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BACKGROUND OF THE | NVENTI ON Al references, including any patents or patent
applications, cited in this specification are hereby- incorporated by

The di souss| SRR PRerds IURIENT (0 e What their adt hors aseert, and
the applicants reservBriselmiegitti drp rellaltle@nde ttfredCeyiaty abfpounds
5 which have the ability te modulate the activity of G
protein-coupled receptors. The compounds preferably act as
antagonists. In preferred embodiments, the invention
brovides cyclic peptidic and peptidomimetic antagonists of
- C5a receptors, which are active against CSa receptors on
10 polymorphonuclear leukocytes and macrophages. The
compounds of the invention are both potent and selective,
and are useful in the treatment of a variety of

inflammatory conditions.

.

15 BACKGROUND OF THE INVENTION
All references, inC1uding any ﬁatents or patent

applications, cited in thig specification ars hereby-
incorporated by reference. No admission is made that any
reference constitutes prior art. The discussion of the

20  references states what their authors assert, én& the
applicants veserve the right to challenge the accuracy and
pertinency of the cited documents. Tt will be‘clearly
understood that, although a number of prioxr art
publications are referred to herein, this reference does

25 neot constitute an admission that'any of these documents
forms part of the common genaral knowledge in the art, in
Australia or in any other country.

G protein-coupled receptors are prevalent

throughout the human body, comprising approximately 60% of

30  known cellular receptor typey, and mediate gignal
Lransduction across the cell membrane for a very wide range
of endogenous ligands. They participate in a diverse array
of physiological and pathophysiological processes,
.including, but not limited to those associated with

35 cardiovascular, central and peripheral nervous system,
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i nport ant functions of G protein-coupled receptors have important
5 therapeutic applications. These receptors ara becoming
increasingly recogniged as important drug targets, due ko
their crucial roles in signal transduction (G protein-
coupled Receptorsg, IBC Biomedical Library Series, 199%6).
_ One of the most intemsively studied G protein-

10 c¢oupled receptors is the receptor for Cha. C5a ig one of
the most potent chemotactic agents known, and recruits
neutrophils and macrophages to sites of injury, alters
thair moxphology; induces degramulation; increases calcium
mobilisation, vascular permeabllity (cedema) and neutrophil

15 adhesivenesg; contracts smooth muscle; stimulates release o
of inflammatory mediidtors, including histamine, TNF-¢, IL-
1, IL-6, IL-8, prostaglandins, and leukotrienes, ard of
lysosomal enzymes; promotes formation of oxygen radicals;
and enhances antibody production {(Gerard and Gerard, 1994).

20 Overexpression or underregulation of CSa is
implicated in the pathogenesis of immune system-mediated
inflammatory conditions, such as rheumatoid arthritis,
adult respiratory distress syndrome (ARDS), systamic lupus
erythematosus, tissue graft rejection, ischaemlc heart

25 disease, reperfusion indjury, septic shoek, psoriasis,
gingivitis, atherosclerosis, Alzheimer’s digease, lung
injury and extracorporeal post-dialysis syndrome, and in a
variety of other conditions (Whaley 1987; Sim 1993).

Agents which limit the pro-inflammatory actions

30 of C5a have potential £or lnhibiting chronic inflammation,
and its accompanying pain and tissue damage. For these
reasons, molecules which prevent C5a frowm binding to its.
.receptors are useful for treating chronic inflammatory
disorders driven by’ complement activation. Such compounds
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tlssge grafts£§é§§tlon f'é&ﬁ&?&&é geaéé %E dlseqfe, reperrusion injury,
septic shock®™H Fﬁ?rg, logues of the C-terminus of human CSa,
and used this information te design novel compounds which
bind to the human C5a receptor (CS5aR), behaving as either
agonists or .antagonists of C5a. It had praviously been
10 thought that a putetive antagonist might require both a -
ferminal arginine and a C-terminal carboxylate for receptor
binding and antagonist activity (Konteatis et al, 1994).
In PCT/AUS8/00490 we showed that in fact a terminal
carbaxylate group is not generally required either for high
15  affinity binding to C5aR or for antagonlst activity. |
Instead we found that a hitherto unrecognised structural
feature, a turn conformation, was the key recognition
feature for high affinity binding to the human C5a receptor
on neutrophils. We used these findings to design
20 constrained structur?l templates which enable hydroﬁhdbic
groups to be assembled into a hydrophobic array for
interaction with a QSa receptor, )
- By investigatiny the effect of varying the
Structure at each amino acid residue in the most potent
.25 compound identified 'in our previous application, we have
now developed furthér examples of cyclic antagonists of the
CS@ receptor on human neutrophils and have identified
potent C5aR antagonist activity for a range of compounds.
These compounds each comprise a cyelic scaffold which
30 satisfies the general three-dimensional structﬁrai
requirements set out in the earlier application
No. PCT/AU98/00490, but we have now found that certain
substituents attached to the cycle surprisingly lead to
most unexpected results, producing both high and low
35 antagonist potencieB which'were not aceurately predicted in




gingivitis, atherosclerosis, Al zheiner's disease, lung injury and
extracorporeal post-dialysis syndrone, and in a variety of other
conditions (Waley 1987; Sim 1993). Agents which |[imt the pro-inflamatory
actions WO0303332% have potential for inhibiting chronic irCrammbian, and
~its acconpanying pain and tissue danmage. For these reasons, nolecul es
which prevent Coa frombinding toits .receptors are useful for treating
chronic inflammatory disorders driven by conpl enent activati ond 8 2FEn 2006
conpounds WO 03/ 033528 PCT/ AU02/ 01427 *+34APR 2006 3 al so provi de val uabl e:
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i ncor porate S reference, we descrlb dt
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5 described herein help to define a refined structural

phamacopliore for active antagonism of C5a receptors on

human polymorphonuclear leukocytes (neutrophil

granulocytes). This pharmecophore is expected to ba

appropriate also for C5a receptors on other human and

10 mammalian cells.

SUMMARY OF THE INVENTION
According to a first aspect, the invention
provides a compound which is an antagonist of a G protein-
15 coupled receptor, which has substantially no agonist
activity, and which is a cyclic peptide or peptidomimetic
of formula I:

where A ig H, alkyl, aryl, NHz2, NH-alkyl,

20 N{alkyl)g, NH-aryl, NH-acyl, NH-benzoyl, NHSQs, NHSO;-
alkyl, NHSO,-aryl, OH, O-alkyl, or O-aryl:

B is an alkyl, aryl, phenyl, benzyl, naphthyl or
indole group, or the smde chain of a D- or L-amino acid
such as L~pheny1alan1ne or L-phenylglycine, but is not the

25 side chain of glycine, D-phenylalanine, L-—
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isoleucine, phenylalanine, or cyclohexylalanine; '
D is the side chain of a neutral D-amino acid
such ag D-Leucine, D-homolsucine, D-cyclohexylalanine, D~

10 homocyclohexylalanine, D-valine, D-norleucine, D-homo-
norleucine, D-phenylalanine, D-tetrahydroiscoquinoline, D~
glutamine, D-glutamate, or D-tyrosine, but is preferably
not a small substituent such as the side chain of glycine
or D-alanine, a bulky planar gide chain such as D-

15 - tryptophan, or =z bulky charged side chain such as D-
arginine or b-Lysine; '

~ E is a bulky substituent, such as the side chain
of an amino acid selected from the group consisgting of L-
phenylalanine, L-tryptophan and L-homotryptophan, or ig L-

20 l-papthyl or L-3-benzothienyl alanine, but is not the side
chain of D-tryptophan, L-N-methyltryptophan,
L-homophenylalanine, L—Z%naphthyl L-tetrahydroisoguinoline,
L-cyclohexylalanine, D-leucine, L-fluorenylalanine, or
L-histidine;

25 F ig the side chain of L-arginine, L~
homoarginine, L-citrulline, or L-canavanine, or a
bioclsostere thereof, ie. a side chain in which the terminal
guanidine or urea group is regtrained, but the carbon
backbone is replaced by a group which has different’

30 structure, but is such that the side chain as a whole
reacts with the target protein in the same way as the
parent group; .

_ X is ~(CHz)NH- or (CH2)p~S5-, where n is an
integer of from 1 to 4, preferably 2 or 3; —{(CHz)20-;



30 satisfies the general three-dinmensional structural requirenments set out
in the earlier application No. PCT/AlIl98/ 00490, but we have now found that

certain substituents attached to the cycle surprisingly lead to nost
unexpect e ¥43P328  produci ng both hi gh” and | ow 3S ant agoniRT/AGRéM¢li7es
whi ch were not accurately predicted in WO 03/033528 PCT/ AU02/ 01427 18 APR

2006 - 4 the previous application No. PCT/AU98/00490. These surps iaprMios
new findings allow us to refine and better define the required

phar macophore for antagoni smof C5a receftors. The unexpect ed
structure-activity relationships 5 described herein help to define a

refined struchbgb)3@haraq@gathe Lotuashlve. @ﬁﬁ@g eikgaELOf of5a receptors on
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with the proviso that the compound ig not
5 compound 1 referred to below.
"In C, both the cis and trans forms of
hydroxyproline and thioproline may be used.
Preferably 2 is an acetamide group, an
aminomethyl group, or a substituted or unsubstituted

10  sulphonamide group.

Preferably where A is a substituted sulphonamide,
the substituent is an alkyl chain of 1 to 6, preferably 1
to 4 carbon atoms, or a phenyl or toluyl group.

Preferably the G protein-coupled receptor iz a

15 C5a receptor. However, we have found that the leading
¢dmpound of our earlier application also has significant
binding affinity at vasopressin and neurckinin receptors,
énd therefore these receptors are also within the scope of
the invention. _

20 In a particularly preferred embodiment, tﬁe
compound has antagonist activity against C5aR, and has no
CS5a agonist activity. ‘

The cyclic compounds of the invention are
preferably antagonists of (C5a receptors on human,

25 mammalian cells including, but not limited to, human
polymorphonuclear leukocytes and human macrophages. The
compounds of the invention preferably bind potently and
selectively to C5a receptors, and more preferably have
potent antagonist activity at sub-micromolar

30 concentrations. Even more preferably the compound has a
receptor affinity IC50<25uM, and an antagonist potency

- ICE0<1M.
5till more preferably the compound is selaected
from the group consisting of compounds 2 to &, 10 to 15,
35 17, 19, 20, 22, 25, 26, 28, 30, 31, 33 to 37, 39 to 45, 47
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According to a first Aspect, the invention provides a conpound which is an
ant agoni st of a G protein- 15 coupled receptor, which has substantially no

~agoni st ad¥o®o3me3ps2sand which is a cyclic peptide or pepti do 5{%1]32?1427

formula I: where Ais H alkyl, aryl, NH2, NHalkyl, 20 N

NH-aryl, NHacyl, NH benzoyl, NHSOG3, NHSO2 al kyl, NHSO2-aryl, OH, O0-alkyl,
or O-aryl; Bis an alkyl, aryl, phenyl, benzyl, naphthyl or IﬁdbAPRQm&Pp
or the side chain of a D or L-amino acid such as L- phenyl al ani ne or

L- phenyl gl ycine, but is not the 25 side chain of glycine, D phenylal anine,
L WD 03/033528 PCT/ AU02/ 01427 .1 3 APR 2006 - 5 honophenyl al ani ne,
L-trypt ophan, L-honotryptophan, L- tyrosine, or L-honotyrosine; Cis a
smal | substituent, such as the side chain of a D, L- or honpb-am no acid
such as glycine, alanine, 5 |eucine, vallfne, proline, hydroxyproline, or

t hi oprol i ne,
to 5O, B2 to 58 and 60 to 70 described herein. Most

preferably the compound is compound 33, compound 60 or
compound 45.
For the purposes of this gpecification, the term
5 talkyl” is to be taken to mean a straight, branched, or

cyclic, substituted or unsubstituted alkyl chain of 1 to 6,
preferably 1 to 4 carbons. Most preferably the alkyl group
is a methyl group. The term *acyl” is to be taken to mean
a substituted or unsubstituted acyl of 1 to 6, preferably 1

10 to 4 carbon atoms. Most preferably the acyl group is
acetyl. The term “aryl” is to be understood to mean a
substituted or unsubetituted homocyclie or heteroccvelic
aryl group, in which the ring preferably'has 5 or 6

e members .,

:15 A “eommon” amino acid ig a Li—amino acid selected
from the group comsisting of glycine, leucine, isoleucine,
valine, alanine, phenylalanine, tyrosine, tryptophan.
aspartate, asparagine, glutamate, glutamine, eysteine,
methionine, arginine, lysine, proline, serine, threonine

20 and histidine.

An *uncommon” amino acid includes, But is not
restricted to, D-amino acids, homo-amino acids, N-alkyl
amino acids, dehydroamino acids, aromatic amino acids other
than phenylalanine, tyrosine and ttyptophanj ortho~-, meta-

25 or para-aminobenzoic acid, ornithine, citrulline,
canavanlne, norleucine, S-glutamic acid, aminobutyric acid,
L-fluorenylalanine, L-3-benzothienylalanine, and
o, G-disubstituted amino acids.

According to a secomnd aspect, the invention

30 provides a composition comprising a- compound according to
the invention, together with a pharmaceutically-acceptable
carrier or excipient. N :

The compogitions of the invention may be
formulated for use in oxal, parenteral, inhalational,

.35 intramasal, transdermal or other topical applications, but



but is preferably not a bul ky substituent such as i sol eucine,

phenyl al ani ne, or cycl ohexylalanine; Dis the side chain of a neutral
D-amino acid such as D Leucine, D honol euci ne, D cycl ohexyl al anine, D 10
honocycl oWweogloaisasi ne, D-val i ne, D norleucine, f-hono norl egayAme/e1427

D- phenyl al ani ne, D-tetrahydroi soqui noline, D glutamne, D-glutamate, or
D-tyrosine, but is preferably not a small substituent such as the side
chain of glycine or D-alanine, a bulkygplanar side chain suclf 8RR 286
trypt ophan, or a bul ky charged side chain such as D argi nine or D Lysine;

Eis a bul k% ubst ] tuent guch as t he side chal n of an am no acid sel ected
fromthe gf ﬁg ?%1‘??&; PrANLATARA freshinreramied pt SipFrartoRiFal
L- honot ryp@@ptm‘rstmt:.mj_ @ﬂlﬂemtdxydh als l&mdammmnwmlat@ @y ne, but is

not the sigg Rp?e!?i l,t.r ¥pt opha

L- honophen )lglgjhl ne, gﬂ‘._:?% éf) - etraciju\'Lg%l L?)j'l?(ﬁ ?ﬂ i be

L-cycl oheé‘F“a FoTS, @?@W%@n Lthg d@rﬁ@ﬁsﬁl m@ tor bel tiesttiedi.ne; F is
the side chain of L-&f Gididipecked that most if mot #11 compounds of

the inventien will be stable in the presence of metabolic
anzymes guch as those of the gut, bloed, lung or
intracellular enzymes. Such stability cap vreadily be

- tested by routine methods known to those skilled in the

10 art. '

Suitable formulations for administration by any
desired route may be preparsd by standard methods, for
example by reference to well-known textbooks such as
Remington: The Science and Practice of Pharmacy, Vol. II,

15 2000 (20th edition), A.R. Gennaro (ed), Williams & Wilkins,
Pennsylvania. ' |

In a third aspeck, the invention provides &
method of treatment of a pathological condition mediated by
a G protein-coupled receptor, comprising the step of

20 administering an effective amount of a compound of the
invention to a mammal or vertebrate in need of such
Ereatment.

Preferably the condition mediated by a 6 protein-
coupled receptor is a condition mediated by a (CSa receptor,

25 and more preferably involves overexpresm.on or
underregulation of CSa. Such conditions include but are
not limited to rheumatoid arthritis, adult respiratory
distress syndrome {(ARDS), systemic lupus erythematosus.
tissue graft rejection, ischaemic heart disease,

30 reperfusion injury, septic shock, gingivitis, fibrosis,
atherosclerosis, multiple sclerosis, Alzgheimer's disease,
asthma, dementias, central nervous system digorders, lung
injury, extracorporeal post-dialysis syndrome, and dermal
inflammatory disorders such as psorlasls, eczema anad

35 C:ontact dez:‘matltls. '




honpargi nine, L-citrulline, or L-canavanine, or a bioisostere thereof, is.
a side chain in which the term nal guanidine or urea group is restrained,

~but the cd®®eo3psagkbone is replaced by a group which has di 0
structure, but is such that the side chain as a whole reacf&ﬁﬁéﬁﬁk?ﬁé

target protein in the sane way as the parent group; X is -(CH2),NH or
(CH2)n s-, where nis an integer of frgm1 to 4, preferably 29 app 2005

-(CH2) 20-; WD 03/033528 PCT/ AU02/ 01427 18 APR 2006 - 6 - -(CH2)30-;
-(CH2) 3-; -(CH2)4-; -CH2COCHRNH-; or - CH2 CHCOCHRNH-, and where R is the
side chain of any cORnBRSOP-EReERAS rrpodbrent dhavddndhieiqy d so that the

conpound | Fhegmateidompthndr2s.referred to below. 'Xn c, both the cis and
ol i.ne. may be used- Preferably Ais

g A e it Lot ST S,
. is gecond embodiment it will be
5  clearly understood that the proviso to formula I does not
apply.
- While the invention ig not in any way restricted
‘to the treatment of any particular aniwal or species, it is
particularly contemplated that the compoundg of the

10  invention will be useful in medical treatment of humans,
and will also be useful in veterinary treatment,
particularly of companion animals such as cats énd dogs,
livestock such as cattle, horses and sheep, and zoo
animals, including non-human rrimates, large bovids,

15 felids, ungulates and canids. Other speciss which may be
amenable to treatment include reptiles, fishes or |
anmphibiang.

,.W‘The compounds may be adminigtered at any suitable
dose and by any suitable route. Oxal, topical, transdermal

20  or intranasal administration is preferred, because of the
greater convenience and acceptability of these routesf
Toplcal applications could also include the use of
formulationg such as pessaries or suppésitories for vaginal
or rectal administration or the use of agqueocus drops for

25 topical administation to ears or eves. The effective dose
will depend on the nature of the condition to be treated,
and the age, weight, and underlying state of health of the
individual treatment. This will be at the discretion of
the attending physician or veterinarian. Svuitable dosage

30 levels may readily be determined by trial and error
experimentation, using methods which are well known in the
art.,

For the purposes of this specification it will bhe

clearly understood that the woxrd ‘comprisging” means




10 sul phonam de group. Preferably where Ais a substituted sul phonam de,
the substituent is an alkyl chain of x to 6, preferably 1 to 4 carbon
atons, or a phenyl, or toluyl group. Preferably the G protein-coupled
recept or We 03/038%28 C5a receptor. However; we have found thapcriagiod/emdy ng 20
conpound of our earlier application also has significant binding affinity
at vasopressin and neurokinin receptors, and therefore these_receptors are
also within the scope of the inventiongp Ln a particularly pr@f%APBc@DﬁB
enbodi ment, the conpound has antagoni st activity against CSaR, and has no

C5a agoni s, Lyity.. The cycli c compounds o he inventign are preferably
ant agoni st sllgﬁ‘f%ange%‘é%t%?%q&’iufﬁﬁ?g?ﬁ° 25 Effﬁiné’rartaﬁq"?el'ﬂ°§%i ncl udi ng, but
not |inmteticenprimssh hosls mrplsnmidiarg [y .es and human nacr ophages.

The conpounds of the invention preferably bind potently and selectively

to Coa receptors, and nore preferably have potent antagonist activity at

5 Figure 1 shows the inhibition of the vasgcular
leakage assaciated with a dermal Arthus reaction by
intravencus (A}, oral {(B) and topical (C) AcF-[OPdChaWR],
and appropriate controls (D).

_ Figure 2 shows the inhibition of the rise in
10 circulating TNFo associated with a dermal Arthus reaction
by intravenous (A), oral (B) and topical (C) AcPF-
[orPdChaWRr], and appropriate topical controlg (D).
Figure 3 shows the reduction of the pathology
index associated with a dermal Arthus reaction by
15 intravenous, oral and teopical AcrF-[0PdChaWR] .
Figure 4 shows the effect of a Cba antagonigt on
gut ischemia-reperfusion induced integtinal edema.
Figure 5 shows the effect of a Cha antagonist on
gut ischemia-reperfusion induced neutropenia. |
20 ' Figure 6 shows the effect of a CSa antagonist on
gut Ischemia-reperfusion induced serum TNFQ elevation.
Figure 7 shows the efifect of a C3a antagonist on
' ogut iSChemia-reperﬁusiﬁn'indﬁced serum haptoglobin

elevation.
25 : Figure 8 shows the effect of a Cha antagonist on -

gut ischemia-reperfusion induced aspartate

aminotransferase.
Figure 9 shows the effect of a Cba antagonist on

histopathology of gut ischemia—reperfusiOn.
30 Figure 10 shows the inhibition of arthritic right
’ knee joint swelling by AcF-[OPdChaWR] given orally on Days
2 to +14.
Pigure 11 shows the inhibition of right knoee
joint TNF~0t and IL-6 levels in joint lavage. sUntreated”
35 refers to animals not treated with AcF-[OPAChawRl but with




30 concentrations. Even nore preferably the conpound has a receptor
affinity 1050<2512M and an antagoni st potency |1C50<IpM Still nore
" preferabl wg ésmssngpound is selected fromthe group consis

2to 6, 10 to 15, 35 17, 19, 20, 22, 25, 26, 28, 30, 31, ?&H&gﬁ%@??
45, 47 WD 03/ 033528 PCT/ AU02/ 01427 18 APR 2006 - 7 to 50, 52 to 58 and 60

to 70 descri bed herein. Mst prefergbii the compound is conpogdadai@3.2005
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substi t ut
car bons.
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60 or conpound 45. For the purposes of this -specification,
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Mostsipriefestiadily the al kyl group is a nethyl group. The term

| of 1to

acetyl . THd #@315a/disnillies! HaOber UBEEL artulaamEan the appearance
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of the (C5a antagonist in the circulating plasma within 15
minutes, and that significant levels rergist for at least
four hours. * Points represent the mean + SEM in each group
{(n=6-8) .

