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CHLORIN DERIVATIVE USEFUL IN
PHOTODYNAMIC THERAPY AND
DIAGNOSIS

TECHNICAL FIELD

[0001] The present invention relates to chlorin e4 sodium
and a process for its preparation. Chlorin e4 sodium is suit-
able 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 a method
of photodynamic therapy, cytoluminescent therapy or photo-
dynamic diagnosis, for example for treating or detecting a
tumour.

BACKGROUND ART

[0002] Porphyrins and their derivatives are known photo-
sensitive chemical compounds, which can absorb light pho-
tons and emit them at higher wavelengths. There are many
applications for such unique properties and PDT (photody-
namic therapy) is one of them.

[0003] During light activation, a molecule goes from the
ground state (S,) to a singlet excited state (S,), (S,—=S, tran-
sition), and then falls back down to the ground state (S,),
(S,—=S, 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 effi-
ciently populated by direct excitation. However, intersystem
crossing S, —T, occurs isoenergetically followed by deacti-
vation 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.

[0004] FIG. 1 shows a modified Jablonski diagram for a
typical photosensitizer, outlining the principle photophysical
processes of interest.

[0005] 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.

[0006] Such unique properties make many photosensitive
molecules good photosensitizers for PDT.

[0007] Presently, there are two generations of photosensi-
tizers for PDT. The first generation comprises hem porphy-
rins (blood derivatives), and the second for the most part are
chlorophyll derivatives. The later compounds are known as
chlorins and bacteriochlorins.

[0008] Chlorins show photophysical properties similar to
those of the porphyrin systems, but have an enhanced, red-
shifted Q band (670 nm) which makes chlorin-containing
systems better candidates for PDT. Chlorophyll 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 contamina-
tion with chlorophyll b, thus avoiding a tedious chromato-
graphic separation.

Nov. 5, 2015

[0009] A water-soluble chlorophyll derivative, known as
tri-sodium copper(Il) chlorin e6, has been used in the treat-
ment of various human ailments with no evidence of toxicity,
skin sensitization or other serious side effects.

[0010] Chlorin e4 was studied recently and was shown to
display good photosensitive activity. It was indicated that
chlorin e4 has a protective effect against indomethacin-in-
duced 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-gastrel-
cosis and liver injury protection. WO 2009/040411 suggests
the use of a chlorin e4 zinc complex in photodynamic therapy.

chlorin e4

[0011] However, there is an ongoing need for better photo-
sensitizers. 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 organic and
aqueous media. There is also a need for compounds that have
a high fluorescence quantum yield.

SUMMARY OF THE INVENTION

[0012] A firstaspect of the present invention provides chlo-
rin 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 structure:

[H']> [Na'];

COy”
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[0013] Preferably the chlorin e4 sodium has the structure:

€O, Na*

[0014] The skilled person will appreciate that the negative
charges on the chlorin structures shown in the above repre-
sentations are delocalized over the conjugated system.

[0015]
rin e4 sodium of the present invention is preferably substan-
tially enantiomerically pure, which means that the chlorin e4
sodium comprises less than 10% of other stereoisomers, pref-
erably less than 5%, preferably less than 3%, preferably less
than 2%, preferably less than 1%.

[0016] A second aspect of the present invention provides a
process of preparing chlorin e4 sodium, comprising the step
of reacting chlorin e4 with a sodium compound. Preferably
the chlorin e4 sodium obtained comprises chlorin e4 and

Chlorin e4 sodium has two chiral centres. The chlo-

sodium in a ratio of 1:2. Preferably the chlorin e4 sodium
obtained has the structure:

COy”
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[0017] Preferably the chlorin e4 sodium obtained has the
structure:

€O, Na*

[0018] The skilled person will appreciate that the negative
charges on the chlorin structures shown in the above repre-
sentations are delocalized over the conjugated system.
[0019] Preferably the sodium compound is sodium hydrox-
ide, sodium carbonate, a carboxylic acid sodium salt (such as
sodium stearate or sodium acetate), a sodium halide (such as
sodium fluoride) or sodium hydride. Preferably the sodium
compound is sodium hydroxide, a carboxylic acid sodium salt
(such as sodium stearate or sodium acetate), a sodium halide
(such as sodium fluoride) or sodium hydride. Preferably the
sodium compound is sodium hydroxide or sodium carbonate.
More preferably the sodium compound is sodium hydroxide.
[0020] 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 thia-
mine pyrophosphate or DMAP. If used, the base is preferably
thiamine pyrophosphate.

[0021] Preferably chlorin e4, the sodium compound and the
optional base are used in a molar ratio of 0.15-1:45-60:0-12.
[0022] 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-pro-
panol or isopropanol), water, DMF, chloroform, DMSO, tolu-
ene or a mixture thereof. Preferably the solvent is selected
from methanol, ethanol, water or a mixture thereof. Prefer-
ably the solvent is selected from methanol, water or a mixture
thereof. Preferably the solvent is a mixture of methanol and
water.

[0023] Preferably the reaction is carried out at a tempera-
ture of 60° C. or less. Preferably the reaction is carried out at
a temperature in the range of 25-60° C.

[0024] Preferably the reaction is carried out over 1 to 12
hours, preferably over 3 to 8 hours.

[0025] The chlorin e4 sodium obtained may be purified by
filtering, for example through a 45 pm Millipore filter. Alter-
natively or additionally, the chlorin e4 sodium obtained may
be purified by chromatography, for example by flash chroma-
tography on a silica gel column. The chlorin e4 sodium may
be isolated by lyophilisation.

[0026] A third aspect of the present invention provides
chlorin e4 sodium preparable by a process according to the
second aspect of the present invention. The third aspect of the
present invention also provides chlorin e4 sodium when pre-
pared by a process according to the second aspect of the
present invention.
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[0027] A fourth aspect of the present invention provides a
pharmaceutical composition comprising chlorin e4 sodium
according to the first or third aspect of the present invention
and a pharmaceutically acceptable carrier or diluent.

[0028] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention is suitable for use
in medicine.

[0029] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for use in photodynamic
therapy or cytoluminescent therapy.

[0030] Preferably the chlorin e4 sodium according to first
or third aspect of the present invention and the pharmaceuti-
cal composition according to the fourth aspect of the present
invention are 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 cardio-
vascular disease; coronary artery stenosis; carotid artery
stenosis; intermittent claudication; a dermatological condi-
tion; acne; psoriasis; a disease characterised by benign or
malignant cellular hyperproliferation or by areas of neovas-
cularisation; 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, cer-
vix, uterus, vaginal or other female adnexa, breast, naso-
pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow
organs, esophagus, stomach, bile duct, intestine, colon, col-
orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system or bones.

[0031] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for the treatment of a disease
characterised by benign or malignant cellular hyperprolifera-
tion or by areas of neovascularisation.

