypericin according to the invention and
different light intensities (5 or 25 mW/cm”?) with light of a
wavelength of 595 nm, up to 98% of the tumor cells could be
killed.

Example 2. After a l-hour instillation with 20 pM of the
formulation of hypericin according to the invention and
different light intensities (5 or 25 mW/cm?) with light of the
wavelength 570 nm, up to 97% of the tumor cells could be killed.

Example 3. After a 15- or 30-minute instillation with 40 puM of
the formulation of hypericin according to the invention and
different light intensities (5 or 25 mW/cm?) with light of the
wavelength 610 nm, up to 98% of the tumor cells could be killed.

Example 4. After a 2-hour instillation with 9 uM of the
formulation of hypericin according to the invention and
different light intensities (5 or 25 mW/cm®) with light of the
wavelength 600 nm, up to 95% of the tumor cells could be killed.

The results of these studies on the rat model are shown in Figs.
1l and 2. In the diagrams, "ns" stands for "not significant" and
"xn [asterisk] stands for "significant." The diagrams in Figs. 1
and 2 illustrate the survival of tumor cells after treatment
with light and the formulation of hypericin according to the
invention. The bladder tissue was dissociated 24 hours after the
treatment, and the surviving cells were determined with the help
of a clonogenic assay in comparison with the controls (without

PVP hypericin and light).
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The relative survival of the cells under PDT conditions (PVP
hypericin according to Example 1 and treatment with light)
amounts to (represented as the mean value + SD): 7.4% (16.4%)
when using 5 mW/cm® and 2.4% (*4.0%) at 25 mW/cm® and a light
treatment time of 60 minutes. This is illustrated in two

diagrams (Figs. 1 and 2).
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CLAIMS:

1. Use, for photosensitizing a tumor in a photodynamic
therapy of tumors, of a photosensitizer reconstituted from a
lyophilizate obtained from a stable complex or a stable
compound of an alkali salt of hypericin and a polymeric
complexing agent in a buffer system of a phosphate buffer or a
citric acid buffer, comprising about 0.0225 mg/g hypericin in
said buffer system;

wherein the photosensitizer has a concentration of 9 to
40 uM of hypericin; and

wherein the polymeric complexing agent is selected from
the group consisting of polyethylene glycol and poly-N-

vinylamide.

2. Use, for preparation of a medicament for photosensitizing
a tumor in a photodynamic therapy of tumors, of a
photosensitizer that is reconstituted from a lyophilizate
obtained from a stable complex or a stable compound of an
alkali salt of hypericin and a polymeric complexing agent in a
buffer system of a phosphate buffer or a citric acid buffer,
comprising about 0.0225 mg/g hypericin in said buffer system;

wherein the photosensitizer has a concentration of 9 to
40 uM of hypericin; and

wherein the polymeric complexing agent is selected from
the group consisting of polyethylene glycol and poly-N-

vinylamide.

3. The use of claim 1 or 2, wherein the alkali salt of

hypericin is a sodium salt or a potassium salt.

Date Regue/Date Received 2020-11-03
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4, The use of claim 1 or 2, wherein the photosensitizer has

a concentration of 30 uM of hypericin.

5. The use of claim 1 or 2, wherein the light to be employed
during the photodynamic therapy has an intensity of 5 to 25

mW/cm2.

6. The use of claim 5, wherein the light is at a wavelength of

from 570 nm to 610 nm.

7. The use of claim 1 or 2, wherein the illumination during
the photodynamic therapy will occur for a period of 15 to 120

minutes.

8. The use according to claim 1 or 2, wherein the complexing

agent is a poly-N-vinylamide.

9. The use according to claim 8, wherein the poly-N-
vinylamide is polyvinylpyrrolidone (PVP) of various degrees of

polymerization and crosslinking.

10. The use according to claim 9, wherein the

polyvinylpyrrolidone is PVP k17, PVP k25 or PVP k30.