Figure 13 shows the inhibition of CSa-induced
neutropenia by topical administration of ¢S5a antagonists,
The results are expressed as percentage change from a zero
time bagseline.

Figure 14 shows that topical administration of
C5a antagonists inhibits systemic effects of intravenously
adrinistered LPS in rats. The data show that |
adirinistration of various CS5a antagonists, either i.v. (i
mg/kg), or topically by dermal application (50 mg/kg total
applied dose: golvent vehicle 50% DMSO/50% Hy0), inhibits
the nsutropenia caused by i.v. LPS {lmg/ky).

{a) 3D53. {compound 1}; (b) compound 45; {c)} compound 17.

Figure 15 shows the effects of the Cha antag%niét
AcF- [0PAChaWR] on increases in serum levels of (A) creatine
kinase (CK) and (B) lactate dehydrogenase (LDH) during
reperfusion in rats.. Data represent the mean * SEM (n = 6-
10). *P<0.05 all drug-treated groups vs.
ischemia/reperfusion (I/R)-only; 1tP<0.05 all drug-treated
groups vs. sham-operated. '

Figure 16 shows the effects of the C5a _
antagonist, AcF-[0PAChaWR], on increases in serum leévels of
(A) alanine aminotransferase (ALT) and {(B) aspartate
aminotransferase (AST) following 2, 3 and 4 hours
reperfusion in rats. Data represent the mean * SEM (n = 6~
10) . *p<0.05 all drug-treated groups vs. '
ischemia/repexfusion (I/R)-only; tP<0.05 all drug-treated
groups va, shamjope:atea. |

S




substituted or unsubstituted honmocyclic or heterocyclic aryl group, in
which the ring preferably has 5 or 6 nenbers. 15 A "comon"” amno acid is
a L-amno acid selected fromthe group consisting of glycine, |eucine,

i sol euci n®O 03335R%e, _al ani ne, phenyl al ani ne, tyrosine, trypCEHIEN01427
aspartate, asparagine, glutamate, glutamte, cysteixie, nethionine,
arginine, lysine, proline, serine, threonine 20 and histidi ne'i‘iénAPR 2006
"uncommon- am no acid includes, but +slhot restricted to, D amno aciég,
hono-am no acids, N-alkyl amno acids, dehydroam no acids, aromatic am no

acids other than p@iggﬁ§ayy gﬁuwgykﬂgi@gvgpgi%nghgpgggcufééhg-, meta 25

or para-am nobenzoic ornithine, citru anavant né€, "norl euci ne,
S-gl ut ami 4§ d, (B e lspegoxigaseydMBAY L allEhi ARy MPO and

L- 3- benzct {DlemahalaniEte irangitst. X, 2a4038babirbUhed R0 ACkEEy ACCRRdI Ng to

2 Second ehESseihe JM Sl |20 20, LV eg, 2 COMpoSt LoD, SOpLL sLng @
phar mabeut3=al fzy adedit)abl*®<0cabr iver. dechemipi/eaperfusion (I/R)-~
only: 1P<0.05 vs. sham-operated.

Figure 18 shows the levels of tumour necrogis
factor-a {(TNF-a) in rat liver homogenate samples taken at
the completion of the expsriment. Data represent the mean

10 & SEM (n = 4-10). *P<0.05 vs. ischemia/reperfusion (I/R)-~
only; tP<0.05 vs. sham-operated.

Figure 19 shows the amount of edema (wet-to-dry
ratio)} in the hindlimb muscle of rats at the completion of
the experiment. Data represent the mesn * SEM (n = 4-10) .

15 *pP<0.05 vs. ischemia/reperfusion (I/R)-only; tP<0.05 vs.
sham-operated, ‘

DETAILED DESCRIPTION OF THE INVENTION
Generally, the terms "treating”, "treéatment" and

20 the like are used herein to mean affecting a subject, .
tisgue or cell to obtain a desired pharmacological and/or
physiological effect. The effect may be prophylactic in
terme of completely or partially preveuting a disease or
sign or symptom therxeof, and/or may be therapeutic in terms

25 of a partial or complete cure of a disease. *Treating” as
used herein covers any treatment of, or prevention of
disease in a vertebrate, a mammal, particularly a human,
and includes: preventing the disease from socourring in a
subject who may be predisposed to the disease, but has not

30 vyet been diagnosed as having it; inhibiting the disease,
ie., arresting its development; or relieving ox
ameliorating the effects of the disease, ie., cause
regression of the effects of the disease.

_ The invention includes various pharmaceubical
35 compositions useful for ameliorating disease. The '




-The- conpositions of the invention may be fornulated for use in oral,
parenteral, inhalational, 35 intranasal, transdernmal or other topical

“appl i cati OV 03/483528\WO 03/ 033528 PCT/ AU02/ 01427 - 8 - 18 APRP%ﬁg ral _or
topical fornulations are preferred- For topical adm nistrati %,m%(/ogﬁ%kl es

such as di net hyl sul phonate or propyl ene glycol may be used. O her vehicles
may be preferred depending on the tiﬂsige_surface to be treated$ APRt 2005

expected that nost if not all conpoundS of the invention will be stable in

t he presenﬁgaof malﬁrgbol j c__enzynes such as those of the gut, blood, |ung or
i ntracel | uUFar SR%STELC2 L CAMRY S 190, annenddad Ihe bee teadbodtnent et | ne

net hods knﬁhﬁ imWQmmﬁﬁns*fé|ﬁﬁbﬁiréﬁﬁnﬂQmﬂhbin§U%F%@&%dﬂ%@ﬂ& tions for
adm ni st r agbpp, Py 'nyan&lfg reesd r QUt'e&ﬁ.\&lr be "pr é€pare y standard net hods,
for exanple by reference e | TG VEex P o R4 tsu thersofRamidnghen: The
Sci ence adﬁrﬂW%E%iRhﬂ%ﬁaqwgﬂigﬁ%AYAWNtivblagéﬁpgoag caRhAnadbheanhs A R
Gennar & (Gﬂdm?&ﬂdd'dﬁﬁfd%dﬂﬂéﬂlp%nd %SE”%%'%395§pharmaceutically; |

active agents into a foxrm suitable for administration to a

SUbdgct using carviers, excipients and additives or

auxiliaries. )

Fregquently used carriers or auxiliaries include

10 magnesium carbonate, titanivm dioxide, lactose, mamnitol
and other sugars, tale, milk protein, gelatin, starch,
vitamins, cellulose and its derivatives, animal and
vegetable oils, polyethy;ene glycols and solvents, such as
sterile water, alcohols, glycerol and polyhydric aléohols-

15  Intravenous vehicles include fluid and nutrient
replenishers. Preservatives include antimicrobial, anti-
oxidants, che_lating agentg and inert gases. Other |
pharmaceutically acceptable carriers include aguecus
solutions, non-toxic exeipients, including salts,

20  preservatives, buffers and the like, ag degcribed, Ffor
instance, in Remington’s Pharmaceutical Sciences, 20th ed.
Williams & Wilkins (2000) and The British National '
Formulary 43rd ed. (British Medical Association énd Royal
Pharmacentical Society of Great Britain, 2002;

25 http://bnf.rhn.net), the contents of which are hereby
incorporated by reference. The pH and exact 'concentration
of the various components of the pharmaceutical composition
are adjusted according to routine skills in the ark. See
Goodman and Gilman‘s The Pharmacological Basis for

30 Therapeutics (7th ed., 1985).

The pharmaceutical compositiong are preferably
prepared and administered in dosage units. Solid dosage
units include tablets, capsules and suppositories. For
treatment of a subject, depending on activity of the

35 compound, manner of administration, nature and sevefity of




in a third aspect, the invention provides a nethod of treatnent of a

pat hol ogi cal condition nediated by a G protein-coupled receptor,
conprising the step of 20 adm nistering an effective anount of a conpound
of the iWO#BIGBEBto. a manmal or vertebrate in need of sucPkCT/AUSHNRNL .
Preferably the condition nediated by a G protein- coupled receptor is a
condition nediated by a Coa receptor, 25 and nore preferably iJyarresos
over expressi on or underregul ati on of .C§a -Such conditions incl-ude but are
not limted to rheumatoid arthritis, adult resplratory di stress syndrone

ARDS th t t h
hear 0t SC508, DSEOPRRE, FodP ot rpay weldi® otk sl et sheBion: o
at her oscl efasly, domési phe belesedis Uﬂ&eﬂmne&ﬁérn(hﬁﬁﬂﬁﬁﬁtan&&khna

denenti as h&g@%gl Hﬁ%ﬂé}ys%f)éﬂﬁ%daéﬂwe&% SOP %cor por eal

post - dlaly5|s |sor
psori asi s, TR pat bt af t Ll rdmt |®sa/\@aer3/h93$m:-edg Out

5 Doth by 51ngle administration in the form of an individual
dose unit or by administration of several smaller dose
units, and also by multiple administration of subdivided
doses at specific intervals. 7

The pharmaceutical compositions according to the

10 invention may be administered locally or systemically in a
therapeutically effective dose. Amounts effective for this
use will, of course, depend on the saverity ¢f the disease
and the weight and general state of the subject.
Typically, dosages used in vitro may provide ugeful

15 guidance in the amounts wseful for in situ administration
of the pharmaceutical cbm@osition, and animal models may be
used to determine effective dosages for treatment of the
cytotoxic side effects. Various considerations are
described, eg., in Langer, Science, 249: 1527, (1990).

20 Formulations for oral use may bhe in the form of hard -
gelatin capsulas, in which the active ingredient is mixed
with an inert solid diluent, for example, calcium
carbonate, calcium phosphate or kaolin. They may also be
in the form of soft gelatin capsules, in which the active

25 ingredient is mixed with water oxr an oil medium, such as
peanut oil, liquid paraffin or olive oil.

Aqueous suspensions normally contain the active
materials in admixture with excipients suitable for the
manufacture of agqueous sugpensiong. Such excipients may be

30 suspending agents such as sodium carboxymethyl celluloge,
methyl cellulose, hydroxypropylmethylcellulose, sodium
alginate, polyvinylpyrrolidone, gum tragacanth and gum
acacia; dispersing or wetting agents, which may be (a) a
naturally occurring phosphatide such as lecithin; (b) a

35 condensation product of an alkylene oxide with a fatty




PCT/ AU02/ 01427 I n one preferred enbodi nent the condition is rheumatoid
arthritis. In a second preferred enbodi nent the condition is reperfusion

“injury. | mwo bgeszsgecond enbodinment it will be 5 clearly understood that the
proviso to fornula i does not apply. Wile the invention q’gT%'tmfoﬁ“any way

restricted to the treatnment of any particular animal or species, it is
particularly contenpl ated that the co_[rpf%nds of the 10 inventi (ﬁhaw'lel 200€

useful in nmedical treatnent of humans nd will also be useful in
particularly of conpanion aninmals such as cats and

veterinary treatnent,
dogs, |ive"’s?“6‘gkr%&”cr?@mt1@t:t pf;thsshyaadesheearaaaei 189 el,_ani nal Sa
. . o s, L ds)
cani ds. &t he “”rf“’“‘"?gﬁelgi*mfh‘g?‘“yBﬁgazﬁn%‘%%ﬂ?e?%gd%?% Bt LM G084 ept i | o5,
fishes or anﬁﬁgblans. ¢ofrBSuRBEWAEG - bcritdiataeBineliombxanyt bl abl e
dose and by%ny sepfgbsationt pro@uat . of OSEBRl end ' FRES HRLY 20 Ol {1y anasal
adm ni s r alels®Brl SepPiGhar Fetsy, Qefggéf égiérghd hexitol such as
polyoxyethylene sorbitol monooleate, or (2) a condensation
product of éathylene oxide with a partial ester derived from
fatty acides and hexitol anliydrides, for example
~ polyoxyethylene sorbitan monooleafe.
10 The pharmaceutical compositions may be in the
form of a sterile injectable agueous or oleaginous
suspensgion. This suspension may be formulated according to
known methods using suitable dispersing or wetting agents
and suspending agents such as those mentioned above,' The
15 sterile injectahble preparation may also be a sterile
injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example, as
a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents which may be employed are water,
20 Ringer's solution, and isotonic sodium chloride solut%oﬁ.
In addition, sterile, fixed oils are conventionally :
employed as a solvent or suspending medium. For this
purpose, any bland fixed oil méy be employved, includingf
synthetic mono-or diglycerides. In addition, fatty acids
25 such as oleic acid may be used in the preparétion of
' injectables,
Compounds of formula I may also be adninistered
in the form of liposome delivery systems, such as small
unilamellar vesicles, large'unilamellar vesicles, and
30 @ultilamellar vesicles. Liposomeg can be formed from a
variety of phospholipids, such as cholesterol,
Stearylamine, or phosphatidylcholines.
Dosage levels of the compound of formula I of the
pregent invention will usually be of the order of about

35 0.5mg to about 20myg per kilogram body weight, with a




greater convenience and acceptability of these routes. Topi cal
applications could also include the use of fornulations such as pessaries
or suppositories for vaginal or rectal admnistration or the use of
agueous dwons/0Bxms 25 t opi cal admi nistation to ears or eyespcThanebieotive
dose wll depend on the nature of the condition to be treated, and the

age, weight, and underlying state of health of the individual ﬁ%%ﬂ%g3mk.
This WIIl. be at the discretion of ﬁ gattendi ng physician or ™
veterinarian. Suitable dosage 30 Ieve s may readily be determned by trial
and error experinentation, using _nmethods which are well known in the art.
For the puP§8§6§1'6fi ﬂﬁﬁggep*é@mw certwren takheult heomg | earabPuinddi st ood t hat

the word ' ﬁ@ﬂ‘pkhibﬁgam gs’@?cwqrmawm 5glQo a{bb&uAPR 2006
o el

"incl udi ng,but not at_the wor rlses a
cor r espondPHgE ﬁﬁaﬁf‘kb en R‘P%T: "1%5@35@%? shows

t he i nhi bi whoahohayhbe vl med w1th the carrier materials to pro&uce
5 a single dosage will vary, depending upon the host ta be
treated and.the particular mode of administration. For
example, a formulation intended for oral administration to
humans may contain about 5mg to 1lg of an active compound
with an appropriate and coovenient amount of carrier

10 materiaml, which may vary from about 5 to 95 percent of the
total composition. Dosage unit forms will generally
contain between from about Smg to 500mg of active
ingredient.

Tt will be understood, howaver, that the specific

15 dose level for any particular patient will depend upon a
variety of factors including the activity of the epecific
compound employved, the age, body weight, general health,
sex, diet, time of administration, route of administration,
rate of excretion, drug combination and the geverity of the

20 particular disease undergoing therapy. ‘ ' -

In addition, some of the compounds of the
invention may form solvates with water or common orgaqic
gsolvants. Such solvatesg are enconpassed within the scope
of the invention.

25 The compounds of the invention may additionally
be combined with other compounds to provide an operative
combination. It is intended to include any chemically
compatible combination of pharmaceutically-active agents,
of the compound of formula I of this invention.

30 It will be clearly understood that the foregolng
comments regarding pharmaceutical formulations,routes of
administration, dosage levels and the like are equally
applicable to compound 1.

Abbreviations ugsed herein are as follows:




| eakage associated with a derma]. Arthus reaction by intravenous (A), oral
(B) and topical (C AcF--[OPdchaWR), and appropriate controls (D). Figure
-2 shows t mao baMBiskist i on of the rise in 10 circul ati ng TNFa 3, Z‘gi ated with a
dermal Arthus reaction by intravenous (A), oral (B) and t &5ileAYO2O&27acE-

[ OPdChaWRI, and appropriate topical controls-(D). Figure 3 shows the
reducti on of the pathology index associated with a dermal Arthg$ ABRCAyigoN
by 15 intravenous, oral and topical A'éFl'fCPdChaV\R). Figure 4 shows the
effect of a Cbha antagonist on gut ischem a-reperfusion induced intestinal

edema. Fi guB@r5 shomé:éﬁmt&fﬁamﬂ.&ﬂ-g’l%ﬂyaﬁtﬁgoqaiheﬁﬂﬁlﬂﬂi?ﬁ)- oot of
ows the effect of a

| schem a-reperfusion,j neutr i FLgure 6 s
Cba ant agonj st on gtﬁﬂbfyégﬁ}gﬁ%ga %&%@%@H@"Bﬁ%ﬁ%ﬂéga serum TNFa el evati on.
Figure 7 sHot@t he efdbsctresfepgogsa ant agoni st on gut i scheni a-reperfusion

i nduced serdrpohapt oglgahitn 1 1@levalde@n. 25 Figure 8 shows the effect of a Cha

ant agoni.st ut i schem_.a-reperfusion i nduced aspartate
gonk 35)~rbhag D-cyclohex?rlamine P

DIPEA diiscpropylethylamine
DMF N, N-dimethylformamide
DMSO dimethylsulphoxide
HBTY . O-benzotriazole N/, N’ N, N‘-tetramethyluronium
10 hexafluorophosphate;
HEPES N-[2-hydroxyethyllpiperazine-N¢-[2-ethana
_ sulfonic agid)
HPLC high performance liquid chromatography
 RP-HPLC  reverge phage high performance liquid
15 chromatography
i.v. intravenous |
LES lipopolysaccharide
Py polymorphonuclear granulocyhe
PO oral
20 RMSD root mean sguare deviation - .
rp-HPLC reverse phage-high performance liquid ‘
chromatography
TFA trifluorcacstic acid;
25 Throughout the specification couventional single—~

letter and three-letter codes are used to represent amino

acids. _

The terms “3D53* and “PMX53* are synonymous, and
represent the compound Ac-Phe-[0rn-Pro-dCha~Trp-Arg);

30 , The terms “LP—IO” and “PMX-2017 are sy_nonirmous.«_
and represent the compound Ac=-Phe- [0rn~Pro-ACha~Trp-Cit];
and

The terms “LP-16" and “PMX-~205” are synonymous,

_ and represent the compound HC-[Orn-Pro-dCha-Trp-Axrgl, in

35  which “HC” indicates hydrocinriamate.



am notransferase. Figure 9 shows the effect of a C5a antagonist on

hi st opat hol ogy of gut ischem a-reperfusion. 30 Figure 10 shows the
inhibition of arthritic right knee joint swelling by AcF-[OPdChaWR] given
orally onwDapm33528t o0 +14. Figure 11 shows the inhibition obPcriagitioknee
joint TNF-a and IL-6 levels in joint |avage. "Untreated" 35 refers to
animals not treated with AckF-(OPdChaWRl but with WD 03/033528 - 45 AoR 706

PCT/ AU02/ 01427 J 3 APR 2006 the right-knge-chal l enged with anti
fol | owi ng Sen3|t|sat|on Figure 12 shows that dernmal application of 3D53

in DMSO' distilled HZQ 9@5%9 resuiéms{1 he %gﬁﬁ?%%ﬁqgﬁdEFﬁgiéhe Cba

antagoni st in the circu ati'ng pra
si gni fi cantref@raEnse andivs ttof @heatﬁortéayu.ngf gan*ahamrmeth@ds rdusdr epr esent the

nean + SEMdﬂbéﬁﬁmﬁgﬁgygxa&@lQSB)
We have found that all of the compounds of
5 tformula I which have so far been tested have broadly
similar pharmacological activities, which are similar to
those of compound 1 {algo referred to herein as 3D53 or
PMX53), although the physicochemical properties, potency,
and bioavailability of the individual compounds varies
10 somewhat depending on the gpecific substituents. Thus we
expect that results cbtained in vitro or in vivo with
compound 1 will be reasonably predictive of activity of the
compounds of formula I in corxrresponding assays.

