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15 BACKGROUND OF THE INVENTION
Al} references, including any patents or patent

applications, cited in thig specification are hereby
incorporated by reference. No admission i1s made that any
reference constitutes prior art. The discussion of the

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

25 not constitute an admiszlon that any of these documents
forms part of the common general knowledge in the art, in
Australia or in any ofher country.

G protein-coupled receptors are prevalent

throughout the human body, comprising approximately 60% of

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

35 cardiovascular, central and peripheral nervous system,



grow h disorders, as well as other cell-regulatory and proliferative

di sorders. Agents which selectively nodulate functions of G

pr ot ei n- coopBeeBseecept ors have inportant 5 therapeutic apmpciresatoeongs These
receptors are becoming increasingly recognised as inportant drug targets,
due to their crucial roles in signal transduction (G protein- coupled
Receptors, |IBC Bionedical Library Series, 1996). One of the npst
intensively studied G protein- 10 coupled receptors is the receptor for
Coa. Cha is one of the nost pot ent chermt actic agents known, and recruits
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innunitylS adhesiveness; contracts smooth muscle; stimulates release
of inflammatory mediators, inecluding histamine, TNF-¢, IL-
1, IL-6, IL-8, prostaglanding, and leukotrienes, and of
lysosomal enzymes; promotes formation of oxyvgen radicals;
and enhances antibody production (Gerard and Gerard, 1594).
20 Overexpression or underregulation of Cha is
implicated in the pathogenesis of immune gystem-mediated
inflammatory conditions, such as rheumatoid arthritis,
adult respiratory distress syndrome (ARDS), systemic lupus
erythematosus, tissue graft rejection, ischaemic heart
25 disease, reperfusion injury, septic shock, psoriasis,
gingivitis, atherosclerosis, Alzheimer’s disgease, 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 for inhibiting chronic inflammation,
and its accompanying pain and tissue damage. For these
reasons, molecules which prevent C5a from binding to its
.receptors are useful for treating chroenic inflammatory
disorders driven by complement activation. Such compounds



in our previous application No. PCT/AU98/ 00490, the entire disclosure of
which is incorporated herein by 5 this reference, we described the

t hr ee- di nwolBOBERLS St ruct ure of sonme anal ogues of the Cterarmusois2human
Coa, and used this information to design novel compounds which bind to
the human C5a receptor (C5aR), behaving as either agonists or.antagonists
of C5a. It had previously been 10 thought that a putative antagoni st m ght
require both a G termnal arginine and-a& Gterm nal carboxylate for
receptor binding and antagoni st activity (Konteatis et al, 1994). In
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allow us to re .
15 affinity binding to C5aR or for antagonist 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 structurﬁl templates which enable hydrophobic
groups to be assembléd into a hydrophoblc array for
interaction with a QSa receptor.

By investigating 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 further examples of cyclic antagonists of the
C5a receptor on human neutrophils and have identified
potent C5aR antagonist activity for a range of compounds.
Thege compounds each comprise a cyclic scaffold which

30 satisfies the general three-dimensgional structural
requirements set out in the earlier application
No. PCT/AU98/00490, but we have now found that certain
substituents attached to the c¢ycle surprisingly lead to
most unexpected results, producing both high and low

35 antagonist potencies which were not accurately predicted in



define the required pharmacophore for antagoni smof C5a receptors. The
unexpected structure-activity relationships 5 described herein help to
defi ne a wefmem2st ruct ural pharmacophore for active ant agam@onof27 Cs5a
receptors on hunman pol ynor phonucl ear | eukocytes (neutrophi

granul ocytes). This pharnmacophore is expected to be appropriate also for
Cba receptors on other human and 10 nmammalian cells. SUWARY OF THE

| NVENTI ON According to a first aspect, ~t#he-invention provides a conpound
which is an antagonist of a G protein- 15 coupled receptor, which has
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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 peptidonimetic
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of formula I:

m

F

where A is H, alkyl, aryl, NH2, NH-alkyl,

20 N{alkyl)pz, NH-aryl, NH-acyl, NH-benzoyl, NHSO;, NHSOz-
alkyl, NHSO;-arvl, OH, O-alkyl, or O-aryl;

B is an alkyl, aryl, phenyl, benzyl, haphthyl or
indole group, or the side chain of a D- or L-amino acid
guch as L—phenylalaﬁine or L-phenylglycine, but is not the

25 side chain of glycine, D-phenylalanine, L-



such as D-Leuci ne, D-honol euci ne, D-cycl ohexyl al anine, D 10

honocycl ohexyl al ani ne, D-valine, D-norleucine, D hone norleucine,

D phenyl avaronass2®-t et r ahydr oi soqui nol i ne, D- gl utam ne, Bcglattoanosne, or
D-tyrosine, but is preferably not a small substituent such as the side
chain of glycine or D-alanine, a bulky planar side chain such as D 15
tryptophan, or a bul ky charged side chain such as D-- arginine or D Lysine;
E is a bulky substituent, such as the side-chain of an am no acid sel ected
fromthe group consisting of L- phenylal anine, L-tryptophan and
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not a small substituent such as the side chain of glycine
or D-zlanine, a bulky planar side chain such as D-

15 tryptophan, or a bulky charged side chain such as D-
arginine or D-Lysine;

F is a bulky substituent, such ag the side chain
of an amino acid selected from the group consigting of L-
phenylalanine, L-tryptophan and L-homotryptophan, or is L-

20 l-napthyl or L-3-benzothienyl alanine, but is not the side
chain of D-tryptophan, L-N-methyltryptophan,
L-homophenylalanine, L-2-naphthyl L-tetrahydroisogquinoline,
L-cyclohexylalanine, D-leucine, L-fluorenylalanine, or
L-histidine;

25 F is the gide chain of L-arginine, L~
homoarginine, L-c¢itrulline, or L-canavanine, or a
bioisostere thereof, ie. a side chain in which the terminal
guanidine or urea group is restrained, but the carbon
backbone is replaced by a group which hag different’

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

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



10 sul phonam de group, Preferably where Ais a substituted sul phonam de,
the substituent is an alkyl chain. of 1 to 6, preferably 1 to 4 carbon
atons, orwe oplsisygs or toluyl group. Preferably the G protecraamepied
receptor is a 15 Cba receptor. However;- we have found that the |eading
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 invention. 06 In a particularly preferred
enbodi ment, the conpound has antagoni st activity against CSaR, and has no

Coa agoni st agQ%ggs¥86gg$8¢%fg%ph&ﬁgﬁgﬁg@gngkﬁgpgchﬁﬁﬁnti89 are preferably

ant agoni sts of : Tan cell's including, but
not [inited t6H:KEFHSHRYSy nerpghvhate cRris diid &fitdes chvd oh @RaA™Macr ophages.

The conpoundsmbnt B8 LAYEHhORewNe] &fall,y bind potently and selectively
to Coa receptors, and npre preferably hav otent antagoni st,_activity at
sub--ni cronol ar 30 con®t r@?‘? (ﬁ?'“so.wé%’eﬁ%ﬁgr ggﬁr‘é?@?‘éﬁ?g tAe™nmpound has a
recept or af f cpinbypuh@50<2&f Mraddta@arbanivagoni st potency |1 C50<1P'N. Stil

nmore preferably the coppqund,i:s, s&lLchied onfr eonkbesglaup,gonsi sting of
conpounds 2 to 6, 10 (P b 17, 56 55235 56, 28, 30, 31, 33 to

37, 39 to 45hYAYOREPESLbRsseRS PRI EAY Pe B5e80. 52 to 58 and 60 to
70 described herein. Msiéfepuishermbly anheceasmodadgtsugpomaund 33, conpound

60 or conpound_45. For the purposes qf .t.hi s-specif] LOE he term 5
"alkyl" is t8m53°W§E£¥£t%r h ré?r%ﬁgﬁﬁ%%ugﬁgn%ﬁeg?%g%sgg§3#?§,
substitut@d enlpheubsideuyrduml kyl chain of 1 to 6, preferably 1 to 4

carbons. Mst preferabbyefHead KU PUP igl 8 SuBBEDYLt8EO8R1pHE G RIdD
"acyl" is to be taken to neap "a substjituted or Ensubstltut%d gﬁfl ff l1to
6, preferabl&hf sulstituent is an alkyl chain of to 6, prefer N

to 4 carbon atomg, or a phenyl or toluyl group.
Preferably the G protein-coupled receptor is a

15 CSa receptor. However, we have found that the leading
compound of our earlier application algo has significant
binding affinity at vasopressin and neurckinin receptors,
and therefore these receptors are also within the scope of
the invention.

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

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

25 mammalian cells ingluding, but not limitea 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
IC50<1pM.

Still more preferably the compound is selected
from the group consisting of compounds 2 to 6, 10 to 15,
35 17, 19, 20, 22, 25, 26, 28, 30, 31, 33 to 37, 39 to 45, 47



10 to 4 carbon atons. Mst preferably the acyl group is acetyl. The term
"aryl" is to be understood to nean a substituted or unsubstituted
honocycl iwoams/obaseer ocyclic aryl group, in which the ringpromefi®eabl2zy has 5
or 6 nenbers. 15 A "common" amno acid is a L--amno acid selected from
the group consisting of glycine, |eucine, isoleucine, valine, alanine,
phenyl al ani ne, tyrosine, tryptophan, aspartate, asparagine, glutamate,
glutamte, cysteine, nethionine, arginine, lysine, proline, serine,
threonine 20 and histidine. An "uncommon” ami no acid includes, but is not
restricted to, D-am no acids, honp-am no acids, N-alkyl amno acids,
dehydroam no acids, aromatic am no acids other than phenyl al ani ne, tyrosine
and tryptophan, ortho-, neta- 25 or paraianinobenzoic aci d, ornithine,
citrulline, canavanine, norleucine, 6-glutanmic acid, amino-butyric acid,
L-fluorenyl al ani ne, L- 3--benzoth|enylalan|ne and 06, OX-dnsubs tituted
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acetyl. The term “aryl” i to be understood to mean a
substitured or unsubstituted homocyclic oxr heterocyelic
aryl group, in which the ring preferably has 5 or 6
members .

15 A “common” amino acid is a L-amino acid selected
from the group consisting of glycine, leucine, isoleucine,
valine, alanine, phenylalanine, tyrosine, tryptophan,
aspartate, asparagine, glutamate, glutamine, cysteine,
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 acidy other
than phenylalanine, tyrosine and tryptophan, ortho-, meta-

25 or para-aminobenzoic acid, ornithine, citrulline,
canavanine, norleucine, S-glutamic acid, aminobutyric acid,
L-fluorenylalanine, L-3-benzothienylalanine, and
o, d-disubstiltuted amino acids.

According to a second aspect, the invention

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

The compositions of the invention may be
formulated for use in oral, parenteral, inhalational,

35 intranasal, transdermal or other topical applications, but



10 art. Suitable fornulations for admnistration by any desired route may
be prepared by standard nethods, for exanple by reference to well-known

t ext booksweuwsl3zes Reni ngt on: The Sci ence and Practice of pPrauvany427Vol
1, 15 2000 (20th edition), A R GCennaro (ed), WIlliams & WIKins,

Pennsyl vania. In a third aspect, the invention provides a nethod of
treatnent of a pathol ogical condition gediated by a G protein-coupled
receptor, conprising the step of 20 admi nistering an effective anount of a
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such as ps quﬁgg 5 a 3528
PCT/ AU02/ Oii)%%%ééljém]lﬁr%}le prsgferrlag g%%ﬂg tééllier%:%ah%%{ ?%n is

r heunat oi dE&F bHE i RY LU HInE RREARESpErERs EE WIM athelnedddition is

reper fisi oaxtnjury. In this second enbodinment it wll be 5 clearly

Under st ood t hat the 0 oes I e the
i nvention is not m%%ocv}\'%y res r|c e%ns °% he mla%g o(I)]f Xn?ngartlcul ar

ani mal or 8petred réute graypdre pndHparkey bmnsbﬁip@@x@dnqﬁimda,héWOrrpounds of
t he example by reference to well-known textbooks such as

Remington: The Science and Practice of Pharmacy, Veol. II,

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

In a third aspect, the invention provideg a
method of treatment of a pathological condition mediated by
a & 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
treatment.

Praferably the condition mediated by a G protein-
coupled receptor is a condition mediated by a CSa receptor,

25  and more preferably invelves overexpresgsion or
underregulation of Cha. Such conditions include but are
not limited to rheumatoid arthritis, adult respiratory
distress syndrome (ARDS), systemic lupus srythematosus,
tissue graft rejection, ischaemic heart disease,

30 reperfusion injury, septic shock, gingivitis, fibrosis,
atherosclercsis, multiple sgc¢lerosisg, Alzheimer’s disease,
asthma, dementias, central nervous system disorders, lung
injury, extracorporeal post-dialysisg syndrome, and dermal
inflammatory disorders such as psgoriasis, eczema and

35 contact dermatitis.



10 invention wll be useful in nedical treatnment of humans, and will also
be useful in veterinary treatnent, particularly of conpanion animls such
as cats awoodosss8 |ivestock such as cattle, horses and siregFmuoanti2zoo

ani mal s, including non-human primates, |arge bovids, 15 felids, ungul ates
and cani ds. other species which may be anenable to treatnent include
reptiles, fishes or anphibians. The canmpounds may be adm nistered at any
suitable dose and by any suitable route. oral, topical, transdermal 20 or

i ntranasal admnistr |gw1|§&£geferred ggcgu ﬁf t he reater conveni ence
and acceptablllt of “Thede FEeeAT ﬁgpF Eaf?%ﬁ EXJUIRE al so i ncl ude
the use of * ﬁémﬁﬁpaﬂ|@n§h§uth5as pessaries or suppositories for vaginal or

rectal admnistratlofOi $dige Qs oRNaO0URLIRARSHE Oty %5(;519& n ig
adm ni station tgHears or, g%% he fective dose mn on the
et

nature of tHRESEOHTGFPT o™ :$EéF€§ Se&ﬁ&dtﬁ@bﬁéémeﬂélthWLth“ﬂnderly|ng
state of hedkthlyf ubferstocd vilthialtHe ealoreeb. tdhiFsrmiils bedads the:
di scretion BE t he attendi ng physician or veterinarian. Suitable dosage 30
| evel s may reaglly be determned by trial and error experinentation, using
net hods whi ch are weliikaddie ilmveneioar s Fok i eaqti rpas ese i dtctiest

speci fi cat tonche wrbhthent Cheady ;i&&@%%tl%dahﬁlﬁéltbﬁ YoLdi ¢ ETCOVHFH 15§ ng”
nmeans VE)OﬁéggggéﬁaP / AU02/ 01427 i ncluding_but” not limted to"
t

and t hat BripP P laed &hé&r &P EABPAY AR o ngPe BRI EF
DESCRI FX'| Ohn@En THEN AV (3JRES: Sude fyilr dn] meghowd theatmbéhbi éf amumednd he vascul ar

(5 and tou ol 10 heT- f%%%‘é%@” @%ﬁam‘ﬁ%"?f% ¢ rol s (D) Foure 2
shows the PﬁﬁFbF’tliL%ﬁliéfO HecTRpagEldm ammé;lﬁcaua i A TNFD ardoliar.ed with a
dermal Arthisekeocki ®ich s I AHTAENDWSs6A) an@r 8heéB) 208 t&pical (O AcF-
animals, including non-human primates, large bovids,
15 felids, ungulates and canids. Other specles which may be
amenable to treatment include reptiles, Ffishes or
amphibiang.
The compounds may be administered at any suitable
dose and by any sultable route. Oral, topical, transdermal
20 or intranasal administration is preferred, because of the
greater convenience and acceptability of these routes.
Toplcal applications could alsco include the use of
formulations such as pessaries or suppositories for vaginal
or rectal administration or the use of agueous drops for
25 topical administation to ears ov eyes. 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. Suiltable 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 be
clearly understood that the word “compriging” means



[ OPdChaWR], and appropriate topical controls (D). Figure 3 shows the
reduction of the pathology index associated with a dermal Arthus reaction
by 15 i ntwewa/sass§ oral and topical Ac?- [OPdChaWR) . Fi geca/Aoghones the
effect of a C5& antagonist on gut ischem a-reperfusion induced intestinal
edema. Figure 5 shows the effect of a C5a antagonist on gut

i schem a-reperfusion i nduced neutropenti@.-20 Figure 6 shows the effect of a
Coba ant agoni st on gut Ischenia reperfusion induced serum TNFa el evati on.
Figure 7 sho e effect a nta,go n_g i schem a-reperfusion

i nduced serﬁﬁs%‘nu% 3G b i° IeJ\VSC% tog I_E‘F‘é Fg t‘]%%vﬁmf e effect of a Csa
antagonlst“gﬁmPQU$e$§cmmﬁn&1qqqnﬁapﬂndemg inpdoded. aspart at e

am notransferase. Figure 9 shows the effect of a Cba antagoni st on

hi st opat hol o% of ut |schema reerfu5| on. 30 Figure 10 shows the

i nhi biti on28 : RLEQE YEES swel | ing by AcF-[ OPdChaWR] gi ven
orally mn Days OI2 tc:?:igaﬁsl e :%J WOWSlth%hQY@lbhelbﬂhd)b|ﬁlh@ﬁr&(ﬁcﬂ']]agh; knee
joint TNF- nd 1L-6 |eve a " Unt " 5 refers to

ani mal s no&?ﬁ%%? e?%\ﬁ’?ha%cfs: "f%gd !ﬁmm 4 gr\t/:\nhﬁg Vé%%}%éig

PCT/ AU02/ 0iBR¥yavarous heAY i ghtaknés ehel ltomdedlnil€h B¢ HRPATHWEIW ng

sensi tisat 4Q8. aFbhBYbAi de StS-dihat(rder mal application of 3D53 in

DNBCYdlstllled Oor, PG@H20 results in thﬁ g eargn e 5 of the Cha
antagoni st in the cifftH=R inGHas SwifRiRT t Hhat

si gni fma:antlkeueaslmrtamm afﬁoa&latie&h&iltﬁ auﬂehmaﬂsAr?ouﬂtseacaprcasent t he
nean + SE |n ur Lbition of
ggﬁeu%ngpen a by OpIC A% %O§EQ§§ R@? 5