[0032] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for the treatment of a benign or
malignant tumour.

[0033] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for the treatment of early can-
cer; 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 are suitable for the treatment of early cancer; cervical
dysplasia; soft tissue sarcoma; a germ cell tumour; retinoblas-
toma; age-related macular degeneration; Hodgkin’s lym-
phoma; or cancer of the blood, prostate, cervix, uterus, vagi-
nal or other female adnexa, breast, naso-pharynx, trachea,
larynx, bronchi, bronchioles, lung, hollow organs, esopha-
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gus, stomach, bile duct, intestine, colon, colorectum, rectum,
bladder, ureter, kidney, liver, gall bladder, spleen, brain, lym-
phatic system or bones. Preferably they are 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, kid-
ney, 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, esopha-
gus, bones or skin.

[0034] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for use in photodynamic diag-
nosis.

[0035] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for the detection of atheroscle-
rosis; 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 can-
cer; cervical dysplasia; soft tissue sarcoma; a germ cell
tumour; retinoblastoma; age-related macular degeneration;
Hodgkin’s lymphoma; or cancer of the blood, prostate, cer-
vix, uterus, vaginal or other female adnexa, breast, naso-
pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow
organs, esophagus, stomach, bile duct, intestine, colon, col-
orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system or bones.

[0036] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for the detection of an area that
is affected by benign or malignant cellular hyperproliferation
or by neovascularisation.

[0037] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for the detection of a benign or
malignant tumour.

[0038] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for the detection of early can-
cer; 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 are suitable for the detection of early cancer; cervical
dysplasia; soft tissue sarcoma; a germ cell tumour; retinoblas-
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toma; age-related macular degeneration; Hodgkin’s lym-
phoma; or cancer of the blood, prostate, cervix, uterus, vagi-
nal or other female adnexa, breast, naso-pharynx, trachea,
larynx, bronchi, bronchioles, lung, hollow organs, esopha-
gus, stomach, bile duct, intestine, colon, colorectum, rectum,
bladder, ureter, kidney, liver, gall bladder, spleen, brain, lym-
phatic system or bones. Preferably they are 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, kid-
ney, 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, esopha-
gus, bones or skin.

[0039] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are suitable for the fluorescent or phospho-
rescent detection of the diseases listed above, preferably for
the fluorescent or phosphorescent detection and quantifica-
tion of the said diseases.

[0040] Preferably the chlorin e4 sodium according to the
first or third aspect of the present invention and the pharma-
ceutical composition according to the fourth aspect of the
present invention are adapted for administration simulta-
neous with or prior to administration of irradiation or sound,
preferably for administration prior to administration of irra-
diation.

[0041] Ifthechlorin e4 sodium according to the first or third
aspect of the present invention or the pharmaceutical compo-
sition according to the fourth aspect of the present invention
are for use in photodynamic therapy or cytoluminescent
therapy, then they are preferably adapted for administration 5
to 100 hours before the irradiation, preferably 6 to 72 hours
before the irradiation, preferably 24 to 48 hours before the
irradiation.

[0042] Ifthechlorin e4 sodium according to the first or third
aspect of the present invention or the pharmaceutical compo-
sition according to the fourth aspect of the present invention
are for use in photodynamic diagnosis, then they are prefer-
ably adapted for administration 3 to 60 hours before the
irradiation, preferably 8 to 40 hours before the irradiation.

[0043] Preferably the irradiation used in the photodynamic
therapy, cytoluminescent therapy or photodynamic diagnosis
is electromagnetic radiation with a wavelength in the range of
from 500 nm to 1000 nm, preferably from 600 nm to 790 nm.
The electromagnetic radiation may be administered for about
5-60 minutes, preferably for about 15-20 minutes, at about
0.1-5 W, preferably at about 1 W. In one embodiment of the
present invention, 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 600 nm to 690
nm, preferably about 660 nm, the other source with a wave-
length in the range of from 700 nm to 790 nm, preferably
about 760 nm. In another embodiment of the present inven-
tion, 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
600 nm to 690 nm, preferably about 660 nm, and irradiation
with a wavelength in the range of from 700 nm to 790 nm,
preferably about 760 nm. In another embodiment of the
present invention, the irradiation may be provided by a pros-
tate, anal, vaginal, mouth and nasal device for insertion into a
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body cavity. In another embodiment of the present invention,
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 embodi-
ment of the present invention, the irradiation may be provided
by endoscopic light activation, for example, for delivering
light to the lung, stomach, colon, bladder or neck.

[0044] The pharmaceutical composition according to the
fourth aspect of the present invention may be in a form suit-
able for oral, parental (including intravenous, subcutaneous,
intramuscular, intradermal, intratracheal, intraperitoneal,
intraarticular, intraabdominal, intracranial and epidural),
transdermal, airway (aerosol), rectal, vaginal or topical (in-
cluding buccal, mucosal and sublingual) administration. The
pharmaceutical composition may also be in a form suitable
for administration by enema or for administration by injec-
tion into a tumour. Preferably the pharmaceutical composi-
tion is in a form suitable for oral, parental or airway admin-
istration, preferably in a form suitable for oral or parental
administration, preferably in a form suitable for oral admin-
istration.

[0045] In one preferred embodiment, 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,
troche or lozenge, as a powder or granules, or as an aqueous
solution, suspension or dispersion. More preferably the phar-
maceutical composition is provided in the form of an aqueous
solution, suspension or dispersion for oral 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 oral adminis-
tration. Preferably the pharmaceutical composition is in a
form suitable for providing 0.01 to 10 mg/kg/day of the chlo-
rin e4 sodium, preferably 0.1 to 5 mg/kg/day, preferably
about 3 mg/kg/day.

[0046] Inanother preferred embodiment, the pharmaceuti-
cal composition is in a form suitable for parental administra-
tion. Preferably the pharmaceutical composition is in a form
suitable for intravenous administration. Preferably the phar-
maceutical 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 com-
position is an aqueous solution or suspension having a pH of
from 6 to 8.5.

[0047] Inanother preferred embodiment, the pharmaceuti-
cal composition is in a form suitable for airway administra-
tion. Preferably the pharmaceutical composition is provided
in the form of an aqueous solution, suspension or dispersion
for airway 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 pharma-
ceutical 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.

[0048] A fifth aspect of the present invention provides use
of chlorin e4 sodium according to the first or third aspect of
the present invention in the manufacture of a medicament for
the treatment of atherosclerosis; multiple sclerosis; diabetes;
diabetic retinopathy; arthritis; rheumatoid arthritis; a fungal,
viral, chlamydial, bacterial, nanobacterial or parasitic infec-
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tious 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 charac-
terised 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 degenera-
tion; 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, col-
orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system or bones.