15 General Nathods
Protected amino acids and resins were obtined
from Novebiochem. TFA, DIPEA and DMF (peptide synthesis
grade) were purchased from Auspep. All other materials
were reagent grade unless otherwisge stated. Preparative
20 scale reverse-phase HPLC separationg were performed on a
Vydac Cl8 reverse-phase column (2.2 x 25 cm), and
analytical reverse-phase HPLC geparations were performed on
a Waters Delta-Pak PrepPak C18 reverse-phase column
(0.8 x 10 cm), using gradient mixtures of solvent
25 A = water/0.1% TFA and solvent B = water 1l0%/acetonitrile
50%, 0.09% TFA. The molecular weight of the peptides was
determined by electrogpray mass spectrometry, recorded on a
triple guadrupole mass spectrometer (PE SCIEX API IIl), as
described elsewhers (Haviland st al, 1995). IH-NMR spectra
30 were recorded on either a Bruker ARX 500 MHz or a Varian
Unity 400 spectrometer. Froton assignmenﬁs were determined
by 2D NMR experiments (DFCOSY, TOCSY, NOESY) .
Compounds were analysed by mass spectromatry and

by reversed phase analytical HPLC.

35



Figure 13 shows the inhibition of C5a-induced 10 neutropenia by topical
adm ni stration of C5a antagonists. The results are expressed as per cent age

~change frevp a8k tine baseline. Figure 14 shows that topic
admi ni stration of C5a antagonists inhibits systenic, effec,l’tcér"%‘ﬂ”ﬂm“z"

intravenously 15 admnistered LPS in rats. The data show that |
adm ni stration of various Cbha antagonists, either i.v. (1 ng/ H@B,ARR 2006

topically by dermal application (50 ng/ Q’& total applied dose: solvent
vehi cl e 50% DI\/SO’ 50% H20) i nhibits the neutropenia caused by i.v. LPS
(I ng/ kg) . 2ECREY , tgemppund 1); (b) compound 45; (c) conpound 17.

Fi 15 sh th f t t AcF-] OPdChaWR :
2,18 S0 e, SR o, MR p ool et

i ncreases in_serumlevels o
dehydr ogena3e R TB9e dianiprd esdhidralmee popatide. sPRtAcESR esepk)the nmean t

SEM (n = 6 tafcfﬂrﬂi)qué@%l% l@idwﬂrﬂé:gﬁﬂ"%? %%ﬁg“g'gapif*rgﬁ?eﬁrtgr 0P8 vs.

rug-

i schem &/ r f | /R) -only; tPcQO.,0
sham operat g dlé%g%rrhes( iden & erpdt wesp apEivsted with HRTU
h DIEA in situ neutralisatioen, Couplings were monitored

by the standard guantitative ninhydrin teat. RBoc chemistry
was employed for temporary NU-protection of amino acids
. With two 1 minute treatments with TFA for Boc group

10 removal. Peptideg were synthegised on a Novabiochem Boe-D-
Arg (Tos) -PAM or Boc-L-Arg {Tos) ~PAM resin W:Lth a
subgtitution value of approx.¢.2-0.5 mmol/g The peptides
were fully deprotected and cleaved by treatment with liquid
HF (10 mL), p-cresol (1 mL) at -5°C for 1-2 hrg. Peptides

15 were purified by reversed phase HPLC (e.g. gradient: 0% B
to 75% B over 60 min) and analysed by electrospray mass
spectrcmetry

Altemat:l.valy, the linear peptides can be
syntheslsed by Fmoc chemistry, using HBTU/DIEA activation

20 on an chc-—D-Arg(Mt:r) -Wang regin. Fmoc group removal.was
effected using two 1 min treatments with 50%
piperidine/Dur. Cleavage and deprotection using
95% TFA/2.5% ’I‘IPS/" % Hp0 gives the Mtr-protected peptlde,
which can bs purified by RP-HPLC.

25 A general procedure for cyclisation of linear peptides
1nvolves digsolving the peptide {1 eguiv.) and BOP {5
equiv.) in DMF (10 mM peptide concentration) and stlrra_ng
vigorously, followed by the addition of DIEa {15 aguiv.).
Solutions are generally allowed to stir at room témperature

30 overnlght although in most cases the resction was complete
within 2 hrg. DMF is removed under high vacuum at 30°C on
a rotary evaporator and then purlfled by RP-HPLC. For
cyclic pept:,des containing a free N-terminug, an Fmoc group

was used as the temporary WN-terminal protecting group

35 during the c;ycla.satlon step DMF was removed under high




ant agoni st, AcF-[ OPdChaWR], on increases in serumlevels of 30 (A) alanine
am notransferase (ALT) and (B) aspartate am notransferase (AST) follow ng
2, 3 and 4 hours reperfusion in rats. Data represent the nean SEM (n =
10). *P<Ow@b3mbis2glr ug-treated groups vs. ischem a/reperfupc@mdoboRizzonl y;
t P<0.05 all drug-treated 35 groups vs. sham operated. WO 03/033528 - 12
PCT/ AU02/ 01427 4 8 APR 2006 Figure 17 shows the |evels of (A) Chié“|at'n9
PM\s, (B) nuscle nyel operoxi dase (MPQ ,5¢Q |ung MPO and (D) ik APRPEG n
rats. Levels were neasured in rats at the conpletion of the experinent-
Data represent the mean 5 SEM (n = 4- 19& *P<0. 05 ys._isch nia/regarfu5|on
(1/R)- onl ya4P& &5 3¢ Qﬂaﬁwﬁﬁ%ﬁﬁl’eﬁva PERFERr1 g8 ohkePhEDEPEPE
tlﬁm)ur nlecrm& S txkagkdr - m’(ﬁ'Nl%:tH} i paat dikedDMFONBgenal e Imanpltescbaken at
t he conpl et per.i [e nt

ﬂegr@egaﬁ{]r;%‘:%é %g;ngg' pus{b‘%ﬁc B’% ?E II‘Q.%S”E‘QQ 2?81&m§g&/| ﬁ,{}

4-10). *PcO
solvent removal under high vacuum, and purification by RP-

5 HPLC. Representative examples of the synthesis of the
cycles are described below.

NMR Structure Determination
lg-mMR spectra were recorded for test compounds
10 (3 mg in 750 pl dg-DMS0, 6 2.50) referenced to solvent on a
Varian Unity 400 spectrometer at 24°C. Two-dimensional
lE-NMMR NOESY (relaxation delay 2.0s, mix time 50-~300 ms),
DFQ- COSY and TOCSY (mixing time 75ms) experiments were
acguired and recorded in phase sensitive mode. Acguisition
15 times = 0.186 8, spectral width = 5500Hz, number of complex
points (tq dimension) = 1024 for all experiments. Data was
zero-f£illed aud Fourier transformed te 1024 real points in
both dimensions.
MMR data for compound 1 was processed using TRIAD
20 software (Tripos Assoc.) on a Silicon Graphics Indy work
station. 2D NOE cross peaks were integrated and
characterised into strong (1.8-2.5A), medium (2.3-3.54) and
weak {(3.3-5.04). Preliminary three-dimeénsional stxuctures
were calculated from upper and lower distance limit files
25 using Diana 2.8 (69 distance constraints, including 27 for
'adjacém: residues and 6 further away) with the redundant
dihedral angle constraints (REDAC) strategy. Upper and
lower distance constfaints were accurately calculated using
MARDIGRAS. At this stage the peptide was examined for
30 possible hydrogen bonds, and these were added as distance
constraints. The 50 lowest energy Diana structuregs were
subjected to restrained molecular dynamics (RMD) and energy
minimigation (REM). Initially, REM congisted of a 50 step
steepest descent followed by 100 step conjugate gradilent
'35 minimisation. RMD was performed by gimulated heating of




only; tP<0.05 vs. shamoperated. Figure 19 shows the anobunt of edenma
(wet-to-dry ratio) in the hindlinb nuscle of rats at the conpletion of

t he exper Wiko/e33faat a represent the nean SEX (n = 4-10) 15.,% :

i schem a/reperfusion (T/R)-only; tP<0.05 vs. sham oper at eg&éﬁ'ﬁggllﬁll_@

DESC] . 21 PTION OF THE | NVENTI ON Generally, the terns "treating", "treatnent"
and 20 the like are used herein to neagjaffecting a subject, k3 ABRe200s

cell to obtain a desired pharnacol ogi cal and/or physiol ogical effect. The
terps of conpletely or partially preventing

ef fect may e R | actic i
a di sease o tgﬁ“%? %Q%rfém IpFadFeLlpugdobyt ﬁ@ﬁ&pﬁgn &p#n terns
25 of a parThmItempemmim mmma&‘uaalgﬂ seasead thedbbRJovas zggeanaere' n

ﬁgﬁf,agié S e WO?&“%%rﬁasgdbéfgéﬁw%%nég%ﬁétﬁ;é 2556 om
occurring iSFeP ShGEReEt WescwmE haogr elieppossiiugatehgrditensefobléwbas not
30 vet Beebylizngnes od <Bs o UniiiniBhbbh] NOrhRos (L9928 Eruct fees AT T €SLI NG
Its develoegpe exdmined %%Iggtaln a msggratlng : . i € di sease,
ie cause palrwise rms difference over :
the backbone heavy atems (N, Co and C). Twenty of the 50
structures had a mean rmsd < 0.5 A for all backbone atoms
(0, N, ).

10

Receptor-Binding Assay

Assays were performed with fresh human PMNe,
isolated as previously described (Sanderson et al, 199%),
using a buffer of 50 mM HEPES, 1 mM CaClp, 5 mM MgClz, 0.5%

15 bovine serum albumin, 0.1% bacltracln and 100 uM
rhenylmethylsul fonyl fluoride (PMSF). In assays performéd
at4°C, buffer, unlabelled buman recombipant Sa (8igma) or
peptide, Hunter/Bolton labelled 1251-CSa (~ 20 pM) (New
England Nuclear, MA) and PMNs (0.2 x 108) were added

20 sequentially to a Millipore Multiscreen assay plate {HV
0.45) having a final volume of 200 pL/well. After
incubation for 60 min at 4°C, the samples were filtered and
the plate washed once with buffer. Filters were dried, _
punched and counted in an LKB gamma counter. Non-specific

25 Dbinding was assessed by the inclusion of 1mM peptide or 100
n¥ C5a, which typically resulted in 10-15% total binding.

Data was analysed using non-linear regr9551on and

statigtics with Dunnett post-Lest.

30 Myeloperoxidase Release Assay for Antagonist Activiey
Cells were isclated as previously described
(Sanderson et al, 1995) and incubated with cytochalasin B
~(Shg/mL, 15 min, 37°C). Hank's Balanced Salt solution
containing 0.15% gelatin and peptide was added on to a
_35 36 well plate (total volume 100 uL/well),. followed by 25 plL



regressi on of the effects of the disease. The invention includes various
phar maceuti cal 35 conpositions useful for aneliorating disease. The WD

03/ 033528 - 13 PCT/ AU02/ 01427 Pharmaceutical conpositions according to one
enbodi nenWOdB/0335B% | nvention are prepared by bringing a coRg&tig2/pF427
formula I, anal ogues, derivatives or salts thereof and one or nore

phar maceuti cal | y-active agents or conbinations of 5 conpound of ﬁfppmlmgl
and one or nore pharnmaceutically- act+v&2agents into a formsuitable for
adm nistration to a subject using carriers, excipients and additives or

auxt| 1 ar] es, FLEEDIAN S GO U8 LIpALLlLASS o Glic pefRaamgnest um

car bonat e I oXI de Iactose manni t sugarg tal c
m |k proteite getmd:msgt%ﬁ@h celyist MemRs mé-‘@hﬂﬂ%é"&'né B & BYati ves,

ani mal and wmg%@éﬂle?@éﬁaemcmtdwaew at:m@n_%naw S:Q'aVths nstycands

sterile water, alcoh ce and poI dr|c | ¢ ho 15 I nt ravenous
vehi cles i W?ER??I%F%FQ@EF$%J$W§H§ Thes uth 622

5 phogphate (0.1M, pPH 6.8) was added to each well, the plate
wag cooled to room temperature, and 25 pl of a fregh
mixture of equal volumes of dimethoxybenzidine (5.7 mg/mb)}
and Hp05 (0.51%) was added to each well. The reaction was
stopped at 10 min by addition of 2% sodium azide.

10 Absorbances were measured at 450 nm in a Bicscan 450 plate
reader, corrected for control values (no peptide), and
analysed by non-linear regression.

In Viveo Agsaye of Apti-Inflammatory Activity

15 The following well-known ia vive assay systems
are used to assess the anti-inflammatoxy activity of
compounds of the invention. All assay data are analysed
using non-linear regression analysis and Student’s t-test,
analysis of variance, with p<0.05 as the threshold level of

20 significance. ‘ : -

(a) Carrageanan Paw Oedema
Anaesthetiged (i.p. ketamine & xylazine) Wistar
rats (150-200g) or mice are injected with sterilised air
25 (20ml day 1, 10ml day 4) into the subcutaneous tissue of
the back. The cavity can be used after 6 days, whersupon
carrageenan (Zml, 1% w/w in 0.9% saline) is injected into
the air pouch, and exudate is collected after 10 hr. Test
compounds are administered daily after Day 6, and their
30 anti-inflammatory effects agsayed by differsntial counting
of ecells in the air-pouch exudate. Animals are killed at
appropriate times after injection, and 2mi 0.39% saline is
used to lavage the cavity; lavege fluids are transferred to
‘heparinised tube and cells are counted with a




repl eni shers.

Preservatives include antimcrobial, anti- oxidants,
G her pharmaceutically acceptable

chelating“ﬁgents and inert gases.
' [ Y& P3#8S28queous sol utions, non-toxic excipients, PRt didiohghsal ts,

carriers

20 preservatives, buffers and the I|ke
Rem ngt on' s Phar maceuti cal Sci ences, 20th'ed.

and The British National

and Royal

as descri bed, for i nstance, in
VVIllans &.VVIklns (2000)

Formul ary 43radzaed. (British Medi cdf 8 ARRo2I0at i on
Phar maceuti cal Society of Geat Britain, 2002; 25

http://bnf. ha@malg_#,);omg{ggrc%&eﬂif oér\g? S01_71h an;ﬁ% E}e}; eb | ncor por gtnggt gyof

r ef erence.

The exact 'concen

t he pharnac@ﬁ??%ﬁ? Eﬁﬂp03|t|on are adj usted accordi ng to routlne skills in

the art.

See Gbodnan.ﬁ&ﬁbﬁi&ﬁﬁﬂbl TQ?r%%%&ﬁ%cﬁggghgnpogﬁfbawgOéggma

Ther apeuti ¢ 8 ceutl ¢
&e&gi$§§% %?ﬁ Bﬁ' sheximot 8. psdhildindeagéonunits

prefera
i ncl ude

rep
b?gt%arm%n@s Fie34%9) lmpm tar |eﬂic1Eobedtamga£.,ﬁ§eh ot a subject,

dependi ng onifidlie/iiy of ddee nn adm ni stration, nature
and severity of V)3 03/ 033528“%%#‘%[%% 3%4%53 Tes C‘-"mPOun § are

10

is

20

25

30

3s

nin before inflammagen and evaluated by
microcaliper measurements of pawg after 2 & 4 hr. See
Fairlie,D.P. et al (1987). also see Walker and Whitehouse
(1978) .

(b) Adjuvant Arthritis.

Adjuvant arthritis is inducad in rats (3 strains)
either immunologically {(injection of heat-killed
Mycobacteriun tuberculosis) or chemlcally {with avridine)
by inoculation with the arthritogenic adjuvant co-
administered with 0ily vehicles, such ag Freund’s adijuvants
in the tail base (See Whitehouse, M. W., Handbook of Animal -
Models for the Rheumatric Diseages, Eds. Greenwald, R. A,;

Diamond, H. S.; Vol. 1, pp. 3-16, CRC Press).

-

Within 13 days the adjuvant arthritis is
manifested by local inflammation and ulcerétion in the
tail, gross swelling of all four paws, inflemmatory lesions
in paws and ears, welght loss and fever. Thess svmptoms,
which are similar to those of inflammatory diseasze in
humans (Winter and Nussg, 1966}, can be alleviated hy'agents'
such as indomethacin or cyclogporin, which also show

 beneficial effects in man leg. Ward and Cloud, 1966).

Without drug treatment at Day 14, arthritic rats had
bypertrophy of the paws, reduced albumin but raised acute
Phase reaction proteing in sexum, and depressed hepatic
metabolism of xencbiotics as indicated by proleonged
barbiturate-induced sleeping tlmes

To assess activity, compounds are admlnlsterad
for 4 days orally'(flﬂmg/kg/day) or intraperitoneally




d. 9 APR 2006 - 14 the disorder, age and body wei ght of the subject,
different daily doses can be used. Under certain circunstances, however,
hi gher or |ower daily doses may be appropriate. The administration of the
daily doEO@3P33 carried out 5 both by single adninistrat PERAUARZAHE7f or m
of an individual dose unit or by adm ni stration of several snmaller dose

units, and also by nultiple adm nistratjon of subdivided dosegig p fic
i nterval s. The pharmaceuti cal conposrfﬁ%§§“accord|ng to the 1210 |%€§n?ﬁ%
may be adm nistered locally or systemically in a therapeutically effective
dose. Anountispeflf driohy ®afyar 10kL3 foddowibly, inboadatsien déphnd on the

severity of, %@g 3Ras nd,t he t enal o] he subj ect.
Typi cal |y, osaggsaﬁgégna% 9 trolﬁgtgg 8H§8gﬁ§e?§ aéggbﬁfdgﬁ%e in the
amount s usdffilamgrtigns nﬁueaahﬁm lgﬁta?iahbl@f ehe lﬁh@[ﬁm{ceut i cal

Conposi t i ora\.agaa@ﬁahmkr PRERLEA Y Eéaru§§df£8n€eb€.h§1 nsseafageggaa ggsages
for treatnent of t étOtOXIC si de fects, %QOUS C nSI ratzlLons ar e

descri bdd, m@ﬁrocﬁﬁlEEFg PASEXPURRES 9 paysbhickpgep) and tail volume,

as well as by gross inspectlon of inflammatory lesions.
Znimals are sacrificed by cervical dislocation on Day 18
unless arthritis signs are absent, whereupon duration of
observations is continued with special permission from the

10 Ethics Committees. Experiments ars staggered to maximise
throughput and allow sarly comparisong between compounds.
Thie routine agsay is well-accepted as identifving anti-
inflammatory agents for use in humans.

15 Pharmacokinetics
Female and male Wistar rats {200-250g) were

anaesthetized with Iml of zoletil {(50mg/kg)} and xylazine
'(10mg/kg; Lyppard, Australia), which was injected
intraperitoneally. An area of 5 x 10cm wag shaved and
20 marked on the lower abdominal area of the rat, om to which
the dose of drug was applied. A stock solntion containing
10 mg/ml of CS5z antagonist was dissolved in solvents
propylene glyeol or dimethylgulfoxide at varying
concentrations with water and smeared evenly on the shaved
25 =abdominal area of the rat with a spatula. A heating pad
was used to maintain the body temperature of the rats and
~blood samples were taken at 15 min intervals for the first
o héur, and after that at 1 hr intervals for a total period

oT 3 hours.

30 ' Blood sampies were immediately added_ﬁo tubes
containing heparin (500 Units/ML) and centyifuged (11000 x
g). The plasma layer of each sample was removed and stored

at -202C. A deuterated internal standard, “H;CO-F-
[OPAChawR] 50uL, Spg/mh in 50% acetonitrile /water), was
35 added and vortexed. The samples were further diluted 1:3




20 Formul ations for oral use may be in the formof hard gelatin capsules,
in which the active ingredient is mxed wth an inert solid diluent, for

- exanpl e, walosysss2gcar bonat e, cal ci um phosphate or kaol i n. gg Iﬁgﬁé& so be
in the formof soft gelatin capsules, in which the active |ngred|ent IS
m xed with water or an oil nmedium such as peanut oil, liquid paraffln or
olive oil. Aqueous suspensions nornal lLysgoatain the active nak Aak%mmn
adm xture with excipients suitable for the manufacture of aqueous

suspensi ons nts may pe 30_suspendi ng agents such as sodi um
carboxynethVFgﬁ ?f%ﬁ Wﬁﬁqﬂg ﬁ%ﬁ? Wﬁﬁﬂﬁ%@ﬁ%‘ B hgr@érl ul ose,

sodi um aIganatenlpniy@wandrnagxdlﬂommrtgwmatmﬂgaﬁﬂnthﬁﬁﬂﬂc@mmrliﬁgéﬁﬁ

di spersing @44 t ag turaII occurrlng
phosphatlde@%ugﬁéég heith f% %%%égg%gycon ense%tr1 ﬁ%Q¥RhY i5R 8 al kyl ene
oxide with JATSR (LA RIYEEIE -in FheCRIRIES. OT4E7 214 ONPR 2085 aci d, fox'

exanpl e5 potymyetd ydenesiioaials ditd drug from the plasma. The £iuid
portions of the samples were rlaced in lmL Eppendorf tubes
and stored until analysed.
These samples were transferred to 96 well plates
and evaporated to drynmess using a GeneVac centrifugal

10 evaporator, then reconstituted in the wellg with mobile
Phase {20 pL). 3palysis of samples was performed by liguid
chromatography (LCMS) using an Agilent 1100 series HPLC
equipped with a well plate autosampler coupled with a BE
‘801ex Ostar Pulsar ESI-TOF mass spectrometer.

