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Abstract

The present invention provides a compound which is a polyunsaturated fatty acid (PUFA)
derivative of formula (I), or a pharmaceutically acceptable salt, or solvate thereof, in the form
of a racemate, a stereoisomer or a mixture of stereoisomers, for use in treating skin

inflammation in a mammal, by topical administration.
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USE OF PUFAS FOR TREATING SKIN INFLAMMATION

Field of the Inventz'on.

The present invention relates to novel methods of treating skin inflammation, in
particular skin inflammation caused by atopic eczema, contact dermatitis, psoriasis or

uremic pruritis.
Background of the Invention

Most common skin discrders and complaints comprise a number of different
components. Thus, many skin disorders iavolve (a) hyperproliferation, (b)
inflammation and/or (<) dchydratmn Hyperproliferation involves a statc of
abnormally high cell division, thch can lead to excess flaking skin: Inflammation
involves swelling and redness of the skin, as well as sensations of increased heat, and
pain in the skin. Dehvdration involves loss of water from the skin and may be due.

for example, to damagé to the normally waterproof top layer of the skin (epidermis).

Inflammation of the skin (dermatitis) in mammals can result from a number of
different etiologies. Dermatitis can be caused i>y eczema, in particular atopic eczema
(atopic cierfnatiﬁs), disseminated neurodermatitis, flexural eczema, infantile eczema, -
prurfgo &aﬁsique, contact dermatitis, (eg irritant c'ontact dermatitis, allergic contact -

dermatitis and photocontact dermatitis), Xerotic eczema, ‘seborrheic eczema,

~ dyshidrosis, discoid eczema, venous eczéma, dermatitis herpetiformis,

neurodermatitis and autoeczematisation, Dermatitis can also be caused by skin
inflammation resulting from exposure to radiation, in particular exposure to ultraviolet
radiation. Other causes of dermatitis includes uremic pruritis and autoimmune

diseases, in particular lupus and psoriasis.

Inflammation of the skin causes rashes, redness, skin edema (swelling), itcﬂing, .
blistering, sensations of pain and/or heat and can be unsightly. The itchiness caused
by inflammation can lead to scratching. Scratching of skin that is already damaged in
some way can easily lead to the barrier of the epidermis being broken, rgsulting in
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bleeding, and secondary infection with pathogens. Such secdndary infection can

require treatment with antibiotics.’

Tt is well known that when treating a skm condition that has a number of different

.c':omponeilts 1.e. hyperproliferative, iﬁﬂammatory and/or dehydrative components, a
number of different treatments may be used. Thus,in the treatment of psoriasis, for

example, an antihyperproliferative may be used to treat the hyperproliferative

component of the disease, an antl-mﬂammatory may be used to treat the inflammatory

componént and an emollient may be used to treat the dehydrative component.

The most common form of treatment for inflammation of the skin is oral and/or

topical steroids. There are, however, drawbacks associated with steroid treatments.
Common side effects associated with stermds include stlmtmg of growth, thmmng of

the skin, muscle loss and osteoporosis.

The present invention relates to new methods for treating skin inflammation, in -
particular skin inflammation cansed by atopic eczema, contact dermatitis, psoriasis or

uremic pruritis, in mammals.

Eicosa-82,11Z,14Z-trienoic acid (Dihomo-y-linolernic acid or DGLA) is a

~ commercially available polyunsaturated fatty acid (PUFA). DGLA has the structure

shown below.

EP-A-0085579 describes the use of DGLA in combination with antipruritic lithium )

. salts. EP-A-0173478 describes the use of DGLA in combination with anti-

inflammatory glucocorticoids. “In these applications, treatment with lithium salts and
gluboéorticoids is supplemented with DGLA, as both lithium salts and gluoocofﬁcoids

are believed to block release of DGLA from endogenous stores in the body.
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Advantageously, it has now been discovered that DGLA can be used effectively as'a *

monotherapy.

* 5-Hydroxy-eicosa-6E,8Z,11Z-trienoic acid (5-HETIE) ) is a commercially available .
"5 PUFA derivative derived from mead acid. 5-HETIE has the structure shown below.

8-Hydroxy-eicosa—9E,112,14Z-tﬁen'6ié acid (8-HETE) is a commercially available
10  PUFA denvative derived from eicosa-8Z,11Z,14Z-trienoic acid (Dihomo-y-linolenic
acid or DGLA). 8-HETIE has the structure shown below.

15 15—Hyd'roxy—eicosa—8Z 11Z,13E-trienoic acid (15-HET:E) is a commércially available
PUFA derivative derived from elcosa-SZ 11Z,14Z-trenoic acid (Dlhomo-y-hnolemc
acid or DGLA). 15-HETYE has the structurc shown bclow

20
15-HETTE is known to have antiproiiferative properties when applied di’reétly to the
skin (X, et al Prostaglandms Leukotrienes and Essential Fatty Acids (2000) 62(1),

13 to 19).



CA 02843996 2014-02-25
WO 2010/125340 _ ' . PCT/GB2010/000844

) 13-Hydroxy—octadeqa;6z, 97, 1 1E-y-trienoi¢ ac'id (13-HOTrE(y))is a cornmelb'éially
available PUFA derivative derived from gamma-linolenic acid (GLA). 13-HOTTE(y)
has the structure shown below. .

It has now been surprisingly found that DGLA, 5-HETIE, 8-HZETIE, 15-HETYE, 13-
HOTrE(Y) and their derivatives are clinically useful in treating skin inflammation, in
10 particular skin inflammation caused by atopic eczema, contact dermatitis, psoriasis 'c;r
uremic pruritié, by topical administration in mammals. A particular finding of the
present invention is that these compounds reduce the level of COX-2 enzymes in the
skin when applied topically. The COX-2 family of enzymes have been strongly
linked to inflammation and have been found to be present in increased amountsin -~

13 inflamed tissue.
Summary of the Invention

A The present invention therefore provides a compound which is a polyunsaturated fatty
20 acid (PUFA) derivative of formula (I),

o .
/“\/\/Nk\/\/\ .
R,0 : ‘

I
25  or a pharmaceutically acceptable salt, or sblvafé-thereof, wherein
- ~Alk- is -CH(OR;)—[trans]CH=CH—[c:z's]CH=CH—CH2-[éis]CH=CH-C3H6-, -
(CHZ)B-CH(ORI)-[tr_ans]CH_=CH-[cis]éH=CH-CiIz-[cis]CH;CH-, —(CH2)3-.
[cis] CH=CH-CH,-[cis]CH=CH-{trans]CH=CH-CH(ORy)- or -CH,-
[cis]CH=CH-CH,-[cis]CH=CH-[trans]CH=CH-CH(OR;)-;

4
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Rjisa hydrogen atom; or
R, is ‘a C;-Ce alkyl, C5-C¢ alkenyl CZ—CG allymyl, Cs-Cip aryl, 5-to 10-

membered heteroaryl, C5-C; carbocyclyl or 5- to 10-membered heterocyclyl

group; or
Ryisa group of formula -CHz-CH(ORg)—CHZ-(OR4) wherem R3 and Ry are
each independently hydrogen atorms or -(C=0)-Rs, wherein R is an ahphatlc
group having from 3 to 29 carbon atoms; or

R, is a group of formula -(CHzOCHz)mOH wherein.m is an integer of from 1
t0 200; )

R; is a hydrogen atom; or

R; is a group -(C=0)-Rs, wherein Rs is a C,-Cg alkyl, C;-Cq alkenyl, Co-C¢’
alkynyl, Cs-Cjp aryl, 5- to 10-membered heteroaryl, Cs-C carbocyelyl or 5- to
10-membered heterocyclyl group, or Rs is an aliphatic group having from 3 to
29 carbon atoms; or ‘
R; is a group of formula -( CHzOCHz);lOH, wherein n is an integer of from 1 to
200;

and wherexn

said alkyl, alkenyl alkyny! and aliphatic groups are the same or different and
are each unsubstituted or substituted with 1, 2 or 3 unsubstituted substituents

~which aré the same or different and are selected from halogen atoms and C;.C4

alkoxy, Cy.Cs alkenyloxy, Cy.C, haloalkyl, C,.C4 haloalkenyl, C1.Cq

_ haloalkoxy, C,.C4 haloalkenyloxy, hydroxyl, -SR’, and -NR'R™" groups where

R’ and R"’ are the same or different and reprcsént hydrogen or unsubstituted
C..C; alkyl;

said aryl, heteraaryl, carbocyclyl énd heterocyelyl g';‘oups are the. same or
different and are each unsubstituted or substituted by 1, 2, 3 or 4 unsubstituted
substituents .»\;hich,are the same or differenf and are selected from halogen
atoms, and cyano, nitro, C.C4 alkyl, C;.C4 alkoxy, C;.C4 alkenyl, C;.C4
alkenyloxy, C,.C; haloalkyl, C,.C4 haloé.lkenyl,' C:.C4 haloalkoxy, C,;.C4
haloalkenyloxy, hydroxyl, C;.C; hydroxyalkyl, -SR” and -NR'R"’ groups
wherein each R"and R’ is the same or different and represents hydrogen or
umsubstituted C.Cy alkyl; ' o '

and wherein the PUFA derivative is in the form of a racemate, a stereoisomer or a

mixture of stereocisomers,
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which compound is for use in treating skin inflammation in a mammal, by topical administration.

Various aspects of this disclosure relate to a pharmaceutical composition suitable for topical
administration comprising a compound of the invention, and a pharmaceutically acceptable diluent

or carrier, for use in treating skin inflammation in a mammal.

Various aspects of this disclosure relate to a use of a compound for the treatment of skin

mflammation.

Various aspects of this disclosure relate to use of a compound in the manufacture of a medicament

for the treatment of skin inflammation.

Various embodiments of the claimed invention relate to a topical monotherapy composition for the
treatment of skin inflammation in a mammal, the topical monotherapy composition comprising: at

least one excipient; and a polyunsaturated fatty acid (PUFA) derivative of formula (I):
O

)

or a salt thereof, wherein:

-Alk- is: -(CHz):-[cis] CH=CH-CH»-[cis]CH=CH-CH,-[cis] CH=CH-; R; is a hydrogen atom;
topical monotherapy composition for the treatment of skin inflammation and wherein the topical
monotherapy composition is substantially free of glucocorticoids.

Various embodiments of the claimed invention relate to a use of a polyunsaturated fatty acid

(PUFA) derivative of formula (I):
O

Rﬂo)JV\/ NG PN

W)
or a salt thereof, in the preparation of a medicament for the treatment of skin inflammation in a
mammal as a topical monotherapy, wherein:

-Alk- is: -(CHy)3-[cis]CH=CH-CHa-[cis] CH=CH-CH,-[cis] CH=CH-; R, is a hydrogen atom;
wherein the medicament contains the polyunsaturated fatty acid (PUFA) derivative of formula (I)

as sole active mgredient; and wherein the medicament is substantially free of glucocorticoids.

Date Regue/Date Received 2022-04-06
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Various embodiments of the claimed invention relate to a use of a composition for the treatment of
skin inflammation in a mammal as a topical monotherapy, the composition comprising: at least one

excipient; and a polyunsaturated fatty acid (PUFA) derivative of formula (I):
G

R@)J\/\/ ™S

)

or a salt thereof, wherein:

-Alk- is: -(CH2)s-[cis]CH=CH-CH;-[cis] CH=CH-CH>-[cis] CH=CH-; R; is a hydrogen atom;
wherein the PUFA derivative is in a composition comprising at least one excipient,

wherein the composition contains the polyunsaturated fatty acid (PUFA) derivative of formula (I) as
sole active ingredient, and wherein the composition is substantially free of glucocorticoids.

Various embodiments of the claimed invention relate to a use of a polyunsaturated fatty acid

(PUFA) derivative of formula (1),
O

R,OJJ\/\/ Alk\/\/\

)

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for topical
treatment of skin inflammation in a mammal, wherein:

-Alk- is -(CHa)s-[cis] CH=CH-CHz-[cis] CH=CH-CHa-[cis] CH=CH-; and R; is a hydrogen atom,
wherein the medicament contains the polyunsaturated fatty acid (PUFA) derivative of formula (I)

as sole active ingredient, and wherein the amount of the PUFA derivative is 0.5 wt% to 25 wt% of

the medicament.

Various embodiments of the claimed invention relate to a use of a polyunsaturated fatty acid

(PUFA) derivative of formula (I),

O

o OJJ\/\/ SN N

@
6a

Date Regue/Date Received 2022-04-06
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or a pharmaceutically acceptable salt thereof for topical treatment of skin inflammation in a
mammal, wherein:

-Alk- is -(CHy)3-[cis] CH=CH-CH-[cis] CH=CH-CH,-[cis]CH=CH-; and R is a hydrogen atom;

wherein the PUFA derivative is in a medicament, wherein the medicament contains the
polyunsaturated fatty acid (PUFA) derivative of formula (I) as sole active ingredient, and wherein

the amount of the PUFA derivative is 0.5 wt% to 25 wt% of the medicament.