[0049] The fifth aspect of the present invention also pro-
vides use of chlorin e4 sodium according to the first or third
aspect of the present invention in the manufacture of a pho-
totherapeutic agent for use in photodynamic therapy or
cytoluminescent therapy. Preferably the phototherapeutic
agent is suitable for the treatment of atherosclerosis; multiple
sclerosis; diabetes; diabetic retinopathy; arthritis; theumatoid
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 hyper-
proliferation or by areas of neovascularisation; a benign or
malignant tumour; early cancer; cervical dysplasia; soft tis-
sue 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 adn-
exa, breast, naso-pharynx, trachea, larynx, bronchi, bronchi-
oles, lung, hollow organs, esophagus, stomach, bile duct,
intestine, colon, colorectum, rectum, bladder, ureter, kidney,
liver, gall bladder, spleen, brain, lymphatic system or bones.
[0050] Preferably the medicament or the phototherapeutic
agent of the fifth aspect of the present invention is suitable for
the treatment of a disease characterised by benign or malig-
nant cellular hyperproliferation or by areas of neovasculari-
sation.

[0051] Preferably the medicament or the phototherapeutic
agent of the fifth aspect of the present invention is suitable for
the treatment of a benign or malignant tumour.

[0052] Preferably the medicament or the phototherapeutic
agent of the fifth aspect of the present invention is 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 adn-
exa, breast, naso-pharynx, trachea, larynx, bronchi, bronchi-
oles, 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
early cancer; cervical dysplasia; soft tissue sarcoma; a germ
cell tumour; retinoblastoma; age-related macular degenera-
tion; 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, col-
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orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system or bones. Preferably it is
suitable for the treatment of lymphoma; Hodgkin’s lym-
phoma; 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 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.

[0053] The fifth aspect of the present invention also pro-
vides use of chlorin e4 sodium according to the first or third
aspect of the present invention in the manufacture of a pho-
todiagnostic agent for use in photodynamic diagnosis.
[0054] Preferably the photodiagnostic agent of the fifth
aspect of the present invention is suitable for the detection of
atherosclerosis; multiple sclerosis; diabetes; diabetic retin-
opathy; arthritis; rheumatoid arthritis; a fungal, viral, chlamy-
dial, 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 can-
cer; cervical dysplasia; soft tissue sarcoma; a germ cell
tumour; retinoblastoma; age-related macular degeneration;
Hodgkin’s lymphoma; or cancer of the blood, prostate, cer-
vix, uterus, vaginal or other female adnexa, breast, naso-
pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow
organs, esophagus, stomach, bile duct, intestine, colon, col-
orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system or bones.

[0055] Preferably the photodiagnostic agent of the fifth
aspect of the present invention is suitable for the detection of
an area that is affected by benign or malignant cellular hyper-
proliferation or by neovascularisation.

[0056] Preferably the photodiagnostic agent of the fifth
aspect of the present invention is suitable for the detection of
a benign or malignant tumour.

[0057] Preferably the photodiagnostic agent of the fifth
aspect of the present invention is suitable for the detection of
early cancer; cervical dysplasia; soft tissue sarcoma; a germ
cell tumour; retinoblastoma; age-related macular degenera-
tion; lymphoma; Hodgkin’s lymphoma; head and neck can-
cer; 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, col-
orectum, 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, cer-
vix, uterus, vaginal or other female adnexa, breast, naso-
pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow
organs, esophagus, stomach, bile duct, intestine, colon, col-
orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system or bones. Preferably it is
suitable for the detection of lymphoma; Hodgkin’s lym-
phoma; oral or mouth cancer; or cancer of the prostate, cervix,
vaginal or other female adnexa, breast, naso-pharynx, lung,
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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,
cervix, vaginal or other female adnexa, breast, naso-pharynx,
lung, esophagus, bones or skin.

[0058] Preferably the photodiagnostic agent of the fifth
aspect of the present invention is suitable for the fluorescent
or phosphorescent detection of the said diseases, preferably
the fluorescent or phosphorescent detection and quantifica-
tion of the said diseases.

[0059] Preferably the medicament, the phototherapeutic
agent or the photodiagnostic agent is adapted for administra-
tion simultaneous with or prior to administration of irradia-
tion or sound, preferably for administration prior to adminis-
tration of irradiation.

[0060] If the medicament or the phototherapeutic agent is
for use in photodynamic therapy or cytoluminescent therapy,
then it is preferably adapted for administration 5 to 100 hours
before the irradiation, preferably 6 to 72 hours before the
irradiation, preferably 24 to 48 hours before the irradiation.
[0061] If the photodiagnostic agent is for use in photody-
namic diagnosis, then it is preferably adapted for administra-
tion 3 to 60 hours before the irradiation, preferably 8 to 40
hours before the irradiation.

[0062] Preferably the irradiation used in the photodynamic
therapy, cytoluminescent therapy or photodynamic diagnosis
is electromagnetic radiation with a wavelength in the range of
from 500 nm to 1000 nm, preferably from 600 nm to 790 nm.
The electromagnetic radiation may be administered for about
5-60 minutes, preferably for about 15-20 minutes, at about
0.1-5 W, preferably at about 1 W. In one embodiment of the
present invention, 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 600 nm to 690
nm, preferably about 660 nm, the other source with a wave-
length in the range of from 700 nm to 790 nm, preferably
about 760 nm. In another embodiment of the present inven-
tion, 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
600 nm to 690 nm, preferably about 660 nm, and irradiation
with a wavelength in the range of from 700 nm to 790 nm,
preferably about 760 nm. In another embodiment of the
present invention, the irradiation may be provided by a pros-
tate, anal, vaginal, mouth and nasal device for insertion into a
body cavity. In another embodiment of the present invention,
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 embodi-
ment of the present invention, the irradiation may be provided
by endoscopic light activation, for example, for delivering
light to the lung, stomach, colon, bladder or neck.

[0063] A sixth aspect of the present invention provides a
method of treating atherosclerosis; multiple sclerosis; diabe-
tes; diabetic retinopathy; arthritis; rheumatoid arthritis; a fun-
gal, 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 charac-
terised 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

Nov. 5, 2015

cell tumour; retinoblastoma; age-related macular degenera-
tion; 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, col-
orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system or bones; the method com-
prising administering a therapeutically effective amount of
chlorin e4 sodium according to the first or third aspect of the
present invention to a human or animal in need thereof.
[0064] The sixth aspect of the present invention also pro-
vides 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 according to the first or third aspect of the present
invention to ahuman or animal in need thereof. Preferably the
human or animal disease is atherosclerosis; multiple sclero-
sis; 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 hyper-
proliferation or by areas of neovascularisation; a benign or
malignant tumour; early cancer; cervical dysplasia; soft tis-
sue 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 adn-
exa, breast, naso-pharynx, trachea, larynx, bronchi, bronchi-
oles, lung, hollow organs, esophagus, stomach, bile duct,
intestine, colon, colorectum, rectum, bladder, ureter, kidney,
liver, gall bladder, spleen, brain, lymphatic system or bones.
[0065] Preferably the method of the sixth aspect of the
present invention is a method of treating benign or malignant
cellular hyperproliferation or areas of neovascularisation.
[0066] Preferably the method of the sixth aspect of the
present invention is a method of treating a benign or malig-
nant tumour.