15 Concentrations were determined from a standard curve of
cdrug: internal standard peak area ratios. Standards were
prepared by adding an appropriate amount of the drug and
internal standard to plasma from an untreated rat, and were
extractad and prepaxred by the same method as the '

20 experimental ssmples. E

Example 1: Synthesis of cvelic compounds
Synthesis of c¢ycle AcF-[0PAChaWR] (1). The
linear peptide Ac-Phe-Orn-Pro-dCha-Trp-Arg wag synthesised
25 by Boc chemistry on a 0.20 mmole scale using HBTU/DIEA
activation and in situ neutraligation on a Boc-I,-Arg (Tos) - -
PAM resin (338 mg, SV=0.591 mmol/g). Cleavage and
deprotection of the regin {457 mg) was achieved by treating
the resin with HF (10 ml) and p-cresol (1 ml) at -5 ta 0°C
30 for 1-2 hrs, to give crude peptide (160 mg, 90%).
Cyclisation involved stirring the crude peptide (4lmg, 45
Hmol), BOP (126 mg, 0.28 mmol) and DIEA (158 uL, 0.9 mmol)
in DMF (57 mb) for 15 hrs. The solvent was removed in
vacue and the cyclic peptide purified by rpHPLC (18.8 g,
35. 47%) Rt = 10.8 min {gradlent : 70%A/3D%B to 0%A/100%B aver




condensation product of ethylene oxide with a long chain aliphatic

al cohol, for exanpl e, heptadecaet hyl enoxycetanol; (d) a condensation

product of ethylene oxide with a partial 5 ester derived froma fatty acid

and hexi t¥0 03{68352%s pol yoxyet hyl ene sorbitol nonool eate, BET{AIN2/Q1427

condensation product of ethylene oxide with a partial ester derived from

fatty acids and hexitol anhydrides, for exanple polyoxyethylenﬁ%QQ{ | bap
rmor a

nonool eate. 10 The pharmaceutical conposgjgioons may be in the
sterile injectabl e agueous or ol eagi nous suspension. This suspension may

be fornul at accordi t 0 t hods Lng suitabl e dispersing or
wetting age%ﬁ?ungnd ?@gﬁegﬁﬁﬁ3+238%?§- uﬁhgié'gho§¥+%%ﬁtﬁﬁﬁ% abdVe. The 15
sterile inj &6all.e preparation nay also be a sterile injectable solution

o, Susbension, L1 2 NORREG PR 18 hip2r6RaLAbR, bspn, ot solvent
vehi cl es andi¥6P¥eReptifirchcnBienarenbroydihear Brnedey wao synihasised
sol utions amg Bset ehifi e Uk Chl ORRTe/ SDEMAOR vat o dehd | O, sS5LET 1 | €,
fixed ofl's gig.conyentionally, SUBPYEL fhod) SOYolle Bl SUSPSIGL N0 Jrogt um
deprotection qf the resin was achieved by treating the
resin with HF (10 ml) and p-cresol {1 ml} at -5 to 0°C for
1-2 hreg, to give crude peptide. Cyeclisation involved
10 stirrving the crude peptide (85mg), BOP (200mg) and DIEA
(222 pL) in DMF (10 mL) for 15 hrs. The solvent wag
removed in vacuo and the cyclic peptide purified by rpHPLC
(31 my} Rt = 16.7 min (gradient : 70%A/30%B to 0%A/100%B
over 3O0min). M2 : [M+H]+ (cale.) = 820.5, [M+H]+ [(exper.)
15 = 890.5.
Synthesis of cvele AcF-[0OPdChaFR] (60). The
| linear peptide Ac-Phe-Qrn-Pro-dCha-Phe~Arg was synthesised
by Boc chemistry using HRTU/DIEA activation and im gitu
nevtralisation on a Boc-L-Arg{Tos)-PAM resin. Cleavage and
20 deprotection of the resin was achieved by treating the
regin with HF {10 ml) and p-cresol (1 ml) at -5 to 0°'C for
1-2 hrs, to give crude peptide. Cyclisation involved
stirring the crude peptide (104mg), BOP (57‘mg). and DIEA
(103 pL) in DMF (1 mL) for 15 hrs. The solvent was removed
25 in vacuo and the cyclic peptide purified by rpHPLC (52 mg) .
'Rt = 11.37 min (gradient : 70%A/30%B to 0$A/100%B over 15
min). MS : [M+H]+ (calc.) = 857.5, [M-!-H]-l- (axper.) =
857.4.
. Synthesls of cycle AcF-[OPACha(N-Me-Phe}R] (64) .
30 The linear peptide Ac-Phe~Orn-Pro-dCha- (N-Me-Phe)-Arg-OH
' Was_synthesised by Fmoc chemistry uging HBTU/DIEA
activation and in situ neutralisation on a Fmog¢-L-Arg(pbf)-
Wang resin (0.35mmol/g) from Novabiochem using methyl-L-FPhe
(281 mg, Zeguiv), Fmoc-dCha (275 wg, 2eguiv), Fmoc-Pro (472
35 mg, 4 eguiv), Fmoc-Orn{Boc) (477mg, 3 equiv), Fmoc-Phe




pur pose, any bl and fixed oil may be enpl oyed, including synthetic nono-or
diglycerides. in addition, fatty acids 25 such as oleic acid may be used in

“the prepamad omes3sfs i nj ectabl es. Conmpounds of formula I
' ' sucﬂ@%ﬁiﬁ"

admnistered in the formof |iposone delivery systens,
| arge unil anellar vesicles, and 30 nultilanellar

uni | amel | ar vesi cl es,
' Li posones can pbe fornmed froma variety of phosphollpg?§”g$ﬂﬁg as
e

vesi cl es.
chol esterol, stearylam ne, or phosphati &# chol i nes. Dosage |evel$s

compound of formula | of the present invention will usually be of the
order of about543md). 2@EnE Q) agggtAgﬁ)@g eé%‘giépgraéﬂé%;y Jelant, with a WO
referr d%sage range between

03/ 033528 - LAU02/ 01427
o g%t“i’ﬁ ot é] k?“? a‘Fﬁ% WRreshthyp drrasdiing tda about

about 0-5ng to ab
0.5g to abou&esig Welthpaﬁ%eﬁf‘Apels dmy)) fdihel anttleiafe RGHdaee Yapdigd ent

which may be (qeabigsdavtbd bPE-HM L& oABIAM ada.ettho PIIRES
5 Cyclisation involved stirring the YpHPLC purified peptide
{100mg) , BOP {200mg) and DIEA (222 pL) in DMF (2 mL) for 4
hrs. The solvent was removed in vACUC and the ayclic
peptide purified by rpHPLC (50 mg} Rt = 33 min (gradient:
70%A/30%B to 0%A/100%B over 30min). ME : [M+H]+ (calc.) =
10 871.5, [M+H]+ (exper.) = 871.5. ,
Synthesis of cynle AcF-[{0rn-(dN-Me) } PACHaWR]
(66) .Boc- {8N-Me-0rn) -OH was synthesized as reported (Pol.
J. Chem. 1988, 62, 257-261). The linear peptide Ac-Phe-
[Orn- (8N-MeCbz) } ~Bro-dCha-Trp-Arg~0H was synthesised by Boc
15 chemistry using HBTU/DIEA activation and in situ
neutralisation on Boc-L-Arg(tosyl)Pam resin (0.41 mmol/g)
from Novabiochem. Cleavage and deprotection of the regin
~was achieved by treating the resin with HF/pCresol for 2 h
to give crude peptide aftrer preclpltatlon with disthyl
20 ether. Cyclisabtion involved stirring the RP-HPLC purifiad
peptide (100mg), BOR (200mg) and DIEA (222 1BL) in DMF (2
mL) for 4 hrs. The solvent was removed in vacuo and the
cyclic peptide purified by rpHPLC. Rt = 11.5 min (35%B) .
MS : [M+H]+ {calc.) = 910.5, [M+H]+ (exper.) = 910.5.
25
Purification aﬂa Characterisation.
Crude peptides were purified uging preparative
rp-HPLC using a Vydac C18 reverse-phase column (2.2 x 25
cm). Gradients of ImL/min of solvent A to solvent B werae
30 employed and monitored at 214 mm. Fractions wers collected
and tested by ion spray mass spectrometry (ISMS) for the
correct meolecular weight, and purity was checked by
analytical rp-HPLC on a Waters Delta-Pak PrepPak C18
reverse-phase column (0.8x10cm) (varyving gradients such as



5 a single dosage will vary, depending upon the host to be treated and the
particul ar node of adm nistration. For exanple, a formulation intended for
oral adm nistration to humans nmay contain about 5ng to 1g of an active
conpound WQi0BM3328 appropri ate and conveni ent amount of carPCEAUIYOIHRTeri al
which may vary fromabout 5 to 95 percent of the total conposition. Dosage
unit forms will generally contain between from about 5ng to 500 &%R 2
active ingredient. It will be understopggy however, that the specrfic @@
dose level for any particular patient will depend upon a variety of

factors including the_activitg of, She specific conpound englo%ed, %he age,
body wei ght ,* Qet&r 4 WeQVER, BUSEET di-eT0et PRECEORIEHNLRI AP aFFHh, 97 3%Fe of

adm ni strat i(BDH Lagbeatbrése) ebhANTFA ws CoPhthaki fngeadet tEuspssy ity of
conpounts of the i nvERBEEN nehOTe: el VAt L0 (T RRETerEs B S othon or gani ¢
sol vents. Spripsteveaediar ecmpoungasiedwi ahfinthadrschpracberidetiement i on
2S The apmpgunds 8k bREyLIVARELOBLARYoAGEL, | PRALLYspec Found) and

reversed phase HPLC (rp-HPLC) retention times (Rt wming)

under specifled elution conditions.

Table 2 depicts the structures of the respective
compoﬁnds, and lists their respective receptor binding
10 affinities and antagonist ﬁbtencies for the CSa receptor on
human polymorphonuclear leukocytes (neutrophils), as
measured by myeloperoxidase agsay.
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15 Ceneral nethods Protected am no acids and resins were obtined from
Novabi ochem TFA, DI PEA and DMF (peptide synthesis grade) were purchased
from Auspep. Al other materials were reagent grade unl ess otherw se
stated. Rvepavziseg’e 20 scal e reverse-phase HPLC separ at i onscwavexpref or med

on a Vydac C18 reverse-phase colum (2.2 x 25 cm, and analytical

rever se- phase HPLC separations were perforned on a Waters Del yﬁgﬁg 6
PrepPak C18 reverse-phase colum (0.8 x 10 cm), using gradient?® r@g of
solvent 25 A = water/0.1% TFA and sol vent B 2 water 10% acetonitrile 90%

0. 09% TFA. The npl ecu] ar_wei ght_ of the peptldes was determ ned by

el ectrospray na try : ] .
spectroneter (PE SC EX APkrablle) 2 %ﬁowdeﬁﬁél Bﬁﬂuéltﬁﬁ%ehﬁ Eii@%bzﬁiﬁtﬂl@és al,

1995 NI sosslig S0Pt egadet on el Llsy a By A o0 ME or 8
NMR experi ment s HeEDREOSY, Bﬁmng NOESY) £ iEanpodndstagoeianapysetdciys nfss
spectronetrys an(%hé’tﬂae\i%c%%‘%&h%iehﬁﬁﬁhybhiﬂnogghgnuéiear Ieukocytes
(neutrophils), as measured by the myeloperoxidase assay.
Compounds 1-9, 16-18, 20, 21, 23, 24, 27-32, 36,
38, 44, 51, and 59 are within the broad scope of the
general structure set out in our earlier patent
10 application No.PCT/AUS8/00490. However, Table 2
demonstrates that in fact, of these compounds, only 1-8,
17, 40, 28, 30, 31, 36 and 44 have appreciable antagonist
potency (IC50 < 1 uM) againgt the C5a receptor on human
| neutrophils. The other compounds, 7-9, 16, 18, 21, 23,
15 24, 27, 29, 32, 38, 51, and 59, do not show appreciable
antagonist potency and/ox receptor affinity, with IC50 > 1-
"M in all cases.
On the other hand, compounds 10-~15, 19, 22, 25,
26, 33-35, 37, 35-43, 45, 47-50, 52~58, and §0-70 are not
20  included within the scope of PQT/AUI8/004%0, although thev
do involve the same or similar C:yclid scaffolds to thoge
disclosed therein. Table 2 shows that of these new
- compounds, 10~12, 14, 15, 25, 33, 35, 40, 45, 4B, 52, 58,
60, 66, and §8-70 have appreciable antagonist potency
25 {(IC50 < 1nM). However, the other compounds (13, 19, 22,
26, 34, 37, 39, 41-43, 47, 49, 50, 53-57, 61-65, and 67)
de not show appreciable antagonist potency and/or raceptor
affinity, with IC50 > 1 uM in all these cases.
The results shown in Table 2 enable us to define
30 further and to refine the limitations on the active
pharmacophore for CSa receptdr antagonist activity, in
order to obtain or predict sub-micromolar antagonmist

potency.




WO 03/033528 - 19 PCT/ AU02/ 01427 ;18 APR 2006 Compound Synt hesi s Linear
pepti de sequences were assenbled by manual step-w se standard soli d-phase
“pepti de s b¥e3a3sz8( SPPS) techni ques well known to those slij(hl!‘g@?ior_}é,pe
art. The 5 amino acids or peptide termni were activated w't { W t h
DIEA in situ neutralisation. Couplings were nonitored by the standard
quantitative ninhydrin test. Boo chem stry rﬁlj\fs enpl oyed for tenporary

Na- protection of amino acids wth two 1 ni € treatments w Big AER hey
13oc group 10 renbval . Peptides were synthesised on a Novabi ochem Boc- D-
Arg(Tos)-PAM or Boc-L-Arg(Tos)-PAMresin with a substitution value of

approx. 0. 2-0. 5 nmol Fgblahe: ptictase e Mdi»iméb%:%dﬁ;&%pggﬁaé%d by
treatment with liquid dﬂ?c%}_o %2;95"%@-%%?0'3 g‘é m.) at t-SC for 1= rs.
Peptides 15 were purifiéd by reversed phas PCREgegtogsagnefumany B to
75% B over 60 min) and anal yseBolymetphenwslamy hamdsocsnael r onetry.

Examples of C5af Antagonists
NH
oty
| 40
M

- S >
H
, ‘
gsﬁu'x‘aamrnum [ELTHY 7] Bhdl::ug JC50: Lipw ' 3
Anlagonisg [£50: 28nbt CSaR Anmonise 0501 L10MS ’ g’iaﬂ Bindioy 1050: #5400
=3aR. Astlugonem 1050z Mhuhe

4
C5:R Bindfag [C50: 0 250 SR Bindy -4
Inp JCS0: DAap nds
€0 Antagonlsy 150: S2aM CS0R Asiaganigf [CST: 3aM R A,
prat)

NH NH

7
g
Cﬁmnwmncsazz-lmﬂd C5R Rindin, e
‘ g 050 38, M H
; _ TS5} Antugontar (St NI CHR Anssgonia 1050: ND %mﬁﬁg



Alternatively, the |inear peptides can be synthesised by Pnbc chem stry,
using HBTU/ DI EA activation 20 on an Fnoo-D-Arg(Mr)-Wang resin. Fnbc group
renoval -was effected using two 1 min treatnents with 50% pi peri di ne/ DVF.

d eavage WRE3EIRHt ecti on usi ng 95% TFA/ 2. 5% Tl PS/ 2. 5% H2OPGTAS2/0 HE7
Mr-protected peptide, which can be purified by RP-HPLC. 25 A general
procedure for cyclisation of |inear peptides involves dissolviqgat 2006
peptide (1 equiv.) and BOP (5 equiv.) in.DM {10 mM peptide conCentrati on)
and stirring vigorously, followed by the addition of DIEA (15 equiv.).

Sol uti ons are gefié ly allowed tp Tg1at room tenperature_z0 overnight,

al t hough i n nost {C&%4s the reactijpr Wwagiconpl ete wthi @. DVF is

renoved under hi #) at 30C evapor at or e rified
by RP-APLC. For CHpleptdes ree N-term nu$, ~an
group was used pOF-Ar y p €§§ting group B5 duri he
cyclisation step. ‘emoved “03/ 033528 PCT4AU02/ 27 -
20 b. 8 "APR 2006 ’ o > .

i0 u Iz
C54R. Binding I050; 0.47M - CSaR Hindlng 1050: Q.04 C5aRt Hinding IC50: 0.761M
CSaR Antpguniat JO50: 3laha C50R Antagomist DR F1nM CSaR Anlapanis 1G4, 151aM

13

M 15
C5aR Lindimg; IC50: 373 M £5AR, Binding TCNE AT2UM . TSR Dinding 10K 039M
Ciinkt Antagonist IO ND C5aR Antngomist 1C50: SioM CSalt Amngonta IC50: NI

D A -

A

H BN K
N T 4 NH NH
16 17 18
C5aR Bindiig ICT0: 193pM C:3aR Bincig 10 0270M 504 Fiding 1C50: 29004
4R Antagenis 150 ND C5aR. Anragonist 1050: 3Inbg CSalt Antagnnlsr I030: KD



vacuum at 30C on a rotary evaporator, and then the peptide was treated
wth mwb%ﬁeHdeHMFforl hr at room tenperature to renove the Fnoc
“group. Thi™O0H933528 | owed by sol vent renoval under high va%%U
purification by RP 5 HPLC. Representati ve exanples of the synthesis of th
cycles are described below. MM Structure Determ nation 1H MM spectra were
recorded for test conmpounds 10 (3 ng in 75 pI d6- DVMSO, 8 Zﬁﬁgh Feﬁﬁ enced
to solvent on a Varian Unity 400 spectrone er at 24C. Two- dlneng

1H Nt R NCESY (relaxation delay 2.0s, mx time 50-300 ns), DFQ COSY and
TOCSY (m xing time 75ns) experinents wepe acquired and recorded in phase
sensitive node. isiti i spectral widqth = 5500Hz,

nunber of conplex p W!!for al | e?kgkkgiigég Dat a
A ! H N
- 5|ng<E§ { re

was zero-filled and

di mensi ons. NWR dat

(Tripos Assoc.) on dy mor«“'statlon
peaks were integrat

(2'.3-3.5A) and

. €522 Bloding 1050: 16. 0 2 2
C54R Athagonist 15t ND OO Rl 1G50: Dl - €5 Rinding 103t Z9MM

CSuRk Angtsguatel 105 ND

2 =
P d%ﬁ"‘a@éz

NH

NH H
b
C5F, Bindlng [C50: 2.4UM ot .
aRBmhngIC.ﬂ.z.‘luM CFaR Bluging YCHk 1000
©5ak Antaponist 1C50: NI C5ak Amtpogiss 105 MO B P N:::f;unﬁ‘ ICSE!ND

Al

CS:R Bining I 0.47HM. CSRR Binding 1C30: 75.5uM-

Ot Ampoola TSI ND. . CSaR Aniagrnist 1030 ND i

L5 Anpgoniat 1050; ND



weak (3.3-S.0A). Prelimnary three-dinensional structures were calculated -
fromupper and |lower distance limt files 25 using D ana 2.8 (69 di st ance
constraints, |nclud|ng 27 for adjacent residues and 6 further ﬁh W th
the reduniQM/0332Bedr al angl e constraints ( REDAC) strategyPcmﬁﬂ@ PO

| ower di stance constraints were accurately cal cul ated using MARD GRAS. At
this stage the peptide was exam ned for 30 possi bl e hydrogen %dﬁb g&%

t hese were added as di stance constraints= Ihe 50 | ownest energ@ a%
structures were subjected to restrained nplecular dynamcs (RWD).and

ener gy nininisatLQ@ (REM. Initially, RE#lconsisted of a,Qb step steepest

descent foll owed Ry 00 step conjugate g i ent 35 nlnlnls i on. RMD was
performed by Slgﬁ% eat i ng of v{)ggfi :
2006 the structwe$ yo 30 hs 2d by OOK f )

L
CoROindng SO e 1050 I a
~NR Dinding (CEk C5ak Binding JCS0: [32M . )
OS5l Antagonies 1C50: 40uM Cfakt Antopunist 1C5E ND £5af Binding 10504 1450

CSaR Anmggnist [C30: 37, 1uM

= S

oA . a2 3
SR Binding 1050 1.0 CS4R Bindlng 1050: 30 HEM ClcRe Binding [CHr 436MM
53R Antapoms [C50; 35nM - (SR Adiyganizt 1050; NU . ' mnf(Anhgnnln IC50: 220 M

MQ@ %Mzg, Re
( (270 e
e H} i

€% Binding 1IC50: 32.30M . GSeR Binding 1050: 5.3 CSaK glading 1OR: D53
CHelt Anapunist 150! KD - C5R Antagori JC50; 15uM 5B Anmgokiet [C50: 300



5 by a 300 step Powell mnimsation. The final structures were examned to
obtain a nean pairwise rns difference over the backbone heavy atonms (N, Ca
“and C). TWMP3033F28t he 50 structures had a nean rnmsd c O. 5 Bt Rboad a7
backbone atons (0, N, C). 10 Receptor-Binding Assay Assays were péerTorned
with fresh human PMNs, isolated as previously described (Sandek_g)gon et al,
1995), wusing a buffer of 50 mM HEPES, 1 MM.CaCl12, 5 mM MyCl2, &006
bovi ne serum al bumin, 0.1% bacitracin and 1 UM phenyl et hyl sul fonyl

fluoride (PMSF). in says perfornmed at4C, buffer, unl ab IIed human

reconmbi nant C5a (Si ) or peptide, Hu_qﬂer/BoI ton Iabel 1251-C5a (- 20
pM (New Engl and ear MA) and PWNs M0.2 x 106) ,S'" 0
sequentially to B Mltlscﬁ'éggﬁq Iate(@7 ﬁg;t% i

final, volune of 0 /wel K A tl for at

sanples were filtered and t

i /p{(%{*f}:washdoncéll/_&{m uffdr. Fil
dried, punched and @gunt ed|A4 | KB ¢ coliffers Non-%peci fi

bi ndi ng was assessed #yp.i.h& | ncl usi on of rrh1[\/l tide or 1
H
. HN 1
M, . Ea
H ]
e i i
e IO ¥ CSeR A 11 Chat Blnding 1050: > 1000
CHR AnAgaGEs 1080 St g m’;:;,gm Al -ul o AU ICAO D

- A,
Ko,  Or9Re
{ =

B! WH H
Wi b
“ .
oSt ﬂindiug.lﬂiﬂ'!.!ﬁm a8t AMding 1050 2 H0 UM - ke
CaR Anengottt KOS0: KN CSaR. Araegonte 1050 301 ‘ Conh hinlh TS0 PO

A 45
C5aR binding 105077 M C3nR R!mlmg ICH0: LaGpM %R, Binding 10910 6.0
ToaB Amoponis I050: HioM : . . CsR Anugontiy ICSD- O - - CS:.R.Anugugniﬂ 50 ﬁ}dzlan



cytochal .
vol une 100 ulL/well),

each peptide
wi th each peptlde
i ncubati on for
added to each
of a fresh

nM C5a, which typically resulted in 10-15%tota
anal ysed usi ng non-Ili near

37C) .