Various embodiments of the claimed invention relate to a use of a polyunsaturated fatty acid

(PUFA) derivative of formula (1),

O

R o/“\A/ A ™

)

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for topical

treatment of skin inflammation in a mammal, wherein:
-Alk- is: -(CHy)3-[cis] CH=CH-CH,-[cis] CH=CH-CH>-[cis] CH=CH-; and R; is hydrogen atom;

wherein the medicament is free of lithium salts and glucocorticoids, and wherein the medicament
contains the polyunsaturated fatty acid (PUFA) derivative of formula (I) as sole active ingredient.
Various embodiments of the claimed invention relate to a use of a polyunsaturated fatty acid
(PUFA) derivative of formula (1),

0]

@
or a pharmaceutically acceptable salt thereof for topical treatment of skin inflammation in a

mammal, wherein:
-Alk- is: -(CHy)3-[cis] CH=CH-CH,-[cis] CH=CH-CH>-[cis] CH=CH-; and R; is hydrogen atom;
wherein the PUFA derivative is in a medicament, and wherein the medicament is free of lithium

salts and glucocorticoids, and wherein the medicament contains the polyunsaturated fatty acid

(PUFA) derivative of formula (I) as sole active ingredient.
6b

Date Regue/Date Received 2022-04-06



CA 2843996

Various aspects of the disclosure relate to a topical composition use in treating pruritus, the topical
composition comprising: at least one excipient; and a polyunsaturated fatty acid (PUFA) derivative

of formula (I):

O

R,o/n\/\/ RN NN,

)
or a salt thereof, wherein:
-Alk- is: -(CH» )3-[cis] CH=CH-CH-[cis] CH=CH-CH»-[cis] CH=CH-; R, is a hydrogen atom; and

wherein the topical composition is substantially free of glucocorticoids, and , wherein the
composition is for co-administration with a corticosteroid selected from the group consisting of
clobetasol dipropionate, betamethasone dipropionate, halbetasol dipropionate, diflorasone diacetate,
fluocinonide, halcinonide, amcinonide, desoximetasone, triamcinolone acetonide, mometasone
furoate, fluticasone dipropionate, fluocinolone acetonide, hydrocortisone valerate, hydrocortisone
butyrate, desonide, prednicarbate, prednisolone, methylprednisolone, dexamethasone, naflocort,
deflazacort, halopredone acetate, budesonide, beclomethasone dipropionate, hydrocortisone,
clocortolone pivalate, methylprednisolone aceponate, dexamethasone palmitoate, tipredane,
hydrocortisone aceponate, alclometasone dipropionate, halometasone, methylprednisolone
suleptanate, rimexolone, prednisolone farnesylate, ciclesonide, deprodone propionate, loteprednol
etabonate, betamethasone butyrate propionate, flunisolide, prednisone, dexamethasone sodium
phosphate, triamcinolone, betamethasone 17- valerate, betamethasone, hydrocortisone acetate,
hydrocortisone sodium succinate, prednisolone sodium phosphate, hydrocortisone probutate, and

combinations thereof.

Various embodiments of the claimed invention relate to a pharmaceutical composition for use in the
treatment of skin inflammation in a mammal by topical administration, comprising a

polyunsaturated fatty acid (PUFA) derivative, of formula (1),

O

Alk \/\/\
6¢

Date Regue/Date Received 2022-04-06
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or a pharmaceutically acceptable salt, or solvate thereof, wherein -Alk- is -(CH,);-[cis] CH=CH-
CHa-[cis]CH=CH-CH»-[cis] CH=CH-; R is a hydrogen atom; and wherein the PUFA derivative is

the sole active ingredient.

Various embodiments of the claimed invention relate to a use of a composition comprising DGLA
or an ester or pharmaceutically acceptable salt thereof, for treating uremic pruritus in a subject in

need thereof, wherein the composition is formulated for administration to provide a therapeutically
effective amount to skin of the subject, wherein the amount of the DGLA is 0.5 wt% to 25 wt% of

the composition.

Various embodiments of the claimed invention relate to a use of DGLA or an ester or
pharmaceutically acceptable salt thereof in the preparation of a composition for treating uremic
pruritus in a subject in need thereof, wherein the composition formulated for administration to
provide a therapeutically effective amount to skin of the subject, wherein the amount of the DGLA

1s 0.5 wt% to 25 wt% of the composition.

Various embodiments of the claimed invention relate to a pharmaceutical composition for use in the
treatment of skin inflammation in a mammal by topical administration, comprising a

polyunsaturated fatty acid (PUFA) derivative, of formula (1),

O

(I) or a pharmaceutically acceptable salt, or solvate thereof, wherein
-Alk- is -(CHz)3-[cis]CH=CH-CHo»-[cis] CH=CH-CH»-[cis]CH=CH-; R; is a hydrogen atom,
wherein the PUFA is the sole active ingredient,

wherein the skin inflammation is caused by atopic dermatitis, and wherein the amount of the PUFA

is 1 wt% to 10 wt% of the pharmaceutical composition.

Various aspects of this disclosure relate to a compound which is a polyunsaturated fatty acid

(PUFA) derivative of formula (I)

O

Rﬁo/n\/\/ N NN

M
6d

Date Regue/Date Received 2022-04-06
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or is a pharmaceutically acceptable salt or solvate of the PUFA derivative, wherein: -Alk- is:

-CH(OR)-[trans|CH=CH-[cis] CH=CH-CH>-[cis] CH=CH-(CHa)3-, -(CHz)3-CH(OR>)-
[trans]CH=CH-[cis]CH=CH-CH>-[cis] CH=CH-, -(CH)3- [cis|CH=CH-CH,-[cis] CH=CH-
[trans]CH=CH-CH(OR»)- or -CH>- [cis] CH=CH-CH>- [cis] CH=CH- [trans] CH=CH-CH(OR>)-;
Ri is a hydrogen atom; or R; is a C1-Cs alkyl, C>-Cs alkenyl, C>-Cs alkynyl, Cs-Cio aryl, 5- to 10-
membered heteroaryl, C3-C7 carbocyclyl or 5- to 10-membered heterocyclyl group; or R is a group
of formula -CH,-CH(OR3)-CH»-(OR4), wherein R; and R4 are each independently hydrogen atoms
or -(C-O)-R¢, wherein R is an aliphatic group having from 3 to 29 carbon atoms; or R; is a group
of formula -(CH,OCH:2)nOH, wherein m is an integer of from 1 to 200; R» is a hydrogen atom; or
Rz is a group -(C=0)-Rs, wherein Rs is a C1-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, Cs.Cio aryl, 5-
to 10-membered heteroaryl, C3-C7 carbocyclyl or 5- to 10-membered heterocyclyl group, or Rs is

an aliphatic group having from 3 to 29 carbon atoms; or

R> is a group of formula -(CH>OCH2).OH, wherein n is an integer of from 1 to 200; and wherein
said alkyl, alkenyl, alkynyl and aliphatic groups are the same or different and are each unsubstituted
or substituted with 1, 2 or 3 unsubstituted substituents which are the same or different and are
selected from halogen atoms, Ci-Cs4 alkoxy, C>-Cy alkenyloxy, Ci- C4 haloalkyl, C»-C4 haloalkenyl,
Ci1-Cs4 haloalkoxy, C>-C4 haloalkenyloxy, hydroxyl, -SR', and -NR'R" groups where R' and R" are
the same or different and represent hydrogen or unsubstituted Ci-C» alkyl;

said aryl, heteroaryl, carbocyclyl and heterocyclyl groups are the same or different and are each
unsubstituted or substituted by 1, 2, 3 or 4 unsubstituted substituents which are the same or
different and are selected from halogen atoms, cyano, nitro, Ci-Cs alkyl, Ci-C4 alkoxy, C>-Cy
alkenyl, C>-C4 alkenyloxy, Ci-Cs haloalkyl, C>-Cs4 haloalkenyl, Ci-C4 haloalkoxy, C2-Cy
haloalkenyloxy, hydroxyl, Ci-Cs hydroxyalkyl, -SR' and -NR 'R" groups wherein each R' and R" is
the same or different and represents hydrogen or unsubstituted C1-Cs4 alkyl; and wherein the PUFA
derivative is in the form of a racemate, a stereoisomer or a mixture of stereoisomers, which

compound is for use in treating a skin inflammation in a mammal, by topical administration.

Various aspects of this disclosure also relate to use of a polyunsaturated fatty acid (PUFA)

derivative of formula (I),

O

Rﬁo/“\/\/ Alk\/\/\

6e

Date Regue/Date Received 2022-04-06
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@
or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for topical

treatment of skin inflammation in a mammal, wherein:

-Alk- is -CH(ORy)-[frans] CH=CH-[cis| CH=CH-CH,-[ cis] CH=CH-C3Hg-,-(CH>)3-CH(OR»)-
[trans]CH=CH-[cis|CH=CH-CHa-[cis | CH=CH-,-(CH>)3-[cis] CH=CH-CH-[cis] CH=CH-
[trans]CH=CH-CH(OR2)- or-(CH>)3-[cis] CH=CH-CH,-[cis] CH=CH-CHa-[cis] CH=CH- ;R; is a
hydrogen atom; or R; is a Ci-Cs alkyl, C>-Cs alkenyl, C»-Cs alkynyl, C¢-Cio aryl, 5- to 10-
membered heteroaryl, C3-C7 carbocyclyl or 5- to 10-membered heterocyclyl group; or Ry is a group
of formula -CH,-CH(OR3)-CH»-(OR4), wherein R; and R4 are each independently hydrogen atoms
or -(C=0)-Rs, wherein Rg is an aliphatic group having from 3 to 29 carbon atoms; or R; is a group

of formula -(CH,OCH),OH, wherein m is an integer of from 1 to 200; R» is a hydrogen atom; or

R» is a group -(C=0)-Rs, wherein Rs is a C;-Cs alkyl, C,-Cs alkenyl, C»-Cs alkynyl, Cs-Cio aryl, 5-
to 10-membered heteroaryl, C3-C7 carbocyclyl or 5- to 10-membered heterocyclyl group, or Rs is
an aliphatic group having from 3 to 29 carbon atoms; or R» is a group of formula -(CH>OCH>),OH,
wherein n is an integer of from 1 to 200; and wherein said alkyl, alkenyl, alkynyl and aliphatic
groups are the same or different and are each unsubstituted or substituted with 1, 2 or 3
unsubstituted substituents which are the same or different and are selected from halogen atoms and
Ci1-Cs alkoxy, C>-C4 alkenyloxy, Ci- C4 haloalkyl, C>-Cs haloalkenyl, C1-C4 haloalkoxy, C>-Cs
haloalkenyloxy, hydroxyl, -SR', and -NR'R"” groups where R' and R" are the same or different and
represent hydrogen or unsubstituted Ci-C; alkyl; said aryl, heteroaryl, carbocyclyl and heterocyclyl
groups are the same or different and are each unsubstituted or substituted by 1,2, 3 or 4
unsubstituted substituents which are the same or different and are selected from halogen atoms, and
cyano, nitro, C1-C4 alkyl, C1-Cs alkoxy, C>-Cs alkenyl, C»-C4 alkenyloxy, Ci-Cs haloalkyl, C>-Cy
haloalkenyl, C1-C4 haloalkoxy, C2-Cs haloalkenyloxy, hydroxyl, C1-Cs hydroxyalkyl, -SR" and -
NR'R"” groups wherein each R’ and R" is the same or different and represents hydrogen or
unsubstituted C;-Cy4 alkyl; and wherein the PUFA derivative is in the form of a racemate, a

stereoisomer or a mixture of stereoisomers.

Various aspects of this disclosure also relate to a topical composition for use in treating skin
inflammation in a mammal, comprising: at least one excipient; and a polyunsaturated fatty acid

(PUFA) derivative of formula (1),

of

Date Regue/Date Received 2022-04-06
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O

Rﬁo/“\/\/ Alk\/\/\

M

or a salt thereof, wherein

-Alk- 1s:-CH(ORy)-[trans]CH=CH-[cis] CH=CH-CH,-[cis] CH=CH- Cs;Hg-, -(CH2)3;-CH(ORy)-
[trans]CH=CH-[cis|CH=CH-CH,-[cis]CH=CH-, -(CH,)s3-[cis ] CH=CH-CH,-[cis | CH=CH-
[trans]CH=CH-CH(OR»)-or -CHa-[cis] CH=CH-CH,-[cis|CH=CH-[trans]CH=CH-CH(OR>)-; R; is
a group of formula -CH>-CH(OR3)-CH2-(OR4), wherein R3 and R4 each independently represent a
hydrogen atom or -(C=0)-Rs, wherein Rg is a saturated aliphatic group having from 3 to 29 carbon
atoms, wherein at least one of R3 or R4 is -(C=0)-Rg; or R; is a group of formula -(CH,OCH>),,OH,
wherein m is an integer of from 1 to 200; and/or R is a group -(C=0)-Rs, wherein Rs is a saturated
aliphatic group having from 3 to 29 carbon atoms; or R» is a group of formula -(CH,OCH>),OH,

wherein n is an integer of from 1 to 200.

