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PHOTOSENSITISERS

KField of the Invention

This 1nvention relates to chemical compounds which act as photosénsitisers and may
be used 1 a type of medical treatment known as photodynamic therapy (PDT), as
well as for the diagnosis and detection of medical conditions and related uses in
photochemical internalisation, in the production of cancer vaccines and in the

treatment of bactenal infections including photodisinfections.

Background to the Invention

Photodynamic therapy is used in the treatment of cancer and other diseases. In this
treatment a light absorbing compound (the photosensitiser) is applied to a tumour or

other lesion. Subsequently laser light is used to activate the photosensitiser and the

tumour tissue is destroyed in a process known as the photodynamic effect.

When the photosensitiser absorbs light it can produce a short-lived but highly active
species known as singlet oxygen. Also produced by the activated photosensitiser is
superoxide ion, O,". Singlet oxygen is thought to be the main agent effective against

the tumour although the superoxide ion may also participate.

It 1s believed that the photosensitiser destroys the blood supply to the malignant cells
of the tumour, thereby ultimately starving the tumour of oxygen and nutrients.

Alternatively, the photosensitiser may cause direct breakdown of tumour cells.

One photosensitiser currently used in PDT is a complex mixture of porphyrins (cyclic
tetrapyrroles) known as haematoporphyrin derivative (HpD). A commercial version
of HpD is available as Photofrin®. Although approved in various countries for

treating various types of tumour, Photofrin has various limitations including the
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accumulation of the material in the skin for a prolonged period, thereby inducing

undesirable photosensitivity under normal daylight.

Various other photosensitisers have been proposed for use in PDT. These include
specific porphyrins, phthalocyanines, naphthalocyanines and chlorins. Sulphonated
phthalocyanines have been reported to be particularly effective (Rosenthal, I,
Photochem. Photobiol., 1991, 53, 859-70. :

Photosensitisers may also be used in the diagnosis and detection of medical
conditions. For these applications, the photosensitiser is administered to the patient
either internally or topically. Abnormal cells take up the photosensitiser to a greater
extent than normal cells and, accordingly, when i ght 1s applied to the -region under
Investigation an area containing abnormal cells will exhibit greater fluorescence than

an area contaimning only normal cells.

Tetrasulphonylaminc; glycine zinc (II) phthalocyanine (TGly) has been described in J.
Photochem. Photobiol B: Biology., 45 (1998) 28-35 as a potential agent for PDT.
The performance of TGly as a photosensitiser in non-biological situations compared
favourably with two clinically used photosensitisers and two others under test.

However TGly was relatively poor in its ability to effect haemolysis of red blood

cells and would therefore not be considered as a potential agent for use in PDT,

diagnosis or detection applied to the human or animal body.

In general, there are various requirements, both chemical and biological, for a useful

and clinically effective photosensitiser. The chemical prdperties include, purity, a

- high quantum yield of singlet oxygen upon activation, the ability to be activated i)y

wavelengths of light ~in the red to infra-red region (since such radiation penetrates
deeply into tissue) and solubility in water. However, sensitisers Which satisfy these
chemical criteria do not necessarily possess advantageous biological properties for
use mn clinical PDT. These properties, which include localisation in target tissues

(e.g. tumours), lack of skin photosensitivity, rapid clearance from the body and
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appropriate sub-cellular location are not predictable from

chemical structure wilith current knowledge.

Statements of the Invention

According to the present 1nvention there 1is

provided a compound for use as a photosensitiser in PDT, in

—

photochemical internalisation in the production of a cancer

vaccine or 1n the diagnosils or detection of medical

conditions, the compound having the formula I

| Phot} [-SO,-N-X-COyH ] 4

Y

where Phot 1s a photosensitising chromophoric system, that
is to say, a radical representing a photosensitising
chromophoric system, such that the molecular species

g

(Phot]Hn 1s capable of photosensitising Type I and Type II

photoxidatlons, X 1s absent or 1s a linear or branched alkyl

having from 1 to 5 carbon atoms which optionally may be

substituted by one or more hydrophilic groups such as

hydroxy methoxy, ethoxy or carboxy, Y 1s hydrogen or linear

or branched alkyl having from 1 to 5 carbon atoms, which

optionally may be substituted by one or more hydroxy groups,

and n 1s an integer of from 1 to 4, or a salt, preferably on

H
b

a pharmaceutically acceptable salt, thereof.