[0067] Preferably the method of the sixth aspect of the
present invention is a method of treating early cancer; cervi-
cal dysplasia; soft tissue sarcoma; a germ cell tumour; retino-
blastoma; age-related macular degeneration; lymphoma;
Hodgkin’s lymphoma; head and neck cancer; oral or mouth
cancer; or cancer of the blood, prostate, cervix, uterus, vagi-
nal or other female adnexa, breast, naso-pharynx, trachea,
larynx, bronchi, bronchioles, lung, hollow organs, esopha-
gus, stomach, bile duct, intestine, colon, colorectum, rectum,
bladder, ureter, kidney, liver, gall bladder, spleen, brain, lym-
phatic system, bones, skin or pancreas. Preferably the method
is a method of treating early cancer; cervical dysplasia; soft
tissue sarcoma; a germ cell tumour; retinoblastoma; age-
related macular degeneration; Hodgkin’s lymphoma; or can-
cer of the blood, prostate, cervix, uterus, vaginal or other
female adnexa, breast, naso-pharynx, trachea, larynx, bron-
chi, bronchioles, lung, hollow organs, esophagus, stomach,
bile duct, intestine, colon, colorectum, rectum, bladder, ure-
ter, kidney, liver, gall bladder, spleen, brain, lymphatic system
or bones. Preferably the method is a method of treating lym-
phoma; Hodgkin’s lymphoma; oral or mouth cancer; or can-
cer 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
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method is a method of treating lymphoma; oral or mouth
cancer; or cancer of the prostate, cervix, vaginal or other
female adnexa, breast, naso-pharynx, lung, esophagus, bones
or skin.

[0068] The sixth aspect of the present invention also pro-
vides a method of photodynamic diagnosis of a human or
animal disease, the method comprising administering a diag-
nostically effective amount of chlorin e4 sodium according to
the first or third aspect of the present invention to a human or
animal. Preferably the human or animal disease is atheroscle-
rosis; 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 can-
cer; cervical dysplasia; soft tissue sarcoma; a germ cell
tumour; retinoblastoma; age-related macular degeneration;
Hodgkin’s lymphoma; or cancer of the blood, prostate, cer-
vix, uterus, vaginal or other female adnexa, breast, naso-
pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow
organs, esophagus, stomach, bile duct, intestine, colon, col-
orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system or bones. Preferably the
human or animal disease is characterised by benign or malig-
nant cellular hyperproliferation or by areas of neovasculari-
sation. 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; retinoblastoma; age-related macular degenera-
tion; lymphoma; Hodgkin’s lymphoma; head and neck can-
cer; 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, col-
orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system, bones, skin or pancreas.
Preferably the human or animal disease is early cancer; cer-
vical dysplasia; soft tissue sarcoma; a germ cell tumour;
retinoblastoma;  age-related  macular  degeneration;
Hodgkin’s lymphoma; or cancer of the blood, prostate, cer-
vix, uterus, vaginal or other female adnexa, breast, naso-
pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow
organs, esophagus, stomach, bile duct, intestine, colon, col-
orectum, rectum, bladder, ureter, kidney, liver, gall bladder,
spleen, brain, lymphatic system or bones. Preferably the
human or animal disease is lymphoma; Hodgkin’s lym-
phoma; 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 lym-
phoma; 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 method of photody-
namic diagnosis is suitable for the fluorescent or phosphores-
cent detection of the said diseases, preferably for the fluores-
cent or phosphorescent detection and quantification of the
said diseases.

[0069] In any of the methods of the sixth aspect of the
present invention, the human or animal is preferably further
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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 admin-
istration of the chlorin e4 sodium.

[0070] Ifthe method is a method of photodynamic therapy
or cytoluminescent therapy, then the human or animal is
preferably subjected to irradiation 5 to 100 hours after admin-
istration of the chlorin e4 sodium, preferably 6 to 72 hours
after administration, preferably 24 to 48 hours after adminis-
tration.

[0071] Ifthe method is a method of photodynamic diagno-
sis, then the human or animal is preferably subjected to irra-
diation 3 to 60 hours after administration of the chlorin e4
sodium, preferably 8 to 40 hours after administration.
[0072] Preferably the irradiation is electromagnetic radia-
tion with a wavelength in the range of from 500 nm to 1000
nm, preferably from 600 nm to 790 nm. The electromagnetic
radiation may be administered for about 5-60 minutes, pref-
erably for about 15-20 minutes, at about 0.1-5 W, preferably
atabout 1 W. In one embodiment of the present invention, 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 600 nm to 690 nm, preferably about 660 nm,
the other source with a wavelength in the range of from 700
nm to 790 nm, preferably about 760 nm. In another embodi-
ment of the present invention, 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 600 nm to 690 nm, preferably
about 660 nm, and irradiation with a wavelength in the range
of from 700 nm to 790 nm, preferably about 760 nm. In
another embodiment of the present invention, the irradiation
may be provided by a prostate, anal, vaginal, mouth and nasal
device for insertion into a body cavity. In another embodi-
ment of the present invention, 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 embodiment of the present invention, the
irradiation may be provided by endoscopic light activation,
for example, for delivering light to the lung, stomach, colon,
bladder or neck.

[0073] Preferably the human or animal is a human.

BRIEF DESCRIPTION OF THE DRAWINGS

[0074] FIG. 1 shows a modified Jablonski diagram for a
typical photosensitizer, outlining the principle photophysical
processes of interest.

[0075] FIG. 2 depicts schematically the metalation and
demetalation of a porphyrin ring.

[0076] FIG. 3 depicts schematically the reaction of 1,3-
diphenylisobenzofuran (DPIBF) with two singlet oxygens
(‘0.

[0077] FIG. 4 shows the absorption spectrum of a chlorin
e4 sodium solution (about 10 uM) in ethanol.

[0078] FIG. 5 shows the absorption spectrum of a chlorin
e4 sodium solution (about 10 uM) in water.

[0079] FIG. 6 shows the absorption spectrum of a chlorin
e4 sodium solution (about 10 uM) in water with 0.2 M deter-
gent sodium dodecyl sulphate (SDS).

[0080] FIG. 7 shows the fluorescence spectrum of a chlorin
e4 sodium solution (about 10 uM) in ethanol. Excitation
wavelength was 403 nm; the absorbance at this wavelength
was 0.10; cuvette size 1 cm.