C5a- i nduced” tration of C5a antagonists.
The resul t $0adehaWRt esard %Ep#nnnkﬁﬁﬁuyynﬁﬁéﬁgeoﬂﬁeﬁﬂﬁ Bt o

Figure 3 shows the reduction of the pathology

index associated with a dermal Arthus reaction by
15 intravenous, oral and topical Ac¢F-[OPdChaWR].
Figqure 4 shows the effect of a Cba antagonigt on
gqut ischemia-reperfusion induced intestinal edema.
Figure 5 shows the effect of a Cba antagonist on
gut ischemia-reperfusion induced neutyopenia.
20 Figure 6 shows the effect of a C5a antagonist on
gut Tschemia-reperfusion induced serum TNFo elevation.
Figura 7 shows the effect of a C5a antagonist on
" ogut isahemia—reperfusien induced serum haptoglobin
elevation. |
25 Figure 8 zhows the effect of a Cha antagonist on
gut ischemia~reperfusion induced aspartate
aminotransferase. ) |
Figure 9 shows the effect of a CSa antagonist on
histopathology of gut ischemia-reperfusion.
30 Figure 10 shows the inhibition of arthritic right
' knee joint swelling by AcF- [0OPdChaWR] given orally on Days
2 to +14.
Figure 11 shows the inhibitiom of right knee
joint TNF-0t and IL-6 levels in joint lavage. “Untreated”
35 refers to animals not treated with AcF-[0PdAChawR] but with



time basel _in,e. Figure 14 shows that topical admnistration of Cba
antagoni sts inhibits systemc effects of intravenously 15 adm nistered LPS
in rats. wWbhe3gaisas show t hat adm nistration of various CSaramtAagonie|rs,
either i.v. (1 ng/kg), or topically by dermal application (50 ng/kg total
appl i ed dose: solvent vehicle 50% DMSQ 50% H20), inhibits the neutropeni.a
caused by i.v. LPS (1ng/kg). 20 (a) 3@53.~ (conmpound 1) ; (b) conpound 45;
(c) compound 17. Figure 15 shows the effects of the Cba antagoni st

AcF-[ OPd ]...0R. .0 Ncrea i er.um |Legvel s, of ( reatine kinase (CIYS)
and (D) Iacvgt%l%'é%%eoeg%%%%&gf%ﬁﬁ)wﬁ% i%%éjr%% r B4 rats.. Data
represent %WMWHSEM (n =6- 25 10). *P<0.05 all drug-treated groups vs.
i schem a/reper f usi ORZ flraRN 208k ¥ivs TEO: Qasdhd 1 itildRal8d o5 BYPS VS.
sham oper at ed, Fl%%éi%ﬂoms the effects OE the Coa antagonist, AcF-

[ OPdChaWR] & B F2Q PTG/l Se8Pit80ip Abhe) SR ance

am not Lansé®eridse (Al BntanedniB)r aspahéatiranl aoinqnsf-ameas evitASHh) 16ol | ow ng
2, 3 and r r i EM (n = 6-
Toy. “peo DR o BBE Y, FapdeiBesy PROAL RILATIY A B3R R oniy:
t P<0. 05 al fowr dputeat &PiN5 gFeoupsens. thpdnsvper AAH. 10\G20 0338L8

PCT/ AU02/ Og24-g)-. 12 Figure 17 shows the levels of (A) circulating PMs,
(B) nuscl e nyel operoxi dase_ (MPO), ( | ung..MPQ and l.iver MPOin rats.
Level s were measur eﬁig?ﬁrreallé ﬁpg‘tvﬁe&%o’rfg%é?’rwnofc’ft (P'F%)ae'iﬁgf’lf: nt- Data
repredént sdecmesenib HEMopicaldadfini sPxOt 06 vt G5 ertisg/ondpé&rt. usi on
(17R)- only,, Ffe%l% ke %-J#%’ %Q@ﬁaﬁgd?egb%ﬁ%é&:ﬂ}@?§ A levgls of

t unour necrosi's actor-a I?--a) InTtat l1ver honogenate sanpl es taken at
t he conpl ekiem Fsahic@experi nent. Data represent the mean 10 SEM (n ;

4-10). *P<0.05 vs. irSGhad a4r epewkushed (opfRal einini-R¥@Bonvef
sham oper a(tj

fg'antagOnists inhibits systemic effects of intravenously

15 administered LPS in rats. The data show that
administration of various CSa antagonigts, eithex i.v. (1
mg/kg), or topically by dermal application (50 mg/kg total
applied dose: solvent vehicle 50% DMSO/50% H;O), inhibits
the neutropenia caused by i.v. LPS (lmg/kg).

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

Figure 15 shows the effects of the CBa antagonist

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-

25 10). *P<0.08 all drug-treated groups V&.
ischemia/reperfusion (I/R)-only; tP<0.05 all drug-treated
groups vs. sham-operated.

Figure 16 shows the effects of the Cha

antagonist, AcF-[0PdChaWR], on increases in serum levels of

30 (A) alanine aminotransferase (ALT) and (B) aspartate
aminotransferasze (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 Vvs.
ischemia/reperfusion (I/R)-only; tP<0.05 all drug-treated

35 groupg vs. sham-operated.



Figure 19 shows the anmount of edema (wet-to-dry ratio) in the hindlinb
muscle of rats at the conpletion of the experinent. Data represent the
mean SEMvOre3335240) 15 *P<0. 05 vs. ischem a/reperfusi on @PCTRG0I427

t P<0. 05 vs. shamoperated. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Generally, the terns "treating”, "treatnent” and 20 the like are used
herein to nmean affecting a subject, -tlizssue or cell to obtain a desired
phar macol ogi cal and/ or physiol ogical effect. The effect may be

prophylactic in ter f I r.parfially preventing.a di sease or
sign or synptom t her e?%?‘l%ear?\tglngirﬁlg%rgyg%g Jf%é 1 eotft i@qi r?ltrgﬁlhfggiﬁgof a partial
or conpl et BMNsir elBf musdllsesvelobTroaidage &6POused héngion MPEvend any

treatment ob)y OfvdF ameNtipn-0k . diseass &@ré‘_ﬂ@e{é‘.ﬁ}eﬁ%‘ti% B tRORkLe

uman, _and includes: preventing t i sease from occurring

particul arl h
ina subj® Pajvﬁ‘ntbl%ffbé?h&r SFPSHOTEHEt 0 PRER df RERTE DN eh #&2Rot 30 yet
3een| disagnemed(ras= havilg i4P<0i.08i bit | mgghQﬁiﬂj’ﬁﬁfﬁ?ﬂfusiicﬁ} ,(Iﬁ&mgsti ng its
evel oprment_. .. or or T ng the effects of the disease, ie.,
SaLll S U 1 ek R Re

cause regre ) e di sease. The invention includes
vari ous phar maceut i EHuurss 18oapoyrt Foasl efsetalof Gumaval INGEEPEAG di sease.

The WO 03/ 33628 POARE/ QA Z4t 13vePhBbBEE i £ Hangamo Yatds@ngraccor di ng
to one enbgdi nent oft. t he {/n ention are Erepﬁr ed bé/ briegﬂ:iert]:% a_conpound of
formul a z, "aha PRETIFe Al & EEP5F 108 s + Fer Gttt 5r TFbFe
phar mddeut & c3EM ytact i 4+l (BgeritPs:0005corbi hathenba of erbercionpicund IGR ) f-or nul a |
and one oroxgrg%;e p@gﬂ;%q}gl CallYonaghiyg agents into a formsuitable for

[

adm ni st rat to a _ subject usi n8 carriers, excipients and additives or
auxiliaries. Frequerdtigprigsdd edpwEerBeormeitxt |9faradads daafdéo-¢8Ymagnesi um

carbonat e, rhti@Ni 1N LhOXM GRI1 IndC kOSeLeMBANLE O atNthOtdRiplsitdans oft al ¢,

mik Proteife 988 funs! Anilla NLLATLAE A8 1ULOSE QO (S denpyatives,
15 *P<0.05 vs. ischemia/reperfusion (I/R)-only; tP<0.05 vs.

sham-operated.

DETAILED DESCRIPTION QOF THE INVENTION
Generally, the texms "treating', “treatment" and

20 the like are used herein to mean affecting a subject,
rissue or cell to obtain a desired pharmacological and/or
physiological effect. The effect may be prophylactic in
terms of completely or partially preventing a disease oxr
sign or gymptom thereof, 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 poourring 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 orx
ameliorating the effects of the disease, ie., cause
regression of the effects of the disease.

The invention includes various pharmaceutical

35 compositions useful for ameliorating digease. The



vegetabl e oils, polyethylene glycols and solvents, such as sterile water,
al cohol s, glycerol and pol yhydric al cohols 15 Intravenous vehicles include
fluid andwouwsnsmet repl eni shers. Preservatives include arCrmweobi2al |
anti- oxidants, chelating agents and inert gases. Qther pharmaceutically
acceptabl e carriers include aqueous solutions, non-toxic excipients,
including salts, 20 preservatives, huffzrs and the |like, as described, for
i nstance, in Rem ngton's Pharnaceutical Sciences, 20th ed. WIllianms &

Wl kins (2000) and The British.Natiognal Formulary 43rd _ed.. (British

Medi cal Agggii ?%ﬁ?%ﬁﬁ}Iﬁﬁﬂﬁ051ﬁﬁ3Pﬁaéﬁﬁ??gﬁ?g QTR VIO ﬁF?tain,
2002; 25 hthey: ivbmftidm st prephgedohy et sngfngvhe oborgraive reeby

| ncor por al £ty d of LERERuE PE-80d:8¥86 or COREEN AL o0l g vari ous

conponents of the pharmaceutical conpesition are adj ust according to
routine skP¥ 18T REFaqeutdss llgssaalc atee § ith' CTHHEPHAWaedl ogi cal

Basi s fs;)r @nﬂckmﬁm@tﬂcgsndl%éll g@&d, 0&885i‘-m5fl@dﬂf@ﬂ‘rﬁﬁi@L&ﬂdéallyf;nggSi tions
are prefer )., prepare Ci nm ni st er [ osage units.. Soli osage
units i ncl%gée%/ %barge@torgfs &é&%ﬁe?%‘d%bﬁ%@gﬁ% T & J‘rsrbfar%é&nrrg‘r?t %of a
subj ect, depeTriithgUmactEiersef exkhépdsnte npod neddeirrs Qf

adm ni strajieminatdy e and severity of WO 03/ 033528 PCT/ AU02/ 01427 - 14

t he di sorder, age and bod i ght _.of the subject, different, ai_l y doses

can be used. Under 5%%?%%%$t£§fgﬁﬁétﬁﬁﬁﬁ ?rsréﬁwﬁﬂﬁéiﬁﬁﬁﬁﬁﬁ‘%BFngﬁer dai ly

doses ltay msmyappioprd=attenatie tddahtimt dadkohe of ladweosai Inamtdselcan be

carried oul, 9&&% .%gza'tfég' & Agm R&ﬁkr@%e&iﬁ” %&aéﬁ{,méﬁa&@l,' ndi vi dual
by adm ni S | er

dose unit Of by rdtion of Several sial dose _units, and al so by
nul tipl e adhfailing atdedi wfossulsaidyildsddetbsasives sparinak it erval s. The

phar maceut}£akt ROTPQS1d 0R5 13600 dbAs bOvEDE: 4841 SVBRiIMGN, mkbes
adm ni stered locally or system.cally in a th rap ti ajlyéeff%ﬁklve.dose.
Amount s ef Fe®E14R W%e‘f'hl%lccgé%sw }’%F%oﬁ?‘ge}? ﬁ’éﬁé‘%ﬁl%n T58%8verity of
t he dilgeasEntravenous vehicles include f£luid and nutrient
replenishers. Preservatives include antimicxrobial, anti-
oxidants, chelating agente and inert gases. Other
pharmaceutically acceptable carriers include aqueous
solutions, non-toxic excipients, including salts,

20 preservatives, buffers and the like, as degcribed, for
instance, in Remington’s Pharmaceutical Sciences, 20th ed.
Williame & Wilking (2000) and The British National
Formulary 43rd ed. (British Medical Association and Royal
Pharmaceutical Society of Great Britain, 2002;

25 http://bnf.rhn.net), the contents of which are hereby
incorporated by reference. The pil and exact '‘concentration
of the various components of the pharmaceutlical composition
are adjusted according to routine gkills in the art. See
coodman and Gilman’s The Pharmacological Basis for

30 Therapeutics (7th ed., 1985).

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

35 compound, manner of administration, nature and severity of



and the wei ght and general state of the subject, Typically, dosages used in
vitro may provide useful 15 guidance in the anmounts useful for in situ

adm ni st repioaf33se$ t he pharnaceuti cal conposition, and anipcalAuwedei2s nay be
used to determ ne effective dosages for treatnent of the cytotoxic side
effects- Various considerations are described, eg., in Langer, Science,
249: 1527, (1990). 20 Fornul ations farigral use may be in the formof hard
gel atin, capsules in which the active ingredient is mxed wth an inert
solid dilu f,or exanple, calcjium car nate cal ci um phosphate or

kaolin. Th ngﬁsﬁF § e IE N2 PR PPSY HOTT e fhrafihiespsufieEtersnii ch
t he actived2ilyndredientni be nixed. wi hdamicerrtarinaaietlimeedhyas, such as

peanut oil 4l lguid ﬂﬁéﬁgfigfoioﬁéfﬁﬁ$9#J dd%l ﬁgsxéusggﬁﬁbggs?gornall

contain the “Act I vé sin a ure "Wt pl @ble for the
manuf act ur &26f 2agdedasratspenet orle Bidly elase giranbe mayrbed3oususpendi ng

ﬁggnts sucna)oia@ t@gdeu q;alraammﬁémétf&i ::ﬂﬂ Q;slt%, fo&rﬁt Byl aﬁeLh@ﬁ-@;?&éal

ydr oxypr opyl e 0s spdium, a at e, rol i done, gum
tragacant h éﬁ& Bé] gﬁagy agﬁf% %ﬁ?ﬁ?ﬁf?) veﬁég é ?iegmﬁ?%ﬁ may be (a)
a naturalMylbscuandnglphobphmmldapbmoﬁmnﬁnﬂsmmmthon ofbgubdBbidefdensati on

product of saa.al kyl e atty WO 03/033528 PCT/ AU02/ 01427 - 15
acid, for exaﬁp ¢ g%%?%é%@thﬁtéﬁgég%earate éc) a condensation product of

ethyl ene oxi de Wi th Bh ?o@@awwt%ﬂ%ws& dOR6I 2CFRFAERGp? &he

hept adegaet hybnenoxyaaianel admiﬂis@emckmuyoarprsgga@mgémy hyth eme oxi de
with a partial 5 ester gerlﬁg from fatt g % he ?It0| suc

b0l yoxyet hYPEREPSEERFRAIY nBhGST BhY®. SRS | o P RebHIBAEREr GRS FrbdUbt® of

et hyl ene oxisdewailflh afpactiaé, e@&pﬁnﬁenluﬂﬁeh@wﬁmltatbﬁ bbeddiamgsdexi t ol
anhydri desanEOEhQXQEEbﬁtpgﬁdoéé(ﬁ%%éqt ;]%\?aht'ié)ré?ﬂ 2R @aﬂgebeate 10 The

phar maceuti cal, conpositions na form of sterlle i nj ectabl e
aqueous orTUPéS@F%Busd°§a§ﬁ%n§$%@ lﬁ?ﬁ%@%ﬁ§ﬁ%ﬁ§F@ﬁlﬁﬁyuB€ 2dr nul at ed

accordifg bRidance in the amounts useful for in situ adwninistration
of the pharmaceutical composition, and animal models may be
used to determine effective dosages for treatment of the
cytotoxic side effects. Various congiderations are
described, eg., in Langer, Science, 249: 1527, (1990).

20 Formulations for oral use may be in the form of hard
gelatin capsules, in which the active ingredient is mixed
with an inert solid diluent, for example, calcium
carbonate, calciwn 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.

Agueous suspensions normally contain the active
materials in admixture with excipients suitable for the
manufacture of aqueous suspensiong. Such exciplents may be

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

15 condensation product of an alkylene oxide with a fatty



known met hods using suitable dispersing or wetting agents and suspendi ng
agents such as those nentioned above. The 15 sterile injectable preparation
may al so we0a/033sesile injectable solution or suspensi on PATAUNIL0XI C
parenteral | y-acceptable diluent or solvent, for exanple, as a solution in
1, 3-but anedi ol . Anong the acceptable, vehicles and solvents which may be
enpl oyed are water, 20 Ringer's sol uti @g, -and i sotoni c sodi um chl ori de
solution. 1In addition, sterile, fixed oils are conventionally enployed as
a sol vent S di ium.For t u Lany bland fixed oil may
be enployegg ?ﬁcﬁﬁ |n% gg%fh%?l¥9§%ﬁé#yr 4%gﬁ%ﬁ9§% §és (€ bn ®addition, fatty
acids 25 sFerdgssgrtéce agpduﬁayobeemhﬁﬁhne1dﬂm§EpmeparatRongo&haimjectables
Compounds _af) 1tpemsbaal cBRY 12! 89r DexAdIIdl Hephetiachleh QSFié?{&g&QEa+6P°5°”E

delivery sy ens ch as.small _unilanel L ar vesicles nel

vesi cl es, GHBHFPFQH%PPaFrQQ%?%I%ﬁ;eq_M%ﬁﬁﬁﬂ9§l§&nwbéhf@rﬁ@%ﬁ##lmn a
VﬁrieLySoBe@h@&pﬂaknpederSMCﬂ ﬁ@t@ﬁQkﬁiL%h@ hexitairﬁhgﬂlﬂgi or -
phosphat i a t-he ,conpou or a_l,of the
present mv%%?gg(kg%ﬁyﬂggéu% :F}Bf%gi (Sg?orﬁoele@rtﬁér o Q?ﬁoﬁt C@% DR TD about
20y per kFreghamh pédgtiElghe, onvicish Wi thND 20 2EQ33528 oS LRETAALDRED 18T 1. 6
pr ef ﬁ[red (i@.i’cf&gea&aageaﬂétM@ﬁﬁt@%’%%ﬁx?@stOf%QOthaﬂnBﬂ? perdkl I)Ong ﬁm body
wei ght per o abou per patiént per day e
amount of 55@&9%yegg%38P3n?Orﬁﬁ?%ﬁlWH%P9$?Q5%hb|ned with the carrier

materi &Ps to produceThe splsanmpedosage cwimplost.at pnsdegende nn ugten t he host
to be treaed andslbe.pesti oyl gr e oL, AW ASpigbieno For  example,

formul ati on |ntended ora on'to cont ai n about
5ncg to | g SYEPaRsaeR veTbéﬁrp%Wﬁ@IenWCtrh Ry éﬁ@pﬁ@p‘ﬁ%&ﬁéeén@c@‘éﬁw e anount

of carrier xh@wiBheEhahs WBLEH HBYcMHY Jilparahodt o wgn%n@ea%@ms of the
total conpaosi.tion. unit for W || %Fnerall aln between from

about 5ng P85565ﬁ568 lagt?gants such as tho

sterile injectable preparation may also be a sterile

e mentibtned above,

injectable solution or suspengion 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 watexr,

20 Ringer’s solution, and isotonic sodium chloride golution.
In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this
purpose, any bland fixed oil may be employed, in¢luding
synthetic mono-ox diglycerides. In addition, fatty acids

25 such as oleic acid may be used in the preparation of

, injectables.