Various aspects of this disclosure also relate to a topical composition comprising: at least one

excipient; and a polyunsaturated fatty acid (PUFA) derivative of formula (I):

O

R@)J\/\/ ™S

@

or a salt thereof, wherein:

-Alk- is: -(CHz)3-[cis] CH=CH-CH,-[cis] CH=CH-CH»-[cis] CH=CH-; R; is a hydrogen atom;
wherein the PUFA derivative is in the form of a racemate, a stereoisomer or a mixture of

stereoisomers; and wherein the topical composition is substantially free of glucocorticoids.

Various aspects of this disclosure also relate to a pharmaceutical composition for use in the
treatment of skin inflammation in a mammal by topical administration, comprising a

polyunsaturated fatty acid (PUFA) derivative, of formula (1),

O

R@)J\/\/ ™S

6g
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)
or a pharmaceutically acceptable salt, or solvate thereof, wherein
-Alk- is -(CHz)3-[cis] CH=CH-CH,-[cis] CH=CH-CH»-[cis] CH=CH-; R; is a hydrogen atom; or

Ri is a Ci-Cgalkyl, C>-Cs alkenyl, C>-C¢ alkynyl, Cs-Ci aryl, 5- to 10-membered heteroaryl, Cs-C;
carbocyclyl or 5- to 10-membered heterocyclyl group; or Ry is a group of formula -CH>-CH(OR3)-
CH»-(OR4), wherein Rz and R4 are each independently hydrogen atoms or -(C=0)-Rs, wherein R is
an aliphatic group having from 3 to 29 carbon atoms; or R; is a group of formula -(CH,OCH>),OH,
wherein m is an integer of from 1 to 200; and wherein said alkyl, alkenyl, alkynyl and aliphatic
groups are the same or different and are each unsubstituted or substituted with 1, 2 or 3
unsubstituted substituents which are the same or different and are selected from halogen atoms and
C1.C4 alkoxy, C».C4 alkenyloxy, Ci-Cs4 haloalkyl, C,.C4 haloalkenyl, C1.C4 haloalkoxy, C>.Cs4
haloalkenyloxy, hydroxyl, -SR’, and -NR'R"" groups where R” and R"" are the same or different
and represent hydrogen or unsubstituted C1-Cz alkyl; said aryl, heteroaryl, carbocyclyl and
heterocyclyl groups are the same or different and are each unsubstituted or substituted by 1, 2, 3 or
4 unsubstituted substituents which are the same or different and are selected from halogen atoms,
and cyano, nitro, C1.Cs4 alkyl, C1.C4 alkoxy, C».C4 alkenyl, C».C4 alkenyloxy, Ci.C4 haloalkyl, C>.C4
haloalkenyl, C1.Cs haloalkoxy, C»-C4 haloalkenyloxy, hydroxyl, Ci.Cs hydroxyalkyl, -SR” and
-NR'R’" groups wherein each R” and R"’ is the same or different and represents hydrogen or
unsubstituted C1.Cy4 alkyl; and wherein the PUFA derivative is in the form of a racemate, a
stereoisomer or a mixture of stereoisomers, and wherein the PUFA derivative is the sole active

ingredient.

Various aspects of this disclosure also relate to use of a composition comprising 15-HETTE for
treating skin inflammation in a mammal caused by exposure to electromagnetic radiation, the
wherein the composition is formulated for administering a therapeutically effective amount to the

skin of the mammal.

Various aspects of this disclosure also relate to a topical composition comprising 15-HETTE or an

ester thereof and an excipient.

Various aspects of this disclosure also relate to use of a composition comprising a therapeutically

effective amount of a compound of formula:

6h
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or a pharmaceutically acceptable salt thereof for treating itching of the skin in a mammal.

Various aspects of this disclosure also relate to use of a composition comprising 5-HETTE, 8-
HETYE or 15-HETTYE, or an ester or pharmaceutically acceptable salt thereof for treating psoriasis in
a subject in need thereof, wherein the composition is formulated to provide a therapeutically

effective amount to skin of the subject.

Various aspects of this disclosure also relate to use of a composition comprising 5-HETTE or 8-
HETTYE, or an ester or pharmaceutically acceptable salt thereof for treating pruritus in a subject in
need thereof, wherein the composition is formulated for topical administration to skin of the

subject.

Various aspects of this disclosure also relate to use of DGLA or a C1-C2 alkyl ester or
pharmaceutically acceptable salt thereof, for treating uremic pruritus in a subject in need thereof,
wherein the DGLA is in a composition formulated for administration to provide a therapeutically
effective amount to skin of the subject, wherein the amount of the DGLA is 0.5 wt% to 25 wt% of

the composition.

Various aspects of this disclosure also relate to use of DGLA or a C1-C2 alkyl ester or
pharmaceutically acceptable salt thereof in the preparation of a composition for treating uremic
pruritus in a subject in need thereof, wherein the composition formulated for administration to
provide a therapeutically effective amount to skin of the subject, wherein the amount of the DGLA

1s 0.5 wt% to 25 wt% of the composition.

Various aspects of this disclosure also relate to a pharmaceutical composition for use in the
treatment of skin inflammation in a mammal by topical administration, comprising a

polyunsaturated fatty acid (PUFA) derivative, of formula (1),

O

R,OJJ\/\/ Alk\/\/\

)

or a pharmaceutically acceptable salt, or solvate thereof, wherein
6i
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-Alk- is -(CH»)3-[cis] CH=CH-CH,-[cis] CH=CH-CH,-[cis]CH=CH-; R; is a hydrogen atom; or R;
is a C1-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, Cs-Cio aryl, 5- to 10-membered heteroaryl, Cs-C7
carbocyclyl or 5- to 10-membered heterocyclyl group; or R; is a group of formula -CH,-CH(OR3)-
CH»-(OR4), wherein Rz and R4 are each independently hydrogen atoms or -(C=0)-Rs, wherein R is
an aliphatic group having from 3 to 29 carbon atoms; or R; is a group of formula -(CH,OCH>),OH,
wherein m is an integer of from 1 to 200; and wherein said alkyl, alkenyl, alkynyl and aliphatic
groups are the same or different and are each unsubstituted or substituted with 1, 2 or 3
unsubstituted substituents which are the same or different and are selected from halogen atoms and
Ci1.C4 alkoxy, C,.C4 alkenyloxy, Ci-Cs4 haloalkyl, C>.C4 haloalkenyl, C1.C4 haloalkoxy, C2-C4
haloalkenyloxy, hydroxyl, -SR’, and -NR'R"" groups where R” and R"" are the same or different
and represent hydrogen or unsubstituted C,.C; alkyl; said aryl, heteroaryl, carbocyclyl and
heterocyclyl groups are the same or different and are each unsubstituted or substituted by 1, 2, 3 or
4 unsubstituted substituents which are the same or different and are selected from halogen atoms,
and cyano, nitro, C1.Cs4 alkyl, C1.C4 alkoxy, C».C4 alkenyl, C».C4 alkenyloxy, Ci.C4 haloalkyl, C>.C4
haloalkenyl, C,.C4 haloalkoxy, C,.C4 haloalkenyloxy, hydroxyl, C;.Cs hydroxyalkyl, -SR” and
-NR'R’" groups wherein each R” and R"’ is the same or different and represents hydrogen or
unsubstituted C1.Cy4 alkyl; and wherein the PUFA derivative is in the form of a racemate, a
stereoisomer or a mixture of stereoisomers, wherein the PUFA is the sole active ingredient, wherein
the skin inflammation is caused by atopic dermatitis, and wherein the amount of the PUFA is 1

wt% to 10 wt% of the pharmaceutical composition.
Detailed description of the invention

Figure 1 shows the results of an immunohistochemistry assay to determine the amount of COX-2

enzymes present in ex vivo porcine ear skin 0 and 6 hours after staining with diaminobenzidine.

Figure 2 shows the results of an immunohistochemistry assay to determine the amount of COX-2
enzymes present in ex vivo porcine ear skin, which has been treated with ketoprofen in fish oil, 0

and 6 hours after staining with diaminobenzidine.

Figure 3 shows the results of an immunohistochemistry assay to determine the amount of COX-2
enzymes present in ex vivo porcine ear skin, which has been treated with a representative compound

of the invention, DGLA, 0 and 6 hours after staining with diaminobenzidine.
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Figure 4 shows the results of an immunohistochemistry assay to determine the amount of COX-2
enzymes present in ex vivo porcine ear skin, which has been treated with a representative compound

of the invention, 15-HETYE, 0 and 6 hours after staining with diaminobenzidine.

Figure 5 shows the results of a Western Blotting analysis to determine the effect of DGLA (second
bar) and 15-HETTE (third bar) on COX-2 expression in porcine skin relative to water (first) bar.

Levels in control were assigned a value of 100%.

Preferably the alkyl, alkenyl, alkynyl and aliphatic groups are unsubstituted or substituted with 1, 2
or 3, preferably 1 or 2, more preferably 1, unsubstituted substituents which are the same or different
and are selected from halogen atoms and C1.Cs4 alkoxy, hydroxyl, C1.C4 haloalkyl, C>.C4
haloalkenyl, Ci.C4 haloalkyloxy and -NR'R"" wherein R” and R’" are the same or different and
represent hydrogen or Ci.C; alkyl. More preferred substituents are halogen, C1.Cs alkoxy, hydroxyl
and -NR'R’’ groups where R" and R"" are the same or different and represent hydrogen or

6k
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unsubstituted C;.C, alkyl. Particularly preferred substituents include hydroxyl and
-I:IR;R' ! groups where R”and R” are the same and represent hydrogen.

When the alkyl, alkenyl, alkynyl and aliphatic groups above are sub;ﬁtuted by twoor |
three substituents, it is preferred that not more than two substituents are selected from
hydroxyl. More preferably, not more than one substituent is selected from hydroxyl.

Most preferably, the alkyl, alkenyl and alkynyl groups above are unsubstituted.

As used herein, a C{-Cs alkyl group is a linear or branched alkyl group containing
from 1 to 6 carbon atoms, for example 2 CI-C; alkyl group containing from 1to 4 -
carbon atoms, preferably a C;-C; alkyl group containing from 1 to 2 carbon atorns. -
Examples of C;.Cy alky! groups include methyl, ethyl, n-propyl, i-propyl, n-butyl, i-
butyl and t-butyl. For the avoidance of doubt, where two alkyl groups are present ina

compound of the prosout uveutiou, the alkyl gx’oup-s may bo the same or difforent.

As used herein, a C,.Cg alkenyl group is a linear or branched alkenyl group having at
least one double bond of either cis or trans configuration where applicable and
containing from 2 to 6 carbon atoms, for example a Cy. C, alkenyl group containing

from 2 to 4 carbon atoms, such as -CH=CH; or -CH,-CH=CHj3, -CHZ-CHZ-CH=CH2,
—CHz-CH=CH-CH3, -CH=C(CH;)-CH; and -CHz-C(CH3)=CH2, preferably a C;
alkenyl group having 2 carbon atoms. For the avoidance of doubt, where two alkenyl

groups are present in a compound of the present invention, they may be the same or

different.

As used herein, a C,.Cs alkynyl group is a linear or branched alkynyl group containing
from 2 to 6 carbon atoms, for example a C,.C, alkynyl group containing from 2 to 4

carbon atoms, preferably a C; alkynyl group contammg 2 carbon atoms. "Exemplary

alkynyl groups include -C=CH or -CH,-C=CH, as well as 1- and 2-butynyl, 2-methyl-
2-propynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 2-hexyn_yl, 3-hexynyl, 4-bexynyl and
5-hexynyl. For the avoidance of doubt, where two alkynyl groups are present in a

éompound of the present invention, they may be the same or different.
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Preferably, said GI-C;S alkyl group is a C,-C; alkyl groui), said C,.Cs alkenyl group is &
C, alkenyl group and said C;.Cs alkynyl group is a Gz alkynyl group. )

Al

As used herein, a halogen atom is chiorine, fluorine, bromine or iodine.

As used herein, a C;.C alkoxy group pf C,.Cs alkenyloxy group is typically a séid.lcl- _
Cs alkyl (e.g. a C1.C4 alkkyl) group or a said C;.C alkenyl (e.g. 2 C.Cq alkenyl) group

- respectively which is attached to an oxygen atom.