©5nR Blndeg 1050: 304554

CHak Anshyronist ICH): ND

<
SR

H
i}

Pz
H o

o .

S

N ]

a2 .
. CSAR Binding 1050; 5.34M -
CSaR Antagmaist 150; 4,606

e

.
5ok Rinding IC50: 0.25:M .
CSaR Anmponist TOS0; 320M

63
CiaR, Bindlng 1C50: 3.1tM
CirR Anogonis 1CS0; ND

bi ndi ng. :
regression and statistics with Dunnett post-test.
30 NyeloperOX|dasa Rel ease Assay for Antagonist Activity Cells were
i sol at ed A9 0¥ us| y described (Sanderson et al,
asin B (Sag/nt,, 15 mn,

Dat a was

1995) aRETAHEBIEd with
Hank' s Bal anced Salt sol ution
containing 0.15% gel atin and peptlde was added on to a 35 96 wel | §Iate

fol | owed by 2538L-WO 03/ 033528 - 223

APR 2006

PCT/ Al 1 02/ 01427 [18 APR 2006 cells (4x106/nL). To assess the paC|ty of
to a gonlse CSa, cells 2 1 ncubated for kn at 37C
Io d by addi tion of a (100 nM and wFurthe
1L of s sphat e ( @
s co ot era Aand £¢§
n1xture equal umes of  di nfet hoxy gzt di ne (5 ng/ nL}-./ and
H202 (0.51% was add to e Q well. The rgaction as
H
N:rh;%?ﬂfg1:a:} NHE%>7TE4¢
. By Y
e wel 1 R
csuansmz‘ CS0: 3.7 CS@RB'B.:I? 1C50; 23500 il
csmmugﬁilmcso}{lduﬁuu CSaR Antagaist IGK: D c%h‘“;“;,‘,ﬁ.‘ﬁ'&‘&“?#é“m
0
_<°M
Sl
- Q
H H
. Q. 0
[¢]
"o

0

sl
C5al Binding 1C50; 11,500
Ot Antayunie 1C30; N

YR
LR Binding 1IC30: 270
53R Antngonipt LOH: 2uM




stopped at 10 mn by addition of 2% sodi um azide. 10 Absorbances were
feasured.at 450 nmin a Bioscan 450 plate reader, corrected for control
val ues (no peptide), and analysed by non-linear regression. .ln Vivo
Assays of Anti-luflammatory Activity 15 The followi ng well-known in vivo
assay systems are used to assess the anLisignf|ammatory activity of
conpounds of the invention. Al assay data are anal ysed usiih§ AFm2bggnear
regression analysis and student's t-test, analysis of variance, with
pc0.05 as the threshold |l evel of 20 significance. (a) Carrageenan. Paw
Cedema Anaest Hetd sBin@iing. IRE04ned e&isxeazilne)coMcémtrat8bs 6E500

ecd hy st d 0 d 4 t th
mce are inj Qi Weg he § géhhé§g ﬁ%r éna H&ﬁnrgll%cgy%eﬁo%ﬂ% ay Hﬁ?l nt o e

subcut aneous tjssue of the back. can
wher eupon car S;ageperh"a%g?@hﬁt 190/ wrﬁﬁe@SQ%%eﬂhme)omsemm&tieﬂ bAto the

air pouch? amebn@md@deré@uﬁﬁédie@begcﬁié% Edshran tTaE‘gﬁ#q SRTPP punds are
-1n anmat O

adni ni steredn&g oé: af ter % and their 30 antl ry effects
assayed by diPferentiar-@untFRyease EPMms Com-tste mula st drumam dBYH's .
Ani mal s are BoXest rgions indicate the location of relative changes
between structures. Compound 1 is the lead compound from
our previous application PCT/AUS8/00490, and is included
10 for purposes of comparison.

Example 3: Cyclic Antagonists of C5a
Some examples of these cyclic—ahtagonists and
their apparent receptor-binding affinities and antagonist
15 potencies are given in Table 3, in which the single letter
code for amino acids is used. “d~ indicates the dextro

(D) form of an amino acid. “"ND” indicates not determined.




appropriate tines after injection, and 2m 0.9% saline is wused to |avage .
the cavity; lavage fluids are transferred to heparinised tube and cells
are counted with a WO 03/ 033528 23 PCT/ AU02/ 01427 ( J APR 2006
haenocyt oW@t08{033528 Di ff - Qui k stained cytocentrifuged prepREEATIN01427
Al ternatively, a routine carrageenan paw oedena developed in Wstar rats
by adm nistering a pedal injection 5 of carrageenan may be usegsatg §|£Cit
oedema which is visible in 2h and nmaxi m sedé®n=-4h. Test conpoun PB 2006
given 40 mn before inflanmgen and eval uated by mcrocaliper neasurenents
of paws after 2 & 4 hr. See Fairlie,b. pp=#fleals (1987). Al so see Wal ker and
Wi t ehouse

inrats (3 stl(r)ai( ﬁg)?S) ef?%efd##ﬁﬁ%%%%ﬁéé(?#%ﬁéﬁgIil : lseijn(;gced

Mycobact eri um Cubercul osis) or chemcally (with avridine)

AcPhe Replacements Compound | =n Binding Antagonist
Number ICS0 () IC50 {ni)
MsF [OP~dCha-WR] 10 3 0.47 34
TsF [OP-AdCha-WR] 11 3 0.96 251
AcPhg [Opd-Cha-WR] 12 3 0.76 ih1
AcG[OP-ACha~WR] 13 3 37.2 D
A¢(o~-E£lnora)F[QE- 14 3 0.52 38
dCha-WR] _
Ag (m~£luoro) F[OP- 15 1 0.39 ND
dCha-WR]
HC [OP-dCha-WR] 17 0.22 31
Hydragen [0P-ACha-WR] 19 3 >1000 ND

5 Ms = Mesyl, Ts = Tosyl, MeSué = Methylsuccinate, Suc =
Succinate, Ahx = 6-Aminohexanoate, HPhe =
Homophenylalanine, Phg = Phenylglycine, HC=Hydrocimnamate
ND=not done B
Pro Replacements Compound n Binding | Antagonist

Number (M) -« (nm)
ACF [O-Eyp~dCha-WR] 25 3 0.27 ND
AcF[0-Thp-dCha-WR] 26 1 75.5 ND
AcP[0-Pha-~dCha-WR] 22 3 2,43 ND

10

Hyp = trans-Hydroxyproline, Thp = cis-Thioproline




u

by inoculation with the arthritogenic adjuvant co- admnistered with oily

vehi cl es, such as Freund' s adjuvants in the tail base (See Wi tehouse, M
w., Handb®8k0H833328i nal Models for the Rheumatic Diseases, pgdSaydsHod | d,
It. A; 20 Dianond, H S.; Vol _ 1, pp. 3-16, CRC Press). Wthin 13 ays
t he adj uvant arthrltls S nanlfested by |l ocal inflammtion and ceration
inthe tail, gross. swelling of all four-paws, inflammatory |e§%%AERams
paws and ears, weight |oss and fever. These synptons, 25 which are simlar
to those of Inflammatory disease in hunans (mnnter and Nuss, 1966), can be
alleviated b S® con oty et-oSporit Hekd—al-se—shoy
benefi ci al e¥1ggﬁ§hinf%§gdz : %ﬁ% Efg fid, 1366)'3RN§H%%1 onist’
treatnent at Day—14 arthITIP ran had 30 hynertrophy 6#M} he |paws ¥ Educdd
al bumi n but r hRAEEACB-A€ba-WRAse 1 eact BBR3 photlei A8 i nl sePulh ahd dep2@ssed
hepatic met apAFF$APofLrundBl oti cs las iadi catjed By pr ol poped 35
bar bi turat e-i pagEEUPSKBEPi Ng tinmes.| To @8sesy acgi vifty, 1ggmpodinds aqe
adm ni st ered | 26F{op-dvaayarpral I'y [(r 10pg/kgriday3™ Off T ni¥ gper [Ttonegyhy WO
03/ 033528 PCT| ALRZ6P 1T e—wWR] 36 3 (.53 30

AcF [OP-dTic-WR] 35 3 9.18 15,000

AcF {OP-aic-WR] 34 3 22.71 ND

ACF [OP-ATyr-WR] 40 3 2.16 300

AcCF [OP~@Arg-WR] 41 3 =100 ND

ACK [OP-dRhe-WR] 33 3 0.26 22

ACF [QP-@hCha—-WR) 28 3 0.39 40.5

Aic- aminocindanecarboxylic acid

Tic- tetrahydroisoguinoline

5 @hCha~ D-homocyclohexylalanine
Trp Replacements n Binding | Antagonist
- Lab Code {j21) {nM)

AcF [OP-ACha-BR] 57 3 23.5 ND

AcF [OP-dCha-FR] 60 -3 0.25 32

AcF [OP-dCha-LR} 51 3 18.9 3,000

AcF [OP-dCha~Cha-R] 50 3 11.9 4,500

ACF [OP-dCha~hPhe-R] 6L 3 11.5 ND

ACF [OP-ACha-2Nal-R] 53 3 15.8 ND

AcF [0P-3Cha-Bta~-R] 58 3 0.28 172

ACF [OP-dCha~Flu~R 54 3 28.9 ND

AcF [OP-dCha~1iNal-R] 52 3 0.71 46.6

AcCF [OPdCha-Tic-R] 56 2 3.73 10,900

AcF [0P-dCha-G-R] 55 3 >1000 ND

AcF [OPACha-dTxrp-R] 59 3 30.4 ND

‘bhPhe = Homophenylalanine, 2Nal =
1;Naphthyla1anine, Bta =
Fluorenylalanine, Tyr-0O-alkyl
Tic= tetrahydroisoguinoline

10

tvrozine.

2-Naphthylalanine, 1Nal
Benzothienylalanine, Flu =
= O-glkylated analogue of

i




-24 18 APR 2006 (i.p.) from Days 10-13 foll owi ng i nocul ation with
.arthrltogen (Day 0). If the conmpound is active, the inflammation is either
not visible, or is very significantly reduced in rear or front paws, as
assessed by 5 microcaliper neasurenents of paw thickness and tail vol une,
as well as by gross inspection of inflammjpry |esions. A”'”aiSAﬁﬁFZUB
sacrificed by cervical dislocation on Day 18 unless arthritis silgns are

absent mhereupon duration of observations is continued with special
10—Ft-hies Comrittees—Experinments are staaaered._to

per m ssi on fremthe o Ethres —Htees—FE> Ta=Y g
maxi n se 'thﬁ%ﬁbkﬁﬁf AGRRRTBw ecar| F2RoRPEA Fond® bel wBdRdashduAasagoniss
routine assdy is well-accepted as |identifying anti- |inf{jammatqry adedls for
use i n humahécFd (Bthevtakitnet i cs [Fenmalid andj malze Wst ag., g@t s [(200- &P07)
were anaes{ et [epdioMavh-®InL of zqletThy (5007 kG) And %y EZTTe (LHﬁg/Kg,
|, yppard, Ajab@qbb@bthMH;}dTﬁ;Injectgg f ragerl ongPJjg AT dIUﬁDU| S5

' tthe—+a OA--1 ¢

10cm was shaved and 20Tuarked on—t tre—tower—abdorrat—area—of F

mTe—Tat;

whi ch :
Can = L-canavanine, Cit = Citrulline, hArg=homoarginine
Multiple Lab Code n Binding |Antagoni
Replacements (M) st
(nM)
ACF[OP-dPhe-dleu- 105 3 3.1 ND
Nal-R] ‘ |
AcF[OP-dPhe-FR] 62 3 5.2 5,210
ACF [DapOPAChaWR(] 151 3 1.84 100
AcF[OP-dPhe-1Nal-R] 63 3 3.1 ND
AcF [OP-dPhe-Y-R] 150 3 69 .2 ND
5

INal = 1-Naphthylalanine, Dap=2‘3-diaminoproprionic acid,
dPhe= D-phenylalanine
Example 4: Pharmacophore Refinement

10 On the basis of the results in Table 2, “we can

develop a refined pharmacophore for active antagonism of
the C5a receptor on human polymorphonuclear leukocytes, as
follows:

~Position “A” can tolerate a very large number of

15  groups, including H (e.g. compound 17,18), alkyl, aryl,
NH;, NHalkyl, N(alkyl),, NHaryl, NHacyl (e.g. compounds
1,3,4,5,6,), NHbenzoyl (e.g. compound 2), OH, Oalkyl,
Oaryl, NHSO;alkyl (e.g.compound 10), NHSO,aryl (e.g.
compound 11), without an adverse effect on activity.

20 The wide tolerance to substitution at position
“A” indicates that there is considerable space in the
receptor for appendages to the cyclic peptide scaffold.
This position can therefore be used for adding
substituents in order to vary the water and lipid

25 solubility of the antagonist, thereby enhancing oral or
transdermal absorption of the antagonist. This position




t he. dose of drug was applied. A stock solution containing

10 mg/ M of Cb5a

ant agoni st was dissolved in solvents propylene glycol or dinethylsulfoxide
~at varyi ngyo gansortrations with water and sneared evenly on the shaved 25
abdomi nal area of the rat with a spatula. A heating pad wESTHAEREER7

mai ntain the body tenperature of the rats and blood sanples
15 mn intervals for the first

ﬁgre t aken at
hour, and after that at 1 hr ¥ 8tARR/ 3008 for

a total period of 3 hours. 30 Bl ood sanﬁlég Were i medi ately added to
t ubes containing heEarin (500 Units/L) and centrifuged (11000 x ). The
Ac

pl asma | ayer oftt

Alianp| atrchpenipval latels srush a8 fhoresoRnte t ed

i nternal standagéiigtGer FpolRRaSHaR s RAMNRY Rinidh RVARGCHARYH il e

/water), was 35.add

e a
03/ 033528 PCT/ MtI2FotH27°% Hird 't%%%h%’gi’fmﬁq% FHHSFatSgr aphy
(HPLC) grade @mm@tonatids el-ofl ofaisd.y vortexed (20sec), then centrifuged
11000 x . This proce “ |t egh A reci pi i on | arge.pl as
( 0)5 Pr OCeShd A &b RaRf B BR1GH, 0000, LRASIP! B33y,

proteins in the sanples, an

10

15

20

25

30

35

naphthyl or indole, or the side chain of a D- or L~ amino
acid such as L-phenylalanine (compound 1), or L—
phenylglyeine (compound 12). It should not be the gide
cpain of D-phenylalanine (compound 8), L-homophenylalanine
(gqmpound 7),'L-tyrosine (compound 9), L-homotyrosine,
glycine (compound 13), L—tzyptcph_an (compound 16), or L—
homotryptophan. ,;

Position “B” does not toleraié a wifle range of
substitutents. It appears that the benzyl group of L-
Phenylalaning camnnot tolerate much substitution, and
cannot be made much bulkier. This position gaenms to be
required for receptor binding, rather than being important
for antagonism per se,lsinCE the greatest effects on
modification were on receptor affinity, ag measured by
IC50. | _

Position “*C” should be a small substitutent, such
as the side chain of a D~ or L- amino acid such as proline
{compound 1), L-valine (compound 20), alaniﬁé, trans-
hydroxyproline (compound 25), or cis-thioproline (compound
26). It should not be a bulky substituent such as the
gide chaing of L-isoleucine (compound 21), D- ox Li-
phenylalanine (compounds 22, 23), L-cyclchexylalanine -
(compound 24) .

Position “D" should be a bulky substituent, such
as the sjde chain of a D-amino acid like D-Leucine
(comppund 31), D-homoleuvcine, D-cyclohexylalanine
(compound 1), D-homocyclohexylalanine (compound 28), D-
valine (compound 29), D-norleucine (compound 36), D-homo-
norleucine, D~pheny1alanine (campound 33), D-
tetrahydroisoguinoline (compound 35), D-glutamine
(compound 37), D-glutamate (compound 38), or-DhtyrDSiﬂE
(compound 40). It should not be a smaller substituent,

apd vortexed. _.The s | es were further, di_luted 1:3 WO



5 conplete extraction of the drug fromthe plasma. The fluid portions of
the sanples were placed in | nL Eppendorf tubes and , stored until

anal ysed. These sanples were transferred to 96 well plates and evaporated
to dryneswousiosss2z® CeneVac centrifugal 10 evaporator, thenpeeawasbidatited in
the wells with nobile phase (20 p.L). Analysis of sanples was perforrred by
| iquid chronmatography (LCMS) using an Agilent 1100 series HPL(Zﬂ g&lﬁl

with a well plate autosanpler coupled withaga PE Sciex Qatar % E

mass spectroneter. 15 Concentrations were determ ned froma standard curve

Of g T ugs et o st AN PeRo A 32 alelte, SaRdanha/qtampenapar od by

addi ng an appro |ate anount_ of I nternal standa to pla

froman untre®®d ratbuiay Merer &idendhedtadd* s EphrdRtoy saRE° hod
as the 20 EXIOQIZ)FEEFE eﬂm BaiRsgdX afjdee chaify 0iRkesDs agtrieyioki c(comppnndds

SN 2o T g S,
nmol e scal & usum@dﬂﬁKYIaHENlﬂﬁxﬁanmmqmmda#dJ|n §mB&anUﬁﬂéPPsaFF§ﬁ éwda '
Boc-L- Arg(TOS)gma1l or large L~amino acids at position “D* on the
scaffold lead to greatly reduced affinity fox the Cha
receptor.
: Position “EB* is chosen from among the bulky side

10 ‘cHains of L«Tryptopﬁan (compound 1) and L-homotryptophan,
bﬁt not D-tryptophan (compound 58) or Q;N>methyltryptophan'
(compound 47); L-phenylalanine (compound 60) but not L~
homophenylalanine {compound 61); L-naphthyl (compound 52)
but not L-2-naphthyl (compound 53); L-3- :

15 bhenzothienylalanine (compound 58). It should not be the
side chain of L~cyclohexylalanine {compound 50), D-leucine
(compound 51), L-fluorénylalanine (compound 54), glyecine
{compound 55), L-tetrahydroisoguincline (compound 56), ox
L-histidine (compound EB7).

20 Substituents at position “E” on the. cyeclic
peptide scaffold are crucial for antagdnism of the CS5a
receptor. Substituents at this position may limit the
conformational changes usually associated with agonist
responges.This may be a “blocking” residue, which fixes

25 the antagonist in‘the receptor and pfevents the
conformational reorganization ip the receptor which is
necessary for agonism.

Position “F* may be the gide chain of L-arginine
(compound 1), L-homoarginine (compound 44), L-citrulline

30 (compound 45); or L-capavinine {compound 48). It should
not be D- or L- lysine (compound 47), D- or L-homolysine,
or glycine (compound 49). The size of the substitutent at
this position is important fox conferriﬁg high receptor
affinity, The citrulline compound has no charged gide

35 chain, yet still possesses apprecisble antagonist potency
compared to arginine at this posgition.




