
COOH chlorin e4 

However, there is an ongoing need for better photosensitizers. There is a need for 

compounds that have a high singlet oxygen quantum yield and for compounds that 

have a strong photosensitizing ability, preferably in organic and aqueous media. 

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

Summary of the invention 

A first asp-eefc—of the—p*esettt—ieventionexample provides chlorin e4 sodium. 

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

Preferably the chlorin e4 sodium has the structure: 

co2 
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Preferably the chlorin e4 sodium has the structure: 

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

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

Chlorin e4 sodium has two chiral centres. The chlorin e4 sodium t^t—ihc pff-se-w 

kivcntiondescribed herein is preferably substantially enantiomerically pure, which 

means that the chlorin e4 sodium comprises less than 10% of other stereoisomers, 

10 preferably less than 5%, preferably less than 3%, preferably less than 2%, preferably 

less than 1%. 

A second aspect of the-prcscnt inveerieeexample provides a process of preparing 

chlorin e4 sodium, comprising the step of reacting chlorin e4 with a sodium 

15 compound. Preferably the chlorin e4 sodium obtained comprises chlorin e4 and 

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

structure: 
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hydride. Preferably the sodium compound is sodium hydroxide or sodium 

carbonate. More preferably the sodium compound is sodium hydroxide. 

Optionally chlorin e4 is reacted with the sodium compound in the presence of a 

5 base. Preferably the base is an amine base, preferably an aromatic amine base such 

as thiamine pyrophosphate or DMAP. If used, the base is preferably thiamine 

pyrophosphate. 

Preferably chlorin e4, the sodium compound and the optional base are used in a 

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

Preferably chlorin e4 is reacted with the sodium compound in the presence of a 

solvent. Preferably the solvent is selected from an alcohol (such as methanol, 

ethanol, n-propanol or isopropanol), water, DMF, chloroform, DMSO, toluene or a 

15 mixture thereof. Preferably the solvent is selected from methanol, ethanol, water or 

a mixture thereof. Preferably the solvent is selected from methanol, water or a 

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

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

20 the reaction is carried out at a temperature in the range of 25-60°C. 

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

hours. 

25 The chlorin e4 sodium obtained may be purified by filtering, for example through a 

45|j,m Millipore filter. Alternatively or additionally, the chlorin e4 sodium obtained 

may be purified by chromatography, for example by flash chromatography on a 

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

30 A third aspect of the—piesetit—inyewrieaexample provides chlorin e4 sodium 

preparable by a process according to the second 
;efrii-tme x a nip l e. The third 'efrtteaex a mp 1 e also provides 

chlorin e4 sodium when prepared by a process according to the second a-spcct ~e4 

x a mp ] c _ 
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30 

A fourth aspeet—ef-t-he—present—invctitio aexample provides a pharmaceutical 

composition comprising chlorin e4 sodium according to the first or third 7IolJ\5~L 'Z7L 

the pccacftt--ie.J»ieaa»iicxampk and a pharmaceutically acceptable carrier or diluent. 

Preferably the chlorin e4 sodium according to the first or third 

inveatieaexample is suitable for use in medicine. 

Preferably the chlorin e4 sodium according to the first or third aspect of the present 

10 iovcMtioncxample and the pharmaceutical composition according to the fourth 

aspect of the pucsent MivcntjcMacxample are suitable for use in photodynamic therapy 

S Q r-

or cytoluminescent therapy. 

Preferably the chlorin e4 sodium according to first or third aspe 

15 ffiyeflrtemexample and the pharmaceutical composition according to the fourth 

aspect—erf—the—paresent—inventionexample 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, 

20 herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular disease; 

coronary artery stenosis; carotid artery stenosis; intermittent claudication; a 

dermatological condition; acne; psoriasis; a disease characterised by benign or 

malignant cellular hyperproliferation or by areas of neovascularisation; a benign or 

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

25 tumour; retinoblastoma; age-related macular degeneration; Hodgkin's lymphoma; or 

cancer of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, 

naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, 

stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, 

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

Preferably the chlorin e4 sodium according to the first or third 

rniple and the pharmaceutical composition according to the fourth 



present invcntioncxample are suitable for the treatment of a disease characterised by 

benign or malignant cellular hyperproliferation or by areas of neovascularisation. 

Preferably the chlorin e4 sodium according to the first or third 

jftyetrtitHaexample and the pharmaceutical composition according to the fourth 

aspeet of-the present ittventionexample are suitable for the treatment of a benign or 

malignant tumour. 