.

Preferably Phot 1is a residue of a metal

phthalocyanine, a benzoporphyrin, a purpurin, a chlorin or a

bacteriochlorin.

A preferred compound 1n accordance with the

present 1nvention 1s a phthalocyvanine (Pc) derivative having

the formula
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where R 1s -NH-X-CO,H, preferred examples of X being —CHj- (referred to above as
TGly and hereinbelow as TSZnPc-glycine), -CH,CH,- (TSZnPc-B-alanine),-
CH(CH;)- (TSZnPc-a-alanine), -(CH,)s- (TSZnPc-aminobutyric acid), ~(CHy)s-
(I'SBuPc aminovaleric acid and —-(CH>)s (TSZnPc-aminocaproic acid).

SOr—R

Examples of other compounds falling within the scope of the present invention are as

follows:

a) mono-, di-and tri-substituted analogues of the above shown tetra-substituted
phthalocyanine structures, that is to say, compounds of the first-mentioned general

formula Il wherenis 1, 2 or 3;

b) chloroaluminium and hydroxyaluminium analogues of the mono-, di-, tri- and

tetra- substituted zinc phthalocyanines;

C) porphyrins bearing one or more of the sulphonyl amino acid side chains;

d) benzoporphyrins bearing one or more of the sulphonyl amino acid side
chains;

e) chlorins bearing one or more of the sulphonyl amino acid side chains, such as

a compound represented by the following formula III
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10 . _ ,
where R is -NH-X-CO;H and X is a linear or branched allcyl chain having from 0-5
carbon atoms; '

and f) bacteriochlorins bearing one or more of the sulphonyl amine acid side chains,
15 such as a compound of the formula IIT in which a double bond in one of the 5-
membered rings is absent. ' |

Surprisingly, compounds of the invemiion not only are highly effective as

., photosensitising agents when used in vivo but also are rapidly cleared from the body,

20 have little or no skin photosensitivity and unlike some other sensitisers, do not canse
. unacceptable skin discoloration. |

Examples of uses of the compounds of the préent invention are as photosensitising
drmugs for PDT to treat pre-camcerons conditions (e.g. Barrett’s oesophagus and
25 cérvigal miraepithelial neoplasia), caﬁcer (e.z. bladder cancer and colon cancer),

" ophthalmological disease imcinding macular degenexation, vascular problems such as
cardiovascular disease, arteriosclerosis and restenosis and autormmmune diseases such
as rheumatoid arthritis, skin diseas&e such as psoriasis, acne and eszema md other
benign conditions such as endometriosis and * menorhagia. The compounds may

30  also be used as anti-microbial treatments for skin and wound infections, other local
infections as well as in the treatment of dental bacterial disease. The compoumds |
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may also be used in photochemical internalisation and in the production of cancer
vaccines through their photosensitising properties and in non-therapeutic uses such as
in photodetection and photodiagnosis through their fluorescence properties. |

Compounds of the present.invention may be useful is the treatment, diagnosis and/or
detection of conditions in various pérts of the body including the skin, lungs, brain,

eye, colon, bladder, cervix and oesophagus.

It 1s found that the combination of the non-ionic polar sulphonamide residue and the
weakly acidic carboxylic acid group results in the compound of the present invention
having good water solubility allowing easy formulation of appropriate compositions

for use 1n medical treatment.

The present invention also provides a pharmaceutical composition comprising a

compound of formula I together with one or more diluents, excipients or adjuvants.

