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CHLORIN DERIVATIVE USEFUL IN 
PHOTODYNAMIC THERAPY AND 

DLAGNOSIS 

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 (So) to a singlet excited state (S1), (So->S, tran 
sition), and then falls back down to the ground state (So), 
(S1?So transition), emitting light at higher wavelengths in 
the form offluorescence. There is another energy state known 
as the triplet state (T1). The triplet state (Tl) cannot be effi 
ciently populated by direct excitation. However, intersystem 
crossing S1?T occurs isoenergetically followed by deacti 
vation to T1. The S1?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 (Tl) molecules become very 
unstable and can react with molecular oxygen (O2), splitting 
the latter into two singlet oxygens (O2). Singlet oxygen 
('O2) 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. 
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[0009| A water-soluble chlorophyll derivative, known as 
tri-sodium copper(II) 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 CC14-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 first aspect 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: 
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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 maculardegen 
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 offrom 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 offrom 500 
nm to 1000 nm. 