Compounds of formula I may also be administered
in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and

30 multilamellar vesicles. Liposomes can be formed from a
ﬁariety of phospholipids, such as cholesterol,
stearylamine, or phosphatidylcholines.

Dogsage levels of the compound of formula I of the
present invention will usually be of the order of about

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



ingredient. It wll be understood, however, that the specific 15 dose

| evel for any particular patient will depend upon a variety of factors

i ncl udi ngwola/oaases vity of the specific conpound enpl oyedpcrhaoagei27 body
wei ght, general health, sex, diet, tine of adm nistration, route of

adm nistration, rate of excretion, drug conbination and the severity of
the 20 partlcular di sease underg0|ng tffrapy. In addition, sone of the
conpounds of the invention may form solvates with water or common organic
sol vents. such sol vates are enconpassed within the scope of the invention.

25 The conPSGAGETER HABGREMTDPIREPSRdaPeEn Ll PP be %]B%‘F e t h ot her
conpounds b@rpk@.\lbgeaﬁnb@d{)ﬁl’v@éigkﬁ: eedagat(ifedn bboli8 onIs@ntd:edahsmm ncl ude

any chenlcgllﬁgrogng l%gfqggrnatﬁ%p ofogg%rg%cggg%vga#+&% IM? agents,

of the corrpgu th| invent i-on earl y
under st ood whiigh may h@r egobined ooitferrhe cegai¢irnyaphaiabe e |Ee‘,@du¢e

formul agi 0@5 EQBELQS d@éag@dmm S}a(ﬁ' %pe‘i'ﬂ%%ﬁeub%ﬁetﬁeaﬂgsﬁ hes 1hke are
equal |y % icahle to co oun reV| tiqQns use Qereln re as

fol | ows: 31683528 BT/ 2“/ 7m° de p f-%ﬁ%mstra Lon
benzotriazehﬁm@&y} aokyrmblIastor dimemidddafioropral pAnspheniaimon to
hexafluoro a t H =S t

D cycl ohexy%%ﬂgehgﬁcgﬁtggs%%ﬁyﬂ& ﬁ% é’% o tath/Eg:L% Séfn‘émﬂhyl f or mam de
DI\/SO di m e#is aPpRORFEeT HBTY @ bersteniend émount of carrier

Mo Nmatt%tc&atmt T cHr @8 Uryl Ghexaidower gpiespbapeic HEPRS the

e e 1 SR 20 BuBELALPLC i o

contaln between from about 5mg to 500mg of active
ingredient.

Tt will be understood, however, that the specific

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

20 particular disease undergoing therapy.

In addition, some of the compounds of the
invention may form solvates with water oOr Common organic
solvents. Such solvateg are encompassed 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 Tt will be clearly understood that the foregoing
comments regarding pharmaceutical formulations,routes of
administration, dosage levels and the like are squally
applicable to compound 1.

Abbreviations used herein are as follows:



RP- HPLC reverse phase high performance liquid 15 chromatography i , v.

i ntravenous LPS |ipopol ysacchari de PMN pol ynor phonucl ear granul ocyte po
oral 20 RNBD383528 nean square devi ation rp-HPLC reverse prazecthgiz?
performance liquid chromatography TFA trifluoroacetic acid; 25 Throughout
t he specification conventional single- letter and three-letter codes are
used to represent amno acids. The tenms_"3D53" and "PMX53" are
synonynmous, and represent the compound Ac-Phe-[Orn--Pro-dCha-Trp-Arg]; 30
The ternms "LP-10" and "PMX-201"_are synonynous nd r esent t he conpound

Ac- Phe- [ Or rBd% o- dCharrgoty £ 320l any et et eSSt T-205" are
synonynous, and repggsephohiemchaRatintbtpd@uhare- dCha Trp-Arg], in 35
whi ch "HC' | catesg% dr00|n nate. WO 03/ 033528 PCT/ AU02/ 01427 -- 1%
The invent| E 88? bed by way of reference only to the

fol | owi ng g&ieral nmetdiedd lamd wakperi nental exanples. W have found that

all of helgqﬁgpundsrgf Sohiubaihewhi ch have so far been tested have

broadly sim ph arnébg (c))glic;:cgl'IIL aci|V|t|es which are simlar to those of

compound. IP¥REA0 r efEiEORTPEYREFBY hABEISD53 or  PNX53), al t hough the

phy5|cochemmmal propaLWAQimephyEanmamB@d bi oavail ability of the individua

conmpounds W@ﬁ%fs I @%& sﬂﬁ BQE@Q on the specific substituents. Thus
resu ai

we expect ne In“vitro or in vivo with_conpound 1 wl|
be reasonabiETHr edi ctQ—\JE@D@fOtéféﬁWP-?yNoth’rFé T OTHRAFRRE SR YGRS | in

correspgndi ng assays heké igRRebphokbhheds

HEPES N- [2-hydroxyethyllpiperazine-N’-[2-ethane
sulfonic agid)
HPLC high performance liquid chromatography
RP-HPLC reverse phase high performance liquid
15 . chromatography
1.v. intravenous
LPS lipopolysaccharide
PMIN polymorphonuclear granulocyte
jle) oral
20  RMSD root mean sqguare deviation

rp-HPLC reverse phase-high perforﬁance liguid

chromatography
TFA trifluorcacetic acid;
25 Throughout the specification conventional single-

letter and three-letter codes are used to represent amino
acids.

The terymg “3D53* and “PMX53”" are synonymous, and
represent the compound Ac-Phe- [Qrn-Pro-dCha-Trp-Arg] ;

30 The terms “LP-10" and “"PMX~-201" are synonymous,
and represent the compound Ac-Phe- [Qrn-Pro-dCha-Trp-Cit];
and

The terms “LP-167 and “PMX~205" are synonymousg,
and repregent the compound HC-[0rn-Pro-dCha-Trp-Argl, in

35 which “HC” indicates hydrocinnamate.



Protected am no acids and resins were obtined from Novabi ochem TFA, D PEA
and ]I MF (peptide synthesis grade) were purchased from Auspep. All other
mat er i al swowafsssegeagent grade unl ess ot herw se stated. Preparatnese220 scal e
reverse-phase HPLC separations were perforned on a Vydac Cl18 reverse-phase
colum (2.2 x 25 cm, and analytical reverse-phase HPLC separations were
performed on a Waters Delta-Pak PrepPalg -C18 reverse-phase colum (0.8 x
10 cnm), using gradient mxtures of solvent 25 A = water/0.1% TFA and
solvent B = water c e % % TF ular wei ght of
t he pepti des was det{déq% ﬁh@%ﬁ%&bh Wl]t?QoPé%"rQa&grraass(ééL er%ebgprrlévgg gr ecorded on
a triple ciRkRiRTI® 9HYs @pé@?r 59%@@?’13(1@5%@@@ Amthads) angs  descri bed

el sewhere (éﬂagyeﬁﬁmh@u @mmigag@) 1H NVR spectra 30 were recorded on either
a Bruker ARX 500 MHz a Varfl an y 4 0 trorret er.. Prqton

assi gnnents were det mhﬁ‘gﬁ By gbtRNR FBEEESY, °Focsy, NOESY).
Conpounés v@rm@val@séucbyhmsssspéerrbaemwem H:ewaf éreragidd phase

anal yti cal éﬁ&%ﬁ%ﬂé@ﬁ%@%@é@&fﬁ%ﬁﬂ@%ﬁ@# hich g 13 ampauRd gynt hesis

Li near peptl de s ﬁences wer € asse step-w se standard
sol i d- phaseiseist 4 (8ppg) re?%ﬁ?fﬁ q"tfésh‘%“@f‘rn %WS@OOFhose
skilled in nmesaa)rt almu@harmhmpwsﬂao@me@aﬁl Ciﬁcdﬁzr’alrass Mg el vat ed
wi th HBTU Dla%l S|t% |sa%1|‘(7)n qc) ver e moni tored by
t he standar quan P At |¥ t%% LV Or’r[i’ps S W&&*&ftpl oyed for
t enpor &Ry merdtaéctdamndﬂnarrpnotaer geewi £ e tswbslt iriusntte .t r Fatisewes wit h
TFA for BoCoxup tihd eavals BBPLLAES YBT&: syRidiesised L arhovabi ochem
Boc--D Arg Tos& -PAM or. Boc-L- Ar (Jos) --ql?AM resin with a substitution
val ue of appPee (3"111513%??60 %Yp%?)‘t‘ Venstle FCHYY teBEoFBEL ed and
cl eaved by ctcmgaimgm off tflortmugei d ibFcétBeshondimeraasalys(l, nL) at -5C for
1-2 hrs. Peptides 15 were purified by reversed phase HPLC (e.g- gradient:

0% B

15 General Methodsz
Protected amino acids and resins were obtined
from Novabiochem. TFA, DIPEA and DMF (peptide synthesgis
grade) were purchased from Auspep. All other materials

were reagent grade unless otherwisge stated. Preparative

20 scale reverse-phase HPLC separations were performed on a
Vydace Cl8 reverse-phase column (2.2 x 25 cm), and
analytical reverse-phase HPLC separations were performed on
a Waters Delta-Pak PrepPak Cl8 reverse-phase column
(0.8 x 10 cm), using gradient mixtures of solvent

25 A = water/0.1% TFA and solvent B = watexr 10%/acetonitrile
90%, 0.09% TFA. The molecular weight of the peptides was
determined by electrogpray mass spectrometry, recorded on a
triple quadrupole mass spectrometer (PE SCIEX API IXT), as
degcribed elsewhere (Haviland et al, 1995). l1H-NMR spectra

30 were recorded on either a Bruker ARX 500 MHz or a Varian
Unity 400 spectrometer. Proton assignments were determined
by 2D NMR experiments (DFCOSY, TOCSY, NOESY).

Compounds were analysed by mass spectrometry and

by reversed phase analvtical HPLC.

35



to 75% B over 60 m n) and anal ysed by el ectrospray nmass spectronetry.
Alternatively, the linear peptides can be synthesised by Fnoc chem stry,
usi ng HBWOLBB2#ssagt i vati on 20 on an Fnoc- D- Arg( M r) - Wang PCasate2/0FHDC  gr oup
renoval was effected using two | mn treatnments with 50% pi peri di ne/ DVF.

Cl eavage and deprotection using 95% TFA/ 2. 5% TI PS/ 2. 5% H20 gi ves the
Mr-protected peptide, which can be pyrg fied by RP-HPLC. 25 A general
procedure for cyclisation of |inear peptides involves dissolving the

peptide (I &S ia/ﬁ d QD 5 equiv.) in DVF (10 mM peptide concentration)
and stirri m&—m&%ﬂ& | oned by the addition of DIEA ("!5 equiv.).
Sol uti ons are gener alineal] peptiifie sequemtes cmms emgeraledebgOmaneahi ght,

al t hough i o e k@n it i 2 DMF is
renmoved un?e%i%ﬁ%&&%&? %%%&gnpﬂ%%g? 1 féee\e/é“?’r})(gqr%ﬁ%osgsa %ﬁ?ﬁén purified
by RP- HPLC. FEHLqiRg welde fipwas teokharai ﬁglﬁlerd elgr Nhree B¥itnus Then Fnoc
group \Bas aisih afildhe dremRetany bMebRlAl NRdy Prolecidde 9heupyabyduring the
cycllsatloqﬂggenggyE wa&trenoégd gmdeg.hlghéwo 3/ 033528 PCT/ AU02/ Q1427 -
20 vacuum Bt -B0CTh & A §RTERGF SR 6} O and TR AR WSS FABLERESS ! r eat ed
with 30% pilpertitgi sd/ebiErfouanki tative oninleipiar dtaste t Gorerberithey Fnoc
group. Thi syaASeqt Idg@aqu by & é{{#ﬁ-{ i \,aC and
purificatiaqn P HPL8. ﬁgﬁggggﬁ%aﬁiggyi%%np escg;%?ﬁéééégt gsis of the
cycl es ar e Westied Heftw® NPRPIFFERED & Botdhiingt B9F FHONBR spectra were
recor déd forericestl.comppiddes L8ré3sppthes 7Edh pin ¢6NMEB: 08ham58hcrpf er enced

L9, SOk 8 YA ol £ 00 Sesshy 90R] Loy GG, Lo ) ey cnal
TOCSY ( i xiFHPatiifatioms vadngepEnepbsoned 2 -Gdgainedd gand Thecbededdens phase
sensitive nrde AQAY HcbroRelbeakl ARE T1802V80 15y SREGHLAL WidhhiToRDROHz,
rumber of A& a0l LR LLE, T TRR] o0 TP S AL, SXPELLTEL S Dot

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

Alternatively, the linear peptides can be
synthesised by Fmoc chemigtry, using HBTU/DIEA activation

20 on an Fmoc-D-Arg(Mtr)-Wang resin. Fmoc group removal was
effected using two 1 min treatments with 50%
piperidine/DMF. C(Cleavage and deprotection using
95% TFA/2.5% TIPS/2.5% HoO gives the Mtr-protected psptide,
which can be purified by RP-HPLC.

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

30 overnight, although in most cases the reaction wag complete
within 2 hrg. DMF is removed under high vacuum at 30°C on
a rotary evaporator and then purified by RP-HPLC. For
cyclic peptides containing a free N-terminug, an Fmo¢ group
was used as the temporary N-terminal protecting group

35 during the cyclisation step. DMF was removed under high



zero-filled and Fourier transforned to 1024 real points in both

di mensi ons. NMR data for conpound | was processed using TRIAD 20 software
(Tri pos Avems/033sehh a Silicon Gaphics Indy work station. PRD/AUOR0OCROSS
peaks were integrated and characterised into strong (1.8-2.SA), nedium
(2.3-3.5A) and weak (3.3-5.0A). Prelimnary three-di nensional structures
were cal culated from upper and | ower diggtance limt files 25 using Diana
2.8 (69 distance constraints, including 27 for adjacent residues and 6

further a Ezp vvlth t eo &e Itilndant di hedE{aor &al n % %
strat egy. BFh A df sTQRRE OHHY aat \ﬁé’re SEur atee ve¢alCul at ed
usi ng MARDIV@%AStrREitE-‘ﬁl swsﬂagéot%heppsﬁi@@m\d@@xmme@ flor 30 possinbl e

hydr ogen b%&@emgehe%er\aabeeaéﬁe%@éc dishance meN2ifah S owlBenp0
| owest ener D| ana stré;:;tur es e sub ected t.o restrai ned npl ecul ar

dynami cs ( LS PF@M antn purEEGatREM B¥nEFst ed of
a 50 stap }mmpestRéiﬂﬁmitaftdkﬂeOV%I@iéé)Ooft efh¢opjytighteigr adi eahe35

m nim sat i ng ] S d,.by sinmul ated heating of WO 03/033528
PCT/ AU02/ 01 %'\433\'}% d[%% g%’?ﬁ&’ﬁ%s to 300K for 1ps, followed by 500K for

Zps. The tenperature was gradually |owered to 300K. over Zps and finally
for 2ps at 1380kt iEvVuMas nReetRiARigEain with a 50 step steepest descent,

200 step conjugate gradient followed 5 by a 300 ste Po m ni o sati on.
The final structur esﬁla{mw& BRAnF RS d%‘n/ﬁcéirr‘floeéi %@ﬁtﬁﬁl ﬁi’@@ s

di fferéfice Gvers irh&dSPapkbdgeDisayyd &t Gt (NfCaznaed Cp. sdheaby af ahe 50
Structures \ad 2 Feal.f gg@ épgcér@méeé ald wbo%oam nstgn%mc) 10

Recept or - Bi ndlﬁ\@&ﬁ Assa says Weresg orned with T resh uman
i sol ated as iR HPH d€§éﬁ?‘5‘éam{1 ¥ shrbset mix tiogsp0-308i g a buf f er

of 50 mM HERES, cbs*zl\/laﬁaﬁracsﬁ Ve MBds 2 1 xfle SP4mdD) @wmm&uwakeum n, 0.1%
bact tractn ng k0% 4Ms BRERYLIE! B! ShLLOWLodd oHd G P Bkl 11 B33V

15 times = 0.186 8, spectral width = 5500Hz, number of complex
points (t1 dimension) = 1024 for all experiments. Data was
zero-£illed and Fourier trangsformed to 1024 real poinktsz in
both dimensions.