- The present invention also provides a compound of formula I excluding the

compound tetrasulphonylaminoglycine zinc (II) phthalocyanine. In addition the
present invention provides the use of a compound of formula I in the manufacture of
a medicament for treatment of a condition by photodynamic therapy or for
photochemical internalisation i the production of a cancer vaccine or in the

manutacture of an agent for use as a photosensitiser in the diagnosis or detection of a

medical condition.

Furthermore, the present invention ﬁrovides a method of treatment of an animal,
including a human being, by photodynamic therapy in which the photosensitiser
comprises a compound of formula I or a method of diégnosis or detection using a

compound of formula I as a photosensitiser.

Detailed description of the invention
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The invention will now be illustrated, by way of examples only, by reference to

photosensitisers of formula II.

(A)  Synthesis of sensitisers

(1)  TSZnPc-B-alanine

Synthesis of zinc phthalocyanine tetrasulphonyl chloride

Method 1.
The sodium salt of zinc phthalocyanine tetrasulphonic acid (5.0 g) was added with

stirring to chlorosulphonic acid (58 ml) at ambient temperature, then heated to 55°C
for 2 hours. Thionyl chloride (7.5 ml) was then added slowly and stirring continued
for a further 4 hours at 50 - 55°C. The mixture was allowed to cool and stirred
overnight at room temperature, and ice was then added with vigorous stirring, giving
a final volume of 500 ml. The blue solid was filtered off, washed well with ice-
water, and dried as much as possible on the vacuum bump. The filter cake was then

used immediately for subsequent reactions with amines.

Method 2.

To a stired mixture of zmc phthalocyanine tetrasulphonic acid (4 g),
dimethylacetamide (10 ml), and acetonitrile (40 ml) was added phosphorus
oxychloride (15 ml) dropwise over 15 minutes. The mixture was then warmed to 60

°C , held at that temperature for 1 hour, cooled to room temperature, and then ice/

- water was added with vi gorous stirring. The precipitated tetrasulphonyl chloride was

filtered off, washed well with ice/water, dried as much as possible at the filter pump,

and the filter cake was used immediately for the preparation of derivatives.
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Conversion to TsZnPc-f-alanine. | |

The tetrasulphonyl chlodde filler cake made from 5.0 grams of zinc
phihalocyanine teu-asulphnmc acid was added to a solution of ﬁ:alznine (12 gdina
mixtme of dimethylformamide (45 ml) ad dimethylacetzmide (S -mi),
simultzneonsly adding dropwise dilute sodinm hydroxide solution to ensure slight
alkalinity. The solution was then stirred for 12 hours at ambient temperature, dilited
with water (100 ml), and dialysed for 1 week with frequent changes of water. The
d1ﬂysedsnhxhonwasthenevapomedto drynmsanddnedmﬂ:e oven to give

. TsZnPc-p-alanine (1.4 g).

Found:- C, 35.3: H, 3.3: N, 10.8 %.

. CasH3aNi201684Z0Nas 12,0 requires: C,33.5; H,3.3; N, 113 %.

15

20

Molar absorption coefficient = 124,260 Imol” cm™ In DMF at Ay 6721mm

(2) TsZnPc-ct-alanine

The procedure described in Example 1 was followed, using 5 grams of zinc -

phihalocyanine tetrasulphonyl chloride and 12 grams of o-alanine. The restltant
solution was dialysed for 1 week with frequsnt changes of water, and then evaporated

o dryness and the residue dried in an oven to give TaZnPc-ct-alanine ( 1.27 g).
' Found: C,36.45; H3.55 N,1.7%

CoiHiaN 120168, ZnNas. 1050 requires C,36.44; H,3.59; N,11.6 %.

1180.

