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CHLORIN DERIVATIVE USEFUL IN PHOTODYNAMIC THERAPY AND DIAGNOSIS

Technical field

The present invention relates to chlorin e4 sodium and a process for its preparation.
Chlorin e4 sodium is suitable for use in photodynamic therapy, cytoluminescent
therapy and photodynamic diagnosis, for example for treating or detecting a
tumour. The present invention also relates to a pharmaceutical composition
comprising chlorin e4 sodium, to the use of chlorin e4 sodium in the manufacture
of a phototherapeutic or photodiagnostic agent, and to a2 method of photodynamic
therapy, cytoluminescent therapy or photodynamic diagnosis, for example for

treating or detecting a tumour.
Background art

Porphyrins and their derivatives are known photosensitive chemical compounds,
which can absorb light photons and emit them at higher wavelengths. There are
many applications for such unique properties and PDT (photodynamic therapy) is

one of them.

During light activation, a molecule goes from the ground state (5;) to a singlet
excited state (S,), (S§4—*S, transition), and then falls back down to the ground state
(Sg), (5,75, transition), emitting light at higher wavelengths in the form of
fluorescence. There is another energy state known as the triplet state (T)). 'The
triplet state (T,) cannot be efficiently populated by direct excitatton. However,
intersystem crossing S, =T occurs isoenergetically followed by deactivation to T,.
The S,—T, change is formally spin-forbidden, but it is a downhill process and in
some molecules intersystem crossing occurs so efficiently that fluorescence is
quenched. Such compounds are useful for generating excited triplets by excitation
transfer (a phenomenon known as sensitization) in molecules where the intersystem

crossing is minimal.
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Figure 1 shows a modified Jablonski diagram for a typical photosensitizer, outlining

the principle photophysical processes of interest.

At the triplet state (T,) molecules become very unstable and can react with
molecular oxygen (*0,), splitting the latter into two singlet oxygens ('O;). Singlet
oxygen ('O, is known as a “scavenger” and can destroy abnormal biological cells

and remove free radicals.

Such unique properties make many photosensitive molecules good photosensitizers

for PDT.

Presently, there are two generations of photosensitizers for PDT.  The first
generation comprises hem porphyrins (blood derivatives), and the second for the
most part are chlorophyll derivatives. The later compounds are known as chlorins

and bacteriochlotins.

Chlorins show photophysical properties similar to those of the porphyrin systems,
but have an enhanced, red-shifted Q band (670nm) which makes chlorin-containing
systems better candidates for PDT. Chloraphyll a, the green photosynthetic pigment,
is one prototype of the chlorin class of natural products. It or its derivatives can be
extracted from certain Spirulina Platensis species without any contamination with

chlorgphyll b, thus avoiding a tedious chromatographic separation.

A water-soluble chlorophyll derivative, known as tri-sodium copper(ll) chlorin e6,
has been used in the treatment of various human ailments with no evidence of

toxicity, skin sensitization or other serious side effects.

Chlotin e4 was studied recently and was shown to display good photosensitive
activity. It was indicated that chlorin e4 has a protective effect against
indomethacin-induced gastric lesions in rats and TAA- or CCl-induced acute liver
injuries in mice. It was therefore suggested that chlorin e4 may be a promising new
drug candidate for anti-gastrelcosis and liver injury protection. WO 2009/040411

suggests the use of a chlorin e4 zinc complex in photodynamic therapy.
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However, there is an ongoing need for better photosensitizers. There is a need for
compounds that have a high singlet oxygen quantum yield and for compounds that
have a strong photosensitizing ability, preferably in otganic and aqueous media.

There 1s also a need for compounds that have a high fluorescence quantum yield.

Summary of the inventionln one aspect, the present invention refers to chlotin e4
sodium, comprising less than 10% of other stereoisomets. In another aspect, the

ptresent invention refers to chlorin e4 sodium, comprising chlotin e4 and sodium in

a ratio of 1:2 and comprising less than 10% of othei sterecisomers. In another

aspect, the present invention refets to chlorin e4 sodium, having the structure:

[H']; [Na'],

e
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and comprising less than 10% of other stereoisomers. In still another aspect, the

present invention refers to chlorin e4 sodium, having the structure:

COZ_ Nﬁ+
and comprising less than 10% of other stereoisomers. In another aspect, the present

invention refers to a process of preparing chlorin e4 sodium comprising less than
10% of other stereoisomers, comprising the step of reacting chlorin e4 with a
sodium compound. In another aspect, the present invention refers to the chlorin e4
sodium of the present invention, for use in the treatment of athetosclerosis;
multiple sclerosis; diabetes; diabetic retinopathy; arthritis; rheumatoid atthritis; a
fungal, viral, chlamydial, bactetial, nanobacterial or patasitic infectious disease; HIV;
Aids; infection with sars virus, Asian (chicken) flu virus, herpes simplex or hetpes
zoster; hepatitis; viral hepatitis; a cardiovascular disease; cotonary attety stenosis;
carotid artery stenosis; intermittent claudication; a dermatological condition; acne;
psoriasis; a disease characterised by benign or malignant cellulat hyperproliferation
or by areas of neovascularisation; a benign ot malignant tumour; eatly cancer;
cervical dysplasia; soft tissue sarcoma; a germ cell tumour; retinoblastoma; age-
related macular degeneration; lymphoma; Hodgkin’s lymphoma; head and neck
cancer; oral or mouth cancer; or cancer of the blood, prostate, cervix, uterus,
vaginal or other female adnexa, breast, naso-pharynx, trachea, latynx, bronchi,
bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine, colon,
colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain,
lymphatic system, bones, skin or pancreas. In still another aspect, the present
invention refers to a use of chlorin e4 sodium of the present invention in the

manufacture of a medicament for the treatment of a benign or malignant tumouy;
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early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell tumous;
retinoblastoma; age-related macular degeneration; lymphoma, Hodgkin’s lymphoma;
head and neck cancer; oral or mouth cancer; or cancer of the blood, prostate,
cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx,
bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine,
colon, colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain,
lymphatic system, bones, skin or pancreas.

Further described herein, in a first example there is provided chlorin e4 sodium.
Preferably the chlorin e4 sodium comprises chlorin e4 and sodium in a ratio of 1:2.

Preferably the chlorin e4 sodium has the structute:

[H+ l2 [Na+ >

pi

CO,
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Preferably the chlorin e4 sodium has the structure:

fwe

CO, Na*

The skilled person will appreciate that the negative charges on the chlorin structures

shown in the above representations are delocalized over the conjugated system.

Chlorin e4 sodium has two chiral centres. The chlorin e4 sodium described herein
is preferably substantially enantiomerically pure, which means that the chlorin e4
sodium comprises less than 10% of other stereoisomers, preferably less than 5%,

preferably less than 3%, preferably less than 2%, preferably less than 1%.

A second example provides a process of preparing chlorin e4 sodium, comprising
the step of reacting chlorin e4 with a sodium compound. Preferably the chlotin e4
sodium obtained comprises chlorin e4 and sodium in a ratio of 1:2. Preferably the

chlorin e4 sodium obtained has the structure:

GHRETPUL
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[H"]; [Na"]

CO,

Preferably the chlorin e4 sodium obtained has the structure:

CO, Na©

The skilled person will appreciate that the negative charges on the chlorin structures

shown in the above representations are delocalized over the conjugated system.

Preferably the sodium compound is sodium hydroxide, sodium carbonate, 2
carboxylic acid sodium salt (such as sodium stearate or sodiurn acetate), a sodium
halide (such as sodium fluoride) or sodium hydride. Preferably the sodium
compound is sodium hydroxide, a carbozxylic acid sodium salt {such as sodium

stearate or sodium acetate), a sodium halide (such as sodium fluoride) or sodium.
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hydride.  Preferably the sodium compound is sodium hydroxide or sodium

catbonate. More preferably the sodium compound is sodium hydroxide.

Optionally chlorin e4 is reacted with the sodium compound in the presence of a
base. Preferably the base is an amine base, preferably an aromatic amine base such
as thiamine pyrophosphate or DMAP. If used, the base is preferably thiamine
pytophosphate.

Preferably chlorin e4, the sodium compound and the optional base ate used in 2

molar ratio of 0.15-1 : 45-60 : 0-12.

Preferably chlorin e4 is reacted with the sodium compound in the presence of a
solvent. Preferably the solvent is selected from an alcohol (such as methanol,
ethanol, n-propanol or 1sopropanol), water, DMF, chloroform, DMSQO, toluene ot a
mixture thereof. Preferably the solvent is selected from methanol, ethanol, water or
a mixture thereof. Preferably the solvent is selected from methanol, water ot a

mixture thereof. Preferably the solvent is 2 mixture of methanol and water.

Preferably the reaction is carried out at a temperature of 60°C or less. Preferably

the teaction 1s carried out at a temperature in the range of 25-60°C.

Preferably the reaction is carried out over 1 to 12 hours, preferably over 3 to 8

hours.

The chlorin e4 sodium obtained may be purified by filtering, for example through a
45pm Millipore filter. Alternatively or additionally, the chlorin e4 sodium obtained
may be purified by chromatography, for example by flash chromatography on a

silica gel column. The chlorin e4 sodium may be isolated by lyophilisation.

A third example provides chlotin e4 sodium preparable by a process according to
the second example. The thitd example also provides chlorin e4 sodium when

prepared by a process according to the second example.
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A fourth example provides a pharmaceutical composition comprising chlorin e4
sodium according to the first or third example and a pharmaceutically acceptable

carrier or diluent.

Preferably the chlorin e4 sodium according to the first or third example is suitable

for use in medicine.

Preferably the chlorin e4 sodium according to the first or third example and the
pharmac_eutic’al composition according to the fourth example are suitable for use in

photodynamic therapy or cytoluminescent therapy.

Preferably the chlorin e4 sodium according to first or third example and the
pharmaceutical composition according to the fourth example arc suitable for the
treatment of atherosclerosis; multiple sclerosis; diabetes; diabetic retinopathy;
arthritis; rheumatoid arthritis; a fungal, viral, chlamydial, bacterial, nanobacterial ot
parasitic infectious disease; HIV; Aids; infection with sars virus, Asian (chicken) flu
virus, herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular
disease; coronary artery stenosis; carotid artery stenosis; intermittent claudication; a
dermatological condition; acne; psoriasis; a disease characterised by benign or
malignant cellular hyperproliferation or by areas of neovascularisation; a benign or
malignant tumour; early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell
tumour; retinoblastoma; age-related macular degeneration; Hodgkin’s lymphoma; ot
cancer of the blood, prostate, cervix, uterus, vaginal or othet female adnexa, breast,
naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladdet, ureter, kidney,

liver, gall bladder, spleen, brain, lymphatic system or bones.

Preferably the chlorin e4 sodium according to the first -or third example and the

pharmaceutical composition according to the fourth
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example are suitable for the treatment of a disease characterised by benign or

malignant cellular hyperproliferation or by areas of neovascularisation.