PAM resin (338 ng, SV=0 591 mmol /g). C eavage and deprotection of the
resin (457 ng) was achieved by treating the resin with HE (10 m) and

-p-cresol WO#/933smM -5 to 0'C 30 for 1-2 hrs, to give crude %}@gﬁ]]ﬁgo ny,
90% Cyclisation involved stirring the cr ude pepti de (41ng,

SOP .(126 ng, 0.28 mmol) and DI EA (158 pL, 0.9 mmmol) in DWF (5@1-&,,1}!&33 for |5
hrs. The sol vent was renoved in vacuo and gghe cyclic peptide put Re%@ﬂsoy
" rpHPLC (18-8 rag, 35. 47% Rt = 10.8 mn (gradient : 70%V 3098 to OVA/ 10098

over WD 03/ 033528 PCT/ AU@géQ{.fgﬂ «2h ’Jé%% @gR %%@g@ 81)" ygﬁa)x[ll\éﬂ_ﬂ

(calc.) 896. 5 %MPH]+ (expet’
ACF- [ODdPhe\/\le}(‘ § OTRE ap; h@ﬁﬁgsépﬁ@@ ActPhe, @refersiiBha Trp3Arg vas
synt hesi sed 5 bYCBg0hem (€Y 0is]i N dd3] gﬂDIEﬁ—:}gzc)tLvat kA :&dﬁﬁ S|Otru

depr dt ecti on of

neutralisation_ S -PAIVI re .Cl'eavage an
%@?%ﬁﬁg&ﬁ ﬁ’lﬁ@t ﬁ‘hﬁFm( 26 ANy sREmprCceEsol

the resin was a
X t‘én@@“ﬂ@n Li’c @r hips, ammtglazﬁmx udehipe pidefh dR0hiaeat kaR

(1 M) at -
i nvol ved cyclisation link, for example between the Arg and Fhe
residues of compound 1, and thus influences the structure
of the cyclic backbone. In addition, substituente such as
R on this linker could potentially interact with raceptor
10 rgsidues to increage affinity of the antagonists,

_r% : Nemethylation of the amino acid components of the
cycles tends to reduce the receptor blﬂﬁlng affinity and
antagonist potency of the compounds (e. g. 64, 65},
although N-methylation of the delta nitrogen of ornlﬁhlne

15  has virtually no effect on antagonlst potency.
Multiple changes on the scaffold can be
- detrimental to obtaining inereased antagonist potency

- relative to 1. fThus although L-Phe wasg a suitable

replacement (e.g.60) for L-Trp in 1, with little change in
20 antagonist potency, a combination of changes to 1, such as

L-Phe for Trp and either rL-HomobPhe for Arg (e. g 67) or p-
chloro-phenylalanine for Arg (e.g. 68), led to reduced
affinity for the receptor and reducea aptagonist potency.
‘Similarly when L-Trp in 1 was replaced by L-Phe and D-Cha

25 was also replaced by D-Phe, the compound lost substantial
potency (e.g.62).While a change from D-Cha in 1 to D-Phe
led to retention of the antagonist potenay (e.g. 33), this
change is detrimental when coupled with replacement of I-

Trp by L—~Phe (62).

30 Clearly there is cooperativity in the binding of
' these regidues to the receptor, since either of the single
changes (e.g. 233, 60) results in substantially higher

potency than when the changee are made together (e.g. 62).

'Whan the Arg was replaced by an aromatic group still

35 containing a charged amine (69), thaere was a gignificant

~ loss in activity, as was observed when Phe of 60 was

replaced by a substltuted tyrosine (70}




10 stirring the crude peptide (85ng), BOP (200ng) and D EA (222 pL) in DW
(10 m.) for 15 hrs. The solvent was renoved in vacuo and the cyclic
peptide purified by rpHPLC (31 ng) Rt = 16.7 min (gradient . 70%\ 3098 to
OV 1009BVOdB@B33®min). M5 : [MrH + (calc_) = 890.5, [ MrH BCTAU§&P1427 15 =
890.5. Synthesis of cycle AcF-[OPdChaFR1 (60). The |inear peptide

Ac- Phe- Or n- Pro- dCha- Phe- Arg was synt hesi sed by Boc chem stry i 2006
HBTU/ DI FA activation and in situ neutral+4 94 i-on on a Boc-L- Arig?%ows

resin. Cleavage and 20 deprotection of the resin was achieved by treating

the resin with HF (10 nh)3apdapa CéRSMed bl ) iddi cir i GL R ckn? d¥$,
to give crude peptide, Qéphsatl n |nvoI ved _sti rrlg ?%ge cr CE pepti de
r

(104my), BOP (S#REPtahs EﬁmF?& 30 §R¢ (CYRELE 156 The
solzven; wg;s I epnyedday aéﬁfiﬁﬁu? tﬂdﬂﬁl tﬂg@ Tniygdnh CPIEE plrS a0l ex e f ae daril)/ rpHP;_C
5 V. n
ﬁ/B : n?l\/&l—ﬂ + (cé‘l21 tg‘%c’%@%?ggég%ﬁﬁ + ¥e§%é$g{§g££%%wg@i%e§§ s‘gpi'f ]g%/cl e
ACF- [ OPdChal N- WB- PHbER) typay. of 30eThe mavicaaveeptfferent Ytolerances for
Ac- Phe- Orn- PFOSQ@QacﬁQ&NEI Phed - 8- &Fhlic scaffold will still form the

basis of active compounds.

Exemple 5 Reverse Passive Arthus Reaction in the Ratb
10 E, A reverse passive peritoneal Arthus reaction was
induced as previously described {(Strachan et al., 2000),
and a group of rats were pratreated prior to peritoneal
deposition of antibody with AcF-[0PdChaWR] (1) by cral
gavage (10mg kg™ dissolved in 10% ethanol/90% saline
15  solution to a £inal volume of 200ul) or an appropriate oral
vehicle control 30 min prior to deposition of antibody.
Female Wiskar rats (_150-2509’)‘ were anaesthetiged with
ketamine (80mg kg™ i.p.} and xylazine (12mg kg™ i.p.).

The lateral surfaces of the rat were carefully

20 shaved and 5 distinct sites on esach lateral surfage
c¢learly delineated. 2A reverse passive'Arthus reaction was
Cinduced in each dermal site by injecting Evans blue (15 mg
kgt i.v.), chicken ovalbumin (20mg kg™ i.v.) into the
femoral vein 10min priocr to the injection of antibody.

25 Rabbit anti-chicken ovalbumin (sSaline only, 100, 200, 300

| or 400lg antibody in a final injection volume of 304L) was
injedted in duplicate at two separate dermal sites on each
lateral surface of the rat, giving a total of 10 injection
sites per rat. Rats were placed on & heating pad, and

30 anaesthetic was maintained over a 4h-treatment period with
periodic collection of blood samples. Blood was allowed
to spontanecusly clot on ice, and serum samples were
collected and stored at -202C. Four hours after induction
of the dermal Arthus reaction, the anaesthetised rat was

35 euthanased and a 10mm® area of skin was collected from the
site of each Arthus reaction. 8kin samples were stored in
10% buffered formalin for at least 10 days before '




was synt hesi sed by Fnoc chemi stry using HBTtJ/ D EA activation and in situ
neutralisation on a Fnoc-L-Arg(pbf)- Wang resin (0.35mopl/g) from

+ Novabi ochem dsfizsgs et hyl - L- Phe (281 ng, 2equiv), Fnoc-dCh 275
2equi v), Fnoc-Pro (472 35 ngy, 4 equiv), Fnoc-O n(Boc) (477%€&W§m¥éﬁkxh,
Froc- Phe WO 03/033528 - 27 PCT/ AU02/ 01427 (542nmg, 4equiv) and A 320 é4
equiv. Ceavage and deprotection of the resin was achi eved by # PAR ﬂ@ﬁthe

resin with 95% TFA (15 nL) for 1 h to give &Fude peptide (150 ng) after
ether 5 Cyclisation involved stirring the rpHPLC

preci pitation g%th dlethy|
ek oo e i A iy L
by rpHpLC (50 ’r\%—%% 3331571})11 (gradi e(r;st& ﬁg&tﬁl%o(%“\p 89e|1n
3om M NG % C%c?r&rn Juigs @reim g HpR @h@erab)sorh@iﬂ:eSofSEﬁEHQSI s of
cycl e ACF- [{O’ a}étﬁ@lﬂaxdabu.r(e@.ﬁ)itB@ 'Ug.’lﬁlN' %Jn '_@ﬂﬂg@ r égt hesi zed
as reporteds(ﬂgeruﬁylégkﬁﬂ- 1988 82 %g;1%61) 1g%§e 1ngg;wge€hedop£fcg?e-
density of dermal punch extracts following intradermal
1n3ect10n of rabbit anti-chicken ovalbumin at 0-400 pg
site™? following pretreatment with Act- [OPAChaWR]
| 1ntravenously, orally or t0p1cally. Data are shown ag
10 absorbance at 650mm as a percentage of the plasma
abSOrbance, a8 mean valueg * SEM (13=3- ~6) . *indicates a P
value £ 0.05 when Compared to Arthus cantrol values.
Rats were pretreated with the C5aR antagonist,
. ACF-[0PAChaWR] (1) as the TFa salt either intravenously
15 (0.3-1mg kg™! in 200uL saline conteining 10% ethanol, 10minp
prior to initiation of dermal Arthus), orally (0. 3~10mg
o kg™ in 200 pL saline containing 10% ethanol by oral
o gavage, 30min prior to initiation of dermal Arthus in ratsg
L denied food access For the preceding l8hours) or topically
i 20 (200-400pg site™ 10min prior to initiation of dermal
Arthus reaction), or with the appropriate wvehicle control,
Topical application of the antagonigt involved application
of 20pl of a 10- -20mg mL™ golution im 10% dimethyl
sulphohlde (DMSO), which was then smeared directly onto
25  the skin at each site, 10min prior to induction of the
Arthus reaction.

The saline-only injection site from rats treated
with Evans blue only served as antigen contrels, the
saline-only injection site from rats treated with Evang

30 .blue plus topical DMSO only served as a Vahlcle control,
the sdline-only injection site from rats treated with
Evans blue plus either 1ntravenous, oral or topical
antagonlst only served as antagonist controls, and Evans

: blue plus dermal rabbit anti-chicken ovalbumin served as

35 antibody ¢ontrols. Topical application of the peptide
AcF-[OPGWR] which has gimilar chemical composition and

,.solublllty te that of AcF—[OPdChaWR] (L), but with an ICs,



(O n- (6N MeCbz)]-Pro-dCha, - Tr p- Arg- OH was synt hesi sed by Boc 15 chemi stry
using HETU DI EA activation and in situ neutralisation on
Boc-L-Arg(tosyl)Pamresin (0.41 nnol/g) from Novabi ochem C eavage and
depr ot ect WOrp3B3sehe resin was achi eved by treating the re®Cm/AdRi01427

HF/ pCresol for 2 h to give crude peptide after precipitation with diethyl.
20 ether- Cyclisation involved stirring the RP-HPLC purified ?tAeﬁ 2006
(100mg), 130P (200ng) and DI EA (222 itlL) ingBME (2 ni) for 4 h

sol vent was renpved in vacuo and the cyclic peptlde purlfled by rphPLC. Rt

= 11.5 mn (359 Mt filé %Eﬂ i 205 5.
25 Purificati or@n ﬁa‘?gg elf_gi; (él on Jl]%(gaf%o ? es Rqrv(&fc;ﬁu” f [ ede usi ng
preparative rpaEPeT GBiayive \Nepielda soonteg @%Fs’e[Q: Was ALEos cr‘r) :

Gradit e”tz OI %2%&%81&*&&3?&@@% PuE® aﬁjiﬁll lﬁad\’e% ﬁ%f I@ye@b@@ gite™
nonitored a nm_Fragtions were. co ec an es Jon spray mass
spectronetry (1 3REPPoPTIRE tootrieia 'f'Po‘? %\é?’fgth'f 1y was

checked by fmnalytical rp-HPLC on a Waters Delta Pak PrepPak C18
rever se-‘phase c%&nﬂ%@g&g&gﬁ (varying gradients such as
Sexum TNFQ concentrations were measured using an
enzyme-linked immunosorbent assay (ELISA) kit. Antibody
paire used were a2 rabbit aunti-rat THFa antibody coupled
10 with a biotinylated murine anti-rat TNFu antibody. Figure
2 shows the serum TNFo conceptrations-at regular intervals
after initiation of a dermal Arthus reaction, with group
of rats pretreated with AcF-I0PdChaWR] intravenously,
orally or topically.. Data are shown as mean values X SEM
1h (n=3~6). *indicates a P value of = (.05 when compared to

Arthus control values.

Interleukin-& Measurement
An ELISA method as described previously was used

20 to measure serum apd peritoneal lavage f£luid interleukin-6
(I1-6) concentrations (Strachan et al., 2000}).

Pathology Assessment
Rat skin samples were fixed in 10% buffered
25 formalin for at least 10 days, and stained with
haematoxylin and eogin using standard histological
technigues. Dermal samples were analysed in & blind
fashion for evidence of pathology. and the degree of rat
PMN infiltration was scored on a scale of 0-4. Initiation
30 of a dermal Arthus reaction resulted in an increasge in
. interstitial neutrophils, which was guantified in the
following manner. Sections were given a score of § if mo
abnormalities were detected. A score of 1 indicated the
appearance of increased PMN= in blood vessels, but no
35 migration of inflammatory cells out of the lumen. A score
of 2 and 3 indlcated the appearance of increasing numbers
of PMNs in the interstitial tissue and more prominent
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a

WO 03/ 033528 PCT/ AU02/ 01427 -28 .13 APR 2006

0O to 7598 over 60 mn) . The

acetonitrile was HPLC grade (BDH Laboratories) and TEA was synt hesis grade

s(Auspep) Wapbzoszsyhows exanpl es of reactions used to prep
i sati 5 by electrospigﬁwﬂﬁé§hu7

conpounds 1-70, and their characterisation
specronetry (Mass Spec Found) and reversed phase HPLC (rp- HPLgigretentlon

times (Rt mns) under specified elution coggltions. Tabl e 2
structures of the respective conpounds, | 'sts their respective

receptor bindin nitijes.and nta oni st otenC| es for, the Cha
dc &Qmﬁ]fl.? PR oRE ek a’\“?e%f&'é@ SRPBPhAOPd yessedssur ed

receptor on hum&n po
by nyel oper oxi das@auimay. sewre3pHIB52RIldalt gD é&vd?reol:l&bﬁdilogﬁ.h%]l OOHNMmM

OH Co M(n _abncmalltles were present in dermal sections, with
excessive inf:_i.ltration of PMNs inte the tissues and
5 migration of these cells away from blood vegsels. Figure
3 ghows the intradermal injection of increasing amounts of
antibody leads to a dose-—respcnsive increase in the
pathology index scored by dermal samples {A). Data are
shown for dermal samples intradermally injected with
10  saline or 400 p,g gite™ antibody (n=5) in rats pretreated
ﬁith AcF-{0PAChaWR] intraveuously (B) {n=3), orally (C)
n=3) and topically (D) (n=3}. Data are shownt as mean
- values + SEM. * P0.05 when compared o Arthus values
Nsing a non~parametric t-test.
15
Example § Effect of C5a Antagonist on Model of
Intestinal Igchemia-Reperfusion Injury in
Rats
Female Wistar rats (250-300g, n = 132} were
20 fasted and given only water for 12h prior to all
experiments. Animals were anaegthetised by tﬁe
intraperitoneal injection of B0mg kg™ ketamine and 10mg
kg™ xylazine and throughout the procedure rats were placed
on a heating pad to waintain normal body temperature. The
25 abdomen was opened through a midline incision to expose
the superior mesenteric artery (SMA), A non-traumatic
occlusive device for the artery was fashioned from a silk
suture looped though a length of polyethylene tubing. The
SMA was occluded by applying traction to the ends of the
30 100p A polyethylene catheter was inserted in the femoral
valn to allow the infusion of either Img kg™t Ack-
[OPdChaWR] (1) in 5% ethanol or sterile, pyrogen-free
$aline in 0.2ml volume. Infusions were made over a 2min
period. Oral dosing of AcF-~[OPAChaWR] (1} (0.3, 1, 10mg
35 kg™ was achieved by gavage (0.2ml saline in 25% ethanol)
' &0min prior to SMA oeclugion. Intestinal ischemia was
induced by clamping the SMA for 30min, after which the
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ocolugive suture was removed, then reperfusion wasg
monitored For another 120min. Sham-opgrated rats were
treated in en identical fashion, with the omisgion of
vascular occlugion, and were infused with 0.2ml of

5 gterile, pyrogen-free saline or gavaged with 0.2ml of
saline in 25% ethanol. Blood samples (SO0pL) were collected
inte heparinised Eppendoxf tubeg at regular intervals over
the 180min duration of the experiments for the estimation
of PMN numbers. In a different series of identical

iqQ experlments, whdle blood was collected at regular
intervals over the 180min and allowed to clot on ice, and
gerum or plasma samples collected and:étored at -20°°C for
later measurement of tumour hecrosis factor-o {TNE-(),
haptoglobin (¥p) and aspartate aminotransferase (AST)

15 concentrations. At the end of the 120min reperfusion
perlod the animals were euthanased with an ovexrdose of
pentobarbltal- A section of the occluded lleum was
ramoved, the lumen rinsed with saline, and the intestine
was blotted dry, then weighed. Specimens were dried in an

20 oven for 24hours at 80°C to obtain the tisgue dry weight.
Tntestinal cedema was determined by assessing the‘wet and
dry tissue welght ratio. Additionally, segments of both
ischaemic and normal ipntestine were harvested and rinsed
with saline and immediately fixed in 10% buffered

25 formaldehyde-saline for histological studies.

' Figure 4 shows that the wet-to-dry weight ratio
of the small intestine is significantly elevated after
ischemia-reperfusion compared to sham-operated aniwmals.
Treatment with the CS5a receptor antagonist AcF- [OPAChaWR]

30 1mg/kg-i.vu and 10mg/kg p.o. significantly reduced tissus
edema compared tq-untreateﬂ ischemia-reperfusion (I/R)
animals. Data are shown as means t SEM (n= 4-6 in each
group) . *, P<0.05 vs. sham-operated animals. +, P<0.05

’

vs, I/R animals.
35
Negutropenia Agsay
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Blood (50uL) for PMN counts was placed into
heparinised tubes and then layered over an egual volume of
Histopacue 1083 (Sigma, U.S.A.), PMNs were igolated and
call number counted on a haemocytometer. Concentrations
of PMN‘'s values are presented as mean percentage * SEM of
the values obtained immediately prior to SMA occlusion.

Figure 5 shows that the gut ischemia-repsrfusion
caused significant reduction in circulating PMN
concentrations compared with sham-operated animals (A. B}.
Pretreatment of rats with CS5a receptor antagonist AcF-~
[OPAChaWR] img/kg i.v. (A) and 10mg/kg p.o. (B)
significantly inhibited,ischemié¥repe:§u$ion induced
neutvopenia. lmg/kg p.o. (B) treated afimals showed 1o
inhibition of neutropenia. Data are shown ag means * SEM
(n= 6 in each group). *eguals P< 0.05 vs. Control
animals. Bar showg 30min period of ischemia.

Tumor necrosis factor-a Measurement _
Serum TNF-@ concentrations were measured using an
enzyme-linked immunosorbent assay, {OptEIA, Fharmingen,
USA), according to the manufacturers instructions’
Concentrations of TNF-¢ in serum samples were determined
by linear regression analysis from the standard curve.
Figure 6 shows that the gut ischemia~reperfusion
resulted in significant elevation inm serum TNF-¢ comparead
with sham operated animals. Pre-treatment of rats with
the C5a receptor antagonist AcF-[OPAChaWR] Ing/kg i.v. and -
1-10mg/kg p.o. completely inhibited the change in serum
T™F-0. levels. Data are shown as means + SEM (n= 6 in each
group). *, P< 0,05 vs. sham-operated animals. The bar

shows 30min period of igschemia.

Haptoglobin Assay _
Serum Hp was measured by using an Hp agsay kit

(Tridelta Development Ltd, U.X), according to the
manufacturers’ instructions. Concentrations of Hp in the




NU}rn "~+tUHNG Oowco 'LLn14 Q

HNnNnNr<t - rvpi ri I*~1U _
1" htoll'l InLf2 !!'1i11 [)t V=~ OBN NOri O co 0129 L~0; MriO
I WH H mlmm-O1L 01 01!01 X MWqg to NN I!1 OH -i
WO 03/033528 PCT/AUG2/01427
- 52 - - 33 APR 2006

serum samples were determined by linear regressionh

analysis from the standard curve.
Figure 7 shows that gut ischemia-reperfusion
" resulted in a significant increase in serum haptoglobin
5 compared to sham-operated animals. Pretreatment of rats
with C5a receptor antagonist AcF-[0PAChaWR] lmg/kg i.v.
and 1,10mg/kg p.o. significantly iphibited the increagse in
serum haptoglobin levels. Data are shown as means ® SEM
(n= 4-6 in each group). *, P<0.05 vs, sham-operated
10 &apimals. +, P<0.05 vs. I/R animals.