" Molar absorption coefficient = 141,400 1 moI”? cm™ in DMF at A, =672 nm

(3) TsZpPc-aminobutyric acid

Zinc phthalocyanine tetrasulphonic acid” (4.0 £) Was converied inio the
tetrasniphonyl chloride and the filter caks was added to a solution of 4-aminobutyric

PCY/GE01/04224

Mass spectrum  (electrospray): Found M 1180; C44336N1201684zn requires M =
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acid (6.5 gm) in dimethylformamide (45 ml) and dimethyl acetamide (5 mi),
simultaneously adding dropwise ditute so divm hydroxide solution to maintain slight
alkalinity. The solution was stirred for 12 hours at ambient temperature, diluted with
water (50 m) and dialysed for 1 week with frequent changes of water. The dialysed
5 solution was then evaporaied o dryness and the residue dried Im an oven io give

* TsZnPc- -aminobutyric acid (1.11 g)
Found: C,39.4:; H 35; N,125%
CisFLigN 20168470 Nay 6520 requires: C, 40.2-H, 3.6: N, 11.7 %.
Molar absorption coefficient = 103,000 1 mol™ cm™ in DMF at Apgx = 672 nm |
10- -
(4  TsZnPc-aminovaleric acid
Zinc phfhalocyanine tetrasnlphomic acid (5.0 g was converted into the
tetrasulphonyl chloride and the filter cake was added to a solution of S-aminovaleric
15 acid 6 @ dimeihylforma.‘mide‘ (45 ml) and dmmethylacetamide (5 ml),
simultaneously adding dropwise dilmte sodiwm hydroxide to maimtzin shight
alkalinity. The solution was stirred for 12 hours at ambient temperature, diluted with

water (50 ml) and dialysed for 48 hours with ﬁ'equcﬁt changes of water. The dialysed
solution was evaporated to drynmess and the blue residue dred m an oven to give

20 TsZnPc-amninovaleric acid (1.40 g).

' Found C=40.0: H,3.8; N, 11.75 %,
CopHagN 120168470 Nag 10H>0 requires C, 40.0; H, 4.4; N, 10.8 %
Molar absorption coefficient = 72,000 1 mol™ cm™ in DMF at Amy 672 nm

(5) TsZnPc-aminocaproic acid |

Zinc phthalocyanine tefrasulphomic acid (5.0 g was converted into the
tetrasulphonyl chloride and the filter cake was added to a sohution of 6-aminocagroic
30 acid (7.0 g) in dimethylformamide (45 ml) and dimethylac ctamide (5 ml),
simultaneousty adding dilute sodium hydroxide solution to mamtam slight alkalmity.
The solution was stirred for 12 hours at ambient temperature, dﬂnted with water (50

ml), and dialysed for 48 hours with ﬁ'equ.ent changes of water. The dialysed sohrdion

9 4 b L
sapnmm r-\i g;
T s LY .""'.?"-. | 3' ¢« mom
- . r - - - - 0“".; r
gl o . o be” = ot °
. r - ’ q
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was evaporated to dryness and the residue dried in the oven to give TsZnPc-

aminocaproic acid (1.16 g).

Found C=39.7%, H=3.8%, N=11.1%,
Cs6Hs6N1201654Zn Nay . 10H,0 requires C = 41.5%, H=4.7%,N=10.4 %
Molar absorption coefficient = 106,000 I mol” cm™ in DMF at Amax 672 nm.

(B)  Phototoxicity of various compounds towards cells in culture

The following table (Table 1) shows the photocytotoxic activity of various
compounds in accordance with the present invention in killing RIF-1 (murine

fibrosarcoma) cells 1 culture. |

Table 1
5 — -
- | 2h LD, (M) |
| Photosensitiser X | (mean+SD,n 3)
| TSZnPc-glycine | -CH;- 142 % 37 ]
| TSZnPc-B-alanine (CHy)o- ’ 109 + 31 |
TSZnPc-o-alanine | -CH(CHi)- 1 ©109%39 |
It TSZnPc-aﬁlinobutyﬁc acid -(CH3)3- 90 £ 30 |

e

TSZnPc-aminovaleric acid (CHyp)s- 125+ 13
TSZnPc-aminocaproic acid |  ~(CHa)s- I 104 + 14 l

i —— o ——..