Preferably the chlorin e4 sodium according to the first ot thitd example and the

pharmaceutical composition according to the fourth example are suitable for the

treatment of a benign or malignant tumour.

Preferably the chlorin e4 sodium according to the first or third example and the

pharmaceutical composition according to the fourth example are suitable for the

treatment of early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell tumour;

retinoblastoma; age-related macular degeneration; lymphoma; Hodgkin’s lymphoma;
head and neck cancer; oral or mouth cancer; or cancer of the blood, prostate,
cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx,
bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine,
colon, colorectum, rectum; bladder, ureter, kidney, liver, gall bladder, spleen, brain,
lymphatic system, bones, skin or pancreas. Preferably they ate suitable for the
treatment of early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell tumout;
retinoblastoma; age-related macular degeneration; Hodgkin’s lymphoma; or cancer
of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-
pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladdet, ureter, kidney,
liver, gall bladder, spleen, brain, lymphatic system or bones. Preferably they ate
suitable for the treatment of lymphoma; Hodgkin’s lymphoma; oral or mouth
cancer; or cancer of the prostate, cervix, vaginal or other female adnexa, breast,
naso-pharynx, lung, esophagus, kidney, liver, brain, lymphatic system, bones, skin or
pancreas. Preferably they are suitable for the treatment of lymphoma; oral or
mouth cancer; or cancer of the prostate, cervix, vaginal or other female adnexa,

breast, naso-pharynx, lung, esophagus, bones or skin.

Preferably the chlotin e4 sodium according to the first or third example and the
pharmaceutical composition according to the fourth example are suitable for use in

photodynamic diagnosis.
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Preferably the chlorin e4 sodium according to the first or third example and the
pharmaceutical composition according to the fourth example are suitable for the
detection of atherosclerosis; multiple sclerosis; diabetes; diabetic retinopathy;
arthritis; rheumatoid arthritis; a fungal, viral, chlamydial, bacterial, nanobacterial or’
parasitic infectious disease; HIV; Aids; infection with sars virus, Asian (chicken) flu
virus, herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular
disease; coronary artery stenosis; carotid artery stenosis; mtermittent claudication; a
dermatological condition; acne; psoriasis; a disease characterised by benign or
malignant cellular hyperproliferation or by areas of neovascularisation; a benign or
malignant tumour; early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell
tumouy; retinoblastoma; age-related macular degeneration; Hodgkin’s lymphoma; ot
cancer of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast,
naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney,

liver, gall bladder, spleen, brain, lymphatic system or bones.

Preferably the chlorin e4 sodium according to the first or third example and the
pharmaceutical composition according to the fourth example-are suitable for the
detection of an area that is affected by benign or malignant cellulat

hyperproliferation or by neovascularisation.

Preferably the chlorin e4 sodium according to the first or third example and the
pharmaceutical composition according to the fourth example are suitable for the

detection of a benign or malignant tumour.

Preferably the chlorin e4 sodium according to the first or third example and the
pharmaceutical composition according to the fourth example are suitable for the
detéction of early cancer; cetvical dysplasia; soft tissue sarcoma; a germ cell tumour;
retinoblastoma; age-related macular degeneration; lymphoma; Hodgkin’s lymphoma; head
and neck cancer; oral or mouth cancer; or cancer of the blood, prostate, cervix, uterus,

vaginal or other
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female adnexa, breast, naso-pharynx, trachea, larynx, bronchi, bronchioles, lung,
hollow organs, esophagus, stomach, bile duct, intestine, colon, colorectum, rectum,
bladdet, uvreter, kidney, liver, gall bladder, spleen, brain, lymphatic system, bones,
skin or pancteas. Preferably they are suitable for the detection of carly cancer;
cervical dysplasia; soft tissue sarcoma; a germ cell tumout; retinoblastoma; age-
related macular degeneration; Hodgkin’s lymphoma; or cancer of the blood,
prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx,
trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile
duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, liver, gall
bladder, spleen, brain, lymphatic system or bones. Prefetably they are suitable for
the detection of lymphoma; Hodgkin’s lymphoma; oral or mouth cancer; ot cancer
of the prostate, cervix, vaginal or other female adnexa, breast, naso-pharynx, lung,
esophagus, kidney, liver, brain, lymphatic system, bones, skin or pancreas.
Preferably they are suitable for the detection of lymphoma; oral or mouth cancer; or
cancer of the prostate, cervix, vaginal or other female adnexa, breast, naso-pharynx,

lung, esophagus, bones or skin.

Preferably the chlorin e4 sodium according to the first or third example and the
pharmaceutical composition according to the fourth example are suitable for the
fluorescent or phosphorescent detection of the diseases listed above, preferably for

the fluorescent or phosphorescent detection and quantification of the said diseases.

Preferably the chlorin e4 sodium according to the first or third example and the
pharmaceutical composition according to the fourth example ate adapted for
administration simultaneous with ot prior to administration of irradiation or sound,

preferably for administration prior to administration of irradiation.

If the chlorin e4 sodium according to the first or third example ot the pharmaceutical
composition according to the fourth example are for use in photodynamic therapy or
cytoluminescent therapy, then they are preferably adapted for administration 5 to 100

hours before the
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irradiation, preferably 6 to 72 hours before the irradiation, preferably 24 to 48 hours

before the irradiation.

If the chlorin e4 sodium according to the first or third example or the
pharmaceutical composition according to the fourth example are for use in
photodynamic diagnosis, then they are preferably adapted for administration 3 to 60

hours before the irradiation, preferably 8 to 40 hours before the irradiation.

Preferably the irradiation used in the photodynamic therapy, cytoluminescent
therapy or photodynamic diagnosis is electromagnetic radiation with a wavelength
in the range of from 500nm to 1000nm, preferably from 600nm to 790nm. The
electromagnetic radiation may be administered for about 5-60 minutes, preferably
for about 15-20 minutes, at about 0.1-5W, preferably at about 1W. In one example,
two sources of electromagnetic radiation are used (for example a laser light and an
LED light), one soutrce with a wavelength in the range of from 600nm to 690am,
preferably about 660nm, the other source with a wavelength in the range of from
700nm to 790nm, preferably about 760nm. In another example, two sources of
electromagnetic radiation are used (for example a laser light and an LED light}), both
sources adapted to provide irradiation with a wavelength in the range of from
600nm to 690nm, preferably about 660nm, and irradiation with a wavelength in the
range of from 700nm to 790nm, preferably about 760nm. In another example, the
irradiation may be provided by a prostate, anal, vaginal, mouth and nasal device for
insertion into a body cavity. In another example, the irradiation may be provided by
interstitial light activation, for example, using a fine needle to insert an optical fibre
laser into the lung, liver, lymph nodes or breast. In another example, the
irradiation may be provided by endoscopic light activation, for example, for

delivering light to the Jung, stomach, colon, bladder or neck.

The pharmaceutical composition according to the fourth example may be in 2 form

suitable for oral, parental (including intravenous,
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subcutaneous, intramuscular, intradermal, intrattacheal, intraperitoneal,
intraarticular, intraabdominal, intracranial and epidural), transdermal, airway
(aerosol), rectal, vaginal or topical (including buccal, mucosal and sublingual)
administration. The pharmaceutical composition may also be in a form suitable for
administration by enema or for administration by injection into a tumour.
Preferably the pharmaceutical composition is in a form suitable for oral, parental or
airway administration, preferably in a form suitable for oral or parental

administration, preferably in a form suitable for oral administration.

In one preferred example, the pharmaceutical composition is in a form suitable for
oral administration. Preferably the pharmaceutical composition is provided in the
form of a tablet, capsule, hard or soft gelatine capsule, caplet, ttoche ot lozenge, as
a powder or granules, or as an aqueous solution, suspension or dispersion. More
pteferably the pharmaceutical composition is provided in the form of an aqueous
solution, suspension or dispefsioni for oral administration, ot alternatively in the
form of a freeze-dried powder which can be mixed with water before administration
to provide an aqueous solution, suspension or dispersion for oral administration.
Preferably the pharmaceutical composition is in a form suitable for providing 0.01
to 10 mg/kg/day of the chlorin e4 sodium, preferably 0.1 to 5 mg/kg/day,
preferably about 3 mg/kg/day.

In another preferred example, the pharmaceutical composition is in a form suitable
for parental administration. Preferably the pharmaceutical composition is in a form
suitable for intravenous administration. Preferably the pharmaceutical composition
is provided in the form of an aqueous solution for parental administration, or
alternatively in the form of a freeze-dried powder which can be mixed with water
before administration to provide an aqueous solution for parental administration.
Preferably the pharmaceutical composition is an aqueous solution or suspension

having a pH of from 6 to 8.5.

In another preferred example, the pharmaceutical composition is in 2 form suitable
for airway administration. Preferably the pharmaceutical composition is provided in

the form of an aqueous solution, suspension ot dispetsion for aitway
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administration, or alternatively in the form of a freeze-dried powder which can be
mixed with water before administration to provide an aqueous solution, suspension
or dispersion for airway administration. Preferably the phatmaceutical composition
is in a form suitable for providing 0.01 to 10 mg/kg/day of the chlorin e4 sodium,
preferably 0.1 to 5 mg/kg/day, preferably about 3 mg/kg/day.

A fifth example provides use of chlorin e4 sodium according to the first or third
example in the manufacture of a medicament for the treatment of atheroscletosis;
multiple sclerosis; diabetes; diabetic retinopathy; arthritis; rheumatoid arthritis; a
fungal, viral, chlamydial, bacterial, nanobacterial or parasitic infectious disease; HIV;
Aids; mfection with sars virus, Asian {(chicken) flu virus, herpes simplex ot herpes
zoster; hepatitis; viral hepatitis; a cardiovascular disease; coronaty artery stenosis;
carotid artery stenosis; intermittent claudication; a dermatological condition; acne;
psortasis; a disease characterised by benign or malignant cellular hyperproliferation
or by areas of neovascularisation; a benign or malignant tumour; early cancer;
cervical dysplasia; soft tissue sarcoma; a germ cell tumour; retinoblastoma; age-
related macular degeneration; Hodgkin’s lymphoma; or cancer of the blood,
prostate, cervix, -uterus, vaginal or other female adnexa, breast, naso-pharynx,
trached, larynx; bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile
duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, liver, gall

bladder, spleen, brain, lymphatic system or bones.

The fifth example also provides use of chlorin e4 sodium according to the fitst or
third example in the manufacture of a phototherapeutic agent for use in
photodynamic therapy or cytoluminescent therapy. Preferably the phototherapeutic
agent 1s suitable for the treatment of atherosclerosis; multiple sclerosis; diabetes;
diabetic retinopathy; arthritis; rheumatoid arthritis; a fungal, _viral, chlamydial,
bacterial, nanobacterial or parasitic infectious disease; HIV; Aids; infection with sars
virus, Asian {chicken} flu virus, herpes simplex or herpes zoster; hepatitis; viral
hepatitis; a cardiovascular disease; coronary artery stenosis; carotid artery stenosis;.
intermittent claudication; a dermatological condition; acne; psoriasis; a disease
characterised by benign or malignant cellular hyperproliferation or by areas of

neovascularisation; a benign or



10

15

20

25

30

- 14 -

malignant tumour; early cancer; cervical dysplasia; soft. tissue satcoma; a germ cell
tumour; retinoblastoma; age-related macular degeneration; Hodgkin’s lymphoma; or
cancer of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast,
naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladder, uretet, kidney,

liver, gall bladder, spleen, brain, lymphatic system ot bones.