Preferably the chlorin e4 sodium according to the first or third ftspeet-oiMae-pfesefrt 

ttw^irftoftexaniple and the pharmaceutical composition according to the fourth 

aspect ef the present inveeti&acxample are suitable for the treatment of early 

cancer; cervical dysplasia; soft tissue sarcoma; a germ cell tumour; retinoblastoma; 

age-related macular degeneration; lymphoma; Hodgkin's lymphoma; head and neck 

cancer; oral or mouth cancer; or cancer of the blood, prostate, cervix, uterus, 

vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx, bronchi, 

bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine, colon, 

colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain, 

lymphatic system, bones, skin or pancreas. Preferably they are suitable for the 

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

retinoblastoma; age-related macular degeneration; Hodgkin's lymphoma; or cancer 

of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, naso­

pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, 

stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, 

liver, gall bladder, spleen, brain, lymphatic system or bones. Preferably 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, kidney, liver, brain, lymphatic system, bones, skin or 

pancreas. Preferably they are suitable for the treatment of lymphoma; oral or 

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

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

Preferably the chlorin e4 sodium according to the first or third aspect of the prciscnt 

Bw-etrtteftexamp 1 e and the pharmaceutical composition according to the fourth astpeet-ef 

the present mvcntionexample are suitable for use in photodynamic diagnosis. 



Preferably the chlorin e4 sodium according to the first or third 

itt¥efrtb«rexample and the pharmaceutical composition according to the fourth 

aspect—ef—tit-e—pteaciit—invcntiopcxample are suitable for the detection of 

atherosclerosis; multiple sclerosis; diabetes; diabetic retinopathy; arthritis; 

rheumatoid arthritis; a fungal, viral, chlamydial, bacterial, nanobacterial or parasitic 

infectious disease; HIV; Aids; infection with sars virus, Asian (chicken) flu virus, 

herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular disease; 

coronary artery stenosis; carotid artery stenosis; intermittent claudication; a 

dermatological condition; acne; psoriasis; a disease characterised by benign or 

malignant cellular hyperproliferation or by areas of neovascularisation; a benign or 

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

tumour; retinoblastoma; age-related macular degeneration; Hodgkin's lymphoma; or 

cancer of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, 

naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, 

stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, 

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

Preferably the chlorin e4 sodium according to the first or third 

feaymftbeexample and the pharmaceutical composition according to the fourth 

aspee-t-ef the present invcntioncxample are suitable for the detection of an area that 

is affected by benign or malignant cellular hyperproliferation or by 

neovascularisation. 

Preferably the chlorin e4 sodium according to the first or third 

xamplc and the pharmaceutical composition according to the fourth 

aspect of the present invention example are suitable for the detection of a benign or 

malignant tumour. 

Preferably the chlorin e4 sodium according to the first or third a3pcct of the pfeseat 

ktventionexample and the pharmaceutical composition according to the fourth 

aspect of the pfeaent iovcntionexample are suitable for the detection 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 
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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; retinoblastoma; age-

related macular degeneration; Hodgkin's lymphoma; or cancer of the blood, 

prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx, 

trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile 

duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, liver, gall 

bladder, spleen, brain, lymphatic system or bones. Preferably 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, kidney, liver, brain, lymphatic system, bones, skin or pancreas. 

Preferably they are suitable for the detection of lymphoma; oral or mouth cancer; or 

cancer of the prostate, cervix, vaginal or other female adnexa, breast, naso-pharynx, 

lung, esophagus, bones or skin. 

Preferably the chlorin e4 sodium according to the first or third 

jayeed'Oaexample and the pharmaceutical composition according to the fourth 

aspeet—e£—the prcaent—invcntionexample are suitable for the fluorescent or 

phosphorescent detection of the diseases listed above, preferably for the fluorescent 

or phosphorescent detection and quantification of the said diseases. 

Preferably the chlorin e4 sodium according to the first or third agpeet-of" the present 

iffyeirtieia-e.xample and the pharmaceutical composition according to the fourth 

aspect of the present invcntionexample are adapted for administration simultaneous 

with or prior to administration of irradiation or sound, preferably for administration 

prior to administration of irradiation. 