A haloalkyl, haloalkenyl, haloalkoxy or haloalkenyloxy group is typically a said alkyl,
alkenyl, alkoxy or alkenyloxy group respectively which is substituted by one or more

* said halogen atoms. Typically, it is substituted by 1,2 or 3 said halogen atoms.

Preferred haloalkyl and haloalkoxy groups include perhaloalkyl and perhaloalkoxy
groups, such as -CX; and -OCX; wherein X is a said halogen atom, for example

chlorine and fluorine.

As used herein, a C;.Cq alkylthio or C,.C4 alkenylthio group is typically a said C;.C4
élkyl group or a C,.Cy alkényl group respectively which is attached to a sulphur atom,
for example -S-CHs. -

As used herein, a C;.C4 hydroxyalky! group is a C.C4 alkyl group substituted by one
or more hydroxy groups. Typically, it is substituted by one, two or three hydroxy

groups. ‘Preferably, it is substituted by a single hydroxy group.

As used herein, a Ce Coaryl group is a monocyclic of polycyclic, preferably
monocyclic, aromatic ring containing from 6 to 10 carbon atoms, for example a Cs
aryl. group containing 6 carbon atoms. Exainples of such aryl groups include phenyl,
naphthalene and azulene. Phenyl is preferred. ' E

As used herein, a 5- to 10- membered heteroaryl group is a monocyclic or polycyclic, .

. preferably monocyclic, 5- to 10- membered aromatic ring, such as a 5- or 6-

membered ring, containing. at least one heteroatom, for exampie 1, 2, 3or4
heteroatoms, selected from O, S and N. When the ring contains 4 heteroatorms these
are prefersbly all nitrogen atoms. Examples include thienyl, furyl, pyrrolyl,

8
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‘imidazolyl, thiazolyl, isothiazolyl, pyrazolyl, oxazolyl, isdkazolyl, triazolyl,
thiadiazolyl, oxadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyra;inyl, triazinyl and
tetrazolyl groups. Thienyl, pyrrolyl, imidazolyl, thiazolyl; isothiazolyl, pyrazolyl,
oxazolyl, isoxazolyl, triazolyl, pyridinyl, pyridazinyl, ﬁyrimidinyl and pyrazinyi '
groups are preferred, e.g. pyrrolyl, imidazolyl, thiazolyl, isothiazolyl, pyrazolyl,
o:ga.zolyl; isoxazolyl, triazolyl, 'pyridinyl, pyridazinyl, pyrimidinyl and pyraziﬁﬁ
groups. More preferred groups are thiényl, pyridinyl, pyridaziﬁyl, pyrimidinyl,
pyrazinyl, pyrrolyl and triazinyl, e.g. pyridinyl, pyridazinyl; pyrimidinyl, pyraziiyl,
pyrrolyl and triazinyl, most preferably pyridinyl. )

As used herein, a 5- to 10- membered heterocyclyl group is a non-aromatic, saturated
or unsaturated monocyclic or polycyclic, preferably monocyclic, Cs.jg carbocyclic

ring in which one or more, for example 1, 2, 3 or 4, of the carbon atoms are replaced

with a moiety selected from N, O, S, S(O) and S(O),, and wherein one or more of the

remaining carhan atames ic aptinnally replaced hy s group -C(O)- or -C(8)-. When
one or more of the remaining carbon atoms is replaced by a group -C(0)- or -C(S)-,
preferably only one or two (more preferably two) such carbon atoms are replaced.

Typically, the 5- to 10- membered heterocyclyl ring is 2'S- to 6- membered rnng.

Suitable heterocyclyl groups include azétidEyl, oxetanyl, thietanyl, pyrrolidinyl,
imidazolidinyl, oxazolidinyl, isoxazolidinyl, thiazolidinyl, isothiazolidinyl,
tetréhydroﬁnapyl, tetrahydrothienyl, tetrahydropyranyl, tetrahydrothiopyranyl,
dithiolanyl, dioxolanyl, pyrazolidinyl, piperidinyl, piperz;zinyl, hexahydropyrimidinyl,
methylenedioxyphenyl, ethylenedioxyphenyl, thiomorpholinyl, ‘S-oxo-
thiomorpholiny!, S,S-dioxo-thiomorpholinyl, morpholinyl, 1,3-dioxolanyl, 1,4-
dioxolanyl, trioxolanyl, trithianyl, imidazolinyl, pyranyl, pyrazolinyl, thioxolanyl,
thioxothiazolidinyl, 1H-pyrazol-5-(4H)-onyl, 1,3,4-thiadiazol-2(3H)-thionyl,
oxopyrrolidinyl, oxothiazolidinyl, oxopyrazolidinyl, succinimido and maleimido
groups and moieties. Preferred hetérocyélyl groups are pyrrolidinyl, imidazolidinyl,
oxazolidinyl, isoxazolidinyl, thiazoliyiinyl, isothiazolidinyl, tetrahydrofuranyl,
tetrahydrot}ﬁeny-l, tetrahydropyranyl, tetrahydrot}ﬁopyranyl, dithiolanyl, dioxolanyl,
pyrazolidinyl, piperidinyl, piperazinyl, hexahydropyrimidinyl, thiomorpholinyl and

morpholinyl gro.l‘lps and moieties. .
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For the avoidance of dc;ubt; although the above definitions of heteroaryl and
heterocyclyl groups fefer to an “N” moiety which ¢an be present in the ring, as will be
‘evident to 4 skilled chemist the N\atom will be protonated (or will carry a substituent
as defined below) if it is attached to each of the adjacent ring atoms via a single bond.

As used herein, a C3_C7 carbocyclic. groﬁ_p is a non-aromatic saturated o.r unsaturated
hydrocarbon ring having from 3 to 7 carbon atoms. Preferably it is a saturated or
mono-ussatirated hydrocarbon ring (i.e. a cycloalkyl moiety or a cycloalkenyl
moiety) having from 3 to 7 carbon atoms, more preferably having from 3 to 6 carbon
atoms. Examples include cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl and
their mono-unsaturated variants, more particularly cyclopentyl and cyclohexyl. A Cs.
C; carbocyclyl group also includes C3.C7 carbocyclyl groups described above but
wherein one or more ring carbon atoms are replaced by a group -C(O)-. More
preferably, 0,1o0r2 nng carbon atoms (most preferably 0) are replaced by -C(O)-.

Moot preferably, said C,.C; carbocyelyl group ie ryrlnhexyl

Typically the aryl, heteroaryl, heterocyclyl and carbocyclyl groups in Ry and Rs are
unsubstituted or substituted by 1, 2, 3 or 4 unsubstituted substituents, for example by
1, 2 or 3 unsubstituted subs:tituents. Preferred substituents include halogen étoms and
C1.C4 allyl, Cz-C4- alkenyl, C;.C; alkoxy, C2.C4 alkeﬁyloxy, C,.C4 haloalkyl, C,.C4
haléalkenyl, C,.C, haloalkoxy, C;.C4 haloalkenyloxy, hydroxyl, mercapto, cyano,
nitro, C;.C4 hydroxyalkyl, C>.C4 hydroxyalkenyl, C,.C, alkylthio, C;.C4 alkenylthio
and -NR'R"’ groups wherein each Rl. and R’ is the same or different and represenfs

hydrogen or C;.Cy alkyl. More preferred substituents include halogen atoms and

_unsubstituted C;.Cy4 alkyl, C;.Cs alkoxy, hydroxyl, C,-C4 haloalkyl, C,.C, haloalkoxy,

C'I.C4 hydroxyalkyl, cyano, nitro, -SR’ and -NR'R"’ groups where R" and R"" are the
same or different and ’rspresent hydrogen or unsubstituted C.C; alkyl. More
preferred shbstituengs include halogen atoms, hydroxyl groups and C;.C; altkyl and Ci.
C; alkoxy groups. : '

Most preferably, the aryl, heteroaryl, heterocyclyl and carbocyclyl groups above are
unsubstituted. '

10
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When the aryl, heteroaryl, heterocyclyl and carbocyclyl groups inR; and Rs are”

substituted by two, thres or four substituents, it is preferred that not more than two
substituents are selected from hydroxyl, cyano and nitro. More preferably, not more
than one substituent is selected from hydroxyl, cyano and nitro.

As used herein, a pharmaceutically acceptable salt isasalt witha pharmaceutically

: acceptable.acid or base. Pharmaceutically acceptable acids include both inorganic .

acids such as hydrochloric, sulphuric, phosphoric, diphosphorié, hydrobromic or nitric
acid and organic acids such as citﬁc, fimaric; maleic, malic, ascorbic, succinic,
tartaric, benzoic, acetic, methanesulphonic, ethanesulphonic, ben:_aenesulphonié or p-

toluenesulphonic acid. Pharmaceutically acceptable bases include alkali metal (e.g.

_sodium or potassium) and alkali earth metal (e.g. calcium or magnesium) hydroxides

and organic bases such as alkyl amines, aralkyl amines and heterocyclic amines.

Tho (oL "sulvate” rofors to a complex or aggregate formed by one ar mare maolecnles

- of a solute, i.e. compounds of the invention or pharmaceutically-acceptable salts

thereof, and one or more molecules of a solvent. Such solvates are typically
crystalline solids having a substantially fixed molar ratio of solute and solvent.
Representative solvents include by way of example, water, methanol, ethanol,

isopropanol, acetic acid, and the like. When the solvent is water, the solvate formed is

a hydrate.

The compounds of the invention ‘may contain a chiral center. Accordingiy; they can

- be used in the form of aracemic mixture, an enantiomer, or a mixture enriched in one

or more stereoisomer. The scope of the invention as described and claimed

encompasses the racemic forms of the compounds of the invention as well as the

_individual enantiomers, and stereoisomer-enriched mixtures.

It will beappreciated that the term "ora pharmaceutically acceptable salt or solvate
thereof" is intended to include all permutations of salts and solvates, such as solvates

of pharmaceutically-acceptable salts of compounds of the invention.

Rs and R may be an aliphatic group having 3 to 29 carbon atoms. Typically, the
aliphatic group is not cyclic. The aliphatic group is typically linear or branched,
. 9 .
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preferably hncar 'Typicaily the aliphatic group has 7 to 25 carbon atoms, more

- preferably 11 to 25 carbon atoms. The aliphatic group is typically unsubstituted or

substituted with one hydroxy! group. The aliphatic group is preferably unsubstituted.

Aliphatic gl-'OupS may be saturated, monounsaturated or polyunsaturated. Saturated
aliphatic groups are preferred.

Typically, saturated aliphatic g’roupé have from 7 to 25 carbon atoms, preferably 11 to

17 carbon atoms.

Monounsaturated aliphatic groups typically contain a single C=C double bond. The
double bond has cis or trans configuration. The single double bond may be present a

any point in the aliphatic group, but is typiéally 7 or 9 carbon atoms from the end of
the aliphatic group distal to the (C=0) group to which the aliphatic group is attached.

) . Typically, monounsaturated aliphatic groupe have from 7 to 25 carban atame,

preferably 15 to 23 carbon atoms.

Polyunsaturated aliphatic groups typically contain two or more C=C double bonds, for
example, 3, 4, 5 or 6 C=C double bonds. Each double bond may have cis or trans

configuration. The double bonds may be present at any point in the aliphatic chain,

but typically, the C=C double bond furthest from the (C=0) group to which the
ahphanc group is attached is 3, 6 or 9 carbon atoms from the end of the aliphatic

group distal to the (C-‘O) group to which the aliphatic group is attached. Typically,
polyunsaurated aliphatic groups have from 7 to 25 carbon atoms, preferably 15 to 23

carbon atoms.

Typically, said aliphatic group is the group R, w_hérein R-CO.H is a fatty acid.
Preferably, said fatty acid is lauric acid, myristic acid, palmitic acid, stearic acid
palmitoleic acid, cis-vaccenic acid, oleic acid, eicosenoic acid, erucic acid, nervonic
acid, alpha-linolenic acid, stearidonic acid, eicosatrienoic acid, eicosatetraenoic acid,

elcosapentaenoxc acid, docosapentaenoic acid, docosahexaenmc acid,

tetracosapentaenoic acid, tetracosahexaenoic acxd linoleic acid,-gamma-linolenic

acid, eicosadienoic acid, dlhommo gamma-linolenic acid, arachidonic acid,

12
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-docosadienoic acid, adrenic acid, docosapentaenoic acid, or mead acid. More

preferably, said fatty acid is lauric acid, myristic acid, palmitic acid, or stéaric acid.

In one embodunent, the aliphatic group having 3 to 29 carbon atoms is the aliphatic
group of a PUFA derivative of formula (I) as defined herein, i.e. the aliphatic group is
of formula -(CHa)s-Alk-(CH,)4CH;, wherein -Alk-is as defined herein.