US 2015/0315202 Al

[0081] FIG. 8 shows the fluorescence spectrum of a chlorin
e4 sodium solution (about 10 uM) in water. Excitation wave-
length was 403 nm; the absorbance at this wavelength was
0.13; cuvette size 1 cm.

[0082] FIG.9 shows the fluorescence spectrum of a chlorin
e4 sodium solution (about 10 uM) in water with 0.2 M deter-
gent sodium dodecyl sulphate (SDS). Excitation wavelength
was 403 nm; the absorbance at this wavelength was 0.13;
cuvette size 1 cm.

[0083] FIG. 10 shows the fluorescence excitation spectrum
of a chlorin e4 sodium solution (about 10 pM) in ethanol.
Fluorescence was measured at 710 nm; the absorbance at 403
nm was 0.15 in 1 cm; the optical path was 0.5 cm.

[0084] FIG. 11 shows the absorption spectra ofa solution of
DPIBF and chlorin e4 sodium in ethanol before and 14 min-
utes after irradiation by red light (660 nm).

[0085] FIG. 12 shows kinetic traces (1) and the spectrum
(2) of singlet oxygen phosphorescence after pulsed laser exci-
tation of chlorin e4 sodium in ethanol.

[0086] FIG. 13 shows kinetic traces (1) and the spectrum
(2) of singlet oxygen phosphorescence after pulsed laser exci-
tation of chlorin e4 sodium in water.

[0087] FIG. 14 shows kinetic traces of singlet oxygen phos-
phorescence after pulsed laser excitation of chlorin e4 sodium
in water with 0.2 M detergent sodium dodecyl sulphate
(SDS).

DETAILED DESCRIPTION OF THE INVENTION

[0088] Metalinsertion into the central part of'a porphyrinor
chlorin ring is known as metalation and the general chemical
process is depicted in FIG. 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 is octahedral, with the
metal ions occupying the centre of the N, porphyrin plane and
the metal ligands being in trans positions (FIG. 2).

[0089] Chlorin e4 has nine side chains, two of which carry
a carboxylic acid moiety. These carboxylic acid moieties can
form salts with a wide variety of metals (M).

[0090] Experimental Details
EXAMPLE
General Synthetic Details
[0091] Method 1: 0.15-1 mmol of chlorin e4 is dissolved in

60-100 ml of methanol. To this solution, 15-20 ml 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 45 pm 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 inven-
tion, the reaction is carried out at a temperature in the range of
25-60° C.

[0092] Method 2: 0.15-1 mmol of chlorin e4 is dissolved in
60-100 ml of methanol. To this solution, 15-20 ml of sodium
hydroxide (3M water solution) is added. Separately, 5-12
mmol of thiamine pyrophosphate is dissolved in 40-60 ml of
water, and the latter solution is added to the previous one. The
mixture is stirred until the synthesis is complete after about 6
hours. Then the mixture is filtered through a 45 um Millipore
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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 inven-
tion, the reaction is carried out at a temperature in the range of
25-60° C.

EXAMPLE

Synthesis of Chlorin e4 Sodium

[0093] Method 1: 0.5 mmol (276 mg) of chlorin e4 was
dissolved in 60 ml of methanol, and the solution was stirred
slowly for 10 minutes at 40° C. 15 ml of sodium hydroxide
(3M water solution) was added, and stirring was continued
for a further 6 hours at 60° C. Then the reaction mixture was
filtered through a 45 um 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.
[0094] The chlorin e4 sodium product was characterised by
'H and >C NMR.

[0095] 'H NMR (D,O) (ppm): 8.82 (1H), 8.64 (1H), 6.52
(1H), 6.35 (1H), 5.25 (1H), 5.12 (1H), 4.68 (2H), 4.09 (3H),
3.52 (3H), 2.87 (1H), 2.71 (2H), 2.59 (3H), 2.44 (2H), 2.06
(1H), 1.82 (3H), 0.99 (6H).

[0096] '*C NMR (D,O) (ppm): 185.7 (CO,H), 180.8
(CO,H), 171.6 (C,,.~), 170.7 (C,, ./, 148.0 (C, /),
1447 (C,./), 139.0 (C_.~), 1375 (C_,.~), 136.5
(Cruwr)s 1362 (C,,.7), 1353 (C_./), 133.9 (C_./),
133.6(C,,,~),132.5(C,,,~),131.2(C_,.7),129.5(CH=),
121.6 (CH,=), 1214 (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 (Me), 14.0 (Me), 12.6 (Me), 10.7 (Me).

[0097] Method 2: 0.5 mmol (276 mg) of chlorin e4 was
dissolved in 60 ml of methanol, and the solution was stirred
slowly for 10 minutes at 40° C. 15 ml of sodium hydroxide
(3M water solution) was added, and stirring was continued
for a further 20 minutes. Separately, 6 mmol (378 mg) of
thiamine pyrophosphate was dissolved in 50 ml 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 a 45 um 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.

[0098] The chlorin e4 sodium product was characterised by
'H and *C NMR. The same results as for method 1 were
obtained.

EXAMPLE

In Vitro Studies

[0099] 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 sys-
tems—solutions in ethanol, pure water and water containing
detergent sodium dodecyl sulfate (SDS).
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[0100] Absorption and Fluorescence Measurements
[0101] Absorption spectra were recorded using computer-
ized spectrophotometers Hitachi 3400 (Japan) and SF-2000
(Russia). Fluorescence spectra were measured with a com-
puterized spectrofluorimeter Perkin-Elmer MPF-44B. 10 mm
wide quartz cuvettes were used for absorption and fluores-
cence 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-absorp-
tion by the pigment molecules, diluted chlorin e4 sodium
solutions were used with absorbance at 403 nm which did not
exceed 0.2 cm inthe 1 cm cuvette. The fluorescence quantum
yields (@) were determined using as a reference, solutions of
TPPS (m-tetrakis(p-sulfonatophenyl)porphine) in ethanol.
According to the literature, the most likely fluorescence quan-
tum 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 porphy-
rins 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 chlo-
rophyll-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 €4 sodium in water and
ethanol. The monochromator bandwidth was 3 nm. The fluo-
rescence quantum yields (®) were calculated using the fol-
lowing equation:

Se+(1—107P7PP) /(1 - 1 —Pe)

Stpp

Op = Orpp-

[0102] where (P ,pp is the quantum yield of TPPS fluores-
cence, S, is the square under the fluorescence spectrum of the
chlorin e4 sodium sample, S5 is the square under the fluo-
rescence spectrum of TPPS, and D_ and D, are absorbance
(optical density) of the chlorin e4 sodium and TPPS respec-
tively 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 measured using a calibrated sili-
con detector from Optical Power Meter System Thorlabs
(Karlsfeld, Germany).