11. Use, for photosensitizing in a photodynamic therapy of
cancer, of a photosensitizer that is reconstituted from a
lyophilizate obtained from a stable complex or a stable
compound of an alkali salt of hypericin and a polymeric
complexing agent in a buffer system of a phosphate buffer or a
citric acid buffer, comprising about 0.0225 mg/g hypericin in

said buffer system;
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wherein the photosensitizer has a concentration of 9 to
40 uM of hypericin; and

wherein the polymeric complexing agent is selected from
the group consisting of polyethylene glycol and poly-N-

vinylamide.

12. Use, for preparation of a medicament for photosensitizing
in a photodynamic therapy of cancer, of a photosensitizer that
is reconstituted from a lyophilizate obtained from a stable
complex or a stable compound of an alkali salt of hypericin
and a polymeric complexing agent in a buffer system of a
phosphate buffer or a citric acid buffer, comprising about
0.0225 mg/g hypericin in said buffer system;

wherein the photosensitizer has a concentration of 9 to
40 uM of hypericin; and

wherein the polymeric complexing agent is selected from
the group consisting of polyethylene glycol and poly-N-

vinylamide.

13. The use of claim 11 or 12, wherein the cancer is bladder

cancer.

14. The use of claim 11 or 12, wherein the alkali salt of

hypericin is a sodium salt or a potassium salt.

15. The use of claim 11 or 12, wherein the photosensitizer

has a concentration of 30 uM of hypericin.
16. The use of claim 11 or 12, wherein the light to be

employed during the photodynamic therapy has an intensity of 5
to 25 mW/cm?2,

Date Regue/Date Received 2020-11-03
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17. The use of claim 16, wherein the light is at a wavelength

of from 570 nm to 610 nm.

18. The use of claim 11 or 12, wherein the complexing agent

is a poly-N-vinylamide.

19. The use of claim 18, wherein the poly-N-vinylamide is
polyvinylpyrrolidone (PVP) of various degrees of

polymerization and crosslinking.

20. The use of claim 19, wherein the polyvinylpyrrolidone is

PVP k17, PVP k25 or PVP k30.

21. Use, for photosensitizing in a photodynamic therapy of
tumors, of a photosensitizer that is a stable complex or a
stable compound of a sodium or potassium salt of hypericin and
a polymeric complexing agent selected from the group
consisting of polyethylene glycol and poly-N-vinylamide,
wherein the photosensitizer is reconstituted from a
lyophilizate obtained from a solution of the sodium or
potassium salt of hypericin, containing about 0.0225 mg of
hypericin/g of solution; the polymeric complexing agent and a
buffer system comprising a phosphate buffer or a citric acid
buffer,

wherein the lyophilizate is for reconstitution to obtain
the photosensitizer having a concentration of 9 to 40 uM of

hypericin.

22. Use, for preparation of a medicament for photosensitizing

in a photodynamic therapy of tumors, of a photosensitizer that

Date Regue/Date Received 2020-11-03
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is a stable complex or a stable compound of a sodium or
potassium salt of hypericin and a polymeric complexing agent
selected from the group consisting of polyethylene glycol and
poly-N-vinylamide, wherein the photosensitizer is
reconstituted from a lyophilizate obtained from a solution of
the sodium or potassium salt of hypericin, containing about
0.0225 mg of hypericin/g of solution; the polymeric complexing
agent and a buffer system comprising a phosphate buffer or a
citric acid buffer,

wherein the lyophilizate is for reconstitution to obtain
the photosensitizer having a concentration of 9 to 40 uM of

hypericin.

23. Use, for photosensitizing in a photodynamic therapy of
cancer, of a photosensitizer that is a stable complex or a
stable compound of a sodium or potassium salt of hypericin and
a polymeric complexing agent selected from the group
consisting of polyethylene glycol and poly-N-vinylamide,
wherein the photosensitizer is reconstituted from a
lyophilizate obtained from a solution of the sodium or
potassium salt of hypericin, containing about 0.0225 mg of
hypericin/g of solution, the polymeric complexing agent and a
buffer system comprising a phosphate buffer or a citric acid
buffer,

wherein the lyophilizate is for reconstitution to obtain
the photosensitizer having a concentration of 9 to 40 uM of

hypericin.
24, Use, for preparation of a medicament for photosensitizing

in a photodynamic therapy of cancer, of a photosensitizer that

is a stable complex or a stable compound of a sodium or

Date Regue/Date Received 2020-11-03
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potassium salt of hypericin and a polymeric complexing agent
selected from the group consisting of polyethylene glycol and
poly-N-vinylamide, wherein the photosensitizer is
reconstituted from a lyophilizate obtained from a solution of
the sodium or potassium salt of hypericin, containing about
0.0225 mg of hypericin/g of solution, the polymeric complexing
agent and a buffer system comprising a phosphate buffer or a
citric acid buffer,

wherein the lyophilizate is for reconstitution to obtain
the photosensitizer having a concentration of 9 to 40 uM of

hypericin.