If the chlorin e4 sodium according to the first or third ss-p-eet—ef—the—present 

rtHretrtiettexample or the pharmaceutical composition according to the fourth aspeee-e-f-Ae 

pfegeat-inventioaexample are for use in photodynamic therapy or cytoluminescent therapy, 

then they are preferably adapted for administration 5 to 100 hours before the 
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irradiation, preferably 6 to 72 hours before the irradiation, preferably 24 to 48 hours 

before the irradiation. 

If the chlorin e4 sodium according to the first or third as-pee 

inventionexample or the pharmaceutical composition according to the fourth aspect 

el the present inventionexample are for use in photodynamic diagnosis, then they 

are preferably adapted for administration 3 to 60 hours before the irradiation, 

preferably 8 to 40 hours before the irradiation. 

10 Preferably the irradiation used in the photodynamic therapy, cytoluminescent 

therapy or photodynamic diagnosis is electromagnetic radiation with a wavelength 

in the range of from 500nm to lOOOnm, preferably from 600nm to 790nm. The 

electromagnetic radiation may be administered for about 5-60 minutes, preferably 

for about 15-20 minutes, at about 0.1 -5W, preferably at about 1W. In one 

15 embodiment of the present invention example, two sources of electromagnetic 

radiation are used (for example a laser light and an LED light), one source with a 

wavelength in the range of from 600nm to 690nm, preferably about 660nm, the 

other source with a wavelength in the range of from 700nm to 790nm, preferably 

about 760nm. In another-^mbodame^-^rf—the present invention example, two 

20 sources of electromagnetic radiation are used (for example a laser light and an LED 

light), both sources adapted to provide irradiation with a wavelength in the range of 

from 600nm to 690nm, preferably about 660nm, and irradiation with a wavelength 

in the range of from 700nm to 790nm, preferably about 760nm. In another 

embodimieat--of-'the-pfe»eBt invention example, the irradiation may be provided by a 

25 prostate, anal, vaginal, mouth and nasal device for insertion into a body cavity. In 

another"-embodiment of the present invention example, the irradiation may be 

provided by interstitial light activation, for example, using a fine needle to insert an 

optical fibre laser into the lung, liver, lymph nodes or breast. In another 

embodiment of the present invention example, the irradiation may be provided by 

30 endoscopic light activation, for example, for delivering light to the lung, stomach, 

colon, bladder or neck. 

The pharmaceutical composition according to the fourth 

tm*entieacxample may be in a form suitable for oral, parental (including intravenous, 
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subcutaneous, intramuscular, intradermal, intratracheal, intraperitoneal, 

intraarticular, intraabdominal, intracranial and epidural), transdermal, airway 

(aerosol), rectal, vaginal or topical (including buccal, mucosal and sublingual) 

administration. The pharmaceutical composition may also be in a form suitable for 

administration by enema or for administration by injection into a tumour. 

Preferably the pharmaceutical composition is in a form suitable for oral, parental or 

airway administration, preferably in a form suitable for oral or parental 

administration, preferably in a form suitable for oral administration. 

In one preferred ksefttex.amp 1 e. 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 pharmaceutical 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 administration. Preferably the pharmaceutical composition is in a form suitable 

for providing 0.01 to 10 mg/kg/day of the chlorin e4 sodium, preferably 0.1 to 5 

mg/kg/day, preferably about 3 mg/kg/day. 

In another preferred embtHfatesfr example. the pharmaceutical composition is in a 

form suitable for parental administration. Preferably the pharmaceutical 

composition is in a form suitable for intravenous administration. Preferably the 

pharmaceutical composition is provided in the form of an aqueous solution for 

parental administration, or alternatively in the form of a freeze-dried powder which 

can be mixed with water before administration to provide an aqueous solution for 

parental administration. Preferably the pharmaceutical composition is an aqueous 

solution or suspension having a pH of from 6 to 8.5. 

In another preferred frtexa.tuple, the pharmaceutical composition is in a 

form suitable for airway administration. Preferably the pharmaceutical composition 

is provided in the form of an aqueous solution, suspension or dispersion for airway 
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administration, or alternatively in the form of a freeze-dried powder which can be 

mixed with water before administration to provide an aqueous solution, suspension 

or dispersion for airway administration. Preferably the pharmaceutical composition 

is in a form suitable for providing 0.01 to 10 mg/kg/day of the chlorin e4 sodium, 

preferably 0.1 to 5 mg/kg/day, preferably about 3 mg/kg/day. 