Aspartate aminotransferase agsay ,%
Plasma AST (AST/G0T; Sigma, USA) concentrations
were neasured according to manufacturer’s instructions
15 within 48h of collecting plasma. Blagma AST
concentrations were derived from calibration curve.
Results are expressed in Sigme-Franke (SF) units/ml.
. Figure 8 shows that the gut ischemia-reperfusion
resulted in a gignificant increass in plasma agpartate
20 aminotransferage compared to sham-operated animals.
Treatment with the C5a receptor antagonist AcF- [OPAChaWR]
Img/kg i.v. and 1,10mg/kg significantly reduced gut
| ischemia-reperfusion induced aspartate aminotransferase
compafed to untreated I/R animals. Data are shown as
25 means * SEM (n= 6 in each group). ¥, P<0.05 vs. sham—
operated animals. +, P<0.05 vs. I/R animals.

Histopathoiogy
Specimens were fixed in 10% formaldehyde-saline,

30 embedded in paraffin wax, sectioned serially, and stained
with haematoxylin and eosin. Tlssues were read and scored
by a trained observer in a blinded fashion. The degree of
intestinal tissue'injury was determined using a previously
described graded scale ranging from 0-8 (Chiu et al..

35 1970).
Figure 9 shows that gut ischemia-repexrfusion

resulted in significant damage to the intestine compared
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to sham-operated animels. Treatment with C5a receptor
antagonist AcF-[0PdChaWR] img/kg i.v. and 1, 10my/kg
significantly reduced gut 1scham1&-reperfuszon induced
tissue damage compared to untreated I/R animals. Data are
shown as mean * SEM (n= 6 in each group). *, p<0.05 vs. I/
animals. -

Example 7 Rat Moncarticular Antigen-Induced
Arthritis

Female Wistar rats (150- -250g) were obtained from

"the Central Animal Breeding Houge, University of

Queensland. Methylated bovine serum album;n {mBSA)
(0-5mg) was dissolved in Freund's completa adjuvant
(0.5my) and sonicated to prodilce a homogenous suspension.
Each rat received a subcutancous injection of thig
Suspension {0.5mb) on days 1 and 7. On day 12-28, rats
were sepavated into separate cages, and body welight and
food and water intake monitored daily. Rats received
either ordinary tap water or drinking water containing
AcF- {OPdChaWR] (3). Body weight and water 1ntake were
monitored daily, and rats received a daily dose of
Img/kg/day of the CSar antagonist AcP- [OP&ChawR] (1) for
days 12-28 of the trial. On day 14, rats were
anaesthetised and their hind limbs shaved. Each rat
Yecelved an intra-articular {100p1) injection of mpsa

'(O.Smg) in the left knee, and saline in the right knee.

The saline-only knee from rats receiving normal drinklng
water served as a saline control, the saline only knee
from ratg receiving ACF~-[OPAChaWR] (1) in the drinking
water served as an antagonist control.

Rats were euthanased on day 28, and whole blood
collected into an Eppendorf tube and allowed to c¢lot on

‘ice. Blood eamples were centrifuges (11,000 rpm ®X 3min)

and serum collected and stored at -20°C until analysis of
Serum cytokines using an ELISA. Each knee capsule was
lavaged with 100pL saline, and the total cell count
dete:mlned using a haemocytometer In addition, an
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alicquot of the knee joint lavage fluid was dropped onto a
glass slide, and allowed to air dry. Once dry, cells were
stained with a differential stain (Diff Quick) and a
differential cell count was peiformed uging a 40 X dxy
5 lens microscope. The remaining lavage £luids from each
joint were stored at -20°C until later analysis of intra-
articular cytokine levels using an ELISA. Each knee joint
was removed and the skin was split with a scalpel blade to
allow fixation. EKnee samples were stored in 10 % buffered
10 formalin for 210 d. Knees were then rinsed with distilled
water and placed in a saturated-solut%an of EDTA solution
for 21 d for decalcification before being embedded in
paraffin wax. |
Kuee tissue samples were prepared using standard
15  Thisteological techniguesg as described above in Example &
and stained uging an heamotoxylin and eosin stain.
Histological slides were analysed in a blinded fashion.
Tissue gections wera scored from 0-4, with a score of O
indicating no abnormalitiss, and increasing scores with
20 the appearance of synovial cell proliferation,
inflammatory cell infiltration, cartilage destructiom and
haemorrhage. In no sampleg was there evidence of
significant bone srosion. Samples of sarum and synovial
fluid were thawed on the day'of FLISA analysis for TNFO
25 and IL-6 levels. Concentrations were determined from a
standarxd curve, using an ELISA as degcribed previously in
Example 6.
Figure 10 shows the inhibition of arthritic right
_ knee joint swelling by AcF-[OPdChaWR] given orally on
30  Days-2 to 414, while Figure 11 shows the inhibition of
right knee joint TNF-¢ and IL-6 leveis in joint lavage.
Untreated refers to animal not treated with AcF-[QPAChaWR]
but with right mee challenged with antigen following
sengitisation,.
35

Example & Topical dermal administration of Cha
' antagonists
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The invention teaches that topical administration
of CS5a antagonists may be used for the treatment of
topical inflammatory disorders involving activation of the
complement system, In this example we demonstrate that

5 topical application of CSa antagonists can also result in
gystemic pharmacological actions and the appearance of
pharmacologically relevant concentrations of Cha
antagonists in the circulation.

The in vive pharmacological propertias of cyclic

10 antagonists were examineg following topical dermal
administration. A model of endotoxaemia was used, in
which Imer / kg Ebéberichia coli 1i:bsaccharida {LPS;
serotype 55:B5, Sigma, USA, stored at 100 mg ml-! in dm,0,
4°C}, was injected i.v into a rat, resulting in acute

15 changes in circulating FPMN levels and blood pressure.
These parameters were measured in the presgence and absence
of CbaR antagonists (Img/kg i.v or 50mg/kg/rat topically).
Thig study shows that topical administration of CSa
receptor antagonists ig an effective method of delivery of

20 these compounds, with systemic pharmacologlcal activity

-

being okserved.
' - Female Wistar rats Weighing‘between 200—250g

were used for im vivo testing of all CSa receptor
antagonists. Rats were anaesthetized using the procedure

25 described above, and transferred on to a heating pad Lo
ensure that body temperature was maintained throughout the
experiment. A catheter was Inserted in the Ffemoral vein,
secured with a suture and flushed with 100pL of heparinised
galine. Rats were dosed with either the antagoanist or

30  vehicle, intravenously {1 mg kgt in 200 pL saline
containing 10% ethanol, 10 min prior to LPS challenge) or
topically (10mg site™ in 50% dimethyl sulphoxide/H;0 60min
prior to complement challenge). Rate were infused i.v via
the femoral catheter with either LPS (img kg™ i.v in 100u%

35 saline), recombinant human C5a (2pgkg™ in 100uL), or

) vehicle control 10 mimites after the iv administration oz
60min after topical administration, of antagonist or
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vehicle control. All agents infused i.v were injected
over a 2 min period, and were followed with a subseguent
injection of 100 pL of saline to ensure complete delivery
of the drug.

5 Whole blood samples (0.1mL) were collected from
the tail vein at the time of drug aund LPS or CSa
_adminis%ration- Samples were collected at -15, 0, 5, 10,
15, 30, &0, 90, 120 and 150 min relative to the injection
of LPS (zero time), and placed in tubes contaiuing heparin

10 {500Units/mL). To isolate PMNs, 100 JL of blood wag

Tayered on to 2000L of Histopague 1077{Sigma U.§.A.)
solution and eceéntrifuged at 400 x ¢ for 30min min at room
' temperature (25°C). The supernatant layer of platelet-rich
plasma, the monocyte and lymphocyte interface and the

15 separation layer of Histopagque were removed and discarded,

| leaving the PMN and red bleod-cell rich layer. 9mL of
cold distilled water {4°C)} was added to the remaining
pellet and shaken for 40sec to lyse the red blood cells.
Dulbecco’s Phogphate-buffered galine (10 x concentration),

20 was added to restore isotonicity. The cells were_ then
centrifuged at 400 x g for 15 min at 10°C. The resulting
supernatant was discarded, lsaving a pellet of PMNs. The
PMNs were further washed in 9ml: of galine, and centrifuged
again at 400 x g £or 10 min at 10°C. Again the resulting

25 superpatant was discaréiad, and the remsining pellet was.
resuspended in 100uL of saline and mixed well. The number
of PMNs was counted on a haemocytometer. The number of
cells at each time point was calculated as a percentage of
-the total number of c¢ells at time zero, prior to

30 complement challenge or LPS.

| The female Wistar rats chosen for this study were 7
divided into the following treatment gréups: :
(a) LPS alone, in which i00uL 5% ethanol (-15min) + lmg/kg
LPS (Omin) were infused; |

35 (b)) ethanol cantrol, in which 100pL 5% ethanol was infused
at -15min to examine the influence of ethanol on the
parameters measured in the rat;




" ULni t | LnVa- ~pt ot oNmLnnt o-, yi LnLn40m wil)) it 10
| Uri cbownr4M hCOm - 1ri Lnw nnt ot Ol Nwt odi W ONLn N Lt

1]i

o - 1 - WINOD0shENS IVWN Q0- 0t oeNri m vt Ummal wWraonmbsmm - Wm Um
O )onp ri 'tO.,O(jtoLn7qﬁ§h£@ﬁ r

r tolTto a) DI_ ~biisbtto to N U~ -

10

i5

20

25

30

35

38 APR 2005
- 57 =

{c} antagonist control, in which img/kg of cyelic
antagonist was infused i.v. at -15 min;
(d) i.v antagonist + LPS, in which 1 ng/kg cyelic
antagonists (~15 min) and Img/kg LPS (0 mln) were infused;
and
(e) topically-applied antagonist + LPS, in which 10mg/rat -
of antagonist was smeared on the abdominal area of the
rat, followed by iv infugion of LPS at Omin.

Administration of C5a antagonists such as 3D53

(PMX53) to the dermis of rats in an applied dose of 50
'mg/kg regults in the detection of pharmacologlcally

significant levels of the drug in the. clrculatlng plasma.
The application of the drug in & variety of solvents, such
as dlmethyl sulphoxide (DMSQ) , propylene glycol (PG) and
water, in various combinations leads to the appearance of
pharmacol0g1cally-relevant concentrations of the drug in
the circulation, as illustrated in Figure 12. This shows
that dermal application of 3D53 in DMSC/digtilled H)O ox
propylene glycol(PG)/ H.0 results in the appearance of the
CSa antagonist in the circulating plasma within 15 min,
and that significant levels persist for at least Ahr.

Fxanple 2 Systemic effecte of Cha antaédnists
following dermal application

As described in Example 8, topical application of
C5a antagonist to the dermis of an ‘animal results in
pharmacologlcallyurelevant levels of the drug in the
circulation. To show that these levels have sygtemic
activity, the ability of these circulating levels of C5a
antagonisgt to inhihit the neutropenlc effects of C5a
adminigtered i.v. was determined.

The C5a receptor antagonist 3D53 was administered
(10 mg/per rat) in 50% propylene glycol and 50% distilled

"Hy0. The comp051t10n was smeared evenly over the abdominal

skin (4x8 em?) for 30 minutes, then (S5a was administered
i.v. in a dose of 2ug/kg in 200p1 saline solution. Blood
samples were taken at time points: -30 (before drug
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adininistration) . 0 (before injection of C5a) and 5, 15,
20, 60, and 120 minutes for determination of ¢irculating
PMNs. As ghown in figure 13, topical adwinistretion of
compound 3D53did indeed prevent the neutropasnic effects

5 of C5a.

Example 10 Topical administration of C5a antagonists
' inhibits the gystemic effects of LPS
The Cha antagonlists, 3D53 (compound 1), as well
10 :as compound 17 and compound 45 were applied topically at a
dose of 10 mg/rat in SO$DMSO/50% Hz0, -ag described above.
LPS was injected Img/kg i.v. 60 minsafter dermal
application of the antagonists. Circulating PMN levels
were monitored for 150 min following LPS injection, and
15 the percentage change in PMN levels from zero time, when
LPS was injected, was calculated. The results,
illugtrated in Figure 14, show that each CSa antagonigt
applied topically inhibited the neutropenia response to
i.v. LP3, and that the inhibition was comparable to that
20 observed following i.v. administratio.‘g of the dxugs .

Example 11 Effect. of (5a antagonist on. igchemia—
reperfusion injury
_ Lower limb ischemia-reperfusion (I/R) injury iz a
25 serilous problem following the surgical repalir of abdominal
| aortic aneurysm, as well as following traumatic crush
injuries (Rerrigam and Stotland, 1993). Iechemia and the
subsequent reperfusion of the skeletal muscle tissus
stimulates an inflammatory response in the affected
30 muscle, as well as inducing injury in other tissues (Gute
et al, 1998). 1In severa cases of limb ischemia, the
resulting reperfusion is associated with high mortality,
resulting from multiple system organ failure (Defraigne
. and Pincemail, 1887). In order to investigate the
35 capacity of a potent C5a receptor antagonist to inhibit
| various parameters of local and remote orgaﬁ injury
following lower limb ischemia-reperfusion (I/R) in rats,
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rat hindlimbs were subjected to 2 hours ischemia angd 4
hours reperfusion. This tournigquet shock model has been
widely used as a model of lower limb I/R injury.

Rats were subjected to 2 hours bilateral hindlimb

5  ischemia and 4 hours reperfusion., Drug-treated rats
received AcF-[0PAChaWR) (lmg/kg) i.v. either 10 min before
ischemia or 10 min prior to reperfusion, or orally
(10mg/kg) 30 min prior to ischemia. Levels of cireulating
creatine kinase (CK), lactate dehydrogenase (LDH), alanine

10 and agpartate aminotransferase (ALT/AST), creatinine,
blood urea nitrogen (BUN), polymorphonuclear leukocytes
(PMNs) and calcium (Ca*™) and pota351um {X") ions were
determined. These biochemical indices are known to
reflect tissue or organ injury following I/R events.

15 Other parameters measured inéluded urinary protein levels,
muscle sdema and myeloperoxidase (MPO) concentrations in
the lung, liver and.musclé along with liver homogenate
INF-o concentrations. No significant changes were
observed in any of these markers compared to sham-operated

20 animalg, indicating that the drug .alone had no adverse
effects as defined by changes in these markers. oimb I/R
injury was characterized by significant elevations of CK,
LDH, ALT, AST, creatinine, BUN, proteinuria, PMNs, serum
K*, muscle edema, organ MPO and liver homogenate TNF-x

25 concentrations, but a significant reduction in serum Ca™
concentrations. When rats were treated with AcF-
[OPAChaWR], there were smgnlflcant improvements in all
these parameters.

. The study was performed io accordance with

30 guidelines from the National Health & Medical Regearch
Council of Australia, and the experimental protocol
approved by the University of Queensland Animal Ethica
Committee. Female Wistar rats waeighing 250-300g were
fasted overnight before being anaesthetized with the i.p.

35  injection of 6my/kg xylazine and 120mg/kg ketamine.
Anesthesia was maintained throughout the study by
adﬁitional'injections of ketamine. Rats werve placed on a
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heating pad to maintain normal body temperature, and a
polyethylene catheter wag ingerted inte the right jugular
vein for the infusion of the Cha antagonist or 7%
ethanol/saline. Bilateral hindlimbk ischemia was then
5 induced through the application of latex o-rings (marking
rings; Hayes Veterinary Supplieg, Brisbane, Australia)
above the greater trochanter of each hind limb. Following
2 hours of ischemia, the latex rings were cut and removed
and limbs allowed to reperfuse for 4 hours. Six

10 experimental groups were used:

(a) sham-operated, -

(b) ischemia-only,
(¢) I/R-only,

{d) I/R + CS5a antagonist (img/kg, i.v.) admipistered 10

, 15 min prior ta ischemias, |
{e} I/R + C5a antagonist (10mg/kyg, p.o.) administered 30
min prior to ischemia, and
(£) T/R + C5a antagonisgt {lmg/kg, i.v.) adminigtered 10
min prior te ;:eperfusion.

20 . Sham-operated animals did not undergo any
igchemia or reperfusion, and ischem.:ia-bnly animals had
tourniqﬁets applied for 2 hours without subsequént
reperfusion. All other groups underwent 2 hours of

~+ ischemia and 4 hours of reperfusion. Sham-operated,

25 ischemia-only and I/R groups were infused with 7%
ethanol/saline 10 min prior to ischemia, instead of drug.
Blood was collected throughout the study from the tail
vein, and serum or plasma was stored at either 4°C ox -

7 20°C for later biochemical assays. Urine was collected

30  over the last hour of the study for the determination of
urinanry protein levels. AL the completion of the
experiment, rats were euthanased, and sections of the
lungs, liver and gastrocnemiug muscle removed and welghed
for edema, neutrophil accumulation and liver TNF-«

35 studies.

i

All experimental results are expressed as means £
standard error of the mean (SEM). Data analysis was
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performed using GraphPad Prism 3.0 software (GraphPad
Software, Inc. USA). Statistical comparisons were made to
sham-operated and I/R-only groups, using a one-way
analysis of variance followed by a Dunnett comparison

5 post-test anelysis. Statistical significance was assessed
at P<0.05.
(a) Irhibition of Creatine Kinase and Lactats
Dehydrogenase
] Circulating levels of creatine kinase (CK) were

10 -measured in serum samples taken immediately after
'ischemia, following 1, 2 and 3 hours reperfusion, and at
the completion of the study using a Cé kit (8igma, St.
Louis, USA) according to the manufacturer’s instructions.
Serum wag also taken 10 min after tourniquet release for

15 CX measurement in I/R-only animals. A 1:5 dilution was
used for samples'taken after 2 hours reperfusion.

Circulating levels of lactacte dehydrogenase
(LDH) wers measured in serum samples taken immediately
after igchemia, followlng 1, 2 and 3 hours raeperfusiocon,

20 and at the completion of the study. Serum was also taken
10 min after tourniquet release for LDH measuremént in
I/R-only aniwals. Concentrations of IDH were determined
with a LDH kit (Sigma), according to the manufacturer’s
instructions, with a 1:4 dilution of sanples taken after 2

25 hours reperfusion. For both enzvmes, all samples were
gtored at 4°C and analyzed within 24 hours of collection.
‘Results were expressed as Sigma-Franke (SF) units/mb. |

2s illustrated in Figure 15, bilateral hindlimb
: I/R resulted in elevation of ¢irculating levels of both CK

30 and LDH after_l, 2, 3 and 4 hours of reperfusion, with |

péaks of both enzymes reached after 4 hours. Igchemia—
only rats showed no significant elevation of either CK or
LDH levels (CK, 58.3 * 23.5 units/mb; LDH, 269.5 & 72.8
:unitsfmh; P>0.05; n = 4) compared to sham—cperéted ratcs.

35  In I/R-only rats there was no significant increase in the

' levels of these enzymes 10 min after tourniguet release
(CR, 73.9 * 28.1 units/mL; LDH, 395.3 * 123.2 units/mh;
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P>0.0%; n = 4), compared to sham-operated rats, indicating
a reperfusion-dependent elevation over the 4 hour time
preriod. Reperfusion significantly elevated the plasma
levels of both CK and LDH (P<0.05). Rats treated prior to
ischemia with the CS5a antagonist, either i.v. (lmg/kqg) or
orally (10mg/kg), had similar gignificantly decreased
levels of both CK and LDH compared to I/R-only rats
(P<0.05). In addition, rats treated i.v. with the C5a
antagonist (Img/kg) just prior to reperfusion also

‘displayed significant inhibition of CK and LDH levels, of

similar magnitude to pre-ischemia treated rats (P<0.05).
Levels of these enzymes during reperfusion in all the
drug-treated rats were significantly higher than in sham~
operated rats, indicating partial inhibhition by the CSa
antagonist (P<0.05).

{b) . Inhibition of Alanine Transaminase and Aspaxtate
Aminotransferase

_ Circulating levels of alanine aminotransferase
(ALT}) and aspartate aminotransferase {(AST) were measured
in plasma samples taken at the completion of the. study and
following 2 and 3 hours reperfusion. Serum was also taken

10 min after tourniguet release for measurement of ALT and

AST in I/R-only animals. Concentrations of ALT and AST
were determined with an ALT/AST kit (GPT/GOT; Sigma).
according to the manufacturer’s ingtructions, within 24
hours of collecting plasma, which wag stored at 4°C.
Results were expressged as SF units/mb. ’

Az shown in Figure 16, 1imb I/R resulted in
élevation of ALT and AST in the plasma after 2, 3 or 4
hours of reperfusion, with peaks of both enzymes reached
after 4 hours. Rats receiving 2 hours of ischemlia alone
showed no significant elevation of either ALT or AST
levels (ALF, 12.9 * 4.6 units/mL; AST, 91.4 * 10.4

S units/mL; P>0.05; a = 4) compared to sham-operated rats.

In I/R-only rats, 10 min after tourniguet release, there
was no significant increase in levels of these enzymes
(ALT, 18.1 & 4.4 uwnits/mb; AST, 105.9 & 21.3 units/nL;
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P»>3.05; n = 4), compared to sham-operated rats, agaln
indicating a reperfusion-dependent elevation. C5a
antagonist-treated rats in all 3 groups were found to have
similar significant decﬁeases in ALT and AST levels
compared to I/R-only rats (P<0. 05). After 4 hours of
reperfusion, but not at 2 or 3 hours, drug~treated rats
had sagnlflcantly increaged levels of ALT compared to

sham-operated rats (P<0.05; Figure 16A). In contrast,
these drug-treated rats had increased AST levels compared

Lo sham-operated rats at all time pointe measured,
indicating the differential imbibition of the C5a

antagonist for ALT and AST {P<0.05; Fmgure 16R).