25. The use of claim 23 or 24, wherein the photodynamic

therapy of cancer is photodynamic therapy of bladder cancer.

26. The use of any one of claims 21 to 25, wherein the

photosensitizer has a concentration of 30 uM of hypericin.

27. The use of any one of claims 21 to 25, wherein the light
to be employed during the photodynamic therapy has an
intensity of 5 to 25 mW/cm?.

28. The use of claim 27, wherein the light is at a wavelength

of from 570 nm to 610 nm.
29. The use of any one of claims 21 to 25, wherein the

illumination during the photodynamic therapy will occur for a

period of 15 to 120 minutes.
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30. The use according to any one of claims 21 to 25, wherein
the poly-N-vinylamide is polyvinylpyrrolidone (PVP) of wvarious

degrees of polymerization and crosslinking.

31. The use according to claim 30, wherein the

polyvinylpyrrolidone is PVP k17, PVP k25 or PVP k30.

32. A formulation for use in photosensitizing a tumor in a
photodynamic therapy of tumors, comprising a photosensitizer
that is reconstituted from a lyophilizate obtained from a
stable complex or a stable compound of an alkali salt of
hypericin and a polymeric complexing agent in a buffer system
of a phosphate buffer or a citric acid buffer, comprising
about 0.0225 mg/g hypericin in said buffer system;

wherein the photosensitizer has a concentration of 9 to
40 uM of hypericin; and

wherein the polymeric complexing agent is selected from
the group consisting of polyethylene glycol and poly-N-

vinylamide.

33. A formulation for use in photosensitizing in a
photodynamic therapy of cancer, comprising a photosensitizer
that is reconstituted from a lyophilizate obtained from a
stable complex or a stable compound of an alkali salt of
hypericin and a polymeric complexing agent in a buffer system
of a phosphate buffer or a citric acid buffer, comprising
about 0.0225 mg/g hypericin in said buffer system;

wherein the photosensitizer has a concentration of 9 to

40 uM of hypericin; and
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wherein the polymeric complexing agent is selected from
the group consisting of polyethylene glycol and poly-N-

vinylamide.

34. The formulation for use according to claim 33, wherein

the cancer is bladder cancer.

35. A formulation for use in photosensitizing in a
photodynamic therapy of tumors, comprising a photosensitizer
that is a stable complex or a stable compound of a sodium or
potassium salt of hypericin and a polymeric complexing agent
selected from the group consisting of polyethylene glycol and
poly-N-vinylamide, wherein the photosensitizer is
reconstituted from a lyophilizate obtained from a solution of
the sodium or potassium salt of hypericin, containing about
0.0225 mg of hypericin/g of solution; the polymeric complexing
agent and a buffer system comprising a phosphate buffer or a
citric acid buffer,

wherein the formulation has a concentration of 9 to 40 uM

of hypericin.

36. A formulation for use in photosensitizing in a
photodynamic therapy of cancer, comprising a photosensitizer
that is a stable complex or a stable compound of a sodium or
potassium salt of hypericin and a polymeric complexing agent
selected from the group consisting of polyethylene glycol and
poly-N-vinylamide, wherein the photosensitizer is
reconstituted from a lyophilizate obtained from a solution of
the sodium or potassium salt of hypericin, containing up to

about 0.0225 mg of hypericin/g of solution, the polymeric
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complexing agent and a buffer system comprising a phosphate
buffer or a citric acid buffer,

wherein the lyophilizate is for reconstitution to obtain
the photosensitizer having a concentration of 9 to 40 uM of

hypericin.