A fifth provides use of chlorin e4 sodium 

according to the first or third aspeet-of the pfe3cnt invcntionexample 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 infectious disease; HIV; Aids; 

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

hepatitis; viral hepatitis; a cardiovascular disease; coronary artery stenosis; carotid 

artery stenosis; intermittent claudication; a dermatological condition; acne; psoriasis; 

a disease characterised by benign or malignant cellular hyperproliferation or by areas 

of neovascularisation; a benign or malignant tumour; early cancer; cervical dysplasia; 

soft tissue sarcoma; a germ cell tumour; retinoblastoma; age-related macular 

degeneration; Hodgkin's lymphoma; or cancer of the blood, prostate, cervix, uterus, 

vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx, bronchi, 

bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine, colon, 

colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain, 

lymphatic system or bones. 

The fifth ft spcct of the present invcntioiicxample also provides use of chlorin e4 

sodium according to the first or third aspect- of the present itiventiotiexafnple in the 

manufacture of a phototherapeutic 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; 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 
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malignant tumour; early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell 

tumour; retinoblastoma; age-related macular degeneration; Hodgkin's lymphoma; or 

cancer of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, 

naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, 

5 stomach, bile duct, intestine, cdlon, Colorectum, rectum, bladder, ureter, kidney, 

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

Preferably the medicament or the phototherapeutic agent of the fifth 

present invcntionexample is suitable for the treatment of a disease characterised by 

10 benign or malignant cellular hyperproliferation or by areas of neovascularisation. 

Preferably the medicament or the phototherapeutic agent of the fifth a^peet-©f-the 

prcacat iaventioftexample is suitable for the treatment of a benign or malignant 

tumour. 

15 

Preferably the medicament or the phototherapeutic agent of the fifth ftspeet-of-the 

present invcntionexample 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 

20 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 it is suitable for the treatment of early cancer; cervical 

25 dysplasia; soft tissue sarcoma; a germ cell tumour; retinoblastoma; age-related 

macular degeneration; Hodgkin's lymphoma; or cancer of the blood, prostate, 

cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx, 

bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine, 

colon, colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain, 

30 lymphatic system or bones. Preferably it is suitable for the treatment of lymphoma; 

Hodgkin's lymphoma; oral or mouth cancer; or cancer of the prostate, cervix, 

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

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

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

skin. 

The fifth ]e also provides use of chlorin e4 

sodium according to the first or third a-spect• of-the pgeseat-mveiitioBcxample in the 

manufacture of a photo diagnostic agent for use in photodynamic diagnosis. 

Preferably the photodiagnostic agent of the fifth s-speet—ef—the—presetrt; 

•ifiyea'taoaexample is suitable for the detection of atherosclerosis; multiple sclerosis; 

diabetes; diabetic retinopathy; arthritis; rheumatoid arthritis; a fungal, viral, 

chlamydial, bacterial, nanobacterial or parasitic infectious disease; HIV; Aids; 

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

hepatitis; viral hepatitis; a cardiovascular disease; coronary artery stenosis; carotid 

artery stenosis; intermittent claudication; a dermatological condition; acne; psoriasis; 

a disease characterised by benign or malignant cellular hyperproliferation or by areas 

of neovascularisation; a benign or malignant tumour; early cancer; cervical dysplasia; 

soft tissue sarcoma; a germ cell tumour; retinoblastoma; age-related macular 

degeneration; Hodgkin's lymphoma; or cancer of the blood, prostate, cervix, uterus, 

vaginal or other female adnexa, breast, naso-pharynx, trachea, larynx, bronchi, 

bronchioles, lung, hollow organs, esophagus, stomach, bile duct, intestine, colon, 

colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, spleen, brain, 

lymphatic system or bones. 

Preferably the photodiagnostic agent of the fifth a-s-peet—e-f—tibe—pfestaaf 

tftyeftfte-aex:amp 1 e is suitable for the detection of an area that is affected by benign 

or malignant cellular hyperproliferation or by neovascularisation. 

Preferably the photodiagnostic agent of the fifth arspeet—erf—the—ptest^frt 

inventkmcxample is suitable for the detection of a benign or malignant tumour. 