Preferably the medicament or the phototherapeutic agent of the fifth example is
suitable for the treatment of a disease characterised by benign or malignant cellular

hyperproliferation or by areas of neovascularisation.

Preferably the medicament or the phototherapeutic agent of the fifth example is

suitable for the treatment of a benign or malignant tumour.

Preferably the medicament or the phototherapeutic agent of the fifth example is
suitable for the treatment of eatly cancer; cervical dysplasia; soft tissue sarcoma; a
germ cell tumour; retinoblastoma; age-related macular degeneration; lymphoma;
Hodgkin’s lymphoma; head and neck cancer; oral or-mouth cancer; ot cancer of the
blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx,
trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile
duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, liver, gall
bladder, spleen, brain, lymphatic system, bones, skin or pancreas. Preferably it is
suitable for the treatment of eatly cancer; cetvical dysplasia; soft tissue satcoma; a
germ cell tumour; retinoblastoma; age-related macular degeneration; Hodgkin’s
lymphoma; or cincer of the blood, prostate, cervix, utetus, vaginal or other female
adnexa, breast, naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow
organs, esophagus, stomach, bile duct, intestine, colon, colotectum, rectum, bladder,
urcter, kidney, liver, gall bladder, spleen, brain, lymphatic system ot bones.
Preferably it is suitable for the treatment of lymphoma; Hodgkin’s lymphoma; oral
or mouth cancer; or cancer of the prostate, cervix, vaginal or other female adnexa,
breast, naso-pharynx, lung, esophagus, kidney, liver, brain, lymphatic system, bones,

skin or pancreas. Preferably it is suitable for the
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treatment of lymphoma; oral or mouth cancer; or cancer of the prostate, cervix,

vaginal or other female adnexa, breast, naso-pharynx, lung, esophagus, bones or

skin.

The fifth example also provides use of chlorin e4 sodium according to the first ot
third example in the manufacture of a photodiagnostic agent for use in

photodynamic diagnosis.

Preferably the photodiagnostic agent of the fifth example is suitable for the
detection of atherosclerosis; multiple sclerosis; diabetes; diabetic retinopathy;
arthritis; rheumatoid arthritis; a fungal, viral, chlamydial, bacterial, nanobacterial ot
parasitic infectious disease; HIV; Aids; infection with sars virus, Asian {(chicken) flu
vitus, herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular
disease; coronary artery stenosis; carotid artery stenosis; intermittent claudication; a
dermatological condition; acne; psoriasis; a disease characterised by benign or
malignant cellular hyperproliferation or by areas of neovascularisation; a benign or
malignant tumour; eatly cancer; cervical dysplasia; soft tissue sarcoma; a germ cell
tumout; retinoblastoma; age-related macular degeneration; Hodgkin’s lymphoma; or
cancer of the blood, prostate, cervix, uterus, vaginal ot other female adnexa, breast,
naso-phatynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney,

liver, gall bladder, spleen, brain, lymphatic system or bones.

Preferably the photodiagnostic agent of the fifth example is suitable for the
detection of an area that is affected by benign or malignant cellular

hyperproliferation ot by neovascularisation.

Preferably the photodiagnostic agent of the fifth example is suitable for the

detection of a benign or malignant tumour.

Preferably the photodiagnostic agent of the fifth example is suitable for the detection of
early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell tumous; retinoblastomna;

age-related macular degeneration; lymphoma;
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Hodgkin’s lymphoma; head and neck cancer; oral or mouth cancer; ot cancet of the
blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx,
trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile
duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, liver, gall
bladder, spleen, brain, lymphatic system, bones, skin or pancreas. Preferably it is
suitable for the detection of early cancer; cervical dysplasia; soft tissue sarcoma; a
germ cell tumour; retinoblastoma; age-related macular degeneration; Hodgkin’s
lymphoma; or cancer of the blood, prostate, cervix, uterus, vaginal ot other female
adnexa, breast, naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow
otgans, esophagus, stomach, bile duct, intestine, colon, colotectum, rectum, bladder,
ureter, kidney, liver, gall bladder, spleen, brain, lymphatic system or bones.
Preferably it 1s suitable for the detection of lymphoma; Hodgkin’s lymphoma; oral

or mouth cancer; or cancer of the prostate, cervix, vaginal or other female adnexa,

breast, naso-pharynx, lung, esophagus, kidney, liver, brain, lymphatic system, bones,

skin or pancreas. Preferably it is suitable for the detection of lymphoma; oral or
mouth cancer; or cancer of the prostate, cetvix, vaginal or other female adnexa,

breast, naso-pharyns, lung, esophagus, bones or skin.

Preferably the photodiagnostic agent of the fifth example is suitable for the
fluorescent or phosphorescent detection of the said diseases, preferably the

fluorescent or phosphorescent detection and quantification of the said diseases.

Preferably the medicament, the phototherapeutic agent or the photodiagnostic agent
1s adapted for administration simultaneous with or prior to administration of
irradiation or sound, preferably for administration prior to administration of

irradiation.

If the medicament or the phototherapeutic agent is for use in photodynamic thetrapy
or cytoluminescent therapy, then it is preferably adapted for administration 5 to 100
hours before the itradiation, preferably 6 to 72 hours before the irradiation,

pteferably 24 to 48 hours before the irradiation.
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If the photodiagnostic agent is for use in photodynamic diagnosis, then it is
preferably adapted for administration 3 to 60 hours before the irradiation,

preferably 8 to 40 hours before the irradiation.

Preferably the irradiation used in the photodynamic therapy, cytoluminescent
therapy or photodynamic diagnosis is electromagnetic radiation with a wavelength
i the range of from 500nm to 1000nm, preferably from 600nm to 790nm. ‘The
electromagnetic radiation may be administered for about 5-60 minutes, preferably
for about 15-20 minutes, at about 0.1-5W, preferably at about 1W. In one example,
two sources of electromagnetic radiation are used (for example a laser light and an
LED light), one source with a wavelength in the range of from 600nm to 690nm,
preferably about 660nm, the other source with a wavelength in the range of from
700nm to 790nm, preferably about 760nm. In another example, two soutces of
electromagnetic radiation are used (for example a laser light and an LED light), both
sources adapted to provide irradiation with a wavelength in the range of from
600nm to 690nm, preferably about 660nm, and irradiation with a wavelength in the
range - of from 700nm to 790nm, preferably about 760nm. In another example, the
irradiation may be provided by a prostate, anal, vaginal, mouth and nasal device for
insertion into a body cavity. In another example, the irradiation may be provided by
interstitial light activation, for example, using a fine needle to insert an optical fibre
laser into the lung, liver, lymph nodes or breast. In another example, the
irradiation may be provided by endoscopic light activation, for example, for

delivering light to the lung, stomach, colon, bladder or neck.

A sixth example p_rovides a method of treating atherosclerosis; multiple scletosis;
diabetes; diabetic retinopathy; arthritis; rheumatoid arthritis; a fungal, viral,
chlamydial, bacterial, nanobacterial or parasitic infectious disease; HIV; Aids;
infection with sars virus, Asian (chicken) flu virus, herpes simplex or herpes zoster;
hepatitis; viral hepatitis; a cardiovascular disease; coronary artery stenosis; carotid
artery stenosis; intermittent claudication; a dermatological condition; acne; psoriasis;

a disease characterised by benign or
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malignant cellular hyperproliferation or by areas of ‘neovascularisation; a benign ot
malignant tumour; early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell
tumour; retinoblastoma; age-related macular degeneration; Hodgkin’s lymphoma; ot
cancer of the blood, prostate, cervix, uterus, vaginal ot other female adnexa, breast,
naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow otgans, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney,
liver, gall bladder, spleen, brain, lymphatic system or bones; the method comptising
administering a therapeutically effective amount of chlotin e4 sodium accotding to

the first or third example to a human or animal in need thereof.

The sixth example also provides a method of photodynamic therapy or
cytoluminescent therapy of a human or animal disease, the method comprising
administering a therapeutically effective amount of chlorin e4 sodium accotrding to
the first or third example to a human or animal in need thereof. Preferably the
human or animal disease is atherosclerosis; multiple sclerosis; diabetes; diabetic
retinopathy; arthritis; rheumatoid arthritis; a fungal, viral, chlamydial, bacterial,
nanobacterial or parasitic infectious disease; HIV; Aids; infection with sars virus,
Asian (chicken) flu virus, herpes simplex or herﬁes zoster; hepatitis; viral hepatitis; a
cardiovascular disease; coronary artery stenosis; carotid artery stenosis; intermittent
claudication; a dermatological condition; acne; psoriasis; a disease characterised by
benign or malignant cellular hyperproliferation or by areas of neovascularisation; a
benign or malignant tumour; early cancer; cervical dysplasia; soft tissue sarcoma; a
germ cell tumour; retinoblastoma; age-related macular degeneration; Hodgkin’s
lymphoma; or cancet of the blood, prostate, cervix, uterus, vaginal or other female
adnexa, breast, naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow
organs, esophagus, stomach, bile duct, intestine, colon, colorectum, rectum, bladder,

ureter, kidney, liver, gall bladder, spleen, brain, lymphatic system ot bones.

Preferably the method of the sixth example is a method of treating benign or

malignant cellular hyperproliferation or areas of neovascularisation.
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Preferably the method of the sixth example is a method of tteating a benign or

malignant tumour.

Preferably the method of the sixth example is a method of treating eatly cancer;
cetvical dysplasia; soft tissue sarcoma; a gerin cell tumout; retinoblastoma; age-
related macular degeneration; lymphoma; Hodgkin’s lymphoma; head and neck
cancet; oral ot mouth cancer; or cancer of the blood, prostate, cetvix, utetus,
vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx, bronchi,
bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine, colon,
colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain,
lymphatic system, bones, skin or pancreas. Preferably the method is a method of
treating eatly cancer; cervical dysplasia; soft tissue sarcoma; a getm cell tumour;
retinoblastoma; age-related macular degeneration; Hodgkin’s lymphoma; ot cancer
of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-
pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney,
liver, gall bladder, spleen, brain, lymphatic system or bones. Preferably the method
is a method of treating lymphoma; Hodgkin’s lymphoma; oral or mouth cancer; ot
cancer of the prostate, cervix, vaginal or other female adnexa, breast, naso-pharynx,
lung, esophagus, kidney, liver, brain, lymphatic system, bones, skin or pancreas.
Preferably the method is a method of treating lymphoma; oral or mouth cancer; or
cancer of the prostate, cervix, vaginal or other female adnexa, breast, naso-phatynx,

lung, esophagus, bones ot skin.