NMR data for compound 1 was processed using TRIAD

20 software (Tripos Agsoc.) on a Silicon Graphics Indy work
station. 2D NOE cross peaks were integrated and
characterised into strong (1.8-2.5A), medium (2.3-3.5A) and
weak (3.3-5.0A). Preliminary three-dimensional structures
were calculated from upper and lower distance limit files

25 uging Diana 2.8 (69 distance constraints, including 27 for
adjacent residues and 6 further away) with the redundant
dihedral angle constraints (REDAC) strategy. Upper and
lower distance constraints 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 structures 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 gradient

35 minimisation. RMD was performed by simulated heating of



at4C, buffer, unlabelled human reconbi nant C5a (Signa) or peptide,
Hunter/Bol ton | abel l ed 1251-C5a (- 20 pM (New England Nucl ear, MA) and
PMNs (0. 2ww 03083528ver e added 20 sequentially to a MIIi por@eCVAtoescreen
assay plate (HV 0.45) having a final volume of 200 pL/well. After

i ncubation for 60 mn at 4C, the sanples were filtered and the plate
washed once with buffer. Filters were dried, punched and counted in an LKB
gama counter. Non-specific 25 binding was assessed by the inclusion of 1nM

peptide or 100 .nM Chba, whic p'cal%g re ted in. 1Q.15%::t ot bi ndi ng.
Data was an %lssécdqugw Sndi- Eiohgakofe Sé‘ssif%inloa“ﬁead a%oiot%l (z:fgﬁwia*3 R Dunnet t
post -t est. T Maieperoxicdases RehdustlAashewerat Vnt3dfFhiomerAcesveng Cells

were 'isol i I rib & foYelol Al 298k ando
i ncubat ed \?\%it%%lgﬁft (Fg'{coﬁée/ll‘?g)s%fr?& de08! Rey 1%9% 37§ ar?l?‘ S Bﬁéancgd Sal t

B (5vg/nL
solution CcORRITHSFRF L5SGEPht i 'ﬁ’ggnaﬁfy%p??%*% T £614°95%96 wel |
pl ate (&ot ay \e0l30e s Woksrlll pinihokkoiwd. byriks AiraIWG I3CG83828
PCT/ AU02/ 014 - -_cel | 06/ . ASS (GaRAG ach
pepti de t%”eggnet aeéc(?%}?isnéed%gg, %gé%?gl %eé%gn? r%%%lgflesgéﬁéq?lm n a%?&:é?%ire\%i th
each pepti déie fsididnng Meaydditpren 6N, BA FDE M) BIRNESF @it K& PAcubati on

for 5 mn. ghendal-d4 als sodicum Snphosphat A (f5AM1phhi@oreas ragged to

each wel |, e&pl ate was cooled to roomtenperature, and 25 pL of a fresh
mxture of €qudl Vol'unes of di met hoxybenzidine (5.7 my/nL) and H202
(0.51%L0was added to each well. The reaction was stopped at 10 mn by

addi ti on of gﬁ‘@&%_%@ingehs%gﬁbsorbances were neasured at 450 nmin a
plate reader,

Bi oscan 450R corrected for_control val ues (no?{&epti de), and
anal ysed by non-| i ne&eSE¥§r §SFoRSFROASD Wsdn i A f¥Smat ory
Activity 15 ddmended lapwigi@ewiehlslknawncibyd Vv osasdaysay sdensl, avesused to

Rsay data SrEGmEEER ad o R oePedy 1 ARERAEE % il SecleT 8 e s
t-test 15 bovine serum albumin, 0.1% bacitracin and 100 M
vhenyimethylsulfonyl fluoride (PMSF). In assays performed
at4°C, buffer, unlabelled human recombinant C5a (Sigma) or
peptide, Hunter/Bolton labelled 123T-C5a (~ 20 pM) (New
England Nuclear, MA) and PMNs (0.2 x 106) were added
20 sequentially to a Millipore Multiscreen assay plate (HV
0.45) having a final veolume of 200 nL/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 binding was agsessed by the inclusion of 1lmM peptide or 100
nM C5a, which typically resulted in 10-15% total binding.
Data was analysed using non-linear regression and

statigtics with Dunnett post-test.

30 Myeloperoxidase Release Assay for Antagonist Activity
Cells wexe isdlated as previously described
(Sanderson et al, 1995) and incubated with cytochalasin B
(Spg/mL, 15 min, 37°C). Hank's Balanced Salt solution
containing 0.15% gelatin and peptide was added on to a
35 96 well plate (total volume 100 uL/well),. followed by 25 pb



anal ysis of variance, with p<0.05 as the threshold level of 20
significance. (a) Carrageenan Paw Oedenma Anaesthetised (i.p. ketamne &
xyl azi ne)woisass2s rat s (150-200g) or mice are injected w toTst®eioi42sed air
25 (20m day 1, 10m day 4) into the subcutaneous tissue of the back. The
cavity can be used after 6 days, whereupon carrageenan (2nl, 1% ww in
0.9% saline) is injected into the aitr gpuch, and exudate is collected
after 10 ice= . Test conpounds are adm nistered daily after Day 6, and

their 30 anti-jnfl|am ry effects assayed b erentia gy  of
cells in theSat¥ L%ﬁwﬁééwdatg Rﬁlsﬁﬁfgs¥§‘?e %PW% tn aapcpﬂ E)%gﬁg't% tines
after injectdomptanchPed CED%cedlisnwsire insevbated| @magﬁa mire ébfa@ﬂt ¥, | avage

fluids are d+.t,u € e d th a WO
03] 03355 P AUGE b e BB ol AR o e e T e o

cyt ocent ri f figedhepr bpanad b ﬁ@lrt &r Rai- veW?enaSPo’&It‘l ‘Pl% T8yeenan paw

oedena SjeVﬁ'E@@ﬁﬂat@ Wsi@r ﬁl@tés Bt)yw@.@rfa&tiéaetbnga&mpﬁﬁal itfjeegtliaoe 5 of
Carrageenan my

to elicit oe h,LS h and
maxi m sed .‘ﬁaﬁhweﬂe%‘? E%r?f)%%atsemé)re ulr\%naﬂé r2nb pi{ Jfrore |é%y?am‘ra en and
eval uat ed bnyrlxmme oohl e@enl rmaismmn@rft shmetpambam:yﬂlxze & A hg /,

Fairlie, D P géz(i\%ﬁ%) A9 d\/\%k%cﬁndem t ehgeSPeadil il ¥68) ()
Adj uvant Ar?ﬂrlt uvant arthritis is in rat%%(s strains)

ce
ei ther i mmﬁEPB@?‘éa?Fy i micey c?ﬁlddﬂftll’?é'af’fkrzl"l Eagi%ml\@%:b cterium
t uber culsi shsorHENEHE Cadlty rﬁmdﬂrmratdme) nmbyni ackibatamwniid tmatth?e

arthritogenic_adjuvant co- ' W {]/E il S%-la@
Freund' s adj ﬁ%@ﬁ%s C?Jﬁré‘ﬁ%@? base gee e%ﬁségbﬁ&%v ndbook of
Ani mal  Modehsl¥sedthe m'cllﬁm&i@‘ Diesased onEds- G eenwal d, R A: 20

Diamond, H S.; Vol- 1, pp. 3-16, CRC Press). Wthin 13 days the adj uvant

arthrltls s
In Viveo Assgays of Anti-Inflammatory Activity

15 The follewing well-known in vive asgay systems
are used to asgesg the anti-inflammatoxry activity of
compoundg of the invention. All assay data are analysed

uging non-linear regression analysis and Student’s t-test,
analysis of variance, with p<0.05 ag the threshold level of

20  significance.

(a) Carrageanan Paw Oedama
Anaesthetiszed (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 (2ml, 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 assayed by differential counting
of cells in the air-pouch exudate. Animalg are killed at
apprepriate times after injection, and 2ml 0.9% saline is
used to lavage the cavity; lavage fluids are transferred to
heparinised tube and cells are counted with a



mani fested by |ocal inflammuation and ulceration in the tail, gross,
swelling of all four paws, inflammtory |lesions in paws and ears, weight

| oss and wewan33sthese synptons, 25 which are simlar to tRreIaswwbR/o1427

i nflammatory di sease in hunmans (Wnter and Nuss, 1966), can be alleviated
by agents such as indonethacin or cyclosporin, which al so show beneficial
effects in man (eg. Ward and C oud, 1968) .~ Wthout drug treatnent at Day
14, arthritic rats had 30 hypertrophy of the paws, reduced al bum n but

rai sed acut i . hepati c
met abol i smfc?) 8%%?%%?%% %{s}i ﬁ{\lgitfegtﬂig %ﬁﬁ% ocﬁgg‘gcglg Fbi turat e- i nduced
sl eepi ng tlﬁﬁgpaq%th%%ess activity, conpounds are admnistered 35 for 4

dagf1 oral ly (<10Ong/ k@mﬁéé.’)éldltgm}e'l:yf aa%bﬁem@éa&ﬂ@é&ﬂ&ﬁ%ﬁ OE%AUOZ/ ((Jégﬂ
- - . 0 Il nocul atron Wt r.t .I‘ItO n Yy
0 Nt Lhe Srpl oL i s B AriRartarRE T 4 e
is very 3 sigAhi ¢am¢w¢@dmedba nsedatoorlichbnt opdens Vds:-catsgessed by 5
mi crocal i peg; SEESHT SHEI Sa0d n&%ﬂnﬁ@'e@k&‘ﬁséhand‘l‘éé‘tl oMM A% vel | as by

gross inspection of ipflanmmtory | esions. Aninmals are_sacrificed by
cervical di SFBRRLFOMYR PREPTES mféha@glégspt ﬁ?‘iit?‘éa%lil%’h%d &€ absent,
wher eupon dmiafbmlbéerqbéﬁm@m bf pawki agedrva tdh speec alsqmer m ssi on

fromthe 105 e ri ts are ered t nlse

t hr oughput a ow ear‘%l15 '%lsn&)la@r&lg on g?we%% @ ﬁ‘%‘gﬂn‘%fis Drl‘lé“"’"u i ne
assay i welk 19&%bept ed as identifying ant| - inflamatory agents for use in
humans 15 Pharmacoki netics Femal e and male Wstar rats (200-2509) were

anaest heti z with 1n o oletil. (50nmy/kg) and xylazine (10ng/Kkg;
Lyppar d, Au??j} a%c%%l‘j‘va%éﬂ: %%t ected intraperitoneally. An area of 5 x

10cm was shaved and 20 ardodd agtrht-hel b ober iadaowd nal matea (f sttheinaf, on to
which the dosg.pof; %%%lvegalQanec§38ﬁko§Q$€££qgﬁﬁﬂﬁia'n'ng 10 ng/ m

of C5a ant agoni st was in"solve
15 ycobacterlum tuberculosig) or chemically (with avridine)

by inoculation with the arthritogenic adjuvant c¢o-

adminigtered with oily vehicles, such as Freund’s adjuvants

in the tail base (See Whitehouse, M. W., Handbook of Animal

Models for the Rheumatic Diseages, Eds. Greenwald, R. A.;
20 Diamond, H. S.; Vol. 1, pp. 3-16, CRC Press).

Within 13 days the adjuvant arthritis is
manifested by local inflammation and ulceration in the
tail, gross swelling of all four paws, inflammatory lesions
in paws and ears, weight losg and fever. These symptoms,

25 which are similar to those of inflammatory diseage in
humans (Winter and Nussg, 1966),. can be alleviated by agents
such as indomethacin or c¢yclogporin, which also show
beneficial effects in man (eg. Ward and Cloud, 1966).
Without drug treatment at Day 14, arthritic rats had

30 hypertrophv of the paws, reduced albumin but raised acute
pPhase reaction proteing in serum, and depressed hepatic
metabolism of xenobioctics as indicated by prolonged
barbiturate-induced sleeping times.

To assess activity, compounds are administered

35 for 4 days orally (<lOmg/kg/day) or intraperitoneally



propyl ene glycol or dinethylsul foxide at varying concentrations with water
and sneared evenly on the shaved 25 abdom nal area of the rat with a.
spat ul a. woleasisegy pad was used to namintain the body tenperatioesi«al the
rats and blood sanples were taken at 15 mn intervals for the first hour,
and after that at 1 hr intervals for a total period ow 3 hours. 30 Bl ood
sanpl es were i medi ately added to tube£4 containing heparin (500 Units/4L)
and centrifuged (11000 x g). The plasna | ayer of each sanple was renoved

0L, 5ol L | O O o et t exed. The
, 5g in 50% acetonitril e er), was added and vortexed. The
sanpl es wer®” FRpt ey (e d ! 1 3\%%0%%/ BYBIFIPCT MBS FradFe 25 with

hi gh, perf olfmElerend i g d < kridhetrogoaphys{bPeC)ograsereacetonitril e and

i dl : ' j
a0 Y T B AGRRAG) - LRGN ELLUOSE £LddD0uike Das TNRRC8DS

resulted in pitation o l"ai'ge asima pr( e sanpl es,
al | oned & henBrxefml imar deaaeEnentsf of headr talekenss el tesida vornees | ui d

portions ofad heeBRrEd as, WiR=PliaepdctioAnss Eppengdendtdipass iang st or ed

until anal y@g{i. These sar&l,?céag trgnsferie%fo 96tjs_/vel IO I&{aat g 4 and

evapor at ed 20" Yhese f&Stg & VaGetent T f TG ater %t hen

reconstit uteell éss tehetiuweltis widhsnebkl sbsphtsewli@Oembon durabisins odf sanpl es

was per f or nggk by d d i d ﬁ&@o?x@h‘&gﬁamﬂﬁh(%@@aysff&gnﬁ‘sﬁﬂi 8k £4Q0 series
I p r ed wt

HPLC equipped with a we at e aut osanpler coup h a PE Sciex Qstar

Pul sar sl - Fra O YSret ERPETETCRRE AT R af T OFESTRE & USEEMLTED from a
st andar d cugiecfhput Ugid idlflernabrsiancapd:- peaks abepvdat i@spolindrdar ds were

prepared by..addi ng .an appropri.ate punt o he dr ngd . internal standard
to plasma f_%’rﬁ a%cgﬁtrﬂtnreef% r af, nggvﬁg?gpé%ét?sac %%1%}%{161%62% d by the
sanme net hodiwslanes R e qesritse foal usanphekund@Exanpl e 1: Synthesis of cyclic
conpounds Synthesis of cycle . AcF-[OPdChaWRl (1) . The

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

anaesthetized with IlmL of zoletil (50mg/kg) and xylazine
(10mg/kg; Lyppard, Australia), which was injected
intraperitoneally. An area of 5 x 10cm wags shaved and

20 marked on the lower abdominal area of the rat, on to which
the dose of drug was applied. A stock solution containing
10 mg/ml of C5a antagonist wag dissolved in solvents
propylene glycol or dimethylsulfoxide at varying
concentrations with water and smeared evenly on the shaved

25 abdominal area of the rat with a spatula. 2 heating pad
was used to maintain the body temperature of the rats and
blood samples were taken at 15 min intervals for the first
héur, and after that at 1 hr intervals for a total period

ot 3 hours.

30 Blood gamples were immediately added to tubes
containing heparin (500 Units/uL) and centrifuged (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/mD in 50% acetonitrile /water), was
35 added and vortexed. The samples were further diluted 1:3



| i near peptide Ac- 'he-Orn-Pro-dCha--Trp--Arg was synthesised 25 by Boc
chem stry on a 0.20 nmol e scal e using HBTU ]JIEA activation and in situ
neut r al i swDi3/33328 a Boc-L- Arg(Tos)- PAMresin (338 ng, SVeOTHOb20m00/ Q).

Cl eavage and deprotection of the resin (457 ng) was achieved by treating
the -resin with HF (10 M) and p-cresol (1 nm) at -5 to 0'C 30 for 1-2 hrs,
to give crude peptide (160 ng, 90% . -C¥kl+sation involved stirring the
crude peptide (41rrg, 45 prol), HOP (126 ng, 0.28 nmol) and DI EA (158 ilL,

0.9 zm | T BBRve e ac a and
I e%f"%ﬂé‘s e ﬁ%&%ﬂﬁgﬁggﬁ% >da§§h
(gradi ent a%WB’G@@‘?oarEWN e0d£0888528 AESE}E‘? faged - op

30min). VB y(1hbb)+ gral omlis BRGdes s totierpepr kot 86 Nt hesi s of

cycl e ACF- dPhe The Iin e Ac- Phe= I dPhe Tr p- Ar
wzts synt he[sgaﬁae V\F%V&%o%r%q‘nee]rﬁsstl:%ﬁ%% %&Rﬁg?%/ DFEA & a%gve“?. 3}1 and |np5| tg
neut r al i Sat conpdata Bocradtim(dfoHhe BAMar Esion. tlkeplage= andlhaldpiwitect i oxi
of the resi Bn;é’@.%oﬁ&hgfvﬁ‘i]e bé’ar#ﬂ@é 'M%'ﬁ‘iac”e@shﬂ MhEﬁﬁeﬁé@rfﬂeu}?&d

p- cresol to give cr pepti de
Cycli sati onaﬂﬁvéF%ﬁdl‘@n’éﬂ rdMng 49 crude peptide (85nmg), BOP (200nmgy) and
DIEA (222 pL) in DVFrdé: dandids Werltr srahbh€cspbdend M@svellemivagksd n vacuo

and the cycli etlde rified by rpHPL ( n (gradi ent
00 3008°PE BYAPIRBE Gue %b%/ﬁ%)us ?%/ﬁ-‘%gci;?téff‘zg% [ MH] +
(exper.)0 1§Va989®t6r Syirégt Hesyt arigfi tayeice lnA@FEf Py f@@?llel'he | i near

peptide Ac- BhgaeOffio R0y dChasa A A dF WRSpI KAt §8S1 §8dfobieBas, cliefiist ry
usi ng HBTU/E Eﬁactll\lllg{lo a(};bein Situ p& °

Boc- L- Ar g( TGEF OPAKPIF BRRY, I@%%)vdb%l%d"r? gd 5P%t igbbo'ﬁeﬁe? HE % %sin was
achi eved byetgnegpe@gwihle aresin plidte Hagokampllprandupledresol  PEl) at -5

(heer g fit Pt Tishont Yol gt atien [rvolved stirrine
Concentrations were ermlned from a standard curve of
drug: 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
extracted and prepared by the same method as the
20 experimental samples.