Preferably the photodiagnostic agent of the fifth aspect of the pgcscot itweotionexampie is 

suitable for the detection of early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell 

tumour; retinoblastoma; age-related macular degeneration; lymphoma; 
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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 it is 

suitable for the detection of early cancer; cervical dysplasia; soft tissue sarcoma; a 

germ cell tumour; retinoblastoma; age-related macular degeneration; Hodgkin's 

lymphoma; or cancer of the blood, prostate, cervix, uterus, vaginal or other female 

adnexa, breast, naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow 

organs, esophagus, stomach, bile duct, intestine, colon, colorectum, rectum, bladder, 

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

Preferably it is suitable for the detection of lymphoma; Hodgkin's lymphoma; oral 

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

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

skin or pancreas. Preferably it is suitable for the detection of lymphoma; oral or 

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

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

Preferably the . photodiagnostic agent of the fifth 

iaye&ri&eexample is suitable for the fluorescent or phosphorescent detection of the 

said diseases, preferably the fluorescent or phosphorescent detection and 

quantification of the said diseases. 

Preferably the medicament, the phototherapeutic agent or the photodiagnostic agent 

is adapted for administration simultaneous with or prior to administration of 

irradiation or sound, preferably for administration prior to administration of 

irradiation. 

If the medicament or the phototherapeutic agent is for use in photodynamic 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. 
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If the photodiagnostic agent is for use in photodynamic diagnosis, then it is 

preferably adapted for administration 3 to 60 hours before the irradiation, 

preferably 8 to 40 hours before the irradiation. 

Preferably the irradiation used in the photodynamic therapy, cytoluminescent 

therapy or photodynamic diagnosis is electromagnetic radiation with a wavelength 

in the range of from 500nm to lOOOnm, preferably from 600nm to 790nm. The 

electromagnetic radiation may be administered for about 5-60 minutes, preferably 

for about 15-20 minutes, at about 0.1-5W, preferably at about 1W. In one 

embodiment of the present invention example, two sources of electromagnetic 

radiation are used (for example a laser light and an LED light), one source with a 

wavelength in the range of from 600nm to 690nm, preferably about 660nm, the 

other source with a wavelength in the range of from 700nm to 790nm, preferably 

about 760nm. In another embodiment of the preacnt- invention example, two 

sources of electromagnetic radiation are used (for example a laser light and an LED 

light), both sources adapted to provide irradiation with a wavelength in the range of 

from 600nm to 690nm, preferably about 660nm, and irradiation with a wavelength 

in the range of from 700nm to 790nm, preferably about 760nm. In another 

embodiment of the -present invention example, the irradiation may be provided by a 

prostate, anal, vaginal, mouth and nasal device for insertion into a body cavity. In 

another embodiment ol the. present invention example, the irradiation may be 

provided by interstitial light activation, for example, using a fine needle to insert an 

optical fibre laser into the lung, liver, lymph nodes or breast. In another 

embodiment of the present invention example, the irradiation may be provided by 

endoscopic light activation, for example, for delivering light to the lung, stomach, 

colon, bladder or neck. 

A sixth aspect of- the present invcntionexample provides a method of treating 

atherosclerosis; multiple sclerosis; diabetes; diabetic retinopathy; arthritis; 

rheumatoid arthritis; a fungal, viral, chlamydial, bacterial, nanobacterial or parasitic 

infectious disease; HIV; Aids; infection with sars virus, Asian (chicken) flu virus, 

herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular disease; 

coronary artery stenosis; carotid artery stenosis; intermittent claudication; a 

dermatological condition; acne; psoriasis; a disease characterised by benign or 
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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 degeneration; Hodgkin's lymphoma; or 

cancer of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, 

naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, 

stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, 

liver, gall bladder, spleen, brain, lymphatic system or bones; the method comprising 

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. 

The sixth £1 CCt 0~f. " t h 0 |rH: C S GliH" iil.'V CH te>»example also provides a method of 

photodynamic therapy or cytoluminescent therapy of a human or animal disease, the 

method comprising administering a therapeutically effective amount of chlorin e4 

sodium according to the first or third aspect of the present inventioncxample to a 

human or animal in need thereof. Preferably the human or animal disease is 

atherosclerosis; multiple sclerosis; diabetes; diabetic retinopathy; arthritis; 

rheumatoid arthritis; a fungal, viral, chlamydial, bacterial, nanobacterial or parasitic 

infectious disease; HIV; Aids; infection with sars virus, Asian (chicken) flu virus, 

herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular disease; 

coronary artery stenosis; carotid artery stenosis; intermittent claudication; a 

dermatological condition; acne; psoriasis; a disease characterised by benign or 

malignant cellular hyperproliferation or by areas of neovascularisation; a benign or 

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

tumour; retinoblastoma; age-related macular degeneration; Hodgkin's lymphoma; or 

cancer of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, 

naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, 

stomach, bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, 

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

Preferably the method of the sixth aspect of the present im-cntioncxample is a 

method of treating benign or malignant cellular hyperproliferation or areas of 

neovascularisation. 
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Preferably the method of the sixth a3pcci? of the presentitivcntjeticxample is a 

method of treating a benign or malignant tumour. 