The sixth example also provides a method of photodynamic diagnosis of a hutnan
or animal disease, th¢ method comprising administering a diagnostically effective
amount of chlorin e4 sodium according to the first or third example to 2 human or
animal.  Preferably the human or animal disease is atherosclerosis; multiple
sclerosis; diabetes; diabetic retinopathy; arthritis; rheumatoid arthritis; a fungal,
viral, chlamydial, bactetial, nanobacterial or parasitic infectious disease; HIV; Aids;

infection with sars virus, Asian (chicken) flu vitus, hetpes simplex or herpes zoster;

hepatitis; viral hepatitis; a cardiovascular
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disease; coronary artery stenosis; carotid artery stenosis; intermittent claudication; a
dermatological condition; acne; psoriasis; a disease characterised by benign or
malignant cellular hyperproliferation or by areas of neovascularisation; a benign or
malignant tumour; early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell
tumour; retinoblastoma; age-related macular degeneration; Hodgkin’s lymphoma; or
cancer of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast,
naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney,
liver, gall bladder, spleen, brain, lymphatic system or bones. Preferably the human
or animal disease is characterised by benign or malignant cellular hyperproliferation
ot by areas of neovascularisation. Preferably the human or animal disease is a
benign or malignant tumour. Preferably the human or animal disease is early
cancer; cervical dysplasia; soft tissue sarcoma; a germ cell tumour; retinoblastormna;
age-related macular degeneration; lymphoma; Hodgkin’s lymphoma; head and neck
cancer; oral or mouth cancer; or cancer of the blood, prostate, cervix, uterus,
vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx, bronchi,
bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine, colon,
colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain,
lymphatic system, bones, skin or pancreas. Preferably the human or animal disease
is early cancer; cervical dysplasia; soft tissue ‘sarcoma; a germ cell tumour;
retinoblastoma; age-related macular degeneration; Hodgkin’s lymphoma; or cancer
of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-
pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney,
liver, gall bladder, spleen, brain, lymphatic system or bones. Preferably the human.
or animal discase is lymphoma; Hodgkin’s lymphoma; oral or mouth cancer; or
cancer of the prostate, cervix, vaginal or other female adnexa, breast, naso-pharynx,
lung, esophagus, kidney, liver, brain, lymphatic system, bones, skin or pancreas.
Preferably the human or animal disease is lymiphoma; oral or mouth cancer; or
cancer of the prostate, cervix, vaginal or other female adnexa, breast, naso-pharynzx,
lung, esophagus, bones or skin. Preferably the method of photodynamic diagnosis

is suitable for the fluorescent or phosphorescent detection of the said diseases,
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preferably for the fluorescent or phosphorescent detection and quantification of the

said diseases.

In any of the methods of the sixth example, the human or animal is preferably
further subjected to irradiation or sound simultaneous with or after the
administration of the chlorin e4 sodium. Preferably the human or animal is

subjected to irradiation after the administration of the chlorin e4 sodium.

If the method 1s a method of photodynamic therapy or cytoluminescent therapy,
then the human or-animal is preferably subjected to itradiation 5 to 100 hours after
administration of the chlorin e4 sodium, preferably 6 to 72 hours after

administration, preferably 24 to 48 hours after administration.

If the method is a method of photodynamic diagnosis, then the human or animal is
preferably subjected to irradiation 3 to 60 hours after administration of the chlorin

e4 sodium, preferably 8 to 40 hours after administration.

Preferably the irradiation is electromagnetic radiation with a wavelength in the range
of from 500nm to 1000nm, preferably from 600nm to 790nm. The electromagnetic
radiation may be administéred for about 5-60 minutes, preferably for about 15-20
minutes, at about 0.1-5W, preferably at about 1W. In one example, two soutces of
electromagnetic radiation are used (_for example a laser light and an LED light), one
source with a wavelength in the range of from 600nm to 690nm, preferably about
660nm, the other source with a wavelength in the range of from 700nm to 790nm,
preferably about 760nm. In another example, two sources of electromagnetic radiafion are
used (for example a laser light and an LED light), both sources adapted to provide
irradiation with a wavelength in the range of from 600nm to 690nm, preferably about
660nm, and irradiation with a wavelength in the range of from 700nm to 790nm, preferably
about 760nm. In another example, the irradiation may be provided by a prostate, anal,
vaginal, mouth and nasal device for insertion into a body cavity. In another example, the

irradiation may be provided by interstitial light activation, for example, using a
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fine needle to insert an optical fibre laser into the lung, liver, lymph nodes or breast.
In another example, the irradiation may be provided by endoscopic light activation,

for example, for delivering light to the lung, stomach, colon, bladder or neck.
Preferably the human or animal is a human.
Brief description of the drawings

Figure 1 shows a modified Jablonski diagram for a typical photosensitizer, outlining

the principle photophysical processes of interest.
Figure 2 depicts schematically the metalation and demetalation of a porphytin ring.

Figure 3 depicts schematically the reaction of 1,3-diphenylisobenzofuran (DPIBF)

with two singlet oxygens (102).

Figure 4 shows the absorption spectrum of a chlorin e4 sodium solution (about 10

M) in ethanol.

Figure 5 shows the absorption spectrum of a chlorin ¢4 sodium solution (about 10

pM) in water.

Figure 6 shows the absorption spectrum of a chlorin e4 sodium solution (about 10

M) in water with 0.2 M detergent sodium dodecyl sulphate (SDS).

Figure 7 shows the fluorescence spectrum of a chlorin ¢4 sodium solution (about 10
kM) in ethanol. Excitation wavelength was 403 nm; the absorbance at this

wavelength was 0.10; cuvette size lcm.

Figure 8 shows the fluorescence spectrum of a chlotin e4 sodium solution (about 10
uM) 1n water. Excitation wavelength was 403 nm; the absotbance at this

wavelength was 0.13; cuvette size 1 cm.
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Figure 9 shows the fluorescence spectrum of a chlorin e4 sodium solution (about 10
pM) in water with 0.2 M detergent sodium dodecyl sulphate (SDS). Excitation
wavelength was 403 nm; the absorbance at this wavelength was 0.13; cuvette size 1

cm.

Figure 10 shows the fluorescence excitation spectrum of a chlorin €4 sodium
solution (about 10 pM) in ethanol. Fluorescence was measured at 710 nm; the

absorbance at 403 nm was 0.15 in 1 ¢my; the optical path was 0.5 cm.

Figure 11 shows the absorption spectra of a solution of DPIBF and chlorin ed

sodium in ethanol before and 14 minutes after irradiation by red light (660 nm).

Figure 12 shows kinetic traces (1) and the spectrum (2} of singlet oxygen

phosphorescence after pulsed laser excitation of chlorin e4 sodium in ethanol.

Figure 13 shows kinetic traces (1) and the spectrum (2) of singlet oxygen

phosphorescence after pulsed laser excitation of chlorin e4 sodium in water.

Figure 14 shows kinetic traces of singlet oxygen phosphorescence after pulsed laser
excitation of chlorin e4 sodium in water with 0.2 M detergent sodium dodecyl

sulphate (SDS).
Detailed description of the invention

Metal insertion into the central part of a porphyrin or chlorin ring is known as
metalation and the general chemical process is depicted in Figure 2. Porphyrins and
chlorins can form complexes with a wide variety of metals (M). These metal
complexes not only protect the inner nitrogen atoms from electrophilic reagents and
strong bases, but also have a pronounced effect on the reactivity of the macrocycles.
A common geometry of these complexes 1s octahedral, with the metal ions
occupying the centre of the N, porphyrin plane and the metal ligands being in frans

positions (Figure 2).
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Chlotin e4 has nine side chains, two of which carry a carboxylic acid moiety. These

carboxylic acid moieties can form salts with a wide vartety of metals (M).
Experimental details
Example — general synthetic details

Method 1: 0.15-1mmol of chlorin e4 1s dissolved in 60-100ml of methanol. To this
solution, 15-20ml of sodium hydroxide (3M water solution) is added. The mixture
is stirred until the synthesis is complete after about 6 hours. Then the mixture is
filtered through a 45um Millipore filter. The product is purified by flash
chromatography with a methanol mobile phase. Then the solution is distilled and
lyophilized. In a preferred embodiment of the present invention, the reaction is

catried out at a temperature in the range of 25-60°C.

Method 2: 0.15-1mmol of chlorin e4 is dissolved in 60-100m! of methanol. To this
solution, 15-20ml of sodium hydroxide (3M watet solution) is added. Separately, 5-
12mmol of thiamine pyrophosphate 1s dissolved in 40-60ml of water, and the latter
solution 1s added to the previous one. The mixture is stitred until the synthesis is
complete after about 6 hours. Then the mixture is filtered through a 45um

Millipore filter. The product is purified by flash chromatography with a methanol

‘mobile phase. Then the solution is distilled and lyophilized. In a preferred

embodiment of the present invention, the reaction is carried out at a temperature in

the range of 25-60°C.

Example — synthesis of chlorin e4 sodium

Method 1: 0.5mmol (276mg) of chlorin e4 was dissolved in 60mi of methanol, and
the solution was stirred slowly for 10 minutes at 40°C. 15ml of sodium hydroxide
(3M water solution) was added, and stirring was continued for a furthetr 6 hours at
60°C. Then the reaction mixture was filtered through a 45um Millipore filter. The

product was purified by flash chromatography on a dry silica gel column using a
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methanol mobile phase. Then the solution was reduced in volume on a rotary
evaporator and the product was isolated as a dry powder by lyophilization in 85%

yield.
The chlorin e4 sodium product was characterised by "H and *C NMR.

'H NMR (D,0) (ppm): 8.82 (1H), 8.64 (1H), 6.52 (1H), 6.35 (1H), 5.25 (1H), 5.12
(1), 4.68 (2H), 4.09 (3H), 3.52 (3T, 2.87 (1H), 2.71 (2H), 2.59 (3H), 2.44 (2H),
2.06 (1H), 1.82 (3H), 0.99 (6H).