Example I: Synthesis of cyclic compounds
Synthesis of c¢ycle AcF-[0PdChaWRr] (1). The

linear peptide Ac-Phe-Qrn-Pro-dCha-Trp~Arg wasg synthesised
25 by Boc chemistry on a 0.20 mmole scale using HBTU/DIEA
activation and in situ neutraligation on a Boc-L-Arg(Tos)-
PAM rasin (338 mg, Sv=0.591 mmol/g). Cleavage and
deprotection of the resin (457 mg) was achieved by treating
the resin with HF (10 ml) and p-crescl (1 ml) at -5 te Q°C
30 for 1-2 hrs, to give crude peptide (160 mg, 90%).
Cyclisation involved stirring the crude peptide (4lmg, 45
umol), BOP (126 myg, 0.28 mmol) and DIEA (158 pL, 0.3 mmol)
in DMF (57 mL) for 15 hrs. The solvent was removed in
vacuo and the cyclic peptide purified by rpHPLC (18.8 mg,
35  47%) Rt = 10.8 min (gradient : 70%A/30%B to 0%A/100%B over



(103 iL) in DWW (1 m) for 15 hrs. The solvent was renoved 25 in vacua and
the cyclic peptide purified by rpHPLC (52 ng). Rt = 11.37 min (gradient :
709 30YBVD®30%38524. 0098 over 15 mn). M5 : [MHH + (cal, c. pCEFADZ/O0H427[ MtH| +
(exper.) _ 857.4. Synthesis of cycle AcF-[OPdCha(N Me-Phe)RJ (64). 30 The
| i near peptide Ac-Phe-Q n-Pro-dCha- (N Me-Phe) -Arg-OH was synthesised by
Frmoc chem stry using HBTt 7/ DI EA acti \Latzieor_] and in situ neutralisation on a
Froc- L- Arg( pbf)- Wang resi n (0.35mmol /g) from Novabi ochem usi ng

met hyl - L- Phe (281 rrgﬁ ui v Fm)c--dCha 275 nmg, 2equiv), Fnoc-Pro (472
35 g, 4 equ Fno SOrn %€§ *(49Fhy;) f&ﬁﬁv’% 3 - PREDRD- D37 033528
PCT/ AUOZ/Olé@?& 5— 27 (542ny, 4eqU| v) and Ac20 (4 equiv). Ceavage and

deprotection of the r i eve b sin_wth 95% TFA
(15 m) for 1 h to gi \E/“E'sémgruge pe tcjéicé %"3% ﬁ%ﬁé@%{@ FSPégI pl?lé‘f'lon W th
di et hyl et hdrll’@a@y@elpfraﬁleoﬂf:rﬁh@f@:@d-@tq’fdﬂh@-'ﬂmwmg pyntheedspdpti de

(100mg) , 5BOR( 204k 2erib) f 4..h The
! |eﬁﬁ\%at?g§6§%§§t he c@%@%[}h’(elé{td%)empg%ﬁ |l‘ze1dg tf/urpHPLC (50

sol vent was renov
ng) Rt = 33 I}ﬁ%rﬁ'g‘r‘a’&téﬁfl on78oRPRVYE D! B EISVE SiEr 3OAPRYRIRERRA [ MrH +
(cal c. 10 Lt ikt ofexher rdsin 8vds SackSyEutdre $ivs t@%acyﬁb;ethe

f\250£%8d“<é%‘ésﬂ%%§d%a¥?gg ol oA SN B BB et e
[Orn- (8N MECHz P - BP0 Sidenaraae. pepeidaH msrcé.ymam@nseavwve@c 15

Bocr LoArg(t %t“g)ﬁ%uﬁf?%”?%' Haptotl Subad) gt ‘E??*“EZ'r#ﬁ%t Savhge and
depr ot ect i on(s%‘r2 P%é &8s # \%g Iﬁgﬂoé‘?/‘g d- Dy eat:{‘ﬁ’g ZeRESTFRAS wi t h

HF/ pCr esol fmemoXel itovgicue andldteh@eq:na:lde: afarerider earpitatli on mﬂ{?L@li et hyl
?gogtng)er-B Ofﬂ(lzgt r>n'g j%a'ﬁgy%hg {é{%ﬁé‘e[}f@%‘ﬂpggﬁ%bfb%ﬂ/lﬁ@%’é'

sol vent was “VeFov B -valfio: a Iﬂhb (@849 i)c pSFLi-Ge éﬂﬁﬁﬂi’“eﬁew#-ﬁHPLC Rt
11.5 m ns(359®po.5.

Synthesis of cvele AcF-[0PAChaFR] (60). The
linear peptide Ac-Phe-Qrn-Pro-dCha-Phe-Arg was synthesised
by Boc chemistry using HBTU/DIEA activation and in gitu
neutralisation on a RBoc-L-Arg(Tos)-PAM resin. Cleavage and

20 deprotection of the resin was achieved by treating the
resin with HF (10 ml) and p-c¢resol (1 ml) at -5 to 0°C for
1-2 hrs, to give crude peptide. Cyclisation involved
stirring the crude peptide (104mg), BOP (57mg) and DIEA
(103 pL) in DMF (1 mbL) for 15 hrs. The solvent was removed
25 in vacuo and the cyclic peptide purified by rpHPLC (52 my).
Rt = 11.37 min (gradient : 70%A/30%B to 0%A/100%B over 15
min). MS : [M+HI]+ (¢alc.) = 857.5, [M+H]+ (exper.) =
B57.4.
Synthesis of cycle AcF-[0OPdCha (N-Me-Phe)R] (64).
30 The linear peptide Ac-Phe-Orn-Pro-dCha-(N-Me-Phe) -Arg-0H
was synthesised by Fmoc chemistry usging HBTU/DIEA
activation and in situ neutralisation on a Fmoc-L-Arg(phf)-
Wang resin (0.35mmel/g) from Novabiochem using methyl-L-Phe
(281 mg, 2equiv), Fmoc-dCha (275 mg, 2equiv), Fmoc-Pro (472
35 mg, 4 equiv), Fmoc-Orn(Boc¢) (477mg, 3 equiv), Fmoc-Phe



M5 : [MrH + (calc.) = 91E5, [MtH + (ex-per.) = 910.5. 25 Purification and
Characterisation.. Crude peptides were purified using preparative rp-HPLC
usi ng avlae®3@iB2s ever se- phase colum (2.2 x 25 cm. G ascemt@2of42rnl/ m n
of solvent A to solvent B were 30 enployed and nonitored at 214 nm
Fractions were collected and tested by ion spray mass spectronetry (1 SMV5)
for the correct nolecular weight, and %ﬁlty was checked by analytica
rp-HPLC on a Waters Delta-Pak PrepPak C1 rever se- phase colum (0. 8xl Ccm
(varying gradients such as WO 03/033528 PCT/ AU02/ 01427 - 28 0 to 75%3
over 60 mry)542mgThéegekvbrand iAcOndd ERUCVY: adeélegBRiFE Ladr at ori es) and

TFA was synt @%@kéte&egsn(&w&esﬁ%% %ch%@@&é wa@é£§lﬁ f1eact | ons

used to prepare,cyclic conpounds 1- gelr aractqélsatlon
el ect r ospr ay *RELE WhERs %%t?@(%?%pé@r%u dFOafHve r SVRTR RFPHR HPLC
(rp-HPLC) ret{aBbi pg)t &fesr (Redipithktivadei tapddethet etlieron conditions.

Table 2 d f t t
Cheir reshoctront PEEIbh FhOERA stntirEoRag! & ﬁPL%"@?%ﬁ%%?ﬁ&%ﬁcfes
for the Cha rd8épgdr B@\P h%@r%im)p(ﬂwlﬁﬂor(aé‘peab | BOkBEYt 64 Tﬂfﬁeuﬁ‘:ﬁb[ﬂhl | s),

as  measur Edggé m/@h@p@éww@%@mﬁweﬁowb@é&é%ﬁ&ﬂé\l@ﬁpﬂéz7 Ln co N
-0 r - - rio-

. Nr-1 i o PFPF%iierP’P“He‘% Ry |fR?I&°L€o (ﬁochg,)ﬁtgg ) Ii%/ncfgﬁaﬁﬁ%bt* ID Pa
41 CO co H Lﬁ))%N/BD%BCborG%AIlOOEHB lovee 3lowmieil CGIECY NIMNH]+ @aldA 04& Q
ccrrl mMn 571.garkMgﬂf+r %%ﬁgé y A4 @_%n Id r-t r-i Hc-1 HN t-i N r M
wc--1 C-cor- c¢ r-1 r-i o] a
ooo00OO Synthe51s of cycle AcF-¥{Orn (g%ﬁMe)}PdCh WE%
(66) .Boc- (8N-Me-0rn) -OH was synthesized as reported (Pol.
J. Chem. 1988, 62, 257-261). The linear peptide Ac-Phe-
[Orn- (dN-MeCbz) ] -Fro-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 resin
was achieved by treating the regin with HF/pCresol for 2 h
to give crude peptide after precipitation with diethyl
20 ether. Cyclisation invelved stirfing‘the RP-HPLC purified
peptide (100mg), RBOP (200mg) and DIEA (222 uL) in DMF (2
mL) for 4 hrs. The golvent wag 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 and Characterisation.
Crude peptides were purified uging preparative
rp-HPLC using a Vydac ClB reverge-phase column (2.2 x 25
cm) . Gradiente of ImL/min of solvent A to solvent B wers
30 employed and monitored at 214 nm. Fractions were collected
and tested by ion spray mass spectrometry (ISMS) for the
correct molecular weight, and purity was checked by
analytical rp-HPLC on a Waters Delta-Pak PrepPak C18
reverse-phase column (0.8x10cm) (varying gradients such as
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03/ 033528 PCT/ AU02/ 01427 - 32 Examle 2._Aptagonist activity of cyclic
conpounds Table 2 shows the structures of the conpounds synthesised in

Exanple 1, as well| as th2e| r resectlve recetor bi nd| ng affl n|t|es and
ant agoni st poterréf@@ﬁ-]r-%p-’é t he “EHRIOPLE 4 -
| eukocytes (neutrophils) Taaaemasubwd buet@ermmm@rmlﬂimseomgsands

Conpounds 1-9, Q 7- 3 44, 51 an: .59 are
within the br oa&cope&o ec%]m %:éC éﬁg‘l %Stgéc‘f’g?% s%tt %r résc?ﬁ é’aﬁ i er
patent 10 appl i CERFFALND. m@ﬁmgff@@mwleﬂome@ntﬁmvﬁﬁ patemersisr oes

that in fact;s ofthdess Q@W,Onoﬂbﬁaﬁ ﬁolyﬂg ﬁ@nugﬁeazg’qu&% @Sand 44
have appr eci abl e antaggo t . patenc g C% al nst t recept or
on human neut xofAi T s Erﬁ%sdt 8‘8%5 of by7t cﬂ:%er% anBanB-YM
27, 29, 32, 38, 51, and 59?0m@0unds shbwh@-p:t%mzml 621,ar2t3agc2|4| Sk7pBLensy,
and/ or receptor fﬁfi4E}3®1)Méﬂa I565Q+2 #ithin the broad scope of the
general structure set out in our earliexr patent
10 application No.PCT/AU98/00490. However, Table 2
demonstrates that in fact, of these compounds, only 1-86,
17, 20, 28, 30, 31, 36 and 44 have appreciable antagonigt
potency (IC50 < 1L uM) against 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/oxr receptor affinity, with IC50 > 1
W in all cases.
On the other hand, compounds 1l0-15, 19, 22, 25,
26, 33-35, 37, 39-43, 45, 47-50, 52-58, and 60-70 are not
20  included within the scope of PCT/AU98/004%0, although they
do involve the same or similar cyclic scaffolds to those

disclosed therein. Table 2 shows that of these new
compounds, 10-12, 14, 15, 25, 33, 35, 40, 45, 48, 52, 58,
60, 66, and 68-70 have appreciable antagonist potency
25 (IC50 < 1nM). However, the other compounds (13, 19, 22,
26, 34, 37, 39, 41-43, 47, 49, 50, B3-57, 61-65, and 67)
do not show appreciable antagonist potency and/or receptor
affinity, with IC50 > 1 uM in all these cases.
The results shown in Table 2 enable ug to define
30 further and to refine the limitations on the active
pharmacophore for C%a receptor antagonist activity, in
order to obtain or predict sub-micromolar antagonist
potency. -
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6NH NH 4~ 44 45 C5.cR Rindiag 1C50:"fl M C3nR RI Aducg 1C50: 1.3(M Conl
Binding 1C30: 6A M C5 R Anueonisl 1C50: 2?man-C5aR Anngonl & | C50: 160nM C5.

Amagoni 511C50: 69onM WD 03/ 033528 PCT/ AU02/01427 38 o ~QHHt.. H NN
NNHa HNo WWa HNHa -J~C) HR-H HZ NH HZN NH }; ~NH 46 57 5S CSaR
Binding ICSO 3. 7M C5aR Binding 1C50; 2;a.y{IMCS, Itt Bindin%ﬁtCSO:OZA
C5, dt Anl agnni stCHa Bimdin AntRdgEaEs £OI ) CRIES e RS I i%ﬁ@?@gﬁg
1720M H H H | r&afrod Qé ddd d9eH508Hmaxktn@n binding to human PMNs.

“C5a Antagonist IC50” refers to the concentration of
5 compound required to achieve 50% antagonism of
myeloperoxidasge release from Cha-stimulated human PMNsg,
Boxed regions indicate the location of relative changes
between structures. Compound 1 is the lead compound from
our previoug application PCT/AU98/00490, and is included
10 for purposes of comparison.

Example 3: Cyclic Antagonigts of Cha

Some examples of these c¢yclic antagonists and
their apparent receptor-binding affinities and antagonist
15 npotencies are given in Table 3, in which the single letter
' code for amino acids is used. “d” indicates the dexto (D)
form of an amino acid. “ND* indicates not determined.



H- NH NH H2NA | NZ NH J 59 60 rink Bl nd,ug 1C50. 30.4 M CSnR Bi ndi ng | CSO
0. 251t M 61 CSnk gn[n50ui sl 1C50: ND C5aR Binding i50; 11.51tM CSaR

Annynni nTEB03/03%e Cyan AnLagnnkt 1.50; NU K tea" -- ' IFCTNORIO1427] , P NH
NH)INQ NH H" oHo INH NHNH $NH NH 62 63 64 C5 .RBinding | C 50;
5,21IM C5nR Binding ICSO 3.11M CSaR Bi nding 100: 271L'1 CSaR Aal ayvni si
TC50; 4, 6uM CSnk Ant nFnnlat | C50: ND CsaR #nt-agonist I1C p: 2M WO 03/ 033528
PCT/ AU02/ 01427 39 "Cha Binding 1C50" refers to the concentration of
conpound required to achieve 50% maxi mugaiiads ng to human PMr$. "Cba

Ant agoni st 1 C50" refers to th entratiop of ound required to

achi eve 509s ant agoni sm of Wg ?Pg‘i? rc% AgBHﬁﬁgga stinul at ed
human PMNs. Boxed regi ons indicate the Iocatl on of relative changes

bet ween structaeshe Gorglithehtss t hedmpadnadnpaund THig@imeuUr | PARVAIS st
application PQT/ AU98100490, and is | n@luﬂ@@g 10 for MOOO( f Tegapanison.
Exanpl e 3: Wcrm&mg%ﬂélﬁb of —Cpa Dtilﬁb' exang Al yd"'rt34 .
ant agoni sts a + yarent—recept bradi-ng—af-Hrrties—a aftagon-S4
15 potencies at ?tz‘%mﬁ;a e—3+ moﬁlgh therg%ﬁ veH—e—
anmino acids is . _ | he_déxio (D?’ orn¥of®an an i
"ND' i ndi cat es| MEFLCRIEHA#E] w0 ok/ 033328 BCTEAUN2/ 017%9% ND
Ac(o~-fluora)F[QP- 14 3 0.52 38
dCha-WR]
A¢t(m~-fluoro)F[0OP- i5 1 0.39 ND
dCha-WR]
HC[OP-dCha-WR] 17 3 0.22 31
Hydrogen [ OP-ACha-WR] 19 3 >1000 ND

5 Ms = Mesyl, Ts = Togyl, MeSuc = Methylsuccinate, Suc =
Succinate, Ahx

6-Aminohexancate, HPhe =
Homophenylalanine, Phg = Phenylglycine, HC=Hydrocinnamate
ND=not done

Pro Raplacements Compound n Binding | Antagonist
Number (M) (nM)

L

ACF[0-Byp-dCha-WR] 25 3 0.27 ND

AcCF [O-Thp-dCha-WR] 26 1 75.5 ND

ACF [O-Phe-~dCha-WR) 22 3 2.43 ND |

10
Hyp = trans~Hydroxyproline, Thp = cis-Thioproline



- 40 Table 3 NEW COVPOUNDS AS C5a ANTAGONI STS AcPhe Repl acenents Conpound
n Bi ndi ng Antagoni st Nunber 1C50 (M 1C0 (nM MSF [ OP-dCha-WR] 10 3 0. 47
34 TsF[ QPodG3ssYR] 11 3 0.96 291 AcPhg[ Opd- Ch, a-WR] 12 PCO/AIB20507

Ac OP-dCha-WR] 13 3 37.2 ND Aa(o-fluoro)P[QP- 14 3 0.52 38 dCha-WR|
AC(mfluoro)P[QP- 15 1 0.39 W dCha-WR] HC [OP-d. Cha-WR] 17 3 0.22 31

Hydr ogen[ OP-dCha-WR] 19 3 >1000 ND 5 Ms-=ivesyl, Ts Tosyl, MeSuc =

Met hyl succznate, Suc = Succinate, Ahx = 6- Ami nohexano te, HPhe =
Fbinophenylalanine Phg = Phenylglyc ine, |-1C=Hydroci nnanate ND=not done
Pro Repl acenepy T 17y ST NU ot n :
AcF[ (c) - Hyp-d a?§€E$Q§E¥§ g g; IJCF%%%E#hp 3Cha»%%fi§§kax—ﬁ%t7 Bt
AﬁqqpmpmmmMm;D;gzjg¢mAJAJM — trbas L wwﬁll;qhgmm*___
ci s- Thi opr ol i hACTNPBdehz=8Rl PCT/ A 7 | ¥4 b Ppd p¢aggzgn;§_gab
Code n Bi ndi nbAAR{@Fodkee-"Rlyn) (nW_ ASF[ Pt dCBa-WR] 3p33 113 0 2% 23
AcF [ OP- dLeu- NREFBOPGWR] 13 35 Ac?[[OPGAR, 42| 3 _$082| NDLOARE [lOP- d\AIP- -
29 3 13.0 ND AnEr[oP-atvhe-wiR 36 3|0.538B0 AcF3[ OPtdTié-MR ]| 35 3ND. 18