Preferably the method of the sixth -e4 the~ p 1C 3 Cllt i- w't:- ^ Xnxp j c is a 

method of treating early cancer; cervical dysplasia; soft tissue sarcoma; a germ cell 

tumour; retinoblastoma; age-related macular degeneration; lymphoma; Hodgkin's 

lymphoma; head and neck cancer; oral or mouth cancer; or cancer of the blood, 

prostate, cervix, uterus, vaginal or other female adnexa, breast, naso-pharynx, 

trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, stomach, bile 

duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, liver, gall 

bladder, spleen, brain, lymphatic system, bones, skin or pancreas. Preferably 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 cancer of the blood, prostate, cervix, uterus, vaginal or other female 

adnexa, breast, naso-pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow 

organs, esophagus, stomach, bile duct, intestine, colon, colorectum, rectum, bladder, 

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

Preferably the method is a method of treating lymphoma; Hodgkin's lymphoma; 

oral or mouth cancer; 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 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. 

The sixth aspect of—the present insrentionexample also provides a method of 

photodynamic diagnosis of a human or animal disease, the method comprising 

administering a diagnostically effective amount of chlorin e4 sodium according to 

the first or third t-4fie^eettee-example to a human or animal. 

Preferably the human or animal disease is atherosclerosis; multiple sclerosis; 

diabetes; diabetic retinopathy; arthritis; rheumatoid arthritis; a fungal, viral, 

chlamydial, bacterial, nanobacterial or parasitic infectious disease; HIV; Aids; 

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

hepatitis; viral hepatitis; a cardiovascular 
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preferably for the fluorescent or phosphorescent detection and quantification of the 

said diseases. 

In any of the methods of the sixth aspect of the present inventieEtcxampIe. the 

5 human or animal is preferably further subjected to irradiation or sound 

simultaneous with or after the administration of the chlorin e4 sodium. Preferably 

the human or animal is subjected to irradiation after the administration of the 

chlorin e4 sodium. 

10 If the 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 

administration of the chlorin e4 sodium, preferably 6 to 72 hours after 

administration, preferably 24 to 48 hours after administration. 

15 If the method is a method of photodynamic diagnosis, then the human or animal is 

preferably subjected to irradiation 3 to 60 hours after administration of the chlorin 

e4 sodium, preferably 8 to 40 hours after administration. 

Preferably the irradiation is electromagnetic radiation with a wavelength in the range 

20 of from 500nm to lOOOnm, preferably from 600nm to 790nm. The electromagnetic 

radiation may be administered for about 5-60 minutes, preferably for about 15-20 

minutes, at about 0.1 -5W, preferably at about 1W. In one 

ptesent invcntionexample. two sources of electromagnetic radiation are used (for 

example a laser light and an LED light), one source with a wavelength in the range 

25 of from 600nm to 690nm, preferably about 660nm, the other source with a 

wavelength in the range of from 700nm to 790nm, preferably about 760nm. In another 

embodiment of the prcaent invention example, two sources of electromagnetic radiation 

are used (for example a laser light and an LED light), both sources adapted to provide 

irradiation with a wavelength in the range of from 600nm to 690nm, preferably about 

30 660nm, and irradiation with a wavelength in the range of from 700nm to 790nm, preferably 

about 760nm. In another embodiment of the ppcaent iwentien example, the irradiation 

may be provided by a prostate, anal, vaginal, mouth and nasal device for insertion into a 

body cavity. In another embodiment of the pgc3ent iwention example, the irradiation may 

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

In another ctmbodimcttt ot the prcacat iBvefttioflcxample. the irradiation may be 

provided by endoscopic light activation, for example, for delivering light to the 

lung, stomach, colon, bladder or neck. 

5 

Preferably the human or animal is a human. 

Brief description of the drawings 

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

the principle photophysical processes of interest. 

Figure 2 depicts schematically the metalation and demetalation of a porphyrin ring. 

15 Figure 3 depicts schematically the reaction of 1,3-diphenylisoben.zofuran (DPIBF) 

with two singlet oxygens (102). 