Ina préferred embodiment, the aliphatic group having 3 to 29 carbon atoms is the -
aliphatic group of dihommo—gamnia—h'nolenic acid or 15-hydroxyeicosatrienoic acid,
i.e. the ahphatlc group is -(CHz)f,-CH=CH CHz—CH=CH-CH2-CH—CH -(CH;)4CHj,
‘wherein all of the C=C double bonds have cis configuration, or -(CH;)S-[czs]CH—CH—
CH,-[cis]CH=CH-{ trans)JCH=CH-CH(OH)-(CH3)«CHj3. Preferably, the aliphatic
group havihg 3 t0 29 carbon atoms is the aliphatic group of 15-hydroxyeicosatrienoic
acid, i.e. the aliphatic group is —(CHZ)(,-[cis]CH=CH—CH;-[cis]CH=CH'-
[¢runa]CII—CIT-CII(OID)-(CH,)+CH,.

"In a more preferred embodiment, the PUFA derivative of for;nula (D is of formula

R(C=0)0-CH,-CH(O(C=0)R")-CH;-O(C=O)R', wherein each R'is the aliphatic
group of 15-hydroxyeicosatrienoic acid, i.e. R' is -(CHp)e-[cis] CH=CH-CH;-
[cis]CH=CH-[trans]CH=CH-CH(OH)}~CH):CHs. Thus, the PUFA derivative of

formula (I) is preferably

It is to be understood that the left hand side of the -Alk- moiety is bonded to the

unsaturated carbon chain beariné the -COOR, moiety and the right hand side of the
-Alk- group is bonded to the saturated carbon chain. ’

13
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Typically, -Alk- is -CH(ORz)—[trans]CH=CH—[cis]CH=CH—CH2-[cis]CH=CH—C3H57,

- «(CHz)3-CH(OR)-[trans]CH=CH-[cis]CH=CH-CHy-[cis] CH=CH-, or -(CHz)s-

[cis]CH=CH-CHz-{[cis]CH=CH-{trans] CH=CH-CH(OR,)- . Preferably, -Alk- is -

" (CH,)3-[cis]CH=CH-CH,-{cis]CH=CH-CH,-[ cis]CH=CH-.

Typically, R; is 2 hydrogen atom; or R, is a Cy-Ca alkyl, Cy-Cy alkenyl, Cz-Ca alkynyl,
Cg aryl; 5- to 6-membered heteroaryl, C3-Cs carbocyclyl or 5- to 6-membered
heterocyclyl group; or Ry is a group of formula -CHZ—CH(ORg)-CI{Z-(é)R4), wherein
R;and Ry are.as defined herein; or R;isa group of formula -(CH,0CH2)nOH,
wherein m is as defined herein, wherein said alkyi, alkenyl and alkynyl groups are the
same or different and are each -unsgbstituted or substituted with 1, or 2 unsubstituted

substituents which are the san_léor different and are selected from halogcﬁ atoms, Cp-

C4 alkoxy, hydroxyl, and -NR'R"" groups where R"and R™" are the same or different
and represent hydrogen or unsubstituted C,.C; alkyl; and said aryl, heteroaryl,

carbooyolyl and heterosyelyl groupe are the same or different and are each
unsubstituted or substituted by 1, 2 or3 unsubstituted substituents which are the same
or different and are selected from halogen atoms, and cyano, nitro, Cy.Cs4 alkyl, C,.Cy
alkoxy, and -NR'R"" groups wherein each R” and R" is the same or different and
represents hydrogen or unsubstituted C;.C; alkyl group. ' -

Preferably, R; is a hydrogen atoin; or R; is an unsubstituted C;-C4 alkyl group; or R;
is a group of formula -CH,-CH(OR3)-CH;~(OR4), wherein R and R are as defined
herein; orR, is a group of formula -(CH;OCH2)OH, wherein m is as defined herein.
More preferably, R, is a hydrogen atom; or R; is a group of formula -CH,-CH(OR;)-
CH,-(ORy), wherein R; and Ry are as defined herein, and wherein at least one of Rs or
Most preferably, R is ahydrogen atom.

m is typically an integer of from 5 to 150, preferably from 10 to 50.

R; is typically -(C=0)-Rg, wherein Ry s as defined herein.
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Ry is typically -(C=0)-Re, wherein Ry is as defined herein.

Preferably, both R3 and R4 are -(C=0)-Rg, wherein each Rs may be the same or
different and is as defined herein.

* Typically; when R3 and R, are both (C=0)-Rg, then Rs is not an aliphatic group

having 3 to 29 carbon atoms.

m is an aliphatic group having from 3 to 29 carbon atoms, as defined herein.
Typically, said aliphatic group is saturated. Typically, Re is an aliphatic group having
7 to 25 carbon atoms, preferably 11 to 17 carbon atoms. Preferably, R¢ is a growp R,

wherein R-CO,H is auric acid, myristic acid, palmitic acid, or stearic acid.

Typically,Rzis a hy;irdgen atom; or R; 1s a group ;(C=O)-R5, wherein Rs is a C;-Cq
alkyl, C, C, alkenyl, C; Cs allymyl, C; aryl, 5.t fmembered heteroaryl, Cs-Ce
carbocyclyl or 5- to 6-memi:>ered heterocyclyl grdup, or Rs is an aliphatic group
having from 3 to 29 carbon atoms; or Ry is a group of formula —(CH;OCHz)nOH,
wherein 1 is as defined herein, wherein said alkyl, alkenyl and alkynyl groups are the
same or different and are each unsubstituted or substituted w1th 1, or 2 unsubstituted
substitueﬁts ';vvhich are the same or different and are selected from halogen atoms, Cy.-
C, alkoxy, hydroxyl, and NR'R” grou;;s where R"and R"" are thé same or different
and represent hydrogen or unsubstituted C;.C; alkyl; and said aryl, heteroaryl, A

. carbocyclyl and heterocyclyl groups are the same or different and are each

unsubstituted or substituted by 1, 2 or 3 unsubstituted substituents which are the same
or different and are selected from ixa.logcn atoms, and cyano, nitro, C;.C, alkyl, C;.C4

alkoxy, and -NR 'R’ groups wherein each R".and R” is the same or different and

represents hydrogen or unsubstituted C;.C; alkyl group.

Prefei-ab]y, R, is a hydrogen atom; or R; is a group {C=0)-Rs, wherein Rs is
unsubstituted C,-Cs alkyl; or R; is a group -(C=0)-Rs, wherein Rs is an aliphatic
group hiaving from 3 to 29 carbon afoms; or R; is a group of formula '

-(CH,OCH,),OH, wherein n is as defined herein.
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More preferably, R; is 2 hydrogen atom; or R; is a group -(C=0)-Rs, wherein Rs is an
aliphatic group having from 3 to 29 carbon atoms; or R; is a group of formula ’

-(CH,OCH;),OH, wherein n is as defined herein.
Most preferably, Rz is'a hydrogen atom.
nis typ,icéliy an integer of from 5 to 150, preferably from 10 to 50.

When ﬁs is an aliphatic group having 3 to 29 carbon atorns, said aliphatié group is as
defined herein. Typically, said aliphatic groﬁp is saturated. Typically, Rs is an
aliphatic group having 7'to 25 carbon atomns, preferably 11 to 17 carbon atoms.
Preferably, Rs is a group R, wherein R-CO,H is auric acid, myristic acid, palmitic

acid, or stearic acid.

In ono cmbodiment, tho PUFA derivative of formula (I) is precent ac a racemie

mixture of the R and S enantiomers.

In another embodiment, the PUFA derivative of formula (I) is present as the R

enantiomer.

In another embodiment, the PUFA derivative of formula (I) is present as the S

enantiomer.

Typically, the mammal is a human.

In.a prefered embodiment, -Alk- is -CH(OR;)-[trans)CH=CH-[cis]CH=CH-CH;-
[cis]CH=CH-C3Hg-, -(CHz);-CH(OR)-[trans]CH=CH-[cisJCH=CH-CH,-
[cis]CH=CH-, or -(CH,);-[cis]CH=CH-CH>-[cisJ]CH=CH-[frans]CH=CH-CH(OR:)-;
R, is a hydrogen atom, an unsubstituted C;-C, alkyl group, ora group of formula - ‘
CH;-CH(OR;3)-CHz~(ORy), wherein R; and Ry are each independently hydrogen
atoms or -(C=0)-Rs, wherein R is a linear aliphatic group having from 11 to 25
gérbon atoms, which ah'phﬁtic group is unsubstituted or substituted with one hydroxyl
éoup, or R, is a group of formula
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(CH;OCHz)mOH wherein m is an integer of ﬁom 5 to 150; and Ryisa hydrogen
atom, a group -(C=0)-Rs, wherein Rs is unsubstituted Cy-Ca alkyl, or a group
-(C=0)-Rs, wherein Rs1i is a linear aliphatic group havmg from 11 to 25 carbon atoms,
which aliphatic group is unsubstitu;ced or substituted with one hydroxyl group; orR; is
a group of formula -(CH,OCH,),OH, wherein n is an integer of from 5 0 150.

In a more preferred embodiment, -Alk- is -(CH2)3-[cis]CH=CH-CHz-[éis]EIH=CH-
[trans]CH=CH-CH(OR;)-; Ry isa ﬁydrogen aitom, an unsubstituted C;-C4 alkyl group,
or a group of formula -CH,-CH(OR3)-CHy-(OR4), wherein R; and Ry are each
independently hydrogen atoms or -(C=0)-Rs, wherein Rsis a linear aliphatic group
having from 11 to 25 carbon atoms, which aliphatic group is unsubstituted or
substituted with one hydroxyl group, or R, is a group of formula

-(CH,OCH,),OH, wherein m is an integer of from 5 to 150; and Rz is a hydrogen
atom, a group -(C=0)-Rs, wheréin R is unsubstituted C;-C4 alkyl, or a group
-(C=0)-R«. wherein R+ is a linear aliphatic group having from 11 to 25 carbon atoms,
which aliphatic group is unsubstituted or substltuted with one hydroxy! group; or Rz 18
a group of formula -(CH,OCHj),OH, wherein n is an integer of from 5 to 150:

In a most preferred embodiment, -Alk- is -(CHa)s-[¢is]CH=CH-CH,-[cis]CH=CH-
[ﬁans]CH=CH-CH(ORz)-; R, is a hydrogen atom, a group of formula
-CHZ-CH(OR3)-CH2—(OR4), wherein R; and R4 are each independently hydrogen
atoms or -(C=0)-Rg, wherein Rg is an unsubstituted linear, saturaicd aliphatic group
having from 11 to 17 carbon atoms, and wherein at least one of R3 or Ry is -(C=0)-Rg;
and R; isa hydrogen atom, ora group -(C=0)-Rs, wherein Rs is an unsubstituted
linear, saturated aliphatic group having from 11 to 17 carbon atoms, or R, is 2 group
of formula -(CH,OCHS,),OH, wherein n is an integer of from 10 to’50. )

Typically, in the compounds of the Present invention, includiné the preferred
embodiments set out above, (a) R, is a group of formula -CH,-CH(OR3)-CH,~(ORy),
wherein R; and R4 each independently represent a hydrogen atom or ~(C=0)-Rg,
wherein R; is a saturated aliphatic group having from 3 to 29 carbon atoms, wherein

at least One Of R; or Ry is (C=O)-Rg; or

()R, isa grouﬁ of formula -(CH‘ZOCHz)mOH, wherein m is as defined herein; and/or '
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(c) Rz is 2 group -(C=0)-Rs, wherein Rs is a saturated aliphatic gfoup having from 3
to 29 carbon atoms; or ' ’ ‘ )
(D Rzisa gfoup of formula -(CH,OCH;),OH, wherein n is as defined herein. Such

compourds will be particularly 'lipophilic, which is advantageous in some instances.

In this preferred embodiment, preferably (a) R; is a group of formula -CH;-CH(OR3)-
CH;-(ORy), wherein R; and Ry are each indeperidentiy hydrogen atoms or (C=0)-Rs,
wherein Rg is a saturated aliphatic group having 3 to 29 carbon atoms, wherein at least
one of R;or Ry is -(C=0)-Rg; and/or (c) Rz-is z; group -(C=0)-Rs, wherein Rs is a
saturated aliphatic group having 3 to 29 cérbon atorms.

Ina n:iorc-prcfcfrcd embodiment, both R and R; are h);drogen atoms.

In a particularly preferred embodiment, -Alk- is ~(CHz)3-[cis]CH=CH-CH~
[cisJCH=CH-[trans]CH=CH-CH(OR;)-, and R, and R; are both hydrogen atoms. In

_this embodiment, the PUFA derivative of formula (I) is 15-HETTE and is represented

by the formula

Typically, compounds of the invention are administered 2s one or more treatments per

day, preferably from 1 to 4 treatments per day, more preferably from 1 to 2 freatments

per day.