[0103] Detection of Singlet Oxygen Phosphorescence
[0104] 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. Phosphorescence was recorded at
room temperature with the laser phosphorescence spectrom-
eter described at A. A. Krasnovsky Jr., Photodynamic action
and singlet oxygen, Biofizika, 2004, 49, 305-321; and A. A.
Krasnovsky Jr., Singlet oxygen and primary mechanisms of
photodynamic therapy and photodynamic diseases, In: Pho-
todynamic therapy at the cellular level, ed. A. B. Uzdensky,
Research Singpost, Kerala, India, 2007, 17-62. For excita-
tion, nanosecond pulses of 511 nm radiation from a copper-
vapour laser (Troitzk, Physics Institute of the Russian Acad-
emy of Science) were employed. Laser radiation passed
additionally through a green light filter SZS-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
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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 surface 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 bandwidth of the
monochromator corresponded to a 20 nm spectral interval.
The monochromatic light was focused on the photocathode of
a cooled S-1 photomultiplier (FEU-83). The photomultiplier
signal was registered using time-correlated 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 phos-
phorescent curves were obtained after 10-20 minutes signal
accumulation and therefore samples were changed many
times. As described previously (D. A. Butorina, A. A. Kras-
novsky 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, Photo-
chemical Photobiological Sciences, 2009, 8, 1724-1733), for
computer analysis the following two-exponential equation
was used:

IO [eXP(~K gocay )=eXp(yis. D47

[0105] where k..., and k,, ., are the rate constants of the
decay and rise phases of the phosphorescence curves after a
laser pulse, n is the off noise of the photomultiplier, I, is the
zero-time phosphorescence intensity, and I(t) is the phospho-
rescence 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 start-
ing from 400 ns after laser pulses in ethanol and 1 ps in water.
In addition, phosphorescence and kinetic traces were mea-
sured also from the control chlorin e4 sodium solutions con-
taining high concentration of sodium azide, which com-
pletely 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 exponen-
tials and subtracted from the experimental kinetic traces
obtained for the chlorin e4 sodium solutions where sodium
azide was not added.

[0106] For measurements, Origin 6.0 software was used.
This software operates using the least-square approximation
method. Origin allowed variation of the parameters k..,
k,.,. and n in order to obtain their values corresponding to the
minimum coefficient x>. In chlorin e4 sodium solutions, mea-
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surements always yielded k..., 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 indepen-
dent 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 phos-
phorescent curves in chlorin e4 sodium solutions, fixed k.
obtained in the TPPS solutions 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 refer-
ence 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 yields of the photo-
sensitized formation of the lowest electronically excited sin-
glet states of molecular oxygen, J. Phys. Chem. Ref. Data,
1993,22(2), 113-262; and C. Tanielian, C. Wolfand M. Esch,
Singlet oxygen production in water: Aggregation and charge
transfer effects, J. Phys. Chem., 1996, 100, 6555-6560). The
overall phosphorescence intensity was calculated by integrat-
ing 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 uM.

[0107] Detection of Singlet Oxygen Using Chemical Con-
jugates
[0108] The second method 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 (*0,) (FIG. 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 absorp-
tion coefficient in this maximum, €.z, is known to be
23500 M~! cm™. 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 correspond-
ing to 5 nm. Radiant power was measured using the calibrated
detector ThorLabs PM-100 (Germany). The singlet oxygen
quantum yields (®,) were calculated according to the equa-
tion:

AD
np ——22EE yN,
&y = eppigF - L Ly
A lirr
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[0109] where AD 555 is the reduction in the optical den-
sity of DPIBF at 414 nm during the irradiation time, €5,z 15
the molar absorption coefficient of DPIBF at 414 nm, 1 is 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, is the

radiant power (in W) of the monochromatic light from the
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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, andm ,.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 oxy-
gen consumption by chemical conjugates and the rate con-
stant of singlet oxygen reaction with DPIBF equal to 10°
M 's7! (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).

[0110] Results

[0111] Absorption spectra of chlorin e4 sodium in ethanol,
pure water and water containing detergent sodium dodecyl
sulfate (SDS) are shown in FIGS. 4-6. The major absorption
bands are listed in 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 deter-
gent, 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 com-
pared to ethanol and detergent containing solutions. These
data indicate that the solution in water having no detergent
may contain aggregated (dimeric and oligomeric) molecules
of chlorin e4 sodium, which disaggregate in the presence of
the detergent.

TABLE 1

Positions of the major absorption and fluorescence
bands of chlorin e4 sodium solution

Absorption maxima Fluorescence maxim

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

[0112] Fluorescence measurements supported this assump-
tion (FIGS. 7-9). The fluorescence spectra were rather similar
in ethanol and SDS containing water. FIG. 10 shows the
excitation spectrum of chlorin e4 sodium fluorescence in
ethanol. It is seen that it practically coincides with the absorp-
tion 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 wave-
lengths 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, showing that an
appreciable amount of monomeric chlorin e4 sodium mol-
ecules 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 fluores-
cent pigment for photodynamic diagnosis.
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[0113] Singlet oxygen generation was studied in ethanol
solutions using both chemical singlet oxygen conjugate
DPIBF and measurement of chlorin e4 sodium photosensi-
tized phosphorescence of singlet oxygen at 1270 nm. FIG. 11
illustrates the experiment with DPIBF. The absorption maxi-
mum of DPIBF lies at 420 nm. It is seen from FIG. 11 that
irradiation of an ethanol solution containing both chlorin e4
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 FIGS. 12-14. Table 2 summa-
rizes Kinetic parameters of the phosphorescent curves. The
rise time reflects the rate of singlet oxygen generation by
triplet pigment molecules. It corresponds with the lifetime of
the pigment triplet state in air-saturated pigment solution. In
ethanol, the rise time was equal to 300 ns. The decay time
corresponds with the singlet oxygen lifetime in ethanol (13.5
us). 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 pro-
vided 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 pig-
ment molecules, which is known to lead to the loss of photo-
sensitizing 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 effi-
ciently in photodynamic therapy.

TABLE 2

Kinetic parameters of photosensitized singlet oxygen phosphorescence
in air saturated chlorin e4 sodium solution:

Solvents Rise time, pis Decay time, s
Ethanol 0.3+0.3 13.5+0.3
‘Water 1.8 £04 3303
Water + 0.2M SDS 1.2£03 3.85+0.3

[0114] Conclusion

[0115] Chlorin e4 sodium shows strong fluorescence and
strong photosensitizing ability in organic solvent (alcohol)
and in aqueous media. In water, the chlorin e4 sodium pho-
tosensitizing activity decreases due to aggregation of pigment
molecules, but is still high. Addition of detergent causes dis-
aggregation and an increase of both fluorescence and photo-
sensitizing ability. This shows that chlorin e4 sodium is active
in both hydrophilic and aqueous media. Therefore this pig-
ment is promising for application in photodynamic medicine.