BC NMR (D,0) (ppmy): 185.7 (CO,H), 180.8 (CO,H), 171.6 (C =), 170.7 (Couu=)s
148.0 (Coon=)s 1447 (Cou™)s 139.0 (Coua™), 137.5 (Coa=), 136.5 (Coua™), 136.2
(Cquac=)s 135.3 (Coua=)» 133.9 (Couu=)s 133.6 (Cpuue™)s 132.5 (Coe=)s 1312 (Cu),
129.5 (CH=), 121.6 (CIHL=), 121.4 (C_,=), 1094 (C,.=), 101.2 (CH=), 97.4
(CH=), 96.2 (CH=), 56.8 (CH), 50.9 (CH), 38.0 (CH,), 34.5 (CH,), 26.1 (Me), 21.7
(Me), 20.1 (CH,), 18.7 (Mc), 14.0 (Me), 12.6 (Me), 10.7 (Me).

quat quat quat

>

Method 2: 0.5mmol (276mg) of chlorin e4 was dissolved in 60ml of methanol, and
the solution was. stirred slowly for 10 minutes at 40°C. 15ml of sodium hydroxide
(3M water solution) was added, and stirring was continued for a further 20 minutes.
Separately, 6mmol (378mg) of thiamine pyrophosphate was dissolved in 50ml of
water, and the solution was stirred at 60°C. The thiamine pyrophosphate solution
was added to the chlorin e4 solution, and the reaction mixture was stirred slowly for
6 hours at 60°C. Then the reaction mixture was filtered through a4 45pm Millipore
filter. The product was purified by flash chromatography on a dry silica gel column
using a methanol mobile phase. Then the solution was reduced in volume on a

rotary evaporator and the product was isolated as a dry powder by lyophilization in

85% yield.

The chlorin e4 sodium product was characterised by 'H and C NMR. The same

results as for method 1 were obtained.
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Example — in vitro studies

The following experiments were carried out to study the absorption and
fluorescence spectra of chlorin e4 sodium, the quantum yields of chlorin e4 sodium
fluorescence and the photosensitizing ability of chlorin e4 sodium in three systems
— solutions in ethanol, pure water and water containing detergent sodium dodecyl

sulfate (SDS).
Absorption and fluorescence measurements

Absorption spectra were recorded using computerized spectrophotometers Hitachi
3400 (Japan) and SF-2000 (Russia). Fluorescence spectra were measured with a
computerized spectrofluorimeter Perkin-Elmer MPEF-44B. 10 mm wide quartz
cuvettes were used for absorption and fluorescence measurements. Fluorescence
was detected at a right angle to the excitation beam. ‘The spectral bandwidth of the
monochromator was 3 nm. To avoid fluorescence re-absorption by the pigment
molecules, diluted chlotrin e4 sodium sclutions were used with absorbance at 403
nm which did not exceed 0.2 cm in the 1 c¢m cuvette. The fluorescence quantum
yields (D} were determined using as a reference, solutions of TPPS (m-tetrakis{p-
sulfonatophenyl)porphine) in ethanol. According to the literature, the most likely
fluorescence quantum yield of TPPS in air-saturated water and ethanol is equal to
0.08 (K. Kalyanasundaram and M. Neumann-Spallart, Photophysical and redox
properties of water soluble porphyrins in aqueous media, J. Phys. Chem., 1982, 86,
5163-5169; and A.T. Gradyushko, A.N. Sevchenko, K.N. Solovyov and M.P.
Tsvirko, Energetics of photophysical processes in chlorophyll-like molecules,
Photochem. Photobiol., 1970, 11, 387-400). The fluorescence of the samples was
excited by the monochromatic light corresponding to the maximum of the Soret
bands: 415 nm for TPPS in ethanol and 413 nm for TPPS in water, and 403 nm for
chlorin e4 sodium in water and ethanol. The monochromator bandwidth was 3 nm.

The fluorescence quantum yields (Op) were calculated using the following equation:

S, -A—=10""")/[1-107")
Dy =Py -

S TPP
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whete @qpp is the quantum yield of TPPS fluorescence, S, is the square under the
fluorescence spectrum of the chlorin e4 sodium sample, Sypp is the square under the
fluorescence spectrum of TPPS, and D_ and Dy, are absorbance (optical density)
of the chlorin e4 sodium and TPPS respectively at the excitation wavelengths. The
obtained results were collated using relative units of intensity of the excited light at
the excitation wavelengths. The intensities of the monochromatic light were
measutred using a calibrated silicon detector from Optical Power Meter System

ThorLabs {(Karlsfeld, Germany).

Detection of singler oxygen phosphorescence

Singlet oxygen phosphorescence was detected using measurement of infrared
phosphorescence at 1270 nm corresponding to the transition of oxygen molecules
from the singlet to the triplet state. TPhosphorescence was recorded at room
temperature with the laser phosphorescence spectrometer described at A.A.
Krasnovsky Jr., Photodynamic action and singlet oxygen, Biofizika, 2004, 49, 305-
321; and A.A. Krasnovsky Jr., Singlet oxygen and ptrimary mechanisms of
photodynamic therapy and photodynamic diseases, In: Photodynamic therapy at the
cellular level, ed. A.B. Uzdensky, Research Singpost, Kerala, India, 2007, 17-62. For
excitation, nanosecond pulses of 511 nm radiation from a copper-vapour laser
(Troitzk, Physics Institute of the Russian Academy of Science) were employed.
Laser radiation passed additionally through a green light filter 8ZS-22 (4 mm),
which transmitted laser light and cut off IR laser radiation caused by heating of the
laser tube. Pulse duration was 20 ns, pulse energy varied from 18 to 40 uJ and the
pulse repetition rate was 12 kHz. The laser light was collimated on the surface of a
1 cm rectangular quartz cuvette. ‘The diameter of the illuminated spot on the
sutface of the cell was 5 mm. For kinetic measurements another spectrometer was
used without a monochromator. In this case, phosphorescence resulting from the
right angle to the excitation beam was focused on the photocathode of a cooled S-1
photomultiplier (FEU-112) through a cut-off IR light filter and an interference filter
with the transmission maximum at 1270 nm. The phosphorescence spectra were
measured using a MS-80 high throughput grid monochromator. In this case,

phosphorescence was focused on the entry slit of this monochromator. 'The
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bandwidth of the monochromator corresponded to a 20 nm spectral interval. The
monochromatic light was focused on the photocathode of a cooled $-1
photomultiplier (FEU-83). The photomultiplier signal was registered using time-
cotrelated single photon counting and averaged over many laser pulses. In most
experiments, one-channel on time was equal to 81 ns. When the pigment bleaching
reached 10%, the solution was replaced by a fresh one and measurement was
continued. As chlorin e4 sodium bleached rather rapidly, the solutions were
changed after each 60-180 s irradiation. Reasonable phosphorescent curves were
obtained after 10-20 minutes signal accumulation and therefore samples were
changed many times. As described previously (ID.A. Butorina, A.A. Krasnovsky Jr.
and A.V. Priezzev, Investigation of the kinetic parameters of singlet molecular
oxygen in aqueous porphyrin solutions, Influence of detergents and the quencher
sodium azide, Biofizika, 2003, 48, 189-196; A.A. Krasnovsky Jr., Luminescence and
photochemical studies of singlet oxygen photonics, J. Photochem. Photobiol. A:
Chem., 2008, 196, 210-218; and N. Kuznetsova, D. Makarov, O. Yuzhakova, A.
Strizhakov, Y. Roumbal, L. Ulanova, A. Krasnovsky and O. Kaliya, Photophysical
properties and  photodynamic  activity of octacationic  oxotitanium(IV)
phthalocyanines, Photochemical Photobiological Sciences, 2009, 8, 1724-1733), for
computer analysis the following two-exponential equation was used:

I(t) =1, [exp(—k,

ecoy

decay and k.. are the rate constants of the decay and rise phases of the

-t)—exp(—k, -t)]+n
where k
phosphorescence curves after a laser pulse, n is the off noise of the photomultiplier,
I, 1s the zero-time phosphorescence intensity, and I(t) is the phosphorescence
intensity at time t. To reduce contribution of the luminescence of the pigment in
the quartz cuvette, which was observed shortly after laser pulses, readings were
taken starting from 400 ns after laser pulses in ethanol and 1 us in water. In
addition, phosphorescence and kinetic traces were measured also from the control
chlorin e4 sodium solutions containing high concentration of sodium azide, which
completely quenched singlet oxygen. This procedure revealed a strong rapidly
decaying component of delayed luminescence in the chlorin e4 sodium solutions,
which was not so easily quenched by sodium azide. The luminescent curves

obtained from the control solutions were approximated by exponentials and
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subtracted from. the experimental kinetic traces obtained for the chlotin e4 sodium

solutions where sodium azide was not added.

For measurements, Origin 6.0 software was used. This software operates using the
least-square approximation method. Origin allowed variation of the parameters I,

k ki, and n in order to obtain their values corresponding to the minimum

decay» rise

coeffictent x*. In chlorin e4 sodium solutions, measurements always yielded kg,
which was somewhat shorter than in the reference solutions of TPPS in the same
solvents. In the solvents used in this study, the lifetime of singlet oxygen, which is
responsible for k., is independent of the pigments. Therefore this result indicates
that “the azide control” does not allow to fully eliminate the rapidly decaying
component from the overall decay curves. It is possible that luminescence
responsible for this component is partially quenched by sodium azide. In order to
eliminate the error caused by this effect, for final measurements of phosphorescent
curves in chlorin e4 sodium solutions, fixed kg, obtained in the TPPS sclutions
was used. In this case as Origin indicated, the correlation coefficient R* was not
less than 98% and error of k,, determination was less than * 5% in all solvents.
The quantum yields (®,) of singlet oxygen photogeneration by chlorin e4 sodium
were determined from comparison of the overall singlet oxygen phosphorescence
intensities in the chlorin e4 sodium solutions and the reference solutions of TPPS in
the same solvents. According to the literature, the most probable values of
quantum yields of singlet oxygen photogeneration by TPPS are 0.6 in water and 0.7
in ethanol and detergent containing water (F. Wilkinson, W.P. Helman and A.B.
Ross, Quantum vyields of the photosensitized formation of the lowest electronically
excited singlet states of molecular oxygen, J. Phys. Chem. Ref. Data, 1993, 22(2),
113-262; and C. Tanielian, C. Wolf and M. Esch, Singlet oxygen production in
water: Agpregation and charge transfer effects, J. Phys. Chem., 1996, 100, 6555-
6560). The overall phosphorescence intensity was calculated by integrating the
phosphorescence kinetic traces. The absorbance of the pigment solutions at 511
nm was. usually about 0.1-0.2 in 5 mm cuvette. This corresponded to a pigment

concentration equal to about 20 pM.
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Detection of singlet oxygen using chemical conjugates