Typically, compounds of the invention are administered at a daily dosage of from 0.1
mg /m’ /day to 1 kg / m* / day, preferably froni 1 mg/m?/dayto100 g/m’/ day,
more prefex:ably from 10mg/ m?/dayto 10 g/ m? / day, most preferably from 100
mg/'mz/daytolg/mzlday.. .
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ékin inflammation includes rashes, hives, blisters and/or whéals.and may be cansed

by eczema, exposure toradiation, automimmune diseases, and/or uremic pruritis.

In a preferred embodiment, the skin inflammation is caused by atopic eczema, contact

dermatitis, psoriasis or tremic pruritis.

In a further preferred embodiment, the skin inflammation is caused by exposure of the
skin to electromagnetic radiation. This includes, for example, exposure to sunlight, '
heat, X-rays or radioactiye materials. Thus, in this embodiment, the compound of the

present invention is typically used to freat sunburn.

The term cczcm;'z is applict;i to a wide range of sk.in conditions with a variety of
aetiologies. In-general, eczema is categbrised by inflammation of the epidermis.
Common symptoms associated with eczema include dryness, recurring skin rashes,
redness, skin edema (swelling). i’[clﬁne. d;_vness. crusting. flaking, blistering,
cracking, oozing, and bleeding. Eczema includes atopic eczema (atopic dermatitis),

_contact dermatitis, xerofic eczema, seborrhoeic dermatitis, dyshydrosis, discoid

eczema, venous eczema, dermatitis herpetiformus, neurodermatitis, and

autoeczematisation. Eczema is typically atopic eczema or contact dermatitis.

Atopic eczema is primarily aggravated by contact with or intake of allergens, which

include animal hair and dander, food allergens, for example nuts or shellfish, or drugs,

for example penicillin.

Contact dermatitis includes allergic contact dermatitis, irritant contact dermatitis and

.photocontact dermatitis.

Electromagnetic radiation includes radio waves, microwaves, terahertz radiation,
infrared radiation, visible light, ultraviolet radiation, X-rays and gamma rays.

-+ Electromagnetic radiaticn is preferably infrared radiation, visible light, ultraviolet

radiation, X-rays and gamma rays, more preferably ultraviolet radiation, X-rays and

gamma rays.
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Autoimmune diseases can involve an autoimmune response against the skin. Examples of such

autoimmune diseases are lupus and psoriasis.

Uremic pruritis is a disorder of the skin associated with chronic renal failure. It also frequently

affects patients undergoing dialysis treatment.

Typically, the compound of the present invention is co-administered with a corticosteroid.

Suitable corticosteroids to be used for co-administration with compounds of the invention are
clobetasol dipropionate, betamethasone dipropionate, halbetasol proprionate, diflorasone

diacetate, fluocinonide, halcinonide, amcinonide, desoximetasone, triamcinolone acetonide,
mometasone furoate, fluticasone proprionate, fluocinolone acetonide, hydrocortisone valerate,
hydrocortisone butyrate, triamcinalone acetonide, desonide, prednicarbate, prednisolone,
methylprednisolone, dexamethasone, naflocort, deflazacort, halopredone acetate, budesonide,
beclomethasone dipropionate, liyydrocortisone, clocortolone pivalate, methylprednisolone
acepdnate, dexamethasone palmitoate, tipredane, hydrocortisone aceponate, alclometasone

dipropionate, halometasone, methylprednisolone suleptanate, rimexolone, prednisolone

farnesylate, ciclesonide, deprodone propionateloteprednol etabonate, hetamethasnne hutyrate
propionate, flunisolide, prednisone, dexamethasone sodium phosphate, triamcinolone,
betamethasone 17-valerate, betamethasone, betamethasone dipropionate, hydrocortisone acetate,

hydrocortisone sodium succinate, prednisolone sodium phosphate and hydrocortisone probutate.

Preferred corticosteroids corticosteroids to be used for co-administration with compounds of the

invention are clobetasol dipropionate, betamethasone dipropionate, halbetasol proprionate,

diflorasone diacetate, fluocinonide, halcinonide, amcinonide, desoximetasone, triameinolone
acetonide, mometasone furoate, fluticasone proprionate, fluocinolone acetonide, hydrocortisone

valerate, hydrocortisone butyrate, triamcinalone acetonide, desonide, and prednicarbate.
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Any reference to corticosteroids within the scope of the present invention includes a reference to

salts or derivatives thereof which may be formed from the corticosteroids. Examples of possible
salts or derivatives include: sodium salts, sulphobenzoates, phosphates, isonicotinates, acetates,
propionates, dihydrogen phosphates, palmitates, pivaiates, farnesylates, aceponates, suleptanates,
prednicarbates, furoates or acetonides. In some cases the corticosteraids may also occur in the

form of their hydrates.

It is a particular finding of the present invention that co-administration of a compound of the
present invention with a corticosteroid enables the amount of corticosteroid administered to be
reduced, without reducing the efficacy of the treatment. Thus, in a preferred embodiment, the
compound of the present invention is co-administered with a corticosteroid, wherein the
corticosteroid is administered at a daily dosage of 50% or less, preferably 25% or less, more
preferably 10% or less, most preferably 5% or less, of the recommended daily dosage of said

corticosteroid in said mammal.

The person skilled in the artis well aware of the recommended daily dosages of corticosteroids
in mammals. For example, the recommended daily dosage of hydrocortisone in humans is
approximately 0.35 g / m? / day. The recommended daily dosage of clobetasol dipropionate in
humans is 0.009 to 0.018 g/m’ / day.

Thus, compounds of the present invention are typically coadministered with hydrocortisone,
wherein the daily dosage of hydroxortisone is 0.175 g / m? / day or less, preferably 0.0875 g / m’
/ day or less, more preferably 0.035 g/ m?/ day, most preferably 0.0175 g / m? / day or Icss.
Compounds of the present invention are typically coadministered with clobetasol dipropionate,
wherein the daily dosage of clobetasol dipropionate is 0.009 g / m” / day or less, preterably
0.0045 g / m*/ day or less, more preferably 0.0018 g/ m’ / day or less, most preferably 0.0009 g

/ m*/ day or less.

The compounds of the present invention are typically coadministered with a further therapeutic
agent, which is not a corticosteroid, which is cffective in treating skin conditions/diseases. Such

therapeutic agents are well known to the skilled person and
21
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include, but are not limited to, immunomodulators, antiobiotics, iImmunosuppressants

and anti-iich drugs.

Compounds of the invention are typically commercially available, or may be prepared -
by analégy with known methods. Thus, for example, both DGLA and 15-HETIE are
commercially available. These avaﬂablevfatty acids can easily be derivatised to obtain
PUFA derivatives of formula (I) by known methods.’ ‘

" For example, PUFA derivatives of formula (I) as defined herein, wherein R, is a C;--

Cs alkyl, C,-Cg alkenyl, C,-Cs alkynyl, Ce-Cio aryl, 5- to 10-membered heteroaryl, Cs-
C7 carbocyclyl or 5- to 10-membered heterocyclyl group; or R, is a group of formula -

CHz—CH(OR3)—CH2-(OR4), wherein R; and Ry are as defined herein; or R; is a group
of formulz (CH,OCH,)»OH, whereinm is as defined herein, can be prepared by

esterifying a compound of formula

’ 0
J\ Alk '
X~ \//\\// ‘V/\v/\\

wherein -Alk- is as defined herein and Xisa leaving group, for example a halogen
atom, a tasylate or mesylate group with an aleohol of forromla Ry -OH, wherein R is
a C;-Cs akyl, C,-Cs alkenyl, C;-C¢ alkynyl, Cs-Cip aryl, 5- to 10-membered
heteroaryl, C3-Cs carbocycl.yl or 5- to 10-membered heterocyclyl group; or R;'isa

) group of formula -CH;-CH(OR3)-CH2-(QR4), wherein R3 and R4 are as defined

herein; orR;' is a group of formula -(CH;OCHz)mOH, wherein m is as defined herein,
to obtain a PUFA derivative of formula (I) as defined herein. Alternatively, X may be
a hydroxyl group. In that case, the reaction is "preferably carried out under acidic
conditions, or in the presence of a suitable catalyst, for exaﬁlple pyridine.

Compounds of formulaR,'-OH are typically commercially available or may be

prepared by aﬁalogy with known methods.

.. When -Ak- is -CH(ORZ)-[trans]CH=CH—[cz's]CH=CH-CH2'-[cis]CH=CH-C3Hs-, B
_(CH,)3-CH(OR;)-[trans]CH=CH-{cis] CH=CH-CH,-{cis]CH=CH-, or -(CH,)s-
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[czs]CH—-CH CHZ-[czs]CH—CH—[trans]CH——CH CH(ORz)— PUFA derivatives of

- formula (I) as defimed herein, wherein R; is a group -(C=0)-Rs, wherem Rsisa C1 Cs

alkyl, C,-Cs alkenyl, C,-Cs alkynyl, a C¢-Cyo aryl, 2 5- to 10-membered heteroaryl, a
C;-C; carbocyclyl or a 5- to 10-membered heterocyclyl group, or Rs is an éliphatic
group having from 3 to 29 carbon atoms, can be prepared by treating a compound of
formula (I) as defined herein, wherein -Alk- is -CH(OR;)-[trans]CH=CH-
[¢is]CH=CH-CH,-[cis]CH=CH-C3He-, (CHz)3-CH(ORy)-[#rans]CH=CH-
[cis]CH=CH-CH;-[cis]CH=CH-, or -(CHy);-[cis] CH=CH-CH2-[cis]CH=CH-
[trans]CH=CH-CH(OR;)-, and R, is'a hydrogen atom, with a carboxylic acid |
derivative Y-(C=0)-R's, wherein R’s is a C;-Cs alkyl, Co-Cs alkenyl, C-Cs alkynyl, a
Cg-Cio anyl, a 5- to 10-membered heteroa;'yl, a C;3-C; carbocyclyl or a 5- to 10-
membered heterocyclyl group, or R's is an aliphatic group having from 3 to 29 carbon
atoms, and Y is a leaving group, for example a halogen.ato'm', a tosylate or mesylate’
group. Compounds of formula Y-(C=0)-R's are typically commercially available or
may be prepared by analogy with Imown methods!

When -Alk- is -CH(ORy)-[trans]CH=CH-[cis] CH=CH-CH-{cis] CH=CH-C3He-, -
(CH,)3-CH(OR,)-[trans|CH=CH-[cis] CH=CH-CH-[cis] CH=CH-, or -(CHz)3-
[cis]CH=CH-CH,-[cis]CH=CH-[trans]CH=CH-CH(OR,)-, PUFA derivatives of .
formula (J) as defined herein, wherein R; is a group of formula -(CH,0CH2),OH,
wherein nis as defined herein, can be prepared by treating a compound of formula (T)
as defined herein, wherein -Alk- is -CH(ORz)-[trans]CH=CH—[czs]CH—CH-CHz- '
[cis]CH=CH-C;H¢-, —(CHz)g,—CH(ORz) [tmns]CH=CH-[czs]CH——CH-CHz-
[cisJCH=CH-, or -(CH,);-[cis]CH=CH-CH,- [czs]CH=CH [trans]CH=CH-CH(ORy)-,
and R; is 2 hydrogeri atom, with & compound of formula Z-(CH;OCH,),0H, wherein

n is as defined herein and Z is a good léaving group, for example a halogen atom, a

_ tosylaté ormesylate group. Compounds of formula Z-(CH,OCH,),0H are typically

commercially available or may be.f)repared by analogy with known methods.

The present invention also provides-a pharmacéutical composition suitable for topical

administration comprising a PUFA derivative, as defined he}eiﬂ, ora

" pharmaceutically acceptzble salt, or solvate thereof; and a pharmaceutically

acceptablé diluent or carier, for use in treating skin inﬂanimatibn, as defined herein;

in a mammal, as defined herein.

23



10

15

20

25

"~ 30

CA 02843996 2014-02-25

WO 2010/125340 PCT/GB2010/000844

Preferred pharmaceutical compositions are sterile and pyrogen free. ’

;fhe pharmaceutical composition is'typically in the form of a gel, ointment, cream or

"lotion.

When said pharmaceutical composition isa gel it typically comprises a hydrophilic
polymer such as cross-linked p_olyethy]ené glycol, cross-linked starch or polyvinyl
pyrrolidone. :

An ointment, cream or lotion typically contains an aqueous phase and an oleaginous

phase in admixture.

The pharmaceutical composition may additionally contain one or more emollients,

omulaifiors, thickeners and/or precervatives, particularly when it ica cream or

ointment.

Emollients suitable for inclusion in creams or ointments of the present invention are
typically long chain alcohols, for example a C8-C22 alcohol such as cety! alcohol, '
stearyl alcohol and cetearyl alcohol, hydrocarbons sﬁch as petrolatum and light

mineral oil, or acetylated lanolin. The fotal amount of emollient in the.phannaceu’dcal ,
composition is preferably about 5 wt% to about 30 wt’, and more preferably about 5

wt% to about 10 wt% based on the total weight of the phaﬁnaceuﬁcal composition.