EXAMPLE

In Vivo Studies

[0116] The following cancer patients were treated success-
fully with chlorin e4 sodium. Most of the patients were late
stage metastatic cancer patients who had previously unsuc-
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cessfully used traditional treatment therapies. Most of the
patients were in poor health prior to treatment with chlorin e4
sodium.

Example 1

[0117] 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 62.5-187.5 mg 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 660 nm and 760 nm.

[0118] 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
tumour. The smaller lymph node cancer mass also showed
almost no vascularity and it had reduced in size from 1.9 cm
to1cm.

[0119] Subsequently the patient was treated with two fur-
ther courses. Again, for each course, five doses 0of 62.5-187.5
mg 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 660 nm and 760 nm. Addition-
ally an interstitial light treatment using a fine needle was
performed on the breast with an optical fibre laser having a
wavelength of 660 nm and 760 nm.

[0120] 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

[0121] 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 62.5-187.5 mg 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 660 nm and 760 nm.

[0122] 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.

[0123] Subsequently the patient was treated with a further
course. Again, for the course, five doses of 62.5-187.5 mg
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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 660 nm and 760 nm.

[0124] Ultrasound images and biopsies obtained after the
final treatment course, showed a complete response. The
patient suffered no side effects, 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.

Example 3

[0125] A 71 year old male patient with advanced metastatic
kidney disease with metastases in the gall bladder, liver and
lung, was treated successfully. The treatment consisted of
three courses. For each course, five doses of 62.5-187.5 mg
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 660 nm and 760 nm.

[0126] PET/CT scans, obtained just before treatment and
two months, three months, five months and 15 months after
treatment, showed that throughout the patient’s body some
tumours disappeared altogether and the remaining tumours
reduced in size. No further metastasis was observed.

[0127] Subsequently the patient was treated with a further
two courses. Again, for each course, five doses 0f 62.5-187.5
mg 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 660 nm and 760 nm. Addition-
ally an interstitial light treatment using a fine needle was
performed on the liver and lung with an optical fibre laser
having a wavelength of 660 nm and 760 nm.

[0128] PET/CT scans again showed a good treatment
response. The patient suffered no side effects from the treat-
ment. 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

[0129] 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 62.5-187.5 mg 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 660 nm and 760
nm.

[0130] 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.

[0131] Subsequently the patient was treated with a further
two courses. Again, for each course, five doses 0f 62.5-187.5
mg 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 660 nm and 760 nm.
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[0132] 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 poor
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, atleast part
of it active.

Example 5

[0133] A 82 year old male patient with lung cancer was
treated successtully. The treatment consisted of one course of
five doses of 62.5-187.5 mg 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 660 nm and 760
nm.

[0134] Three months after treatment, the patient was
coughing up blood and tumour tissue. A CT scan showed
tumour breakdown.

Example 6

[0135] A 46 year old male patient with lung cancer was
treated successfully. The treatment consisted of three courses.
For each course, five doses of 62.5-187.5 mg 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 660 nm and 760 nm.

[0136] A CT scan, obtained immediately after the last treat-
ment course, showed complete recovery from lung cancer.

Example 7

[0137] A 54 year old female patient with advanced pancre-
atic cancer with metastases in the liver, was treated success-
fully. Prior to treatment the patient was in poor health gener-
ally and suffering from extreme weight loss, pain and other
typical symptoms of advanced pancreatic cancer. The treat-
ment consisted of three courses. For each course, five doses of
62.5-187.5 mg 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 660 nm and 760 nm.
[0138] 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 photosen-
sitive reaction and suffered less pain. Unfortunately bowel
blocking and malnutrition caused the patient’s death.

Example 8

[0139] 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 62.5-187.5 mg 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 660 nm and 760 nm.

[0140] PET/CT scans of the lungs, obtained before and
after treatment, 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



US 2015/0315202 Al

is currently alive and well, 10 months after starting her treat-
ment and seven months after completion of her treatment.

Example 9

[0141] A 54 year old female patient with breast cancer in
the right breast was treated successfully. The treatment con-
sisted of three courses. For each course, five doses of 62.5-
187.5 mg 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 660 nm and 760 nm.

[0142] Mammography, ultrasound and PET/CT scans of
the breasts, obtained before and after treatment, showed a
complete response. The patient suffered no side eftects. She is
currently alive and well, one year and seven months after
starting her treatment and 10 months after completion of her
treatment.

Example 10

[0143] 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 con-
sisted of five courses. For each course, five doses of 62.5-
187.5 mg 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 660 nm and 760 nm. Addition-
ally 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 660 nm and
760 nm.

[0144] PET/CT 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.

Example 11

[0145] 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 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 0f 62.5-187.5 mg 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 660 nm and 760 nm. 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 660 nm and 760 nm.
Additionally, mesothelium bone growth therapy was admin-
istered for the last two treatment courses.

[0146] 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

[0147] A 52 year old male patient with brain cancer with
metastases in the lung and lymph nodes, was treated success-
fully. An MRI scan showed a large tumour mass in the brain.
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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 epileptic sei-
zures and severe headaches. The treatment consisted of two
courses. For each course, five doses of 62.5-187.5 mg 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 660 nm and 760 nm.

[0148] PET/CT scans showed a complete response in the
lungs and no metabolic activity in the area of the brain
tumour. The lymph nodes were not yet clear, and the patient
will undergo a third treatment course.

EXAMPLE

Clinical Study with Patients Suffering from
Advanced Non-Small Cell Lung Cancer

[0149] 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.

[0150] For group A, chlorin e4 sodium was administered at
adosage of 2 mg perkilogram of body 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 inten-
sity 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. Irradia-
tion was either performed phase by phase (sub-paragraph
treatment) based on tumor size or performed repeatedly.
[0151] 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. For the chemotherapy, 20 mg cisplatin was
administered by intravenous application.

[0152] 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 com-
bined complete and partial remission rates for groups A and B
were 56.20% and 21.30%, the rate of group A was signifi-
cantly higher than that of group B, the difference was statis-
tically significant (P<0.05).

EXAMPLE

Study with Mice with Subcutaneous S180 Sarcoma

[0153] In this experiment the effects of photodynamic
therapy mediated by three different photosensitizers, namely
Duteroporphyrin, chlorin e4 sodium and 5-ALLA, on mouse
S180 sarcoma were observed. Duteroporphyrin and 5-ALA
are porphyrin derivatives.