15, 000 ACF[ OPaarco¥RinBd-wrP2. 71 ND 38 3 0.53 30
AcF [0P-dTic-WR] 35 3 9.18 15,000
AcF [OP-alic-WR] 34 3 22.71 ND
AcF[OP-ATyr-WR] 40 3 2.16 300
AcF [OP~dArg-WR] 41 3 =100 ND
AcF[OP-dPhe~WR] 33 3 0.26 22
AcF [OP-dhCha-WR] 28 3 0.39 40.5

Aic- amineindanecarboxylic acid
Tic- tetrahydroisoguinoline
5 dhCha- D-homocyclchexylalanine

Trp Raplacements n Binding | Antagonist
Lab Code (M) (nM)

ACF [0P-ACha-HR] 57 3 23.5 ND

ACF [0P-ACha-FR] 60 3 0.25 Y

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

AcF [0OP-dCha-Cha-R] 50 3 11.9 4,500

Ac¢F [OP-dCha~hPhe-R] 61 3 11.5 ND

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

AcF (OP-dCha-Bta-R] 58 3 0.28 172

| AcF [OP-dCha~Flu-R 54 3 28.9 | _ mp

AcF [0P-dCha~1Nal-R] L 52 3 _ 0.71 46.6

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

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

AcF[OPdCha-dTrp-R] 59 3 30.4 ND

hPhe = Homophenylalanine, 2Nal = 2-Naphthylalanine, 1Nal =

10 lh—Naphthylalanine, Bta = Renzothienylalanine, Flu = ’
Fluorenylalanine, Tyr-0O-alkyl = O-alkylated analogue of
tyrosine. Tic= tetrahydroisogquinoline



Ac? [OP-dTyr--WR] 40 3 2.16 300 AcF [OP--dA rg-WR] 41 3 >100 ND

AcF[ OP-dLlie-WR 33 3 0.26 22 ACF[ OP-dhCha-WR) 28 3 0.39 40.5 A .c a
m noi ndarwoasioassys. i ¢ acid Tic- tetrahydroi soqui noline 5 @aChar02/01427
D- honocycl ohexy7. al anine Trp Repl acements n Bi ndi ng Ant agoni st

(nM)  ACF[ OP-d
OP-dCha-LR ] 5

Cha- HRI
13 18.9 3,

57 3 23.5 ND ACF[ OP-dCha-FRl

Lab Code ()
60 3 0-25 32 AcF |

0 00 AcFOP-d@a-Cha-R 50 3 11.9 4,500 ACF

[OF-dCha--hP1 a-R] 61 3 11-5 ND ACF[ OP-dCha--2Nal-R] 53 3 15.8 ND
AcF[ OP- dCha- Bt a- R] 58 3 0.28 172 ACF [CP-dCha Flu-R 54 3 28.9 ND AcF

(OP-dCha- | Nal-fRt
AcF[ OP- dCha- G
Honophenyl al anjLn
Bt a = Benzot hi
0- al kyl ated an
PCT/ AU02/ 01427
(nM AcF [OFd
[ OpdChaW hAr g}

st (rim AcF

10

15

20

25

PR - U I\ ITL; .
Er%gﬂeip STOENS . AcF ﬁrcﬁca o-1] 5o B3P @%4 TS
o__2Na7 _= 2 Napht hyl al ani ne_ il\lal 10 {¥¥bphtlhyl al 3k ne
HRohad-G4R] Fl yol eny M8l anilne, 3Tyrt - F-80kyll = 690
A oi e dThaW-Flosi ne. Ti c=4fet r ahydBoi spqu#4ndlsi ne WO 08?2 033528
AcF WbhdCuayRapdgdcenent s kdb Cade B Bindi hg3@Ant dagoni s¥D  ( VA)

Chaw- G t] 45 3
44 3 1.36 ND Can

6.00 690 ACF[ pdChaW K]
L- canavanine, Cit
hAr g=honoar gi ni @& mitiptaraEpecodd tn= Bﬁhﬂrﬁblﬂﬁ@ad@mﬁg-hQﬂﬂéiﬂéﬂéﬁﬁs (PM

47 3 24.15 ND AcF
= Citrulline,

[ OP- dPhe-dl eu- 105 3 3.1 ND

Multiple Lab Code n Binding | Antagoni

Replacemants (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 [DapOPdChaWRC) 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

INal =

dPhe= D-phenylalanine

Example 4:

Pharmacophore Refinement

On the basis of the results in Table Z,
develop a refined pharmacophore for active antagonism of

the CS5a receptor on human polymorphonuclear leukocytes,

follows:

1-Naphthylalanine, Dap=2’'3-diaminoproprionic acid,

wWe carn

as

Position “A” can tolerate a very large number of

groups, including H (
NHZ, NHalkyl, N(alkyl

e.g-
)2

7

compound 17,18),
NHaryl, NHacyl
1,3,4.5,6,), NHbenzovl (e.g.
Qaryl, NHSO2alkyl (e.g.compound 10), NHSOZaryl

alkyl,
(e.g.

(a.

aryl,

compounds
compound 2), OH, Ozlkyl,

g.

compound 11), without an adverse effect on activity.

The wide tolerance to substitution at position

“A7 indicates that there is considerable space in the

receptor for appendages to the cyclic peptide scaffold.

This position can therefore be used for adding

gsubstituents in order to vary the water and lipid

golubility of the ant

transdermal absorption of the antagonist.

agonist,

thereby enmhancing oral or
Thig position



Hal - R] AcF[ OP-dPhe-FR] 62 3 5.2 5,210 AcF [DapOPdChaYi JRC] 151 3 1.84 100
AcF[ OP-dPhe-1 Nal -R] 63 3 3.1 ND AcF [OP--dFhe--Y--R] 150 3 69.2 ND 5 1Nal
= 1- Naphtwgloaloaasesre, Dap=2' 3-diamiloproprionic acid, dPaEAU02/01427

D- pher syl al am ne Exanpl e 4: Pha.rmact phore Refinenent 10 On the basis of
the results in Table 2, we can develop a refined pharnmacophore for active
ant agoni sm of the Coa receptor on human p@d whor phonucl ear | eukocytes, as
follows: Position "A" can tolerate a very |large nunber of 15 groups,

including I-1 kS ol r 1271 udvHad t ,
N( al kyl)g NHary‘T'g_%llf-gw ajc cqrrpc?%ng)sibeji,@ el o8 el déﬂti (ags

. Hb
conpound 2), C}Qm@]ﬂfk%lor R%Elr@ePWﬁgofﬁgR?Pc?ﬁ Ehﬁgﬂp%)%y%rﬁﬁ)%NHSOZaryl
(e.g. conpoungsddpit fckhﬁuiaréyetadt\eeﬂse ehthchsoneguehves ysi@0.afh&oni de
tol erance to SUbStItutl(%% lat6 S%Tn "A" indicates that there is
consi der abl e sPAtEi #°t ceﬁ or" T'or appendages to the cyclic peptide
scaffold. B&This positi o@mrtnomer“@f’opénbbeu%bﬁy or2BHi RPeibs G ts i n

order to vary f g@jﬁmfropnﬁdﬂm d 25 3@ ubiaki EMa20h bheaant agom-stamivler eby
enhanci ng or al transder nal slor pti,on t he a§t ﬁﬂgm st. This position

f
WD 03/ 033528 PET-AUBRT1aD A Bh aHeTgrg | 8\%‘98?? n?Zof I abel s such as
fluorescent tagBenydghydsis monmmymapm )de Zeqebnudd whtche coid eridd gh

ff f | m
of oa U5 posi EnaEh. §f I'Da%h%‘éﬁkﬁ%ﬁ%q%%%ﬁw A Engonamh gyt 09

(y henyl *EZ}%‘“ na ht hyl or
i ndol e, orl@ he(SPIHEO"P}]ﬁ@I h ofL‘atME“-ngfneL C&Fﬁpﬁﬁndaé d Eu qEvie yl al ani ne

(conpound 1), ?zélﬁsen&éx%m&emocomm@t@hanl {{ cohpulddnbé) beot ie- si de

chain of D ph engmgil:%{;lpi[’lgp E(i:orrpound 8), L-honophenyl al ani ne

Position “B” does not tolerate a2 wide range of
substitutents. It appears that the benzyl group of L-

15 phenylalanine cannot tolerate much substitution, and
cannot be made much bulkier. This position seems to be
required for receptor binding, rather than being important
for antagoiism per se,‘since the greatest effects on
modification were on raceptor affinity, ag measured by

20 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), alanine, trans-—
hydroxyproline (compound 25), oxr cis-thioproline (compound

25 26). It should not be a bulky substituent such as the
side chains of L-iscleucine (compound 21), D- or L~
phenylalanine (compounds 22, 23), L-cyclohex rylalanine
(compound 24).

Position “D” should be a bulky subgtituent, such

30 as the side chain of a D-amino acid like D-Leucine
(compound 31), D-homoleucine, D-cyclohexylalanine
(compound 1), D-homocyclohexylalanine (compound 28), D-
valine (compound 29), D-norleucine (compound 36), D-homo-
norleucine, D-~phenylalanine {(compound 33), D-

35 tetrahydroisoguinoline (compound 35), D-glutamine
(compound 37), D-glutamate (compound 38), ox D-tyrosine
(compound 40). It should not be a smaller substituent,



10 (compound 7), L-tyrosine (conpound 9), L-honotyrosine, glycine (conpound
13), L-tryptophan (conpound 16), or L- honotryptophan. Position "s" does
not tol eraDa3@33sgle range of substitutents. It appears t rat/Atvweobenzyl
group of L- 15 phenyl al ani ne cannot tolerate nuch substitution, and cannot
be made nmuch bul kier. This position seens to be required for receptor

bi ndi ng, rather than being inportant fof dnt-agoni sm per se, since the
greatest effects on nodification were on receptor affinity, as neasured by

Zg _'C50]; F’OlsthiuQ&h"é% élk@ttlﬂié)e:dxﬁusmlfl gaybﬁﬁeltm%manmh(coa)qmdm si de
chain of a I7-- or L- no acid s rolinpe : isne
(conpound 20), %]an?ﬁ@ﬂ' nggPliﬁk% ? 5%%‘%%%§5§;?hF%%5d
ci s- thloprollnEZXcomﬁhm&ky:Ehdﬂ@adIa&dgh@hhdnnbik@eDfaimﬂmyn% NRAYERt such
as the side nggnérL % i )g#aﬁﬂ%uEﬁpﬁﬁgungrzéﬂ , LimBo LaciRperiwealkani ne

cycl ohe

(conpounds 22 ani ne conmpoun Positiaon "D' shoul d

be a bul ky SubSYF+easty WFF“%O‘Q%“W% de ch%‘f‘%ljofgaalﬁ%%a}?o" P8 i ke
D- Leuci ne (cog@@yndoﬁliarééfuﬂaﬂﬁnunamadsDacypbQheXgmawahnmetﬂktonpound 1),
D-h | oh

D-nnggﬁgigee? %%gn%ﬁgg%%gqggu ggﬁYl#%g&§?§LQ§Eéﬁﬁ%£ f&fanlne (conpound

33), D 35 tetrabdgepbésoqui noline (conmpound 35), D-gI utam ne (conpound

b0 b ool e oube (v unor Tk illon O Das) EHSLER f*m?‘w ying bdmfm"‘f‘*ﬁ ol
e a snaller substituen % - qg S e
e o d

si de chai nttbf §R§ERREST Coat B PO iSRG & 'chain
|D|ke D-t rypE oppan :(xﬁﬁnpgtmwbtcﬁ;ﬂ-)an a(dmntgcmndhasgzdgiw@-mm}ni\lumophand
arginine (co r 0 0 Q.-ac
ke L5 oyet onapdad Pt SRR RSk é%ﬁn%.%?ﬂa@% Al
or large L--anhaocbkraslatapingti QﬁwpqyndoﬁlﬂheL %@E??Ey %EHPQQP Pt |y

reduced af finibyefoptther Beohthyl (compound 53); L-3-
15 benzothienylalanine (compound 58). It should not be the
side chain of L~cyclohexylalanine (compound 50), D-leucine
(compound 51), L-fluorenylalanine (compound 54), glycine
(compound 55), L-tetrahydroisoguinoline (compound 56), ox

L-histidine (compound 57).

20 Substituents at position “E” on the cyclic
peptide scaffold are crucial for antagonism of the Cba
receptor. Substituents at this position may limit the
conformational c¢hanges usually associated with agonist
responges.This may be a “blocking” residue, which fixes

25 the antagonist in the receptor and prevents the
conformational reorganization in the receptor which is
nacegsary for agonism.

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

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

35 chain, yet still possesses appreciable antagonisgt potency
compared to arginine at this position.



receptor. Position "E'" is chosen from anong the bul ky side 10 chains of
L- Trypt ophan (conpound 1) and L-honotryptophan, but not D-tryptophan
(conpoundwb3p/08a528 - N- met hyl t rypt ophan (conpound 47) ; L- pagmioaloanine
(compound 60) but not L- honophenyl al ani ne (conpound 61); L-naphthyl
(conpound 52) but not L-2-naphthyl (conmpound 53) ; L-3 15
benzot hi enyl al ani ne (conpound 58). it sheuwd -hot be the side chain of
L. cycl ohexyl al ani ne (conpound 50), D-leucine (conpound 51),

t-fl uorﬁnél al ani ne (fprrppmmtlw 39l ek Be ewﬁpp,gmi 22) ~ (CH2) n-5-, 57) 20
t et rahydr oi sogui nol i ne i sti

Substituents at pogiti of 1EJ5%Fq%%§%%%\ﬁctopéptPﬁg %?*%q%péfe ‘cr uci al

f or ant agoni sm-6€H: h®-CSa (CEelaOpt or.(CBulbst | tUEH: ba-at —cmgommmmy
limt the Cont@ﬁ{@ﬂwa%%:?euﬁui‘ls' ¥h@sé\£l§é aél?é&x‘!“&ih #AGORoRinon or

responses. This may be a_ "bl ocking” resi i xes 25 fhe antagoni st
in the recept oPn‘éﬂ’EI‘“BPe%én‘f’% RPheMidsheGifat i SRAP PESFHaRTOW{SH 18 t he
recept or whi chcysn@aemﬁalymt orfcag@mamle%&ntveaﬁ the ey Ll tihee si de

chain of L-ar g% guegcggpc%ggouﬂd 1 8 %91 2Lkt ?1&88@33%%)549ﬂct%0u| d

L-citrulline aV|n|ne

not be D or Loflyhen@yp&wﬁmm@om EnéﬂdEth@m)I ?EPﬁ*éltU@FtSQIWIh@S

(conpound 49).rThe shig Dintde e%iﬁsi Idolte@Rl adtl v EBtérQ@@xIriﬂﬁ‘ FodgmRar t ant
for conferyjng recept or aff| The &% {_je conpound has no
% Fhei ap

charged si 35”*’%?13\1 §Bt1REF§° D é‘é‘é’&’ g BIFAtAdni st pot ency
conpared to arginine at ¥mest Ipdsittiioan o £ WEh 8 340335 28c RTT¢ AR OAP b f 4Be

o "o ot or Sy PR 88l R Uec By BYGitly ey ARl (100
- CH2 COCHRNH- | ewtagomtw cep L \M*\"@ré:ORPpémflﬁe@r@e €4ai $5f any comon
or 5 uncomon kitBbubh RMMEEETE Hhonl S t@kodR1paOME dESgéhent Cysed i 1Sdirieon

link, forlﬁganggg 9§£¥§§fl§rﬁh/géké¥¥jo§h%ntagonlst potency.

Multiple changes on the scaffold can be
detrimental to obtaining increased antagonist potency
relative to 1. Thus 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 ¢hanges to 1, such as
L-Pha for Trp and either L-HomoPhe for Arg (e.g. 67) or p-
chloro-phenylalanine for Arg (e.g. 68), led to reduced
affinity for the receptor and reduced antagonist 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 subgtantial
potency (e.g.62).While a change from D-Cha in 1 to D-~Phe
led to retention of the antagonist potency (e.g. 33), this
change is detrimental when coupled with replacement of L-
Trr 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. 33, 60) results in substantially higher
potency than when the changes are made together (e.g. 62).
When the Arg was replaced by an aromatic group still

35 containing a charged amine (69), there was a gignificant
logs in activity, as was observed when Phe of 60 was
replaced by a substituted tyrosine (70).



resi dues of conpound 1, and thus influences the structure of the cyclic
backbone. in addition, substituents such as R on this |linker could

pot ent i alwQ oBfsaseseact with receptor 10 residues to increas@CafAtoniot427of the
antagoni sts. N nethylation of the am no acid conponents of the cycles
tends to reduce the receptor binding affinity and antagoni st potency of

t he conpounds (e-g. 64, 65), although Nangghyl ation of the delta nitrogen
of ornithine 15 has virtually no effect on antagoni st potency. Miltiple

h th ffold ' L. & Wl [
changes on the scaffold £8) fesd SR alrd qé}%@.&_ﬁlﬁﬂbagofnﬁﬁ%? and

ant agoni st potency rel althou e was a suitable
repl acement (ecgreoy ber tplerpted an the IFYGLi9 SeRARGE PRe20tANt agoni st

 Homobhe for A S e e o avns T o AL (oge. 68)

- HonoPhe for Arg (e.q. or_p- chl oro-phenyl.al ani ne rg. (e ,
led to reduced a“%ia%loﬁgtgfr P%Fe?ﬁg' reﬁ%p’t%r %%O%Pé;'&idcggla&nggaoﬁigggpﬁgjfséncy.
Similarly when o Bipern typaasof epbbibedndyy HaRhelidifgrBnChiol8raaseal Sor

i1 a changs FRortBiERIP MR ch Sy e R ha RRIANGEINS fofn oBD)

ant agoni st pot &8¢y S( 8fgacslye eamsourdiange is detrimental when coupled with
repl acenent of L- Trp by L-Phe (62). 30 Clearly there is cooperativity in

t he bi ndi ng of __t hese esidueﬁ to th recqpt%&,H%gn%%a%%pggrigf BQeR %ngle
changes (e.g. 3% sul ts—ﬁ%—%%%&%ﬁ-%—aﬁ—h#ﬁﬂ—gheﬂm‘éaﬁey—hﬁm—m%en t he
changes ar&0made toget heh fevers®Nassiwe particoncglnasthesl needt byn das
aromati ¢ group ;$isillea3aCRERE Bl 8Ty sa&dhtar gssh At che) <t Bere »ason,

significant loss in activity, as was observe en ,Phe of 60, was epl aced
by a substitut &% fr 6EPHE PFOFAES \HFOR/RISHERRISETRANES! GE4DF1487%A | t hese
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15 solution to a final volume of 200ul) or an appropriate oral
vehicle control 30 min prior to deposition of antibody.
Female Wistar rats (150-250g) were anaesthetised 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 surface
c¢learly delineated. A reverse passive Arthus reaction was
induced in each dermal site by injecting Evans blue (15 mg
kgt i.v.), chicken ovalbumin (20mg kg™ i.v.) into the
femoral vein 1l0min prior to the injection of antibody.