The emulsificr is typically a nonionic surface active agent, e.g., polysorbate 60
(available from ICI Americas), sorbitan monostearate, polyglycery1-4 oleate and
polyoxyethylene(4)lauryl ether. Generally the total amount of emulsifier is about 2
wt% to about 14 wt%, and more preferably about 2 wt% to about 6 wt% by \;veight

based on the total weight of the pharmaceutical composition.
Pharmaceutically acceptable thickeners, such as Veegum. TM.K (available from R. T.

Vanderbilt Company, Inc.), and long chain alcohols (i.e, C8-C22 alcohols such as
cetyl alcohol, stearyl alcohol and cetearyl alcohol) can be used. The total amount of
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thickener present is preferably about 3 wt% to about 12 wt% based on the total weig_ht )

of the pharmaceutical composition.

Preservatives such as methylparab’en; propylparaben and benzyl alcohol can be
present in the pharmaceutical composition. The appropriate amount of such

preservative(s) is known to those skilled in the art. The pharmaceutical composition
may also comprise a fat-soluble antioxidant such as ascorbyl palmitate, tocopherol

and/or ascorbic acid in the presence of lecithin.

Optionally, an additional solubilizing ggént such as benzyl alcohol, lactic acid, acetic
acid, steaiic acid or hydrochloric acid can be included in the pharmaceutical
composition. If an additional solubilizing agent is used, the amouuit present is

preferably about 1 wt%to about 12 wt% based on the total weight of the

- pharmaceutical composition.

.Optionally, the ﬁharmaccuﬁcal composition can coptain a humectant such as glycerin
and a-skin penetration enhancer such as butyl stearate, urea and DMSO.
It is known to those skilled in the art that a single ingredient can perform more than

one function in a cream, i.e., cetyl alcohol can serve both as an émolljent and asa

thickener.

In one embodiment, the pharmaceutical composition is in the form of a cream. The
cream typically consists of an oil phase and a water phase mixed together to form an
emulsion. Preferably, the cream comprises an oil-in-water emulsion. Preferably, the

amount of water present in a cream of the invention is about 45 wit% to about 85 wt%

based on the total weight of the cream.

Where the pharmaceutical corﬁposition is in the form of an ointment, it typically
comprises a pharmaceutically acceptable qintmént base such as petroiatum, or
polyethylene glycol 400 (available from Union Carbide) in combination with
polyethylene glycol 3350 (available from Union Carbide). The amount of ointment ’

base present in an ointment of the invention is preferably about 60 wt% to about 95

wt% based on the total weight of the ointment.
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In the pharmaccutical composition of the present invention, the amount of the PUFA derivative

of formula (I)is typically from 0.01 wt% to 50wt%, preferably from 0.5wt% to 25 wt%, more
preferably from 1 wi% to 10 wt%, for example about 5 wi%, based on the total weight of the

pharmaceutical composition,

The compound / composition of the present invention is formulated for topical administration
and it may be administered to a patient in an amount such that from 0.00001 to 10 g, preferably

from 0.0001 to 1 g active ingredient is delivered per m? of the area being treated.

Pharmaceutical compositions of the present invention may additionally comprise one or more
corticosteroids as defined herein. The amount of the corticosteroid present in the pharmaceutical
composition of the invention is typically 50% or less, preferably 25% or less, more preferably
10% or less, most preferably 5% or less, of the recommended amount of said corticosteroid in a
commercially available formulation. The skilled person is well aware of the amount of
corticosteroids present in various topical formulations, For example, the aimount of
hydrocortisone present in most commercially available formulations is typically 1 % w/w. The
amount of clobetasol dipropionate present in most commercially available formulations is

typically 0.0525 % w/iw.

Thus, pharmaceutical compositions of the present invention typically comprise hydrocortisone in

an amount of 0.5 % w/w or less, preferably 0.025 % w/w or less, more preferably 0.01 % w/w or
less, most preferably 0.005 % w/w or less. Pharmaceutical compositions of the present invention
typically comprise clobetasol dipropionate in an amount of 0.026 % w/w or less, preferably
0.013 % w/w or less, more preferably 0.0053 % w/w or less, most preferably 0.0026 % w/w or

less.

The pharmaceutical compositions of the present invention typically comprise one or more further

therapeutic agents, which are not corticosteroids, as defined herein. The amount of the one or
more further therapeutic agents, which are not corticosteroids, present in the composition will be

evident to the person skilled in the art.
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Pharmaceutical compositions of the present invention may be prepared simply by

.admi'x'mg the ingredients in a suitable manner.

The present invention also provides the use of a compound which is a PUFA
derivative of formula (I) as defined herein or a f)ha.rmaceutically acceptable salt, or -
solvate thereof, in the manufacture of a medicament for use in treating skin
inflammation, as defined herein, in a mammal, as defined herein, by topicdl

administration.

The present invention also provides 2 method of treating skin inflammation, as
defined heréin, m a mammal, as defined herein, which method comprises
administering to the skin of said mammal a therapeuticﬁil’y effeéﬁve amount of 3
compound which is a PUFA, derivative of formula (I) as defined herein or a
pharmaceutically _acceptable salt, or solvate thereof. -

The present invention also provides a pharmaceutical composition comprising a

polyunsaturated fatty acid (PUFA) derivative of formuia (II),

(0] .
)l\/\/Nk\/\/\
R1O ° ’ . .

I
or a pharmaceutically acceptable salt, or solvate thereof, wherein
- -Alk- is -(CHaz): -[qis]CH=CH—CH2—[cis]CH=CH—CHZ-[c:is]CH=CH—; and
R, is as defined herein; '
which composition is for use in treating skin inflammation in a mammal, by topical

administration, and is substantially free of lithium salts and glucocorticoids.

As the skilled person will appreciate, i this embodiment, the pharmaceutically
acceptable salt of the PUFA derivative of formula (1) is not a lithium salt.
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Typically, the pharmaceuucal cornposmon comprising a polyunsamrated fatty amd
(PUFA) derivative of formula (II) contains the PUFA denvatlve of formula (TI) as

sole active ingredient.

Preferably, the phaxméceutical composi_tion comprising a polyunsaturated fatty acid
'(PUFA) derivative of formula (D) consists of the PUFA derivative of formula (II) and
a pharmaceutically acceptable diluent or carrier, as defined herein.

Preferably, the PUFA derivative of formula (II) is of formula R"(C=0)O- CHz-
CH(O(C=O)R") -CH,-0(C=0)R", wherem each R" is the same and is the ahphanc
group of dihommo- gamma—lmolemc acid, i.e. R" is (CHz)s- CH=CH- CH,-CH=CH-
CH,-CH=CH-(CH_,)4CH3, wherein all of the C=C double bonds have cis
configuration. Thus, the PUFA derivative of férmula (II) is preferably

In a particularly preferred embodiment, R; is a hydrogen atom. In this embodiment,
the PUFA derivative of formula (IT) is DGLA and is represented by the formula

The present invention also provides the use of a phammaceutical composition
comprising a polyunsaturated fatty acid (PUFA) derivative of formula (II) as defined

herein in the manufacture of a medicament for use in treating skin inflammation, as
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defined herein, in a mammal, as defined herein, by topical administration, wherein the
composition is s-ubstantia.uy free of litﬁium salts and glucocorticoids. -
| The present invention also provides a method of treating skin inflammation, as
5 ° defined herein, in a mammal, as defined herein, which method comprises
administering to the skin of said mammal a therapeutically effective amount of a
pharmaceutical composition comprising a polyunsaturated fatty acid (PUFA)
derivative of formula (Il) as defined herein, wherein the composition is substantially

free of lithium salts and glucocorticoids.
io '
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EXAMPLES

Immunohistochemiéu'y analyses were carried out to measure the degree of expression -
of COX-2 enzymes in ex vivo porcine ear skin. The COX-2 family of enzymes have
been strongly linked to inflammation ar_id have been found to be present in increased

amounts in inflamed tissue. Thus, a decreased level of COX-2 in the skin corresponds
with reduced inflammation of the skin. '

Example 1

Freshly excised porcine ears were immersed in iced Hank’s buffer for transport from
the abattoir to the laboratory. Upon arrival, the porcine cars were first washed with
running tap water, and the full thickness skin was liberated from underlying cartilage
by blunt dissection using a scalpel and hairs were removed with an electrical razor.
The skin was nsed within 2 h of slanghter. The full thickness skin was cut into
approximately 2cmx2cm and placed in Hanks balance salt to maintain skin viability.

A 2mm strip of skin was obtained using a surgfca.l scalpel and the skin strip then fixed
using a 40% formaldehyde solution, dehydrated and set in molten wax. The sections

were cut using a Shandon Finesse microtome (Thermo Scientific, Walthani, MA,

USA) to a thickness of 5pm and were placed onto 2.5 cm x 7.5 cm x 1mm pre-
cleaned microslides. The section of skin was stained with diaminobenzidine, which

binds to COX-2 enzymes and the slides visualised on a light microscope with image

. capture facility.

Skin membranes were mounted in Franz diffusion cells using Hanks buffer as.
receptor phase. Water was used as the donor phase. After 6 hours the skin was

removed from the Franz cell apparatus, excess donor phase was removed and the skin

. wiped clean with a clean paper tissue. The diffusional aréa was then cut into

approximately 2mm strips using a surgical scalpel and the skin strips then using a
40% formaldehyde solution, dehydrated and set in molten wax. The sections were cut
using a Shandon Finesse microtome (Thermo Scientific, Waltham, MA, USA) toa

thickness of 5um and were placed onto 2.5 cm x 7.5 cm x 1mm pre-cleaned

- microslides. The section of skin was stained with diaminobenzidine, which binds to
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COX-2 enzymes, and the slides visuaﬁscd on a light microscope with image capturé
facility. ‘

The results of this experiment are shown as Figure 1. A dark stain is present in the
sample both after 0 hours and 6 hours, indicating the continuing presence of COX-2 in .

the skin. This indicates that water has no anti-inflammatory activity.

Example2

" An experniment was caried out as descﬁbed in Example 1, except that the donor phase

comprised ketoprofen, a known COX-2 inhibitor, in fish oil.

The results of this experiment are shown as Figlire 2. Afier six hours, the amount of

da;k stain has reduced, indiéating penetration of ketoprofen into the viable epidermis

and activity againct COX-2 expreccinn in the ckin

Example3

An experi;nent was camed out as described in Example 1, except that the donor phase

comprised a representative compound of the invention, DGLA.

The results of this experiment are shown as Figure 3. After six hours, the amount of
dark stain has reduced, indicating penetration of DGLA into the viable epidermis and

activity against COX-2 expression in the skin.

Exarnple 4

An experiment was carried out as described in Example 1, except that the donor phase

comprised a representative compound of the invention, 15-HETTE.
The results of this experiment are shown as Figure 4. After six hours, the amount of
dark stain has reduced, indicating penetration of 15-HETIE into the viable epidermis

and activity against COX-2 expression in the skin.
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Example 5

A Westem Blottmg expcnment was carried out to determme the effect of topically
applied reprcsentatlve compounds of the mventlon DGLA and 15-HET:E on the

expression of COX-2 in porcine skin. Water was used as a control.

The porcine skin membranes (as descriBed in Example 1) were geﬁﬂy cleaned with
de-ionised water before being homogenized (Sﬂverson, Chesham, UK) in a RIPA
lysis buffer [50 mM Tris-HCI (pH 7.4), 150 mM NaCl, 1 mM PMSF, 1 mM EDTA, 5
ug mL" aprotinin, 5 pg mL" leupeptin, 1% Triton X-100, 1% sodium deoxycholate,
0.1% SDS]. After 15 min incubation on ice, the lysates were clarified by
centrifugaﬁon at 14000x g for 2 x 15 min anq the supernatant stored at -80 “C for

subsequent protein analysis. -

Aliquots of 30 pg total protoin woro soparatod by eps PAGE, transforred to
nitrocelullose membranes using the Trans-Blot electrophoretic Transfer Cell and
briefly stained with Ponceau S to verify effective transfer. Immun;Jblots were
incubated for 1 h in a blocking solution [tris-buffered saline (TBS)-Tween 20
containing 5% (w/v) commercial skimmed milk powder (Marvel) at room
temperaiure After washmg, thé membrane was probed overnight at 4 °C with COX-2
antlbodyat 1:1000, 5-LOX at 1:1000 and iNOS at 1:500 in (1:20 and 1:100 western
blocking reagent and sodium azide solution respectively made up to volume with TBS
tween). Membranes were then incubated for 1 h with HRP-conjugated anti-rabbit at
1:10000. For B-actin, membranes were proh;ed with anti-actin and anti-mouse for 1h’
each at room temperature at 1:10000. Afer 3x10 min washes in TBS Tween, they
were finally exposed to freshly prepared Dura Substrate for chemiluminescence for
appropriate time before performing autoradiography. .