[Phot] = Zinc Phthélocyanine; n = 4; LD., 1s the concentration of drug needed to

cause 50% cell death in two hours of 1llumination
(C)  Photoactivity of various compounds towards tumours

Data are shown in two animals models, the rat and the mouse. Comparative data are
also shown for PHP (analogous to Photofrin). Growth delay measures the additional
time taken for a treated tumour to grow to a given size, compared with an untreated

tumour. Zero grthh delay signifies no effect and growth delays of 5 days or longer

10
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1mmply substantial PDT activity. In both medels, it is clearly seen that certain
compounds of the present invention have at least equal and in some cases

~ considerably higher phototactivity than PHP (Photofrm).

(1)  PDT-induced LSBD, tumour growth delay in BDIX rais

dy
Sub-tutaneous tumours were treated mtarst:na]ly with light from Cu—vapom‘(}aser ,
(4001, 100mW at 680nm for phthalocyanmes and 630nm for PHP).

Tumour growth delay is calculated as the number of days for treated thmour to reach
a mean dizmeter of 15mm minus the number of days for a control tumour to reach a
mean diameter of 15mm. Data for various compounds are shown in Table 2, which
also indicates the times (drog-light interval) at which effects ocomed.

Figure 1a) and 1 ¢) show tomour growth delay at different drug-light intervals for the
compounds tested. Where error bars are shown data éven are the means of ai least 3
rats = s.c. F1gure2 shows the best response obtained for each compound tested.
Figure 3 shows light dose IBS]Z;OD.SE curves for PHP and the P-alanine pc derivative.
Data pomts are the mean of 6 rais = s.e. '

Table 2 Gmwth delays for various compounds in days

m

- e mm

——— 7187 _ 5.17+017 | 25 |

11
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(2) PDT-induced area of necrosis in CaNT tumours (in CBA/Gy mice)

Sub-cutaneous tumours were treated superficially with light from the Paterson xenon

are lamp (60J/cm?, 50 mW/cm/2). For PHP a 630 + 15nm filter was used, for the -

alanine derivative 685+ 15nm filter was used. At 72h post PDT mice were killed and

area of necrosis was determined from a mid-section of tumour

Figure 4 shows a dose-response curve for the P-alanine derivative. Figure 5
compares PHP and the -alanine derivative at equimolar amounts at different drug-

light intervals.
(D)  Skin photosensitivity measurements

Skin photosensitivity is a major problem with some currently-used photosensitisers.
Patients sometimes have to avoid light after drug administration for several weeks.
The following date‘lrshow skin photosensitivity scores for various compounds of the
present invention, compared with PHP (Photofrin) in both rat and mouse models.

There are clear advantages of some compounds of the present invention in having

very low or zero skin photosensitivity.
(1) Skin photosensitivity-visual assessment in rodent skin patch

The skin of wistar rats was depilated and rats were injected with sensitiser (i.v.) at
0.5, 2, 5 or 10 mg/kg. At 24h the skin paich was exposed to broad band white light
from a xenon arc lamp (91.8 J cm2). Light exposure was repeated on untreated skin
at 2 weeks post-drug injection. Skin reactions were scoréd according to Table 3.

Data are shown in Table 4 and in Figure 6.

12
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Table 3

Skin Reaction | Score

No visible change.

Doubtful changes, possibly some transient erythema or oedema.
Defnite oedema or erythema healmg within a few days.
Severe oedema or erythema leading to dry desquamation, scaling or crusting.