25 Rabbit anti-chicken ovalbumin (saline only, 100, 200, 300
or 400Mg antibody in a final injection volume of 30{L) was
injected in duplicate at two gseparate dermal sites on each
lateral surface of the rat, giving a total of 10 injection
sites per rat. Rats were placed on a heating pad, and

30 anmesthetic was maintained over a 4h-treatment period with
periodic collection of blood samples. Blood was allowed
to spontaneously clot on ice, and serum samples were
collected and stored at -202¢C. 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. ©Skin samples were stored in
10% buffered formalin for at least 10 days before
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prior to initiation of dermal Arthus), orally (0.3-10mg
kg™ in 200 L saline containing 10% ethanol by oral
gavage, 30min prior to initiation of dermal Arthus in rats
denied food access for the preceding 18hours) or topically

20 (200-400pug site™ 10min prior to initiation of dermal
Arthus reaction), or with the appropriate vehicle control.
Topical application of the antagonist involved application
of 201l of a 10-20mg mL™* soluﬁion in 10% dimethyl
‘sulphoxide (DMSO) , which was then smeared directly onto

25 the gkin 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 Evans

30 blue plus topical DMSO only served ag a vehicle control,
the sdline-only injection site from rats treated with
Evans blue plus either intravenbus, oral or topical
antagonist only served as antagonist controlg, and Evans
blue plus dermal rabbit anti-chicken ovalbumin served as

35 antibody controls. Topical application of the peptide
ACF-[OPGWR] which has similar chemical composition and
solubility to that of AcF-[0OPAChaWR] (1), but with an ICs



InmL of formam de overnight, and the absorbance of Evans blue extraction
nmeasured at 650=, as an indicator of 5 serum| eakage into the derms

Figure 1 wboaw3zshe optical density of dernmal punch extra®C3/Awkiooning
intradermal injection of rabbit anti-chicken oval bumn at 0-400 ,g site-'
follow ng pretreatnment with AcF-[ OPdChaWR] intravenously, orally or
topically. Data are shown as 10 absorbance4@1 650nn1as a percentage of the
pl asma absorbance, as mean values SEM (n=; 3 *indicates a P value :5
0. 05 when conpa [ n l.ue r at t he
C5aR ant agoni st E)? ﬁcgg &gtia%]gé OAM J’[I{%EB?E%E&Q\A?{’E%% ﬂgﬁ@l n?%afygr%usl y
15 (0. 3-- 1ng kg@si nnz@oggts*amp@h: aqqmtrx@llowé?né%@mhdﬁ%s 419 or to

initiation of d%&%bl%ahyﬁ)lo@rméw a(rQi %gi@@ﬂ&d l@apicamgm@c LiGald ndte™
cont ai ni ng 10% et hanol pr| o ini téa(gl on of dernal

or al
Arthus in rats aeﬁ‘F@dngBH Eﬁc’e‘gjs BuFBJﬁ%urs or topically
20 (200-400.9 site-' 10mn, prior to |n|t|at|on of dermal Arthus

reaction), or “ﬁ%ﬁt{ app Qﬁtate vehicle control. Topical application of
t he antagoni st invo veg p rcation of 201 of a 10-20mg nl-1 solution in
10% di net hyl sul phoxi de ( TN PDRER tEREACBReWRES BRATLETY Bt 25

tT Ee sk: n at e?“@m&!ﬁn&-liﬁmﬁ ﬁﬁmmoédzcbaiﬂuca@sagdqmm) )e\ithusAmieamdyon
e saline-only injection site t.r.eat th Ev y
served as anti g&f*t SnPFSBswe’Eﬁe %}’?ﬂé a%, gg}%‘ogngl ?Q&{ P%H
treated w thoEvarish3e bhumpﬂst@@pnmln@l\@@mnﬂay @E‘Eueanasbgdwehu%mlre
control, the salipgyantyel QFP&%'%&'&%JJ&F&:&E&& &%aicégui\hi hi nfyansl ol ue

pl us elther i ntravenous, oral or topical _antagoni st OE served as
ant agoni st cont PSLET ARATEGERID ‘b“fLPe ety érrdi sy A6BFEL8RL i YR SR
oval bunm n serve@dfagals gﬂbtbédyecﬂ;amtrmlzs:F “Topdcakwappliitasivencwd 1y he

Po that of AcF- CCPAMHa0R] PHICR B w tHh a &M@”%%?*d%%@z & }"uo@o'lht%
-48 15 (n=3-~6). *1nd1cates a P value of £ 0.05 when compared to
Arthus control values.

Interleukin-6 Measurement
An ELTSA method as described previously was used
20 to measure serum and peritoneal lavage fluid interleukin-é6
(IL-6) concentrations (Strachan et al., 2000}.

Pathology Assessment
Rat gkin samples were fixed in 10% buffered

25 formalin for at least 10 days, and stained with
haematoxylin and eosin 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 Arthug reaction resulted in an increase in
interstitial neutrophils, which was guantified in the
following manner. Sections were given a score of 0 if no
abnormalities were detected. A score of 1 indicated the
appearance of increased PMNs in blood vessels, hut no

35 migration of inflammatory cells out of the lumen. A score
of 2 and 3 indicated the appearance of increasing numbers
of PMNs in the interstitial tissue and more prominent
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Example 6 Fffect of CSa Antagonist on Model of
Intestinal Ischemia-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 the
intraperitoneal injection of 80mg kg ' ketamine and 10mg
kg™? xylazine and throughout the procedure rats were placed
on a heating pad to maintain normal body temperature. The
25 abdomen was opened through a midline incision to expose
the superior mesenteric artery (8SMA). A non-traumatic
occlugive device for the artery was fashioned from a silk
suture looped thoucgh a length of polyethylene tubing. The
SMA was occluded by applying traction to the ends of the
30 loop. A polyethylene catheter was inserted in the femoral
vein to allow the infusion of either 1lmg kg™! AcF-
[OPAChawR] (1) in 5% ethanol or sterile, pyrogen-free
saline in 0.2ml volume. Infusions were made over a 2min
period. Oral dosing of AcF-{0PdAChaWR] (1) (0.3, 1, 1l0mg
35 kg™) was achieved by gavage (0.2ml saline in 25% ethanol)
60min prior to SMA occlugion. Intestinal ischemia was
induced by clamping the SMa for 30min, after which the



accurul ations of inflamuatory cells around bl ood vessels. A maximl score
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m gration of these cells away from bl ood vessels. Figure 3 shows the
intradermal injection of increasing anounts of antibody leads to a
dose-responsi ve increase in the pathol ogypd rdex scored by dermal sanpl es
(A). Data are shown for dermal sanples intradermally injected with 10
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period, the animalg were euthanased with an overdose of
pentobarbital. A section of the ocaluded ileum was
removed, the lumen rinsed with saline, and the intestine
was blotted dry, then weighed. Specimens were dried in an
20 oveﬁ for 24hours at 80°C to obtain the tissue dry weight.
Tntestinal cedema was determined by assesging the wet and
dry tissue weight ratio. Additionally, segments of both
ischaemic and normal intestine 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 animals.
Treatment with the CSa receptor antagonist ACF-[OPAChaWR]

30 1mg/kg i.v. and 1l0mg/kg p.o. significantly reduced tissue
edema compared to untreated ischemia-reperfusion (IZ/R)
animals. Data are shown as means ¥ SEM (n= 4-6 in each
group) . *, P<0.05 vs. sham-operated animals. +, P«0.05
vs., I/R animalg.

35
Neutrapenia Assay
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animals. Bar shows 30min period of ischemia.

Tumor necrogis factor-a Measurement
Serum TNF-Q concentrations were measured using an
20 enzyme-linked immunogorbent asgsay, (COptEIA, Pharmingen,
USA), according to the manufacturers instructions.
Concentrations of TNF-¢¢ in serum samples were determined
by linear regression analysis from the standard curve.
Figure 6 showg that the gut ischemia-~reperfusion
25 resulted in significant elevation in serum TNF-@ compared
with sham operated animals. Pre-treatment of rats with
the CSa receptor antagonist AcF-~[0PdChaWR] 1lmg/kg i.v. and -
1-10ng/%xg p.o. completely inhibited the change in serum
TNF-o. levels. Data are shown as means + SEM (n= 6 in each
30 group). *, PB< 0.05 vs. sham-operated animals. The bar
ghowg 30min period of isgchemia.

Haptoglokin Assay
Serum Hp was measured by using an Hp assay kit
35 (Tridelta Development Ltd, U.K)}, according to the
manufacturers’ instructions. Concentrations of Hp in the
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15  within 48h of collecting plasma. Plasma AST
concentrations were derived from calibration curve.
Results are expressed in Sigma-Franke (SF) units/ml.

Figure 8 shows that the gut ischemia-reperfusion
resulted in a gignificant increase in plasma agpartate

20 aminotransferage compared to sham-operated animals.
Treatment with the C5a receptor antagonist AcF-[0PdChaWR]
lmg/kg i.v. and 1,10mg/kg significantly reduced gut
ischemia-reperfusion induced aspartate aminotransferase
compared 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.

Histopathology
Specimens were fixed in 10% formaldehyde-saline,
30 embedded in paraffin wax, sectioned serially, and stained
with haematoxylin and eosin. Tissues were read and scored
by a trained observer in a blinded fashion. The degree of
integtinal 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-reperfusion
resulted in significant damage to the intestine compared
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20 ani not r ansf eF&S¥cfpBraE FoSBhathoferi®t egciniomals) - TreafrRnd5 wrs h T4k
Coa receptor antageanst AcF-[OPdChaWR] 1ng/kg i.v. and 1, 10ny/ kg
significantly reduced gut ischem a-reperfusion induced aspartate

am not r ansf er ase conpared to untreated |I/R aninmal s- Data are shown as 25
means SEM (n= @&xiampdgci gr oupRat *MormReedy 0 udsr dhdrhyeopangueddani mal s.  +,
P<0.05 vs. |/R aninals. Hlstoggg p} ogy Specinens were fixed in 10%
fornaldehydf saline, 30 enb raffin wax, sectioned seriall and
stained with haenatoxyl|ﬁe%$%?é¥kﬁq?r'Fa§§ué§5ﬁe?§0€éaﬂe§ﬁd°%%%ﬁQﬁﬁ

trai ned Observethencanbkamdﬁdlﬁ%mmdﬂi@ePﬂﬁ@@eeUQEVEkﬂti&?t bpal ti ssue
injury was dete ng V. .descri bed aded rangi ng
From b-8 (cni u SL=RroLdBE™ BoBRRIREE o o S tinategies SASE)

i schemi a-reper f (48i-6Rg) r@galﬂe@8¢¥V@dgﬂnfﬁnaﬂmﬁ @an&g&lebethéjumaeEtlne

conpar ed (0.5mg} and sonicated to produce a homogenous suspension.

15 Each rat received a subcutaneous injection of thig
suspension {0.5mL) on days 1 and 7. On day 12-28, rats
were separated into separate cages, and body weight and
food and water intake monitored daily. Rats received
either ordinary tap water or drinking water containing

20 AcF-{0PdChaWR] (1). Body weight and water intake were
monitored daily, and rats received a dailly dose of
Ing/kg/day of the ChaR antagonist AcF-[0OPdAChaWR] (1) for
days 12-28 of the trisl. On day 14, rats were
anaesthetised and their hind limbs shaved. Each rat

25  received an intra-articular (100pl) injection of mBSa
(0.5mg) in the left knee, and saline in the right knee.
The saline-only knee from rats receiving normal drinking
water sexrved as a saline control, the saline only knee
from rats recelving AcF-[0PdChaWR] (1) in the drinking

30 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 samples were centrifuges (11,000 rpm x 3min)
and sexrum collected and stored at -20°C until analysis of

35 serum cytokines using an ELISA. Each knee capsule was
lavaged with 1004L saline, and the total ecell count
determined using a haemocytometer. In addition, an



WO 03/ 033528 PCT/ AU02/ 01427 - 53 to shamoperated animals. Treatnment with
Cba receptor antagonist AcF-[OPdChaWR) | ng/kg i.v_ and 1, 10ng/ kg

si gni fi cawDlog/os3sakiced gut ischem a.-reperfusion induced PCTsUB22MdMIAGE
conpared to untreated I/R aninmals. Data are 5 showmn as nean SEM (n= 6 in
each group). *, P<0.05 vs. I/R animals _ Exanple 7 Rat Monoarticul ar
Antigen-Induced Arthritis 10 Fenale Wst-as4rats (150-250g) were obtained
from the Central Aninal Breeding House, University of Queensl and.

Met h?/' ft eddbov'eﬂtteicﬁﬁfﬂj'Bn‘?ltl?l‘émécﬂe(enﬁgﬁt((j Q?\%a@é %mﬁcﬂlﬁé)la&e@p@a ohkeund’ s
conpl ete adj uvan and sonicated to %éucecg_b (r)%%eno%l were
suspensi on. ]i?%%ﬁﬁ]ﬁ%%g%heéﬁﬁvég gveth Lot dheod i nj of i §
suspensi on (0. Eﬂiﬁlnﬁd(miﬁm b andfeérefnidhysi2i28(DifatGiaker @nsepar at ed

| nto separate dre%&qaﬁ%%ﬁ%a%tamgs bpel A Wl Sl NaAKG wRy tor ed

daily. Rats recelve ordi na water or dr)nKing water

contai ni ng 20 AcRY GRFEIRAMRPE(-1) ThBoH?‘“@véFijﬁ? ]a%‘aa%tfélrmlq‘ﬁ afRf@n\N@F"@h
noni tored dai |l Yjoiald wWetles stegeidved a2der |yhiids e afer hmg/lgzg/ldayfointh@— C5aR

ant agoni st AcF' - [ QPdChaWR . fo days. _12-28 of tri a
rats were anae8ttett d%r‘f&}%ﬁlgi ;Leﬁieﬁl% PP hbe %%av EaditFat ﬁgééltved
an int-ra-arti cwsarcdekO6id) and etk shiof waBSHR1{10. WWEB 4 reqei@dlefrlekges and

saline in the right, %&tmEhe %@l 'en%aﬁBWskﬁ@?efé@é‘%é@tﬁz rlew \ﬁu&qeﬁ}@aml
drinking water serve a_saline control, the saline £§‘ér gl é[ﬁm rats
recei ving Aét' - dﬁvﬂ 219) d.n KRECAr VYRKE ngPS0 Tt e e fi554

ant agoni st contwaﬁer Raics p&%ro%deuhhanaaedranedagomlmobmﬂm lHodod ion
Nere cent 1 fugell 28 000 past ity conk e el oull sdihadd A0 ST ©°
-20C unti | analrgﬁsﬂ%ffolfn 3\@Xs-er um cyt oki nes usi ng an ELI SA. Each knee capsul e
was |avaged with 1001, saldene;sald theplet alete!dr&Ridd using standard
15  Thistological technigues as described above in Example &
and stained uging an heamotoxylin and eosgin stain.
Histological slides were analysed in a blinded fashion.
Tigsue gections were scored from 0-4, with a score of O
indicating no abnormalities, and increaging scores with
20 the appearance of synovial c¢ell proliferation,
inflammatory cell infiltration, cartilage destruction and
haemorrhage. In no samples was there evidence of
significant bone erosion. Samples of serum and synovial
fluid were thawed on the day of ELISA analysis for TNFQ
25 and IL-6 levels. Concentrations were determined from a
standard curve, using an ELISA as described previously in
ExXample 6.
Figure 10 shows the inhibition of arthritic right
knee joint swelling by AcF-[0PdChaWR] given orally on
30 Days-2 to +14, while Figure 11 shows the inhibition of
right knee joint TNF-0 and IL-6 levels in joint lavage.
Untreated refers to animal not treated with AcF-[0PdChaWR]
but with right knee challenged with antigen following
sengitisation.
35
Example & Topical dermal administration of Cha

antagonists




determ ned using a haentocytoneter. In addition, an WO 03/033528

PCT/ AU02/ 01427 - 54 aliquot of the knee joint |avage fluid was dropped
onto a gwess/sdsegle, and allowed to air dry. Once dry, celPiCI/Amr@1423t ai ned
with a differential stain (Diff Quick) and a differential cell count was
performed using a 40 x thy 5 |l ens m croscope. The renaining | avage fl uids
fromeach joint were stored at --20C untid5 ater anal ysis of intra-
articular cytokine |levels using an ELZSA. Each knee joint was renoved and
the skin was split w thmesgalpakibhatdeatifes a&ﬂwﬁdpﬁa:tai]ora_dmt{néstsanbdms

were stored in_10_% buffered Ofor lin.f then rinsed
with distill edogv%{eéraréw qlgcgdmiaxnge f’u(ga% %i %(’)Ef u‘fl on EB?A sol ution
for 21 d for dfemimltmamamaw@m diberdgrenbedeldingm acﬁ'eﬂr‘@ftflpﬁ RéxthRnee

tissue sanpl es &ﬁs:@erpé@@agﬁ%ts' g5t ARGE oD ro L abRG fakackeehakques as
descri bed above In. Exa , and i ned usin an hear%Ssn %Iln ;,Il_nd eosin
f

stai n. &t ol bgpiel A% "’\}Gé"roél &’ﬁaF eeaanﬁg%n Fhdeth i $8ue
sections Were seote ¢ rml&ra@ol\tsugnhaa scoiensfafd timuligppdmmpnee of

abror el | 1 e R0 A SASLNGSCnes- i HoA0ebie aORSa/BpCel Synovi

cell proli feration tration, cartilage destruction
and haenorr ha@@tagcrfrl*ﬁil%aﬂ?plté? \ﬁ&é’-’ctlﬁéfiéoﬁw dence of significant bone

erosion. Sampl es of ser unanth SyRevERhemabulspyerr et len biecgayiof
ELI SA anal.ysis for TNFac 25 and ncentratio re deternine
froma stEhda?HERETVE ERiSTHF ;ﬁ‘aEEPgﬂ %85§8§%?$ b‘é%plpcraei/lé]ou Vg;L in Exanple

6. Figure 10 shawbnidieramindi t iZomodielapfhendotorsghia kameaigas.ntinswel | i ng
by AcF- [CPdChﬁ‘Wi{% 19'J\./rﬁ"%/lgiaﬂ‘ééﬁél[}cc@ﬂ%%)ﬁilzliﬂogéémhﬂﬂ&@ fimggre 11 shows

the inhibitio nee I nt

F--a and - - evel
].avage. Unt r%%?‘é’éﬁ’?%f%? PR HeiFal USdr EFRRERRW }91 S](Pd’(gh ‘#ﬁ?}’) but
wi th right knegecghaldenged cetced anti geto foltom ngeswslenisid us)alat:uhe

15 changes in circulating PMN levels and blocd prassure.
These parameters were measured in the presence and absence
of CHaR antagonists (lmg/kg i.v or S50mg/kg/rat topically).
This study shows that topical administration of CSa
receptor antagonists ig an effective method of delivery of

20 these compounds, with systemic pharmacological activity
being ohserved.