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

ptM) in ethanol. 

20 

Figure 5 shows the absorption spectrum of a chlorin e4 sodium solution (about 10 

piM) in water. 

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

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

Figure 7 shows the fluorescence spectrum of a chlorin e4 sodium solution (about 10 

[xM) in ethanol. Excitation wavelength was 403 nm; the absorbance at this 

wavelength was 0.10; cuvette size 1cm. 

30 

Figure 8 shows the fluorescence spectrum of a chlorin e4 sodium solution (about 10 

ptM) in water. Excitation wavelength was 403 nm; the absorbance at this 

wavelength was 0.13; cuvette size 1 cm. 
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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 chlorin e4/sodium of 

any one of claims 1-4 or 14-24 to a human or animal in need thereof. 

10 

15 

20 

25 

46. A method of photodynamic therapy or cytoluminescent Aerapy of a human 

or animal disease, the method comprising administering a therapeutically effective 

amount of chlorin e4 sodium of any one of claims 1-4/or 14-24 to a human or 

animal in need thereof. 

47. The method of claim 46, wherein the human or animal disease is 

atherosclerosis; multiple sclerosis; diabetes; diabetic retinopathy; arthritis; 

rheumatoid arthritis; a fungal, viral, chlamydial, bacterial, nanobacterial or parasitic 

infectious disease; HIV; Aids; infection/with sars virus, Asian (chicken) flu virus, 

herpes simplex or herpes zoster; hepatitis; viral hepatitis; a cardiovascular disease; 

coronary artery stenosis; carotkf artery stenosis; intermittent claudication; a 

dermatological condition; acn^; psoriasis; a disease characterised by benign or 

malignant cellular hyperproliferation or by areas of neovascularisation; a benign or 

malignant tumour; early Ancer; cervical dysplasia; soft tissue sarcoma; a germ cell 

tumour; retinoblastoma; age-related macular degeneration; lymphoma; Hodgkin's 

lymphoma; head aj/d 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 

bladdec; spleen, brain, lymphatic system, bones, skin or pancreas. 

30 

The method of any one of claims 45 to 47, wherein the human or animal 

disease is characterised by benign or malignant cellular hyperproliferation or by 

areas of neovascularisation. 

49. The method of any one of claims 45 to 48, wherein the human or animal 

-di^a-f^^rh-fen-ign-ofr-m.aJ.igna.ni-.tiim.Qii.r. 1 
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50. The method of any one of claims 45 to 49, wherein the human or animal 

disease 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 bipod, prostate, 

5 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. 

10 51. A method of photodynamic diagnosis of a Human or animal disease, the 

method comprising administering a diagnosticalh/effective amount of chlorin e4 

sodium of any one of claims 1-4 or 14-24 to a human or animal. 

52. The method of any one of claims 45 to 51, wherein the human or animal is 

15 subiected to irradiation after the administration of the chlorin e4 sodium. 

53. The method of claim 52, wherein the irradiation is electromagnetic radiation 

with a wavelength in the range j/f from 500nm to lOOOnm. 
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41. The use of any one of claims 36 to 40, wherein the medicament or the 

phototherapeutic agent is for the treatment of early cancer; cervical dysplasia; soft tissue 

sarcoma; a germ cell tumour; retinoblastoma; age-related macular degeneration; 

lymphoma; Hodgkin's lymphoma; head and neck cancer; oral or mouth cancer; or cancer 

of the blood, prostate, cervix, uterus, vaginal or other female adnexa, breast, naso­

pharynx, trachea, larynx, bronchi, bronchioles, lung, hollow organs, esophagus, stomach, 

bile duct, intestine, colon, colorectum, rectum, bladder, ureter, kidney, liver, gall bladder, 

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

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

a photodiagnostic agent for use in photodynamic diagnosis. 

43. The use of any one of claims 36 to 42, wherein the medicament, the 

phototherapeutic agent or the photodiagnostic agent is adapted for administration prior 

to administration of irradiation. 

44. The use of claim 43, wherein the irradiation is electromagnetic radiation with a 

wavelength in the range of from 500nm to lOOOnm. 

4S-. A—method—e4—tseatiftg—a-the^oselerosis;—multiple—sefctesi^—diabct&gj—diabetic 

retinopathy;—artlwsrtis;—rheumatoid—arthritis;—a—fungal,——chlamydial,— 
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