Indurations-with some reddening or dry desquamation to treatment area, (oedema of

surrounding area).
U —
Indurations with reddening leading to escar formation of part of treatment area (oedema of

surrounding area).
Indurations and reddening leading to escar formation of whole of treatment area (oedema of

surrounding area).
| No defined treatment areas, oedema and extensive necros s also affecting untreated area. . ]

Table 4
l | l L Skin score (at 10 mg/kg)
Drug L i 24h drug-light 2 wks drug-light ]
| PHG (N=4) , 4,75 £ 0.34 4.510.35
TSZnPe-Glycine (n=1) 3 1
TSZnPc-3-alanine Pe (n=1) 2 | 0
TSZnPc-a~-alanine Pec (n=1) | 2 7 2
TSZnPc-y-aminoe-butyric Pc (n=1) 2 2 ]

(2)  Skin photosensitivity murine ear swelling response

CBA/Gy mice were injected with sensitiser at 16.7 pmol/kg. At 24h post drug
injection ears were exposed to broad band white light from a xenon arc lamp
5  (25V/cm2, 30mW/cm?). Change in ear thickness was measured as: ear thickness at
24h post illumination minus ear thickness pre-illumination. Light exposure and ear
measurements were repeated at 2 weeks post drug injection on the previously

untreated ear. Results are shown in Figure 7. Increased ear thickness measures

increased skin photosensitivity.

10
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(E)  Skin coloration

Certain photosensitiser d:rugs can cause a transient skin coloration immediately after
drug administration. Whilst this may not present a physical health proBlem, It may

cause psychological difﬁcillties. and make freatment cosmetically unacceptable.
Compounds in the present invention have therefore been assessed for skin coloration

against an acceptable limit. Data in both rat and mouse models are shown below.

(1) Skin coloration - Wistar rats

The skin of Wistar rats ears was depilated and rats were injected with sensitiser at
0.5, 2, 5 or 10 mg/kg. Skin coloration was measured daily using a sﬁhere
spectrophotometer and compared to the skin of a control rat (no drug). Resulis are

shown 1n Figure 8 for 10 mg/kg.
(2)  Skin coloration - CBA/Gy mice

The skin of CBA/Gy mice was depilated and skin coloration was measured using a
sphere spectrophotometer. Mice were injected with sensitiser at 16.7 16.7 umol/kg.
Skin colour was remeasured at 10 mins, 3h, 24h then-daily for 14 days or until within

control levels. Results are shown in Figure 9.

14
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CLAIMS:

1. A compound for use as a photosensitiser in PDT, 1in
photochemical internalilsation, 1n the production of cancer
vaccines or 1n the diagnosis or detection of medical

conditions, the compound having the formula I

| Phot] | -SO,-N-X-CO,H]

I
Y

where Phot 1s a photosensitising chromophoric system, X is
absent or 1s a linear or branched alkyl having from 1 to 5

carbon atoms, which optionally may be substituted by one or

more hydrophilic groups, Y 1s hydrogen or linear or branched

alkyl having from 1 to 5 carbon atoms, which optionally may

be substituted by one or more hydroxy groups and n is an

—
—

integer of from 1 to 4, or a salt thereof.

2 . A compound according to claim 1, wherein Phot is a

—

residue of a metal phthalocyanine, a benzoporphyrin, a

purpurin, a chlorin or a bacteriochlorin.

3. A compound accordlng to claim 1, and having the

formula IT

R—0,S
f(\

SO,~R

4

R—0»S 50;,-R

where R 1s -NH-X-CO,H, X being as defined in claim 1.

15
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4, A compound according to c¢laim 1, wherein X 1is

-CHy~-, -CH,CH,—-, -CH{({CH3)-(CHy)3— or = (CH:)4~-.

5. A pharmaceutical composition comprising a compound

P
p—

of any one of claims 1 to 4, or a pharmaceutically

acceptable salt thereof together with one or more diluents,

exclplents or adjuvants.

6. A compound of the formula I, as defined in

B

claim 1, or a pharmaceutically acceptable salt thereof
excluding the compound tetrasulphonylaminoglycine zinc (II)

phthalocyanine.