The second meéthod of singlet oxygen detection was based on photosensitized
oxygenation of the singlet oxygen conjugate 1,3-diphenylisobenzofuran (DPIBF)
(Acros Organics, United Kingdom). DPIBF chemically binds to two singlet
oxygens (‘O,) (Figure 3). This method was applied to chlorin e4 sodium solutions
in ethanol. The major absorption band of DPIBF is located at 414-415 nm. The
molar absorption coefficient in this maximum, eppmp, 15 known to be 23500 M'em™.
Tested solutions were irradiated by the monochromatic light from a xenon lamp
using the excitation system of the spectrofluorimeter Perkin-Elmer MPF-44B, the
spectral width of the monochromator bandwidth corresponding to 5 nm. Radiant
powet was measured using the calibrated detector ThorLabs PM-100 (Germany).
The singlet oxygen quantum yields (®,) were calculated according to the equation:
- AD ppypr VN,

d = Eppir "Lty
A=

I

irr

hv(1-T)

where ADppipr 18 the reduction in the optical density of DPIBF at 414 nm duriﬁg
the irradiation time, epppr is the molar absorption coefficient of DPIBF at 414 nm,
1is the optical path equal to 1 cm, V is the volume of tested solutions (usually 1.2-
1.5 ml), N, is the Avogadro constant, I, 1s the radiant power (1n W) of the
monochromatic  light from the excitation system of the Perkin-Elmer
spectrofluorimeter that includes the xenon lamp and the excitation monochromator
with the bandwidth corresponding to the 5 nm wavelength interval, hv is the energy
of one photon in J, (1-T) is the absorption factor of the tested solutions, t;, is the
irradiation time in seconds, and wp is the fraction of 'O, molecules which is
captured by DPIBF in the studied solutions. This parameter was calculated using
known kinetic equations for singlet oxygen consumption by chemical conjugates
and the rate constant of singlet oxygen reaction with DPIBF equal to 10° M's™ (see
A.A. Krasnovsky Jr., Y.V. Roumbal and A.A. Strizhakov, Rates of 'O, production
upon direct excitation of molecular oxygen by 1270 nm laser radiation in air-
saturated alcohols and micellar aqueous dispersions, Chem. Phys. Lett., 2008, 458,

195-199; and references therein).
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Results

Absorption spectra of chlorin e4 sodium in ethanol, pure water and water
containing detergent sodium dodecyl sulfate (SDS) are shown in Figures 4-6. The
major absorption bands are listed i Table 1. The strongest are the Soret band at
403 nm and the red band at 654-662 nm. Analysis of the absorption spectra
suggests that chlorin e4 sodium was mostly monomeric in all solvents. In water
having no detergent, the red absorption maximum was slightly shifted to the shorter
wavelength region (from 662 to 654 nm) and a weak shoulder at about 665-670 nm
was seen. In addition, the observed absorbance in the green region was increased
compared to ethanol and detergent containing solutions. These data indicate that
the solution in water having no defergent may contain aggregated (dimeric and
oligomeric) molecules of chlorin e4 sodium, which disaggregate in the presence of

the detergent.

Solvents Absorption maxima Fluorescence maxim
(nm * 1 nm) (nm * 1 nm)
Ethanol 403, 504, 606, 662 666, 720
Water 402, 504, 602, 654 657, 710
Water + 0.2 M SDS 403, 504, 608, 662 665, 720

Table 1 - Positions of the major absorption and
fluorescence bands of chlorin e4 sodium solutions

Fluorescence measurements supported this assumption (Figures 7-9).  The
fluorescence spectra were rather similar in ethanol and SDS containing water.
Figure 10 shows the excitation spectrum of chlorin e4 sodmum fluorescence in
ethanol. Tt is seen that it practically coincides with the absorption spectrum of this
pigment. This observation indicates that fluorescence belongs to chlorin e4 sodium.
In water without SDS, the fluorescence maximum was shifted to shorter
wavelengths and a shoulder at about 710 nm became markedly stronger than in
ethanol. The fluorescence quantum yield was found to be highest in ethanol,
slightly less in SDS containing water and the smallest in water without SDS. These
data indicate that aggregation of chlorin e4 sodium occurs in water. However, the

chlorin e4 sodium fluorescence quantum yield was still high in water without SDS,
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showing that an appreciable amount of monomeric chlorin e4 sodium molecules are
present in aqueous solutions without detergent. These experiments show that
chlorin e4 sodium is a highly fluorescent pigment and emits a large quantity of
photons. Hence chlorin e4 sodium can be used efficiently as a fluorescent pigment

for photodynamic diagnosis.

Singlet oxygen generation was studied in ethanol solutions using both chemical

singlet oxygen conjugate DPIBF and measurement of chlorin e4 sodium
photosensitized phosphorescence of singlet oxygen at 1270 nm. Figure 11
illustrates the experiment with DPIBF. The absorption maximum of DPIBF lies at
420 nm. It is seen from Figure 11 that irradiation of an ethanol solution containing
both chlorin €4 sodium and DPIBF by red light (660 nm), which is absorbed by
chlorin e4 sodium but not by DPIBF, caused bleaching of the DPIBF maximum at
420 nm. This effect results from reaction of DPIBF with singlet oxygen, which is
formed upon irradiation of chlorin e4 sodium. The quantum yield of singlet oxygen
generation obtained from this experiment was shown to be 0.68 % 0.05 in ethanol.
Kinetic traces of chlorin e4 sodium photosensitized phosphorescence of singlet
oxygen after laser pulses are shown in Figures 12-14. Table 2 summarizes kinetic
parameters of the phosphorescent curves. The rise time reflects the rate of singlet
oxygen generation by triplet pigment molecules. Tt.corresponds with the lifetime of
the pigment triplet state in ait-saturated pigment solution. In cthanol, the rise time:
was equal to 300 ns. The decay time corresponds with the singlet oxygen lifetime in
ethano!l (13.5 ps). The singlet oxygen quantum yield in ethanol determined using
these kinetic curves was equal to 0.63 £ 0.05, which is close to that obtained using
DPIBF. Thus both methods provided similar results. Table 2 indicates that chlorin
e4 sodium is a potent photosensitizer of singlet oxygen formation in alcoholic as
well as aqueous systems, though in water without SDS the photosensitizing activity
was lower than in ethanol. This effect may have been due to partial aggregation of
pigment molecules, which is known to lead to the loss of photosensitizing activity.
These experiments show that chlorin e4 sodium has strong photosensitizing ability
in organic solvent (alcohol) and in aqueous media, with a high singlet oxygen
quantum yield. Hence chlorin e4 sodium can be used efficiently in photodynamic

therapy.
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Solvents Rise time, ups Decay time, ps
Ethanol 03+ 0.3 13.5 £ 0.3
Water 1.8 £ 04 33103
Water + 0.2 M SDS 1.2+£0.3 3.85 1+ 0.3

Table 2 — Kinetic parameters of photosensitized singlet oxygen
phosphorescence in air saturated chlorin e4 sodium solutions

Conelnsion

Chlorin e4 sodium shows strong fluorescence and strong photosensitizing ability in
organic solvent (alcohol) and in aqueous media. In water, the chlorin e4 sodum
photosensitizing activity decreases due to aggregation of pigment molecules, but is
still high. Addition of detergent causes disaggregation and an increase of both
fluorescence and photosensitizing ability. This shows that chlorin e4 sodium is
active in both hydrophilic and aqueous media. Therefore this pigment is promising:

for application in photodynamic medicine.
Example — in vivo studies

The following cancer patients were treated successfully with chlorin e4 sodium.
Most of the patients were late stage metastatic cancer patients who had previously
unsuccessfully used traditional treatment therapies. Most of the patients were in

poor health prior to treatment with chlorin e4 sodium.

Excample 1

A 70 year old female patient with invasive ductile breast cancer and lymph node
metastases in the right arm pit, was treated successfully. Prior to treatment a large
cancer mass in the right breast was observed and a small cancer mass in the right
arm pit. The treatment consisted of three courses. For each course, five doses of
62.5-187.5mg chlorin e4 sodium were administered orally over the course of eight
days. 24-48 hours after each oral dose of chlorin ed sodium, the patient was treated

with laser and LED light having a wavelength of 660nm and 760nm.
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Following treatment, doppler ultrasound analysis showed that the large cancer mass

in the breast showed almost no vascularity, no blood vessels leading to it. The

cancer mass had not reduced in size, however, the outline of the mass was solid and

smooth, indicating an inactive, non-growing tumoutr. The smaller lymph node
cancer mass also showed almost no vascularity and it had reduced in size from

1.9cm to 1cm.

Subsequently the patient was treated with two further courses. Again, for each
course, five doses of 62.5-187.5mg chlorin e4 sodium were administered orally over
the course of eight days. 24-48 hours after each oral dose of chlorin e4 sodium, the
patient was treated with laser and LED light having a wavelength of 660nm and
760nm. Ac-iditional'ly an interstitial light treatment using a fine needle was
performed on the breast with an optical fibre laser having a wavelength of 660nm

and 760nm.

Doppler ultrasound analysis obtained after the fourth treatment course, showed that
the large cancer mass in the breast had reduced in size by about 25%. PET/CT
scans obtained after the fifth and final treatment course, showed a complete
response in the breast and lymph nodes. After each treatment course, an
inflammatory response was observed in the breast tumour site, which is typical as
the immune system attacks the tumour. Towards the end of the second treatment

course, the patient experienced a burning sensation in the tumour site of her breast.

‘The patient is currently alive and well, two years and three months after starting her

treatment and five months after completion of her treatment.

Example 2

A 62 year old male patient with naso pharyngeal carcinoma with extension to a
lymph node in the left neck, was treated successfully. The treatment consisted of
three courses. For each course, five doses of 62.5-187.5mg chlorin e4 sodium were

administered orally over the course of eight days. 24-48 hours after each oral dose
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of chlorin e4 sodium, the patient was treated with laser and LED light having a

wavelength of 660nm and 760nm.

Immediately following treatment, a biopsy of the treated lymph node of the neck
showed a benign or non-cancerous lymph node, no cancer cells were detected. This
was confirmed by another biopsy ten months after treatment. A comparison of CT
scans, obtained one month before and ten months after treatment, showed no

spread of tumours and that the size of the tumours was reduced.

Subsequently the patient was treated with a further course. Again, for the course,
five doses of 62.5-187.5mg chlorin e4 sodium were administered orally over the
course of eight days. 24-48 hours after each ofal dose of chlorin e4 sodium, the
patient was treated with laser and TLED light having a wavelength of 660nm and
760nm.

Ultrasound images and biopsies obtained after the final treatment course, showed a
complete response. The patient suffered no side etfects, but an inflammatory
response was observed after each treatment, which is typical as the immune system
attacks the tumour. He is currently alive and well, two years and six months after

starting his treatment and five months after completion of his treatment.

Excample 3

A 71 year old male patient with advanced metastatic kidney disease with metastases
in the gall bladdet, liver and lung, was treated successfully. The treatment consisted
of three courses. For each course, five doses of 62.5-187.5mg chlorin e4 sodium
were administered orally over the course of eight days. 24-48 hours after each oral
dose of chlorin e4 sodium, the patient was treated with laser and LED light having a

wavelength of 660nm and 760nm.

PET/CT scans, obtained just befote treatment and two months, three months, five

months and 15 months after treatment, showed that throughout the patient’s body
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some tumours disappeared altogether and the remaining tumours reduced in size.

No further metastasis was cbsetved.

Subsequently the patient was treated with a further two courses. Again, for each
course, five doses of 62.5-187.5mg chlorin e4 sodium were administered orally over
the course of eight days. 24-48 hours after each oral dose of chlorin e4 sodum, the
patient was treated with laser and LED light having a wavelength of 660nm and
760nm.  Additionally an interstitial light trecatment using a fine needle was
performed on the liver and lung with an optical fibre laser having a wavelength of

660nm and 760nm.