The results of this expen'ﬁlent are shown as Figure 5. It can be seen that a significant

reductionin COX-2 expression is seen following dosing with DGLA and 15-HET:E,

relative tothe control.
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Claims:

1. A topical monotherapy composition for the treatment of skin inflammation in a mammal,

the topical monotherapy composition comprising:
at least one excipient; and

a polyunsaturated fatty acid (PUFA) derivative of formula (I):

O

R,o)'l\/\/ Alk\/\/\

@
or a salt thereof, wherein:
-Alk- is:
-(CH2)3-[ cis JCH=CH-CHaz-[cis ]CH=CH-CHx-[cis]CH=CH-;
R, is a hydrogen atom,;

wherein the topical monotherapy composition contains the polyunsaturated fatty

acid (PUFA) derivative of formula (I) as sole active ingredient; and

wherein the topical monotherapy composition is substantially free of

glucocorticoids.

2. The topical composition of claim 1, wherein the excipient comprises a preservative,
wherein the preservative is methylparaben, propylparaben, benzyl alcohol, ascorbyl palmitate,

ascorbic acid, or any combination thereof.

3. The topical composition of claim 1, wherein the excipient comprises an emollient, an

emulsifier, a thickener, a preservative, or any combination thereof.
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4. The topical composition of claim 1, wherein the excipient comprises a solubilizing agent,

a humectant, or a combination thereof.

5. The topical composition of any one of claims 1 to 4, wherein the topical composition is

in the form of a cream.

6. The topical composition of any one of claims 1 to 5, wherein the topical composition is

substantially free of lithium salts.

7. The topical composition of any one of claims 1 to 6, wherein the PUFA derivative of
Formula (I) is dihomo-y-linolenic acid (DGLA), and wherein the composition comprises about

0.01 wt% to about 50 wt% DGLA.
8. The topical composition of any one of claims 1 to 7, wherein the mammal is a human.

9. Use of a polyunsaturated fatty acid (PUFA) derivative of formula (I):

O

Rﬁo)']\/\/ N NG

@

or a salt thereof, in the preparation of a medicament for the treatment of skin inflammation in a

mammal as a topical monotherapy, wherein:
-Alk- is:
-(CH2)3-[cis JCH=CH-CH2-[cis ] CH=CH-CHa-[cis ]CH=CH-;
R, is a hydrogen atom,;

wherein the medicament contains the polyunsaturated fatty acid (PUFA)

derivative of formula (I) as sole active ingredient; and

wherein the medicament is substantially free of glucocorticoids.
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10. The use of claim 9, wherein the medicament is in the form of a cream.
11.  The use of claim 9 or 10, wherein the medicament is substantially free of lithium salts.

12. The use of claim 9, 10, or 11, wherein the PUFA derivative of Formula (I) is dihomo-y-
linolenic acid (DGLA), and wherein the medicament comprises about 0.01 wt% to about 50 wt%
DGLA.

13.  The use of any one of claims 9 to 12, wherein the medicament further comprises at least

one excipient.

14.  Use of a polyunsaturated fatty acid (PUFA) derivative of formula (I):

O

@

or a salt thereof, for the treatment of skin inflammation in a mammal as a topical monotherapy,

wherein:
-Alk- is:
-(CH2)3-[cis JCH=CH-CHa2-[cis ] CH=CH-CHz-[cis]CH=CH-; and
R, is a hydrogen atom,;
wherein the PUFA derivative is in a composition comprising at least one excipient,

wherein the composition contains the polyunsaturated fatty acid (PUFA) derivative of formula

(D) as sole active ingredient, and
wherein the composition is substantially free of glucocorticoids.

15. The use of claim 14, wherein the composition is in the form of a cream.
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16.  The use of claim 14 or 15, wherein the composition is substantially free of lithium salts.

17. The use of claim 14, 15, or 16, wherein the PUFA derivative of Formula (1) is dihomo-y-
linolenic acid (DGLA), and wherein the composition comprises about 0.01 wt% to about 50 wt%
DGLA.

18.  The use of any one of claims 13 to 17, wherein the excipient comprises a preservative,
wherein the preservative is methylparaben, propylparaben, benzyl alcohol, ascorbyl palmitate,

ascorbic acid, or any combination thereof.

19.  The use of any one of claims 13 to 17, wherein the excipient comprises an emollient, an

emulsifier, a thickener, a preservative, or any combination thereof.

20.  The use of any one of claims 13 to 17, wherein the excipient comprises a solubilizing

agent, a humectant, or a combination thereof.
21. The use of any one of claims 9 to 20, wherein the mammal is a human.

22.  The use of any one of claims 9 to 21, wherein the skin inflammation is caused by atopic

eczema, contact dermatitis, psoriasis or uremic pruritis.

23.  The use of claim 22, wherein the skin inflammation is caused by exposure of the skin to

electromagnetic radiation.

24.  Use of a polyunsaturated fatty acid (PUFA) derivative of formula (I),

O

R,o)'l\/\/ Alk\/\/\

@

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for topical

treatment of skin inflammation in a mammal, wherein:

-Alk-is
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-(CH2)3-[cis]CH=CH-CH2-[cis]CH=CH-CH2-[cis] CH=CH-; and
R1 is a hydrogen atom,

wherein the medicament contains the polyunsaturated fatty acid (PUFA) derivative of

formula (I) as sole active ingredient, and
wherein the amount of the PUFA derivative is 0.5 wt% to 25 wt% of the medicament.

25.  Use of a polyunsaturated fatty acid (PUFA) derivative of formula (I),

O

Rﬁo/L/\/ A ™

@

or a pharmaceutically acceptable salt thereof for topical treatment of skin inflammation in a

mammal, wherein:
-Alk- is
-(CH2)3-[cis]CH=CH-CH2-[cis]CH=CH-CH2-[cis] CH=CH-; and
R1 is a hydrogen atom,;
wherein the PUFA derivative is in a medicament,

wherein the medicament contains the polyunsaturated fatty acid (PUFA) derivative of formula

(D) as sole active ingredient,
and wherein the amount of the PUFA derivative is 0.5 wt% to 25 wt% of the medicament.
26.  The use according to claim 24 or 25, wherein the mammal is a human.

27. The use according to claim 24, 25, or 26, wherein the skin inflammation is caused by

atopic eczema, contact dermatitis, psoriasis or uremic pruritis.
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28.  The use according to any one of claims 24 to 27, which is for co-administration with a
corticosteroid.
29.  The use according to any one of claims 24 to 28, wherein the skin inflammation is caused

by exposure of the skin to electromagnetic radiation.

30.  The use according to any one of claims 24 to 29, wherein the medicament further

comprises a pharmaceutically acceptable diluent or carrier.

31. The use according to claim 30, wherein the medicament is in the form of a gel, ointment,

cream or lotion.

32.  Use of a polyunsaturated fatty acid (PUFA) derivative of formula (I),

O

R o)J\/\/ NN\

@

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for topical

treatment of skin inflammation in a mammal, wherein:
-Alk- is:
-(CH2)3-[cis]CH=CH-CH2-[cis]CH=CH-CH2-[cis] CH=CH-; and
R; is hydrogen atom;

wherein the medicament is free of lithium salts and glucocorticoids, and wherein the medicament

contains the polyunsaturated fatty acid (PUFA) derivative of formula (I) as sole active ingredient.

33.  Use of a polyunsaturated fatty acid (PUFA) derivative of formula (I),

O

38

Date Regue/Date Received 2022-04-06



CA2843996

@

or a pharmaceutically acceptable salt thereof for topical treatment of skin inflammation in a

mammal, wherein:
-Alk-is:
-(CH2)3-[cis]CH=CH-CH2-[cis]CH=CH-CH2-[cis] CH=CH-; and
R1 is hydrogen atom;

wherein the PUFA derivative is in a medicament, and wherein the medicament is free of lithium
salts and glucocorticoids, and wherein the medicament contains the polyunsaturated fatty acid

(PUFA) derivative of formula (I) as sole active ingredient.

34. A pharmaceutical composition for use in the treatment of skin inflammation in a mammal
by topical administration, comprising a polyunsaturated fatty acid (PUFA) derivative, of formula

@,

O

R,OJJ\/\/ N N

@
or a pharmaceutically acceptable salt, or solvate thereof, wherein
-Alk- is
-(CH2)3-[cis]CH=CH-CH2-[cis]CH=CH-CH2-[cis]CH=CH-;
R1 is a hydrogen atom; and wherein the PUFA derivative is the sole active ingredient.

35. A pharmaceutical composition according to claim 34, wherein the mammal is a human.
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36. A pharmaceutical composition according to claim 34 or 35, wherein the skin
inflammation is caused by atopic eczema, contact dermatitis, psoriasis, atopic dermatitis, or

uremic pruritis.

37. A pharmaceutical composition according to claim 34, 35, or 36, which is for co-

administration with a corticosteroid.

38. A pharmaceutical composition according to claim 34 or 35, wherein the skin

inflammation is caused by exposure of the skin to electromagnetic radiation.

39. A pharmaceutical composition according to any one of the claims 34 to 38, which is in

the form of a gel, ointment, cream or lotion.

40.  Use of DGLA or a C1-C2 alkyl ester or pharmaceutically acceptable salt thereof, for
treating uremic pruritus in a subject in need thereof, wherein the DGLA is in a composition
formulated for administration to provide a therapeutically effective amount to skin of the subject,

wherein the amount of the DGLA is 0.5 wt% to 25 wt% of the composition.

41.  Use of DGLA or a C1-C2 alkyl ester or pharmaceutically acceptable salt thereof in the
preparation of a composition for treating uremic pruritus in a subject in need thereof, wherein the
composition formulated for administration to provide a therapeutically effective amount to skin

of the subject, wherein the amount of the DGLA is 0.5 wt% to 25 wt% of the composition.

42.  The use of claim 40 or 41, wherein the composition comprises about 1 mg to about 1000
mg of DGLA.
43, The use of claim 40, 41, or 42, wherein the composition further comprises a

pharmaceutically acceptable diluent or carrier.

44.  The use of any one of claims 40 to 43, wherein the composition is formulated for co-
administration with a corticosteroid selected from the group consisting of clobetasol
dipropionate, betamethasone dipropionate, halbetasol dipropionate, diflorasone diacetate,
fluocinonide, halcinonide, amcinonide, desoximetasone, triamcinolone acetonide, mometasone

furoate, fluticasone dipropionate, fluocinolone acetonide, hydrocortisone valerate,
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hydrocortisone  butyrate, desonide, prednicarbate, prednisolone, methylprednisolone,
dexamethasone, naflocort, deflazacort, halopredone acetate, budesonide, beclomethasone
dipropionate, hydrocortisone, clocortolone pivalate, methylprednisolone aceponate,
dexamethasone palmitoate, tipredane, hydrocortisone aceponate, alclometasone dipropionate,
halometasone, methylprednisolone suleptanate, rimexolone, prednisolone farnesylate,
ciclesonide, deprodone propionate, loteprednol etabonate, betamethasone butyrate propionate,
flunisolide, prednisone, dexamethasone sodium phosphate, triamcinolone, betamethasone 17-
valerate, betamethasone, hydrocortisone acetate, hydrocortisone sodium succinate, prednisolone

sodium phosphate, hydrocortisone probutate, and combinations thereof.

45. The use of claim 44, wherein the corticosteroid is for co-administration in an amount

sufficient to provide 50% or less of the recommended daily dosage of said corticosteroid in said

mammal.
46.  The use of claim 45, wherein the corticosteroid is hydrocortisone.
47.  The use of any one of claims 40 to 46, wherein the composition is further formulated for

co-administration with a therapeutic agent selected from the group -consisting of

immunomodulators, antibiotics, immunosuppressants, and anti-itch drugs.

48. A pharmaceutical composition for use in the treatment of skin inflammation in a mammal

by topical administration, comprising a polyunsaturated fatty acid (PUFA) derivative,

of formula (I),

]

@)
or a pharmaceutically acceptable salt, or solvate thereof, wherein

-Alk-is
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-(CH2)3-[cis]CH=CH-CHa-[cis ] CH=CH-CH2-[cis] CH=CH-;
R1 is a hydrogen atom, wherein the PUFA is the sole active ingredient,
wherein the skin inflammation is caused by atopic dermatitis,

and wherein the amount of the PUFA is 1 wt% to 10 wt% of the pharmaceutical

composition.
49. A pharmaceutical composition for use according to claim 48, wherein the mammal is a
human.
50. A pharmaceutical composition for use according to claim 48 or 49, which is for co-

administration with a corticosteroid.

51. A pharmaceutical composition for use according to claim 48, 49, or 50, which is in the

form of a gel, ointment, cream or lotion.
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