[0154] 40 Kunming mice with well grown subcutaneous
S180 sarcoma were randomly divided into four groups: (A)
Duteroporphyrin group (10 mg/kg), (B) chlorin e4 sodium
group (20 mg/kg), (C) 5-ALA group (100 mg/kg) and (D)
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blank control group. The mice in groups A and B were sub-
jected to irradiation 8-10 hours after tail vein injection of the
photo sensitizers, while the mice in group C were subjected to
irradiation 3 hours after tail vein injection of the photosensi-
tizer. A laser with a wavelength of 630 nm was used for groups
A and C, while a duel-frequency laser with wavelengths of
660 nm and 760 nm was used for group B. The local tumour
sites were irradiated vertically, with the diameter of the laser
spots being 1.2-1.5 cm. The whole tumour and 3-5 mm 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 150 mW/cm? and an energy density of
180 J/cm?®. The mice in control group D were not subjected to
irradiation.

[0155] 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 were fully
recovered in all three treatment groups after the eschars had
fallen off; group C was the fastest in skin repairing.

[0156] 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
oedema 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 group D were statistically significant (P<0.05), the
mean volume being statistically significantly smaller in treat-
ment 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 sta-
tistically significantly smaller in group B than group C.
[0157] 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 inhibi-
tion rates of groups A, B and C were respectively 62.5%,
75.4% and 37.2%.

[0158] Based on the analysis of apoptotic and necrotic
tumour cells by FCM 24 hours after treatments, the propor-
tions 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.
[0159] 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.
[0160] The mechanisms of killing tumour cells by photo-
dynamic therapy include directly killing tumour cells, dam-
aging tumour vessels and stimulating patients’ immune sys-
tems. These factors may benefit each other and they are all
long-term tumour-controlling mechanisms.

[0161] To sum up, this study verified that photodynamic
therapy with Duteroporphyrin, chlorin e4 sodium and 5-ALA
can inhibit the growth of S180 sarcoma in mice. Chlorin e4
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sodium had a similar or slightly better therapeutic effect than
Duteroporphyrin, and a statistically significantly better thera-
peutic effect than 5S-ALA.

[0162] 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 depart-
ing from the scope and spirit of the invention, which is defined
by the following claims only.

1.-53. (canceled)
54. Chlorin e4 sodium.

55. The chlorin e4 sodium of claim 54, comprising chlorin
e4 and sodium in a ratio of 1:2.

56. The chlorin e4 sodium of claim 54, having the struc-
ture:

[H' [Na'l.

COy

57. The chlorin e4 sodium of claim 54, having the struc-
ture:

€O, Na*

58. A process for the preparation of chlorin e4 sodium,
comprising the step of reacting chlorin e4 with a sodium
compound.

59. The process of claim 58, wherein:

(1) the chlorin e4 sodium obtained comprises chlorin e4 and
sodium in a ratio of 1:2; and/or
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(ii) the chlorin e4 sodium obtained has the structure:

[H'> [Na'ly;

e

Coy

and/or
(iii) the chlorin e4 sodium obtained has the structure:

€O, Na*

and/or
(iv) the sodium compound is sodium hydroxide; and/or
(v) chlorin e4 is reacted with the sodium compound in the
presence of a base, optionally wherein the base is an
amine base such as thiamine pyrophosphate; and/or

(vi) chlorin e4, the sodium compound and the optional base

are used in a molar ratio of 0.15-1:45-60:0-12.

60. Chlorin e4 sodium preparable by a process of claim 58.

61. Chlorin e4 sodium when prepared by a process of claim
58.

62. A pharmaceutical composition comprising chlorin e4
sodium of claim 54 and a pharmaceutically acceptable carrier
or diluent.

63. The pharmaceutical composition of claim 62, wherein
the pharmaceutical composition is in a form suitable for oral,
parental (including intravenous, subcutaneous, intramuscu-
lar, intradermal, intratracheal, intraperitoneal, intraarticular,
intraabdominal, intracranial and epidural), transdermal, air-
way (aerosol), rectal, vaginal or topical (including buccal,
mucosal and sublingual) administration.

64. The pharmaceutical composition of claim 63, wherein
the pharmaceutical composition is in a form suitable for oral
or parental administration.

65. A method of treating atherosclerosis; multiple sclero-
sis; diabetes; diabetic retinopathy; arthritis; rheumatoid

15

Nov. 5, 2015

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 hyper-
proliferation or by areas of neovascularisation; a benign or
malignant tumour; early cancer; cervical dysplasia; soft tis-
sue 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 adn-
exa, breast, naso-pharynx, trachea, larynx, bronchi, bronchi-
oles, 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; the method comprising administering a
therapeutically effective amount of the chlorin e4 sodium of
claim 54 to a human or animal in need thereof.

66. The method of claim 65, wherein the human or animal
is subjected to irradiation after the administration of the chlo-
rin e4 sodium, optionally wherein the irradiation is electro-
magnetic radiation with a wavelength in the range of from 500
nm to 1000 nm.

67. A method of treating:

(1) a disease characterised by benign or malignant cellular
hyperproliferation or by areas of neovascularisation;
and/or

(i) a benign or malignant tumour; and/or

(ii1) 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, lym-
phatic system, bones, skin or pancreas;

the method comprising administering a therapeutically
effective amount of the chlorin e4 sodium of claim 54 to
a human or animal in need thereof.

68. The method of claim 67, wherein the human or animal
is subjected to irradiation after the administration of the chlo-
rin e4 sodium, optionally wherein the irradiation is electro-
magnetic radiation with a wavelength in the range of from 500
nm to 1000 nm.

69. A method of photodynamic therapy or cytoluminescent
therapy of a human or animal disease, the method comprising
administering a therapeutically effective amount of the chlo-
rin e4 sodium of claim 54 to a human or animal in need
thereof.

70. The method of claim 69, wherein the human or animal
disease:

(1) 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 herpes
zoster; hepatitis; viral hepatitis; a cardiovascular dis-
ease; 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 or malignant tumour; early
cancer; cervical dysplasia; soft tissue sarcoma; a germ
cell tumour; retinoblastoma; age-related macular degen-
eration; 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, lym-
phatic system, bones, skin or pancreas; and/or

(ii) is characterised by benign or malignant cellular hyper-
proliferation or by areas of neovascularisation; and/or

(iii) is a benign or malignant tumour; and/or

(iv) is 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
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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, lym-
phatic system, bones, skin or pancreas.

71. The method of claim 69, wherein the human or animal
is subjected to irradiation after the administration of the chlo-
rin e4 sodium, optionally wherein the irradiation is electro-
magnetic radiation with a wavelength in the range of from 500
nm to 1000 nm.

72. A method of photodynamic diagnosis of a human or
animal disease, the method comprising administering a diag-
nostically effective amount of the chlorin e4 sodium of claim
54 to a human or animal.

73. The method of claim 72, wherein the human or animal
is subjected to irradiation after the administration of the chlo-
rin e4 sodium, optionally wherein the irradiation is electro-
magnetic radiation with a wavelength in the range of from 500
nm to 1000 nm.