7. The use of a compound as defined in any one of

claims 1 to 4 and 6, or a pharmaceutically acceptable salt

thereof, or a composition as defined in claim 5, in the
manufacture of a medicament for the treatment of a condition

by photodynamic therapy or for photochemical internalisation

in the production of a cancer vaccine or in the manufacture

of an agent for use as a photosensitiser in the diagnosis or

detection of a medical condition.

r—

8 . Use of PDT in the treatment of an animal or a

‘human being, wherein the photosensitiser comprises a

compound as defined in any one of claims 1 to 4 and 6, or a
pharmaceutically acceptable salt thereof, or a composition

as defined in claim 5.

—

9. Use of a compound as deflined in any one of

claims 1 to 4 and 6, or a pharmaceutically acceptable salt

thereof, or a composition as defined in claim 5, for
diagnosls or detection of a medical condition in an animal
or a human being, wherein the animal or human being 1is
lrradiated to elicit a fluorescent response from the

compound.

16
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Tumour growth delay following PHP-mediated PDT \

(10mg/kg, 400J, 680nm)
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Fig. 1(a)

Tumour growth delay following TSZnPc-glycine -
mediated PDT (5 mg/kg, 400J, 680nm)
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Fig. 1(b)
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Maximum tumour response
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drug- light interval. Data points are the mean of at least 3 mice + s.e.

area of necrosis 1%
L
O

0 l 3 6 24

drug-light interval / h
—&—— TSZnPc-B-alanine —4&— PHP

Drugs were injected i.v, at 1.25umol/kg. Data points are the mean of at

least 3 mice * s.e.
Fi
2. J



CA 02423252 2003-03-20
WO 02/24226 PCT/GB01/04224

o

o

O

0 f—

-

S

7 .

PHP (n=4) Glycine TSZnPc-B-alanine TSZnPc-alpha-  TSZnPc-gamma-
= alanina amino-butyric

] 24h drug-light 2 weeks drug-light

Fig. 6

1

1]
o PP

e S T~

change in ear thickness (mm x 10-3)

& yd
Ve ¢
./.. . ...’...,.
4 &
‘/
pa
.’/ 4
.-/ 4
.-/
.-/
.'/
/ ,'.
& 4
4 A (NI N B

PHP  TSZnPc-B-alanine TSZnPc-giycine PHP Drug only light only
24h drug-light 2 weeks drug-light

Ear swelling response at 24h post-illumination. Bars represent the mean

of 4 mice = s.e.
Fig. 7




CA 02423252 2003-03-20

PCT/GB01/04224

WO 02/24226

6/7

g SL]

‘Je.d 9U0 sjuasaldad so1Ias rle(
‘BY/Bbwig | Je 1asnisuas jo uonoaful "A'1 Buimojjo} uoijelojod ups pasnpulj

———

oujueje- @..On_ uzZSl —8—

sAep / uonoaful Jaye awi |

L 9 S Y, & l A

| SUPUUE NE— T S, —

9 W3
B}|op / INOJOD Uys ul abueys

y " i-?IlllllltlIII"I*II’II"."!II[']!I!‘

i ejqeydosoy

I




CA 02423252 2003-03-20

PCT/GB01/04224

WO 02/24226

1/7

6 ‘ST

‘By/own 29| e 19sijIsuas jo uonoaful BUuIMo[|o} UOIIRIOI0D UIS Pasnpu|

0UOD —Y— dulue[R-g-o4UZS] —e—

sAep / uonoaful Joye awi |

L, €L 2L L oL 6 8 L 9§ ¥ & ¢ |

N 1N «— NN o
- -

=
N

Lowog B}|op / AN0JOD upys ui abueys

- Judlj m_nﬂaooo,q.

!
L M
AR

m—
LN ~3
.




 Phot] { -S0,-N-X-COyH |,

l
Y



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - abstract drawing