37. The formulation for use according to claim 36, wherein
the photodynamic therapy of cancer is photodynamic therapy of

bladder cancer.

38. The formulation of any one of claims 32 to 37, wherein

the salt of hypericin is sodium salt.

39. The formulation of any one of claims 32 to 37, wherein

the salt of hypericin is potassium salt.

40. The formulation of any one of claims 32 to 37, wherein

the photosensitizer has a concentration of 30 uM of hypericin.

41. The formulation of any one of claims 32 to 37, wherein
the light to be employed during the photodynamic therapy has

an intensity of 5 to 25 mW/cm2.

42. The formulation of claim 41, wherein the light is at a

wavelength of from 570 nm to 610 nm.
43, The formulation of any one of claims 32 to 37, wherein

the illumination during the photodynamic therapy will occur

for a period of 15 to 120 minutes.
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44, The formulation of any one of claims 32 to 37, wherein

the complexing agent is polyethylene glycol.

45, The formulation of any one of claims 32 to 37, wherein

the complexing agent is poly-N-vinylamide.

46. The formulation of claim 45, wherein the poly-N-
vinylamide is polyvinylpyrrolidone (PVP) of various degrees of

polymerization and crosslinking.

47. The formulation according to claim 46, wherein the

polyvinylpyrrolidone is PVP k17, PVP k25 or PVP k30.

48. The formulation according to any one of claims 32 to 47,
wherein the formulation is prepared for intravenous,
intracavity, inhalative, oral, intraperitoneal and topical

administration.

49, The formulation according to any one of claims 32 to 47,

wherein the formulation is prepared in a hydrophilic wvehicle.

50. The formulation according to any one of claims 32 to 47,

wherein the formulation is prepared in a hydrophobic vehicle.
51. The formulation according to any one of claims 32 to 47,
wherein the formulation is prepared in the form of a solution,

a cream, a gel, an aerosol, emulsions or as a patch.

52. A method for the production of a photosensitizing

formulation for photodynamic therapy, comprising:
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complexing a sodium or potassium salt of hypericin to a
polymeric complexing agent selected from the group consisting
of a polyethylene glycol, a poly-N-vinylamide, and
polyvinylpyrrolidone (PVP) to form a stable complex or a
stable compound, wherein:

the photosensitizing formulation comprises the stable
complex or stable compound of the sodium or potassium salt of
hypericin, wherein the photosensitizing formulation is
reconstituted from a lyophilizate obtained from a solution of
the sodium or potassium salt of hypericin, containing about
0.0225 mg hypericin/g solution, the polymeric complexing agent
and a buffer system comprising a phosphate buffer or a citric
acid buffer, and

the lyophilizate is reconstituted to obtain the
photosensitizing formulation, having a concentration of 9 to

40 uM of hypericin.

53. A method for the production of a formulation for
photodynamic therapy, comprising:

complexing a sodium or potassium salt of hypericin to a
polymeric complexing agent selected from the group consisting
of a polyethylene glycol, a poly-N-vinylamide, and
polyvinylpyrrolidone (PVP) to form a stable complex or a stable
compound, wherein:

the formulation is a stable complex or a stable compound
of a sodium or potassium salt of hypericin, reconstituted from
a lyophilizate obtained from a solution of the sodium or
potassium salt of hypericin, containing about 0.0225 mg
hypericin/g solution, the polymeric complexing agent and a
buffer system comprising a phosphate buffer or a citric acid

buffer, and
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the lyophilizate is reconstituted to yield the
formulation, having a concentration of 9 to 40 uM of
hypericin,

wherein the complexing is performed in agqueous solution.

54. The method according to claim 52, wherein the formulation
is prepared for intravenous, intracavity, inhalative, oral,

intraperitoneal and topical administration.

55. The method according to claim 52, wherein the formulation

is prepared in a hydrophilic vehicle.

56. The method according to claim 52, wherein the formulation

is prepared in a hydrophobic vehicle.
57. The method according to claim 52, wherein the formulation
is prepared in the form of a solution, a cream, a gel, an

aerosol, emulsions or as a patch.

58. The method according to claim 53, wherein the aqgueous

solution is decanted into injection flasks and freeze-dried.
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