(¢} Inhibition of Changes in Serum Levels of Potasgium and
Calcium Tons _ ,

' Serum levels of potassium ion (E+) wexe measured
with a flame photometer (»urnlng 435%5; Coxning, U.S.A.)
after the completion of each experiment, and 10 min after
tournlquet release for I/R-only animals. Serum caleium

ion (Ca++) concentrarions were also measured at the

completion of the study and 10 min after tournlquet
releage for I/R-ouly animals, using a calcium kit (Sigma) .
Samples were stored at -20°C and analyzed for K' and ca**
levels within 2 weeks of collection. Results were
eXpressed as mmol/L, and are summarized in Table 1.
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Pablea 1
Alterations in serum cation levels following ischemia and
4 hours reperfusion in rats

5
Experimental a* Serum XK' (mmol/L) Serum Ca™
Group {mmol /L)
Sham-operated 8§  4.84 % 0.29% 2.66 + D.06%
- Ischemia-only 4 4.70 * 0.17% 2.52 % 0.10%
% 1/RP-only 10 7.53 £ 0.347 2.23 + 0._09!
T I/R + lmg/kg 8 6.13 % 0.18% 2.46 * 0.04%
i.v. pre- , % |
ischemis
I/R + 10mg/kg 6 5.57 * §.58% 2.49 £ 0.04*
p.o. Dre- |
ischemia
I/R + lmgrkg 6 5.02 % 0.32% 2.45 % 0._10%
iov. pre—
reperfusion

Data represent the mean : SEM.
® Number of rats N
® Ischemia/reperfusion
10 * P< 0.05 vs I/R-only
' ' P< 0.05 vg sham-operated

Inhibition of Blood Urea Nitrogen, Creatinine and Urinsry
Protein

15 Circulating levels of blcood urea nitrogen (BtiN)
were measured in serum samples taken at the completion of
the study using a urea nitrogen kit (Sigma) according to
the manufacturer’'s instructions. Samples were gstored at -
20°C and were analyzed within 2 weeks of collection.

20 Circulating levels of creatinine were measured in serum
sanaples taken at the completion of the study using a
creatinine kit (Sigma)} according to the mamufacturer’s
instructions. Protein concentrations in urine samples
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collected over a 1 hour period prior to the completion of
the study were determined with a protein kit (Sigma)
according te the manufacturer’s instructions. Samples
were stored at 4°C and analyzed within 24 hours of

5 collection. Results for all three parameters, expressed
as mg/dlL, are shown in Table 2. ‘

Table 2
Alterations in kidney injury markers following ischemia
10 - and 4 hours reperfusion in rats
Experimental n® Serum BUN® Plasma Proteinuria
Group {mg/aL) Creatinine {mg/ QL)

(mg/dL)
1.2% 0.79 = 0.12% 10.7 % 2.24
2.5% 0.62 * 0.26% 13.3 % 7.0*
3.1% 1.66 % 0.09% 120.3 % 1B.9t
+ 0,07% 36.4 & 11.4%

H

Sham-operated & 21.9
Ischemia-only 4 22.8
T/R%-only 10 42.9 _
I/R + Img/kg 8 23.6 % 1.6* 1.07
i.v, pre-
ischemia
I/R + 10mg/kg 6 21.8 % 2.1% 1.14 & 0.14* 45.8 = 9. g+
P.0o. pra-
ischemia
I/R + Img/kg 6  22.0 & 2.2% 1.22 £ 0.05% 41.2 £ 11.4%
i.v. pre- |

o H

reperfusion

Datﬁa represent the mean + SEM.
15  * Number of rats

® Blood urea nitrogen

© Ischemia/reperfusion. _

¢ Not detectable
- * P< 0.05 vs I/R-only
20 - f P< 0,05 vs sham-operated
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Hyperkalaenia was obssrved in I/R-only rats
compared to sham-operated rats after 4 hours of
reperfusion (P<0.08). Rats in all 3 drug-treatment groups
had significantly lower K* levels than I/R-only rats, with
rats treated just prior to veperfusion showing near-normal
levels (P«<0.05). Following ischemia and 4 hours of
reperfusion, I/R-only xats had significantly decreased
serum concentrations of Ca* compaxed to sham-operated
animals (P<0.08). Rats in all 3 drug-treatment groups
showed a similar inhibition of the I/R-induced decrease in
Ca** levels (P<0.05). Levels of both X' and Ca™ in drug-
treated I/R rats, as well as ischemia-only rats, were not
significantly different from thoge in éham—operated ratg
{(F>0.05). Leavels of these ioms 10 min aftexr the release
of the tourniguet in I/R-only rats (K', 5.27 + 0.49 mmol/L;
ca™, 2.50 = 0.17 mmol/L; P>0.05; n = 4) were also not
significantly different from those in sham—qﬁerated rats.,

Following ischemia and 4 hours reperfusion, IX/R-
only rats had significantly elevated serum BUN and
creatinine levels, ag well as increased urinary protein
concentrations, compared to sham~-operated rats (PQD.OS).
Two hours of ischemia alone caused nuo incregse in any of
these parsmeters compared Lo sham-operated rats (P>0.05).
Rats treated with the CSa antagonist in all 3 gzoups had
significantly lower levels of these parameters compared to
I/R-only ratg (P<0.05), and these levels were not
significantly different from those in sham-operated rats

{P>0.05).

Inhibition of Polymorphonuclear Leukocyte Numbers and

Neutrophil Accumulation
The nuwmbers of circulating PMNs were measured in

heparinised blood samples taken just prior to dschemia and
at the completion of the study, as described by Strachan
et al., (2000). DNumbers of PMNs in the final samples were
expressed as a mean percentage * SEM of pre~ischemia

numbhers.
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Ag shown in Figure 17A, the number of circulating
PMNg was found to be significantly elevated in I/R-only
rats following 4 hours of reperfusion, campared to sham-
operated ratg (P<0.05). Ischemia-only rats had no
significant elevation of PMNg conpared to sham-operated
rats (P»0.05). IMN numbers in rats from all 3 drug-
treated- groups were not signifiqantly different from thoss -
in sham~operated rats (P>0.05), and were significantly
decreased compared to those in I/R-only rats (P<0.05),
with rats tyxsated i.v. (Img/kg) pre-ischemia displaying
the greatest inhibitory effect . _

The infiltration of neutrophgls into the liwver,
lung and muscles of rats was determine& by heasuring the
level of myeloperoxidase (MPO) activity. Sections of lung
(~0.8g), liver (~1g) and the'left lower limb muscle (~1g)
obtained at the completion of the study were weighed and
then homogenized with imy, phosphate—buffered saline (PBS).

- Samples were then gonicated for 20 seconds for liver and

lung samples or 60 seconds For muscle samples. Following
centrifugation (14,000 xy, 10 min, 232°C), the resulting
supernatants were tested immediately for MPO levela. The
assay mixture consisted of o-diasnasidine {(2.85 mg/mL;
Sigma), hydrogen peroxidase {0.85%) and a 1:40 dilution of
samples in PBS. Absorbances were read at 450nM, 5 min
after substrate addition, and results expressed as
abgorbance units/g tissue.

The level of MPQ activity in the hindlinb
muscles, lungs and liver ef rats were taken as a
measurament of neutrophil segquestration into the tissue
(Fyriakides et al., 2000). As shown in Figures 17 B,Cand
D, there were significant elevations in MPO activity in
the hindlimb muscles, lungs and liver of I/R-only rats
compared to those in sham-operated rats (P<0.05;), whereas
sham-operated rats, ischemiz-only rats had no significant
increase in MPO activity in any of these tissues (P>0.05).

Drug-treated rats in all 3 groups had significant

decreases in MPO activity in all tissues compared to I/R-
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only rats (P<0.05), and the levels were not significantly
different from those in sham-operated rats (P>0.05).
Inhibition of Liver Homogenate TNF-g
Levels of TNF~-o were measured in liver homogenate

supernatant samples, using an enzyme-linked immunosorbent
assay kit (OptEIA, Pharmingen, USA) as previously
described (Strachan et al., 2000). A 1:10 dilution of
supernatant from liver homogenate samples was used in the

Tassay. Supernatant was stored at -20°C, and samples were
- analyzed within 2 weeks of collection. Results were

expregsed as ng/g tissue. As shown in Figure 18, liver
homogenate samples from I/R-only rats had significantly
increased TNF-o concentrations compared to those from
sham-operated rats (P<0.05). Levels of TNF-a in ischemia-
only rats were not significantly different from those from
sham-operated rats (F>0.05). In drug~treated rats, all 3
groups had a similar decrease in TNF-« concentrations
compared to I/R-only rats (P<0.05), which were not
significantly different from those from sham-operated

-

animals (P>0.05).

Inhibition of Muscle Edema
Sections of the right lower limb muscle (~1g)

obtained at the completion of the study were weighed and
placed in an oven for 24 hours at B80°C before weighing
again. The wet-to-dry weight ratio was determined and
taken ag a measurement of muscle edema. As illustrated in
Figure 19, wet-to-dry weight ratios of the hindlimb muscle
in I/R-only rats were significantly increased compared to
those in sham-operated animals (P<0.05). Ratios in
ischemia-only animals were not significantly different
from sham-operated animals (P>0.05). In all 3 groups of
drug-treated ratg, there was a similar decrease 1in wet-to-
dry ratios compared to those in I/R~only rats (F<0,05),
and these values were not significantly different from
those in sham-operated animals (P>0.05).
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The raesults show that rats subjected to 2 hours
of tourniguet-induced bilateral hindlimb ischemia and 4
hours reperfusion suffered both local injury and injury to
the lungg, liver and kidney, as measured by various
5 dndices of tissue stress. Rats subjected to ischemis
alone had no significant alterations in disease markers
compared to sham-operated animals. Blogod taken from I/R~-
only animals after only 10 min of reperfusion also had no
- _significant changes in the plasma or serum levels of CE,
10 _LDI-I AST, ALT, K* or Ca™ compared to sham-operated
-animals. The severity of local skeletal muscle injury was
asgsessed by measuring increases in masclie edema and
neutrophil accumulation following 4 hours of reperfusion,
_ ag well ag serum CK and LDH. throughout the reperfusion
15 period. The cytosolic enzyme CK is found predominantly in
muscle, and ig a reliable marker of muscle tissue damage
{Tay et al., 2000). TLactate dehydrogenase ig also a
cytosolic enzyme found in the mugcle, but is pregent in
many other tissues as well (Carter et al. 1998).
20 Consequently, ILDH was 2 less specific measure of. muscle
injury, but still provided a measure of general tlssue
injury. -
Indices of remate organ injury weré detected in
the lungs, liver and kidneys of animals subjected to
25 ischemia and reperfusion episodes. The potential Ffor lung
injury was assegsed by measuring increases in neutrophil
accumulation in lung parenchyma. Hepatic injury was also
quantified by measuring the increase in hepatic TNF-o and
neutrophil accumulation, and by measuring increages in
30 plasma levels of ALT and AST. Although increages in
plasma levels of ALT and AST have typically been used as
markers of liver pathology, both of these enzymes are also
found within the ‘muscle, and thus any increasesg may in
part be attributed to muscle, rather than liver damage
35  (Tay et al., 2000). Kidney dysfunctien following skeletal
mugcle I/R is common (Tanaka et al., 1995). We found
increases in serum BUN and plasma creatinine in I/R rats.
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PCT/ AU02/ 01427 113 APR 2006 - 32 Exanple 2: Antagonist activity of cyclic
conpoundswOlBm®s22 shows the structures of the conpounds syoathasise7i n
Exanple 1, as well as their respective receptor binding affinities and

ant agoni st potencies for 5 the Cbha receptor on human polynnrphgn $Je%h5
| eukocytes (neutrophils), as measured by the7aryel operoxi dase aS-ayﬁR

However, creatinine, and in particular BUN, are also

derived from the muscle, and the observed increases may -

also be attributed to muscle injury (Carter et al., 1998)

We found a sizeable increase in proteinuria in I/R rats,
5 indicating some degree of kidney injury.

) The ChHa antagonist AcF-[0PdChaWR] was found to
inhibit a multitude of disease markers of local tissue and
remote organ injury in thisz model. Thesge results indicate

-d& key rols for C5a in the pathophysiology of skeletal

10 muscle I/R imjury. @Given the high incidence of
‘complications following lower limb ischemia and
reperfusion in humans, the C5a recepfor antagonisgts of the
invention represent a possible future treatment of these
complications, especlally when I/R injury is anticipated,

15 such as in surgical procedures. The ability of CSa

antagonists to block both proinllammatory cytcokine
production and meutrophil trafficking may be key faétors
in their disease-modifying properties. The oral activity
demonstrated here is a useful drug property for its

20 widespread use in clinical gituations.

Discugsion
This invention describes a series of

conformationally-constrained turn~containing cyclic

25 molecules which are pre-organized for binding to calls
which also bind human C5a. The principal feature of the
compounds of the invention is the pre-orxganized turn
conformation presented by the cyclic scaffold, which
assembles at least three hyﬂrophobic groups into

30 neighbouring space, creating a hydrophobic gsurface
‘patch’. ' _ ’

This turn conformation of the antagonist. may
permit the cyclic peptide to bind in the transmembrane
region of the CS5a receptor at, or close to, the location

35 which is also bound by the C-terminal end of human CS5a.

The results described herein enable the design

and development of even more potent conformationally




Conmpounds 1-9, 16-18, 20, 21, 23, 24, 27-32, 36, 38, 44, 51, and 59 are
within the broad scope of the general structure set out in our earlier
nstrates

- pat ent 10vappidneizads on No. PCT/ At 798/ 00490. However, Table 2

that in fact, of these conpounds, only 1-6, 17, 20 28, 30 (ﬁ@‘ﬁﬁd 44
have appreci abl e antagoni st potency (1C50 < 1 pH) agai nst th% CSa receptor
on human neutrophils. The other conpounds, 7-9, 16, 18, 21.;t183APRgg4, .
27, 29, 32, 38, 51, and 59, do not shom/appTéﬁiable antagonlst pot ency

and/or receptor affinity, with 1C50 > 1 pMin all cases. On the other

hand, conpounds XBrEB:ratiied 2mall mo2€culs- 8htaddnidOs 43 %% . 4 50, 52- 58,
0 although

and 60-70 are Notyyi2fL4iHie) '&ﬂ%df\!iﬂfirtﬁk@st{gf £498 fdf é{l‘%’%&m L #Red

I c scaff

t hey do involve t e saffe or sim
therein. Table 2 sefal EPTt Aesiohing eenpbured nop-peptidic tSmdneas,

35, 40, AS, 48, mcﬂesmmar@ﬁ p2dges8- é@b@@ﬂ@l@@w e(‘d&ﬂli Q&P'é& or
36 a1- 4 a7 i, pEOBBYEL A RSB oo R i o Do e SR

2Ztaggn,§3 ggteﬁ@@sgﬁdbgd hengpnorlnto similar three~d1men61onal space as’
that occupied by these CS5a receptor antagonists when bound
to the receptor.
) Cyclic peptides have several important advantagesg
10i; over aacyclic peptides as drug candidates (Fairlie et al
- 1995, Fairlie et al, 1998, Tyndall and Fairlie, 2001).
The cyclic compounds described in this specification are
stable to proteolytic degradation for at least several
hours at 37°C in human blood or plasma, in human or rat
15 gastric juices, or in the presence of digestive enzymes
such as pepsin, trypsin and chymotrypsin. In confrast,
short linear peptides composed of L-amino acidg are
rapidly degraded to their component amino acids within a
few minutes under these conditions. A second advantage
20  lies in the constrained single conformations adopted by
the cyclic and non-peptidic molecules, in contrast to
acyclic or linear peptides, which are flexible enough to
- adopt multiple structures in solution other than the one
reguired for receptdr-binding. Thirdly, cyclic compourids
25 such ag those described in this invention are usually more
lipid-soluble and more vharmacologically bicavailable as
drugs than acyelic peptides, which can rarely be |
administered orally. Fourthly, the plasma half-lives of
cyelic molecu}es are usually longef than those of
30 peptides.

It will be apparent to the person skilled in the
art that while the invention has been described in some
detail for the purpotes of clarity and understanding,
various modifications and alterations to the embodiments

35 and methods described herein may be made without departing
from the scope of the inventive concept disclosed in this

specification.




affinity, with IC50 > 1 pmin all these cases. The results shown in Table 2
enable us to define 30 further and to refine the limtations on the active
phar macophore for Cba receptor antagonist activity, in order to obtain or
predi ct SWb-03108352%01 ar ant agoni st potency. WO 03/ 033525 t PETAR02/01427
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References ¢ited herein are listed on the

| following pages, and are incorporated herein by this
reference.
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CLAIMS

1. A compound which is an antagonist of a G protein-
5 coupled receptor, which has substantially no agonist
activity, and which is a cyclic peptide or peptidomimetic

of general formula

)
L| NH
g F
where A is H, alkyl, aryl, NH,, NH-alkyl,
10 N{alkyl),, NH-aryl, NH-acyl, NH-benzoyl, NHSO;, NHSO,-
alkyl, NHSO;-aryl, CH, O-alkyl, or O-aryl; i
. B is an alkyl, aryl, benzyl, naphthyl or indole
group, or is the side chain of L-phenylalanine or L-
phenylglycine;
15 C is the side chain of glycine, alanine, leucine,
valine, proline, hydroxyproline, or thioproline; ‘.

D is the side chain of D-Leucine, D-homoleucine,
D-cyclohexylalanine, D-homocyclohexylalanine, D-valine, D-
norleucine, D-homo-norleucine, D-phenylalanine, D- _

20 tetrahydroisoquinoline, D-glutamine, D-glutamate, or D-
tyrosine;

E is L-l-napthyl or L-3-benzothienyl alanine, or
is the side chain of an amino acid selected from the group

consisting of L-phenylalanine, L—tryptdphan_and L-
25 homotryptophan;
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F' is the side chain of L-arginine, L-
homoarginine, L-citrxrulline, or L-canavanine, or a
bioisostere thereof;

X is - (CH)aNH- or (CH,;),-8-, where n is an
integer of from 1 to 4; -{(CH,),0-; - (CH,)0-; -{CH,)5-;
- (CH;) 4-; -CH,COCHRNH-; or -CH,.CHCOCHRNH-, and where R is
the side chain of any common or uncommon amino acid,

with the proviso that the compound is not AcF-
[{OPAdChaWR] (compound 1).

2. - A compound according to claim 1, in which n is 2
or 3.
3. A compound according to c¢laim * or claim 2, in

which A is an acetamide group, an aminomethyl group, or a
substituted or unsubstituted sulphonamide group.

4. A compound according to claim 3, in which the
substituent on the substituted sulphonamide is an alkyl
chain of 1 to 6 carbon atoms, or a phenyl or toluyl group.
5. A compound according to c¢laim 4, in which the
alkyl chain is of 1 to 4 carbon atoms.

6. A compound according to any one of claims 1 to 5,
in which the compound has antagonist activity against a
Cba receptor, a vasopressin receptor or a neurokinin
receptor. -

7. A compound according to claim 6, in which the
compound has antagenist activity against C5aRr, and has no
C5a agonist activity. ‘ , '
8. A compound according to any one of claims 1 to 7,
in which the compound has antagonist activity at sub-
micromolar concentrations.

9. A compound according to claim 8, in which the
compound has a receptor affinity IC50<25uM, and an
antagonist poteﬁcy IC50<1pM.

10. A compound according to claim 9, selected from
the'group'consiSting of compounds 2 to 6, 10 to 15, 17,
is, 20, 22, 25, 26, 28, 30, 31, 33 to 37, 39 to 45, 47 to
50, 52 to 58 and 60 to 70.
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11. A compound according to claim 10, in which the
compound is compound 33, compound 60 or compound 45.

12, A composition comprising a compound according to
any one of claims 1 to 11, together with a
pharmaceutically-acceptable carrier or excipient.

13. Use of a compound according to any one of claims
1 to 12 in medicine.

i4. ﬁse of a compound according to any one of claims
1 to 12, in the manufacture of a medicament for use in
treating a pathological condition mediated by a G protein-
coupled receptor.

15. A use according to claim 14, in which the
condition mediated by a G protein-coupleéd receptor is a

condition mediated by a C5a receptor.

-16. A use according to claim 15, in which the

condition involves overexpression or underregulation of
Cha.

17. A use according to claim 16, in which the
condition is selected from the group consisting of
rheumatoid arthritis, adult respiratory distress syndrome
(ARDS), systemic lupus erythematosus, tissue graft -
rejection, ischaemic heart disease, reperfusion injury,
septic shock, gingivitis, atherosclerosis, multiple
sclerosis, Alzheimer’s disease, asthma, dementias, central
nervous system disorders, lung injury, extracorporeal
post-dialysis syndrome, and dermal inflammatory disorders
such as pgoriasgis, eczema and contact dermatitis.

18. Use of a compound according to any one of claims
1 to 12 or of compound 1, in the manufacture of a

medicament for use in treating reperfusion injury.