PET/CT scans again showed a good treatment response. The patient suffered no
side effects from the treatment. Unfortunately the patient has recently died. Prior
to the five treatment courses, he was an advanced stage cancer patient with a life
expectancy of only six months, but he managed to live an active life for two years

and four months.

Example 4

A 20 year old female patient with stage IVB Hodgkin’s lymphoma with metastases
in the liver, lymphatic system, spleen, lung and bones, was treated successfully. The
treatment consisted of three courses. For each course, five doses of 62.5-187.5mg

chlorin e4 sodium were administered orally over the course of eight days. 24-48

Hours after each oral dose of chlorin e4 sodium, the patient was treated with laser

and LED light having a wavelength of 660nm and 760nm.

CT scans showed that in the areas of the patient’s body that were treated with laser
and LED light so far, some tumours disappeared altogether and some tumours

reduced in size.

Subsequently the patient was treated with a further two courses. Again, for each
course, five doses of 62.5-187.5mg chlorin ¢4 sodium were administered orally over

the course of eight days. 24-48 hours after each oral dose of chlorin e4 sodium, the
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patient was treated with laser and LED light having a wavelength of 660nm and
760nm.

PET/CT scans again showed a good treatment response. Unfortunately the patient
has recently died. Prior to the five treatment courses, she was in an extremely poot
condition, suffering from extreme weight loss and lethargy, too weak to walk, and
requiring constant pain relief. Before her treatment, her life expectancy was only
two weeks, but she managed to live for two years and two months, at least part of it

active.

Example 5

A 82 year old male patient with lung cancer was treated successfully. The treatment
consisted of one course of five doses of 62.5-187.5mg chlorin e4 sodium
administered orally over the course of eight days. 24-48 hours after each oral dose
of chlorin e4 sodium, the patient was treated with laser and LED light having a

wavelength of 660nm and 760nm.

Three months after treatment, the patient was coughing up blood and tumour

tissue. A CT scan showed tumour breakdown.

Example 6

A 46 year old male patient with lung cancer was treated successfully. The treatment
consisted. of three courses. For each course, five doses of 62.5-187.5mg chlorin e4
sodium were administered orally over the course of eight days. 24-48 hours after
each oral dose of chlorin e4 sodium, the patient was treated with laser and LED

light having a wavelength of 660nm and 760nm.

A CT scan, obtained immediately after the last treatment course, showed complete

recovery from lung cancer.
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Excample 7

A 54 year old female patient with advanced pancreatic cancer with metastases in the
liver, was treated successfully. Prior to treatment the patient was in poor health
generally and suffering from extreme weight loss, pain ard other typical symptoms
of advanced pancreatic cancer. The treatment consisted of three courses. For each
course, five doses of 62.5-187.5mg chlorin e4 sodium were administered orally over
the course of eight days. About 24 hours after each oral dose of chlorin e4 sodium,
the patient was treated with laser and LED light having a wavelength of 660nm and
760nm.

PET/CT scans of the pancreas, obtained before and after treatment, showed
improvements and a good treatment response in the pancreatic area. The patient
had no photosensitive reaction and suffered less pain. Unfortunately bowel

blocking and malnutrition caused the patient’s death.

Example 8

A 67 year old female patient with non-small cell lung cancer with metastases in the
lymph nodes and bones, was treated successfully. The treatment consisted of two
courses. For each course, five doses of 62.5-187.5mg chlorin e¢4 sodium were
administered orally over the course of eight days. About 24 hours after each oral
dose of chlorin e4 sodium, the patient was treated with laser and LED light having a

wavelength of 660nm and 760nm.

PEL/CT scans of the lungs, obtained before and after treéatment, showed a
remarkable response to treatment, with many tumours disappearing and the
remaining tumours showing no or low metabolic activity after treatment. ‘The
patient suffered no side effects and her health improved. She is currently alive and
well, 10 months after starting her treatment and seven months after completion of

her treatment.



10

15

20

25

30

WO 2014/091241 PCT/GB2013/053285

-39 ..

Example 9

A 54 year old female patient with breast cancer in the right breast was treated
successfully. The treatment consisted of three courses: For each course, five doses
of 62.5-187.5mg chlorin e4 sodium were administered orally over the course of
cight days. 24-48 hours after each oral dose of chlorin e4 sodium, the patient was

treated with laser and LED light having a wavelength of 660nm and 760nm.

Mammography, ultrasound and PET/CT scans of the breasts, obtained before and
after treatment, showed a complete response. The patient suffered no side effects.
She is currently alive and well, one year and seven months after starting her

treatment and 10 months after completion of her treatment.

Excample 10

A 33 year old male patient with naso pharyngeal carcinoma with metastases in the
lymph nodes of the left neck and in the lung, was treated successfully. 'The
treatment consisted of five coutses. For each course, five doses of 62.5-187.5mg
chlorin e4 sodium were administered orally over the course of eight days. 24-48
hours after each oral dose of chlorin e4 sodium, the patient was treated with laser
and LED light having a wavelength of 660nm and 760nm. Additionally an
interstitial light treatment using a fine needle was performed on the left lung to a
tumour that was large in size with an optical fibre laser having a wavelength of

660nm and 760nm.

PET/C'I scans showed a very good treatment response. The patient is currently
alive and well, one year and five months after starting his treatment and two months

after completion of his treatment.

Escample 11

A 44 year old female patient with lung cancer with metastases in the lymph nodes

and sacrum bone, was treated successfully. The patient had an operation to remove
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the primary tumour of the lung and completed four cycles of chemotherapy.
Subsequent PET/CT scans showed tumours in the lymph nodes of the neck, the
lymph nodes in the left arm pit and the sacrum bone. The treatment consisted of
five courses. For each course, five doses of 62.5-187.5mg chlorin e4 sodium were
administered orally over the course of eight days. 24-48 hours after each oral dose
of chlorin e4 sodium, the patient was treated with laser and LED light having a
wavelength of 660nm and 760nm. Additionally, for two of the treatment courses,
an interstitial light treatment using a fine needle was performed on the sacrum bone
with an optical fibre laser having a wavelength of 660nm and 760bm. Additionally,
mesothelium bone growth therapy was administered for the last two treatment

courses.

PET/CT scans showed a complete response, with no active tumours in the patient’s

body. The patient is currently alive and well, 10 months after starting her treatment

and four months after completion of her treatment.

Example 12

A 52 year old male patient with brain cancer with metastases in the lung and lymph
nodes, was treated successfully. An MRI scan showed a large tumour mass in the
brain. The patient had an operation to debulk the tumour pressing against his brain,
but he did not have any chemotherapy or radiotherapy. Subsequent PET/CT scans
showed active tumours in the brain with metastases in both lungs and the lymph
nodes in the right cervical and right supraclavicular regions. The patient
experienced occasional epiléptic seizures and severe headaches. The treatment
consisted of two courses. For each course, five doses of 62.5-187.5mg chlorin e4
sodium were administeted orally over the coutse of eight days. 24-48 hours after
each oral dose of chlorin e4 sodium, the patient was treated with laser and LED

light having a wavelength of 660nm and 760nm.

PET/CT scans showed a complete response in the lungs and no metabolic activity
in the atea of the brain tumour. The lymph nodes were not yet clear, and the

patient will undergo a third treatment course.
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Example — clinical study with patients suffering from advanced non-small cell

lung cancer

Through pathology or cytology diagnosis, 66 advanced non-small cell lung cancer
patients were selected and randomly divided into two groups. Group A had 32
patients who were treated with chlorin e4 sodium. Group B had 34 patients who

were treated with both chemotherapy -and radiotherapy.

For group A, chlorin e4 sodium was administered at a dosage of 2 mg per kilogram
of boedy weight, with two thirds administered by inhalation and one third
administered orally. After the irradiation target(s) had been determined, an optical
fibre for laser treatment purposes was guided into the lung tumor(s) via an
interstitial procedure. Irradiation light intensity was 200 J/cm?, irradiation power
was 1,000 mW, and irradiation lasted for eight to ten minutes. Laser irradiation into
the tumor was two to five centimeters in depth. Irradiation was either performed
phase by phase (sub-paragraph treatment) based on tumor size or performed

repeatedly.

For group B, for the radiotherapy, a 15 MV X-ray radiation therapy irradiation field
covered primary lung tumor lesion(s) and mediastinal lymphatic drainage area, with
a dosage of 65-70 Gy, administered on every first day in a week of radiotherapy.

bior the chemotherapy, 20 mg cisplatin was administered by intravenous application.

One and two years survival rates for groups A and B were 93.75%, 70.60% and
68.75, 32.35% respectively, the difference was statistically significant (P<0.05). The
combined complete and partial remission rates for groups A and B were 56.20% and
21.30%, the rate of group A was significantly higher than that of group B, the

difference was statistically significant (P<0.05).
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Example — study with mice with subcutancous S180 sarcoma

In this experiment the effects of photodynamic therapy mediated by three different
photosensitizers, namely Duteroporphyrin, chlorin e4 sodium and 5-ALA, on mouse
S180 sarcoma were observed.  Duteroporphyrin and 5-ALA are porphyrin

derivatives.

40 Kunming mice with well grown subcutaneous S180 sarcoma were randomly
divided into four groups: (A) Duteroporphytin group (10mg/kg), (B) chlorin e4
sodium group (20mg/kg), (C) 5-ALA group (100mg/kg) and (D) blank control
group. The mice in groups A and B were subjected to irradiation 8-10 hours after
tail vein injection of the photosensitizers, while the mice in group C were subjected
to irradiation 3 hours after tail vein injection of the photosensitizer. A laser with a
wavelength of 630nm was used for groups A and C, while a duel-frequency laser
with wavelengths of 660nm and 760nm was used for group B. The local tumour
sites were irradiated vertically, with the diameter of the laser spots being 1.2-1.5cm.
The whole tumour and 3-5mm of normal tissue around the tumour were covered by
the laser. The lasers were applied to groups A, B and C for 20 minutes, with a
power density of 150mW/cm® and an energy density of 180]/cm® The mice in

control group D were not subjected to trradiation.

After the treatments, tumour changes in appearance were observed. Black eschars
were seen in groups A and B after treatments, while the eschars observed in group
C were thinner and brownish red in colour. Skins and fur wete fully recovered in all
three treattnent groups after the eschars had fallen off; group C was the fastest in

skin repairing,

From the tumour growth curves it could be seen that there was no obvious
difference in sizes of tumours between the treatment groups A, B and C and the
control group D six days after the treatments. This was possibly caused by the
oederna and eschars caused by the treatment which occurred at the irradiation sites.
Observation of the tumours’ sizes 21 days after the treatments indicated that the

mean volume differences between all treatment groups A, B and C and the control
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group D were statistically significant (P<0.05), the mean volume being statistically
significantly smaller in treatment groups A, B and C than the control group D. The

mean volume difference between group B and group C was also statistically

significant (P<0.05), the mean volume being statistically significantly smaller in

group B than group C.

Moreover, all treatment groups showed statistically significant tumour inhibition
compared to the control group D, and group B showed a statistically significantly
better therapeutic effect than group C (P<0.05). The tumour inhibition rates of
groups A, B and C were respectively 62.5%, 75.4% and 37.2%.

Based on the analysis of apoptotic and necrotic tumour cells by FCM 24 hours after
treatments, the proportions of apoptotic and necrotic tumour cells were a lot higher
and living cells were obviously fewer in all treatment groups A, B and C than in the
control group D, indicating that all treatment groups showed clear effects in killing

cancer cells.

The pathological sections of the tumour tissues were observed via HE staining. The
pathological changes of tumour tissues in the treatment groups A, B and C 24 hours
after the treatment included: a wide range of tumour necrosis, tumour vascular

disruption and neutrophil infiltration.

The mechanisms of killing tumour cells by photodynamic therapy include directly
killing tumour cells, damaging tumour vessels and stimulating patients’ immune
systems. These factors may benefit each other and they are all long-term tumour-

controlling mechanisms.

To sum up, this study verified that photodynamic therapy with Duteroporphyrin,
chlorin e4 sodium and 5-ALA can inhibit the growth of 5180 sarcoma in mice.
Chlorin e4 sodium had a similar or slightly better therapeutic effect than

Duteroporphyrin, and a statistically significantly better therapeutic effect than 5-
ALA.
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It will be understood that the present invention has been described above by way of
example only. The examples are not intended to limit the scope of the invention.
Various modifications and embodiments can be made without departing from the

scope and spirit of the invention, which is defined by the following claims only.
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Claims

1.

5 2.

comprising less than 10% of other stereoisomers.

3.

Yy

4.

and comprising less than 10% of other stereoisomerts.

Chlorin e4 sodium, comprising less than 10% of other stereoisomers.

Chlorin e4 sodium, comprising chlorin e4 and sodium in a ratio of 1:2 and

Chlorin e4 sodium, having the structure:

e

CO,

and comprising less than 10% of other stereoisomers.

Chlorin e4 sodium, having the structure:

[T

COZ“ Na+

[H+]z [Na+]2
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5. A process of preparing chlorin e4 sodium comprising less than 10% of othet

stereoisomers, comprising the step of reacting chlotin e4 with a sodium compound.

5 6. The process of claim 5, wherein the chlorin e4 sodium obtained comprises

chlorin e4 and sodium in a ratio of 1:2.

7. The process of claim 5 or 6, wherein the chlorin e4 sodium obtained has the

structure:

[H']; [Na'l

T

Co,
10 — —

8. The process of any one of claims 5 to 7, wherein the chlorin e4 sodium

obtained has the structure:

i

COZ_ Nﬂ+
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9. The process of any one of claims 5 to 8, wherein the sodium compound is

sodium hydroxide.

10.  The process of any one of claims 5 to 9, whetein chlorin e4 is reacted with

the sodium compound in the presence of a base.

11. The process of claim 10, wherein the base is an amine base.
12. The process of claim 11, wherein the amine base is thiamine pyrophosphate.
13, The process of any one of claims 5 to 12, whetein chlorin e4, the sodium

compound and the optional base are used in a molar ratio of 0.15-1 : 45-60 : 0-12.

14, Chlotin e4 sodium preparable by a process of any one of claims 5 to 13.

15. - Chlorin e4 sodium when prepated by a process of any one of claims 5 to 13.
16. The chlorin e4 sodium of any one of claims 1-4 or 14-15, for use in
medicine.

17. The chlorin e4 sodium of any one of claims 1-4 or 14-16, for use in

photodynamic therapy or cytoluminescent therapy.

18. The chlorin ¢4 sodium of any one of claims 1-4 or 14-17, for use in the
treatment of atherosclerosis; multiple sclerosis; diabetes; diabetic retinopathy;
arthritis; rheumatoid arthritis; a fungal, viral, chlamydial, bacterial, nanobacterial or
parasitic infectious disease; HIV; Aids; infection with sars virus, Asian (chicken) flu
virus, herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular
disease; coronary artery stenosis; carotid artery stenosis; intermittent claudication; a
dermatological condition; acne; psoriasis; a disease characterised by benign or
malignant cellular hyperproliferation or by areas of neovascularisation; a benign or

malignant tumour; early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell
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tumour; retinoblastoma; age-related macular degeneration; lymphoma; Hodgkin’s
lymphoma; head and neck cancer; oral or mouth cancet; or cancer of the blood,
prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx,
trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile
duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, liver, gall

bladder, spleen, brain, lymphatic system, bones, skin or pancreas.

19.  The chlotin ¢4 sodium of any one of claims 1-4 or 14-18, for use in the
treatment of a disease characterised by benign or malignant cellular

hypetproliferation or by areas of neovascularisation.

20). The chlorin e4 sodium of any one of claims 1-4 or 14-19, for use in the

treatment of a benign or malignant tumout.

21. The chlorin e4 sodium of any one of claims 1-4 or 14-20, for use in the
treatment of early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell tumous;
retinoblastoma; age-related macular degeneration; lymphoma; Hadgkin’s lymphoma;
head and neck cancer; oral or mouth cancer; or cancer of the blood, prostate,
cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx,
bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine,
colon, colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain,

lymphatic system, bones, skin or pancreas.

22. The chlorin e4 sodium of any one of claims 1-4 or 14-16, for use in

photodynamic diagnosis.

23..  'The chlorin e4 sodium of any one of claims 16 to 22, wherein the chlorin e4

sodium is adapted for administration prior to administration of irradiation.

24, The chlorin e4 sodium of claim 23, whetein the irradiation is electromagnetic

radiation with a wavelength in the range of from 500nm to 1000nm.
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25. A pharmaceutical composition comprising chlotin e4 sodium of any one of

claims 1-4 or 14-24 and a pharmaceutically acceptable carrier or diluent.

26.  The pharmaceutical composition of claim 25, for use in photodynamic

therapy or cytoluminescent therapy.

27. The pharmaceutical composition of claim 25 or 26, for use in the treatment
of atherosclerosis; multiple sclerosis; diabetes; diabetic retinopathy; arthritis;
theumatoid arthritis; a fungal, viral, chlamydial, bactetial, nanobacterial or parasitic
infectious disease; HIV; Aids; infection with sars virus, Asian (chicken) flu virus,
herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular disease;
cotonary artery stenosis, carotid artery stenosis; intermittent claudication; a
dermatological condition; acne; psoriasis; a disease characterised by benign or
malignant cellular hyperproliferation or by areas of neovascularisation; a benign or
malignant tumour; early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell
tumour; retinoblastoma; age-related macular degeneration; lymphoma; Hodgkin’s
lymphoma; head and neck cancer; oral or mouth cancer; or cancer of the blood,
prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx,
trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile
duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, liver, gall

bladder, spleen, brain, lymphatic system, bones, skin or pancreas.

28. ‘The pharmaceutical composition of any one of claims 25 to 27, for use in the

treatment of a disease characterised by Dbenign or malignant cellular

hyperproliferation ot by areas of neovascularisation.

29.  The pharmaceutical composition of any one of claims 25 to 28, for use in the

treatment of a benign or malignant tumour.

30. The pharmaceutical composition of any one of claims 25 to 29, for use in the

treatment of early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell tumour;

retinoblastoma; age-related macular degeneration; lymphoma; Hodgkin’s lymphoma;

head and neck cancer; oral or mouth cancer; or cancer of the blood, prostate,
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cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx,
bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine,
colon, colorectum, tectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain,

lymphatic system, bones, skin or pancreas.

31. The pharmaceutical composition of claim 25, for use in photodynamic
diagnosis.
32. The pharmaceutical composition of any one of claims 25 to 31, wherein the

pharmaceutical composition is adapted for administration prior to administration of

irradiation.

33.  The pharmaceutical composition claim 32, wherein the irradiation is

electromagnetic radiation with a wavelength in the range of from 500nm to 1000nm.

34, The pharmaceutical composition of any one of claims 25 to 33, wherein the
pharmaceutical composition is in a form suitable for oral, parentetal (including
intravenous, subcutaneous, intramuscular, intradermal, intratracheal, intraperitoneal,
intraatticular, intraabdominal, intracranial and epidural), transdermal, airway
(aerosol), rectal, vaginal or topical (including buccal, mucosal and sublingual)

administration.

35. The pharmaceutical composition of claim 34, wherein the pharmaceutical

composition is in a form suitable for oral or parenteral administration.

36. Use of chlotrin e4 sodimum of any one of claims 1-4 or 14-24 in the
manufacture of a medicament for the treatment of a benign or malignant tumour;
eatly cancer; cervical dysplasia; soft tissue sarcoma; a germ cell tumour;
retinoblastoma; age-related macular degeneration; lymphoma; Hodgkin’s lymphoma;
head and neck cancer; otal or mouth cancet; ot cancer of the blood, prostate,
cervix, utetus, vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx,

bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine,
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colon, colorectum, rectum, bladder, ureter, kidney, liver, gall bladdet, spleen, brain,

lymphatic system, bones, skin or pancreas.

37. Use of chlorin e4 sodium of any one of claims 1-4 or 14-24 in the
manufacture of a phototherapeutic agent for use in photodynamic therapy ot

cytoluminescent therapy.

38. The use of claim 37, whetein the phototherapeutic agent is for the treatment
of a benign or malignant tumour; early cancer; cervical dysplasia; soft tissue
sarcoma; a germ cell tumour; retinoblastoma; age-related macular degeneration;
lymphoma; Hodgkin’s lymphoma; head and neck cancer; otal or mouth cancer; ot
cancer of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast,
naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow otgans, esophagus,
stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney,

liver, gall bladder, spleen, brain, lymphatic system, bones, skin ot pancreas.

39, The use of any one of claims 36 to 38, wherein the medicament or the

phototherapeutic agent is for the treatment of a benign or malignant tumour.

40.  The usé of any one of claims 36 to 39, wherein the medicament or the
phototherapeutic agent is for the treatment of early cancer; cervical dysplasia; soft
tissue sarcoma; a germ cell tumour; retinoblastoma; age-related macular
degeneration; lymphoma; Hodgkin’s lymphoma; head and neck cancer; oral or
mouth cancer; or cancer of the blood, prostate, cervix, uterus, vaginal or other
female adnexa, breast, naso-pharynx, trachea, larynx, bronchi, bronchioles, lung,
hollow organs, esophagus, stomach, bile duct, intestine, colon, colorectum, rectum,
bladder, ureter, kidney, liver, gall bladder, spleen, brain, lymphatic systetm, bones,

skin or pancreas.

41. Use of chlorin e4 sodium of any one of claims 1-4 or 14-24 in the

manufacture of a photodiagnostic agent for use in photodynamic diagnosis.



-52_

42, The use of any one of claims 36 to 41, wherein the medicament, the
phototherapeutic agent or the photodiagnostic agent is adapted for administration

ptior to administration of irradiation.

43, 'The use of claim 42, wherein the irradiation is electromagnetic radiation with

a wavelength in the range of from 500nm to 1000nm.