Femala Wistar rats weighing between 200-250g
were used for in vivo testing of all Cba receptor
antagonists. Rats were anaesthetized using the procedure

25  described above, and transferred on to a heating pad to
ensure that body temperature was maintained throughout the
experiment. A catheter wag inserted in the femoral vein,
secured with a suture and flushed with 1004L of heparinised
galine. Rats were dosed with either the antagonist or

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

35 saline), recombinant human CS5a (2pgkg™t inm 100pL), or
vehicle control 10 minutes after the iv administration ox
60min after topical administration, of antagonist or



35 Exanpl e 8 Topical dermal adm nistration of C5a antagonists WO 03/ 033528
PCT/ AU02/ 01427 - 55 The invention teaches that topical adm nistration of
Coa ant agwoiosis3semy be used for the treatnment of topical ipafttAamematary

di sorders involving activation of the conplenent system In this exanple
we denonstrate that 5 topical application of C5a antagonists Can al so
result in system c pharnacol ogi cal actiongeéand the appearance of

phar macol ogi cal |y rel evant concentrations of Cbha ant agoni sts in the

circulation. TheehicMd \&Mlmcghqghgéﬁtgrwﬁaééf% Gjetfea

ant agoni sts were ex | 1 qwi_ng t opi cal dernma admnlstrgtlon A nodel

a
of endot oxaeni a° V&S Ehéd“”} WEW%haP%WﬁﬁeEg%WW%ﬂél%lai SUbFesHERRar i de
(LPS; ser ot ypeldbdsorSicgivd 0 0UBA, oft sakinat td 0hamr-aricchpletaHdelivde() |
was injected i.yrif{0 f-JpAt, resulting in acute 15 changes in circulating
?MN | evel s and bl ood pressure. These paraneters were measured in the
presence and absence of W&SaR Rheagomimrkes 1(RyKY.)i werer codigtkgAr tom

topically). Thilse sdaidy x&fl@xw%tt hak toRbCaE @ﬁ&gmﬁ mald QF @54Coa receptor
ant agoni sts is 2 eff ctl v.e E@mpgf delive 20 these corrpounds with

systeni c phar macol g1 Eat&é’f’l vi Q?n‘ﬁe’%s%‘y)tﬂe%tqgeﬁé:l & W sPar Sp al 8-
wei ghi ng bet weekb 200-,250g S@er é20seddf bSO i i1y i sl Ateistd ng Q;fheahhj@ann

receptor ant agonirsies. z@%%st‘iﬁﬁ? aﬁﬁ‘ﬁ%fgﬁé&eﬂa L{:ﬂﬂ% 12 R QG uﬁﬁg%rb%d

descri bed g%ove nd transferr eatin SnSuUr

t enper at ur Pidisd e e hr Sﬁghﬁﬁ%a’fﬁepmé%pérqorréﬁ{ OfAbéQPﬁeWéﬁ was
inserted in thelmﬁercnlonvebnzooaacufeﬂlmaﬁh@éutmmsa@ﬁaf bughgdyw th 1004L

vehi ol o, 1t r avEAE 5*5@“ B2 088 G AU & oo dRrdRnAg 09 EPhanol
10 min prior t(¥me§I@W&Fﬁeﬁ éfckw ﬂhﬁmaﬂﬂﬁnma@ﬁﬂngleEE of | Pl BOYb ek -meitcihy |
sul phoxi de/ H20 i@8mal) the monocyte and lymphocyte interface and the
13  separation layer of Histopague were removed and discarded,
leaving the PMN and xred blood-cell rich layer. OmL of
cold distilled water (4°C) was added to the remaining
pellet and ghaken for 40sec to lyse the red blood cells.
Dulbecco’s Pheosphate-buffered galine (10 x concentration),
20 was added to restore igotonicity. The cells were then
centrifuged at 400 x g for 15 min at 10°C. The resulting
supernatant was discarded, leaving a pellet of PMNs. The
PMNs were further washed in 9ml of galine, and centrifuged
again at 400 x g for 10 min at 10°C. Again the resulting
25 supernatant was discarded, and the remaining pellet was
resuspended in 100uL of saline and mixed well. The number
of PMNs was counted on a hasmocytometer. The number of
cells at each time point was calculated as a percentage of
- the total number of cells at time zero, prior to
30 conplement challenge or LPS.
The female Wistar rats chosen for this study were
divided into the following treatment groups :
(a) LPS alone, in whieh 100uL 5% ethanol (-1S5min) + 1mg/kg
LPS (Omin) were infused;
35 (b) ethanol control, in which 100puL 5% ethanol was infused
at -1omin to examine the influence of ethanol on the
parameters measured in the rat;



prior to conplenent challenge). Rats were infused i.v via the fenoral
catheter with either LPS (1ng kg-1 1 . v in 10 OL 35 saline), reconbinant
human Coaw02g@kas2d in 100}i L), or vehicle control 10 m nutPeg/Afotmi42the iv
adm nistration or 60mn after topical adm nistration, of antagonist or WO
03/ 033528 PCT/ AU02/ 01427 56 vehicle control. All agents infused i.v were
injected over a 2 mn period, and were foldowed wth a subsequent
injection of 100 J.L of saline to ensure conplete delivery of the drug. 5
Whol e bl ood sa S : Ll ect.e t af | i at the tinme
of drug and L’?gp (lc:)’re é%é%%%ngsnﬁ@at%% &r’y-géaghﬁégnlm%%gﬁ%o#e%)@idﬁat -15, 0,
5, 10, 15, 30,2Bpreoeisy psidisedmdnveepbt r¥@ Bdthe injection of LPS
_(Zelro ti gew?\ls agddplAﬁﬁes?l églmtatgdhﬁ%ts:@lnmismi gﬁ hﬁpanig zﬂ@i/ﬁ%%ﬁﬂﬁd s/m). 0;3

i solate : o] o] s _.layer t 0 | St opaque
(Sigma U S A )ggg%ﬁx%?lr%%s a "glgclzvaérfﬁnr) i f%éegmg? Eﬁogpé g" R BOTR rﬁrﬁuufte]q“'oom
tenperature X 2584 The supernatant |ayer of platelet-rich plasm, the
monocyte and | yponocydss it Bffa4a iakd aLRgqdR1 SEPAT A pniﬁwcypfldﬂgﬁfx%&aque
were renoved and_di scarded, ~ | eaving the gI\/N and red, bl ood-cell_rich |ayer.

onL of cold di%tiPPeREmtRr erofmwaTeddaRdtis heorkiat mFRf Helt™ and
shaken for 40secatp fySkowdie yedwliaddsdehl sf LB Hiecmmis.

Phosphat e- buf fered salin .Q - tration) s .ad tq.r re
isotonicity. The cells m%céﬁ?hl)eéﬁ%gggﬁﬁr{)?ugg% %?gag%‘%%xs%’ %ggﬁ%sm%%% t 10C
The resul tilfy &P hattmtthitasiagimscardedatbedni g abpeledtdage PNNSO The

PWMNs were furthgs/vashed, 14 99 tofc s@kkPeioRNdrF Cod Fhd MRS a0aiyn at 400 x
g for 10 mre at, 10.Qf. A al th re%ul LI ng 25 supel_rlnatant was, di scarded, and
the remai ni ng pRIFEE IR (ViR Se Rle PPN ITBB4L oF RS A7 T LG PO ORI |
The nunber of FdNsapwrkicourredfonrhe HaegoiytanesetetyThel moibemicf, scehl s
at each time poldtamesal Qiahdias AoREbECILAGS, Dins (R dO! Apg)uiihiey Of
cells at tine zero, prior to 30 conplenent challenge or S.
15 water, in wvarioug combinationsg leads to the appearance of
pharmacolaeglically-relevant concentrations of the drug in
the circulation, as illustrated in Figure 12. This shows
that dermal application of 3D53 in DMSO/disgtilled H;0 ox
propylene glycol(RG)/ Ha0 results in the appearance of the
20 CfSa antagonist in the circulating plasma within 15 min,

and that significant levels persist for at least 4hr,

Example 9 Systemic effects of Cha antagonists

following dermal application

25 As described in Exanmple 8, topical application of
C5a antagonist to the dermis of an animal results in
pharmacologically-relevant levels of the drug in the
circulation. To show that these levels have systemic
activity, the ability of these circulating levels of CSa

30 antagonist to inhibit the neutropenic effects of CS5a
administered i1.v. was determined.

The CSa receptor antagonist 3D53 was administered
(10 mg/per rat) in 50% propylene glycol and 50% distilled
H;O0. The composition was smeared evenly over the abdominal

35  gkin (4x8 cm?) for 30 minutes, then C5a was administered
i.v. in a dose of 2ug/kg in 200yl saline sgolution. Blood
samples were taken at time points: -30 (before drug



The female Wstar rats chosen for this study were divided into the

follow ng treatnment groups (a) LPS alone, in which 100pL 5% et hanol

(-15m n) woloawsisgs LPS (Omin) were infused; 35 (b) ethanolPCroxtiormoi427i n

whi ch 100p.L 5% et hanol was infused at -15mn to exam ne the influence of
et hanol on the paranmeters neasured in the rat; WO 03/033528 PCT/ AU02/ 01427
- 57 (a) antagonist control, in which 1ng/lkg af cyclic antagoni st was
infused i.v, at -15 mn; (d) i.v antagonist + LPS, in which 1 ng/kg cyclic

antagoni sts (-15 kg LP e d ¢e)
topi cal | y-appl i ed;ﬂ%q% goni s l?SE@QV\E {%3%617A ‘{#i%%)an?lgagm s? was
sneared on the a?cﬁ:}orﬁchal-'ﬂ’eﬂr é@oofﬂlﬂﬁéesréf’r ‘ﬁ%‘F?WW’-‘I wh ﬁﬂﬁﬁuéﬁtéﬂgLPS

at Omin. Admi ni siviad omsofsh‘am aﬁt aggﬁrét $3 5 UEHp B8 13 [08ni nliGs t4-BVK23) o0 t he
derms of rats in _an

i 0 [ kg result |n t he de on of
phar macol ogi cal I5"™R s‘? @D%’gﬁtl gfe?g ?rgﬁ%ng R iy @P&efl&ﬁ’l %% 3
pl asma. TheSappii d&td.on of the drug in a variety of solvents, such as
di met hyl sul phoxi de (DMSO), propylene glycol (PG and 15 water, in various
combi nations |eads to the appearance of phar maco| ogl cal ly- reI eva, t,
concentrations & i n Terdcal admy 14 :
12, This shows that dernal ap@hh@mit,@ntmé @%&miﬂ: Iahﬁ@’dihssblfl LQQ HZO or

propyl ene glycol (PQ/ H2Q) results C

antagoni st in the circul atglhngé n{ég%mfmhs '1?5@%,&05%3‘1{’%;@& 8% FPEAnt
| evel s persil§t fagr camulcamst Mhﬁnd Egmpphied 04 Bywergr apmafifasc ttopdicaliy at a
ant agoni sts fol Idwym:quromlgx%a@ HeabbgPuEd, 9%s Agssr ‘a@e@ebarﬁﬁéﬁ%ﬁo@e

topi cal application of ant.agoni st to the@(germ s an, ani resul ts
in pharmacol ogit&a "% é‘F’é‘\‘F&t’ﬁedl eg ékgflt'}’le v r‘F“%D %&IF@gFatl on. To
show that these dmnielcntiave ofyshenentagohivtsy, Chendbitingy poiv Gkeses
circulating lev%&é&éﬂhagi%ored for 150 min following LPS injection, and

15 the percentage change in PMN levels from zero tfime, when

LPS was injected, was calculated. The results,

illustrated in Figure 14, show that each CSa antagonigt

applied topically inhibited the neutropenia response to

i1.v. LPS8, and that the inhibition was comparable to that
20 observed following i.v. administration of the drugs

Example 11 Effect of C5a antagonist on igchemia-

reperfusion injury

Lower limb ischemia-reperfusion (I/R) injury isg a

25 seriqus problem following the surgical repair of abdocminal
aortic aneurysm, as well as following traumatic c¢rush
injuries (Kerrigan and Stotland, 1%893). Ischemia and the
subsaquent reperfusion of the skeletal muscls tissue
stimulates an inflammatory respounsge in the affected

30 muscle, as well as inducing injury in other tissues (Gute
et al, 1998). In severe cases of limb ischemia, the
resulting reperfusion is associated with high mortality,
resulting from multiple system organ failure (Defraigne
and Pincemail, 1997). In order to investigate the

35 capacity of a potent Cha receptor antagonist to inhibit
various parameters of local and remote organ injury
following lower limb ischemia-reperfusion (I/R) in rats,



30 antagoni st to inhibit the neutxopenic effects of Ca admnistered i.v.
was determ ned The C5a receptor antagoni st 3D53 was adm nistered (10

ng/ per rawp 03403509 pr opyl ene gl ycol and 50% distilled H2®CTA®20012POSItion
was sneared evenly over the abdom nal 35 skin (4x8 cnR) for 30 m nutes,
then C5a was admi nistered i.v. in a dose of 2g/kg in 200l saline solution.
Bl ood sanples were taken at tine points:--530 {before drug WO 03/ 033528
PCT/ AU02/ 01427 58 adm nistration), 0 (before injection of C5a) and 5, 15,

30, 60, and 120r&tnﬂiﬁ§liﬁﬁs(%%fﬂ'Eu&%%b%@dQEocbrﬁHﬁfé'{ﬁbhéﬂﬁﬁ5and@% shown
in figure 13, gl cal adm nistration of ound 3D53did | ndeed prevent

t he neutropaeni COBFF eEERST BI04 T}E)?aﬁ'ﬁf“én BFEpFRAFE MR AFHRER of
C5a antagonlstswxﬁ@hybuﬁédtiﬁe$yﬁkﬂﬂ]@feﬂb@etslmﬁbLf%RThﬁyﬁﬁa antagonlsts

3D53 (conmpound 1), as wel 17 C ed
topically at a dose of ng%reg:t% %ﬁggg%%é %aé%d?_&@r@gy tsacrr :ﬁﬁrhgn%gg@%
LPs was i nj €ct edisthepnky #nd, 4 goounn rgoesfugérial Da@mtmm%ﬁ wHts he

ant agoni sts- G fé@éﬁ&é@%%dﬁi@l%]mﬁﬂﬁg?ﬁﬁ t@f@d £ 06nds 0L g AldrRMeng
LPS injecti on, 15.t he percenta MWN, | evel s from zero tine,

cha n
when LPS was | hPERFRIE GholGaiCh eT CPRESPELARELOT. | 9% AT aRed | n
?°igure 14, showl@hatkehchl Ghin gntiagoniostiscappliaed topelal ¢f dinhillistecat he

t i L |
ggut Lgfegbaoggzgggge} Tokiné’se Pc%) ag%ctta% aeﬁga%#@ﬁ%é@nmﬂ&? a?r% e

11 Effect ofY Coarantapphtate cﬁ%nnr%qﬂ?@msfﬁraﬁépéAhT@$%hr |%T%#T§/1IL36¥/§3r li b

i schem a-reper fys668 (FéD)nitidden | SU), 2§o§§fnb@y§oﬂu@m£ﬁ1 Taltniong the
aor sm._ as .wel foll ow n

raommti o of ush I oL TR ol Tnn A8 PAaRs: Wodt) 1S and the
subsequent repedé¢ustiomed. t HEhalebtoahemisal eibissas amﬂm:bwnets: an
inflammatory resppnse: i Pidhee A &a1RY injury following I/R events.

15 Other parameters measured included urinary protein levels,
muscle sdema and myeloperoxidase (MPO) concentrations in
the lung, liver and muscle along with liver homogenate
TNE-« concentrations. WNo significant changes were
observed in any of these markers compared to sham-operated

20  animals, indicating that the drug alone had no adverse
effects as defined by changes in thege markers. Limb 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-«

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

The study was performed in accordance with

30 guidelines from the National Health & Medical Research
Council of Australia, and the experimental protocol
approVed by the University of Queensland Animal Ethics
Committee. Female Wistar rats weighing 250-300g were
fagsted overnight before being anaesthetized with the i.p.

35 injection of émyg/kg xylazine and 120mg/kg ketamine.
Anesthesla was maintained throughout the study by
additional injections of ketamine. Rats wexe placed on a



30 nuscle, as well as inducing injury in other tissues (Gate at al, 1990).
In severe cases of linb ischema, the resulting reperfusion is associated
wi t h hi ghwoosbadsegy, resulting fromnultiple system orgamrCraiuoanes27
(Defraigne and Pincemail, 1997). in order to investigate the 35 capacity
of a potent Cha receptor .antagonist to inhibit various paraneters of |ocal
and renote organ injury follow ng | ower dismb-i schem a-reperfusion (I/R) in
rats, WO 03/033528 PCT/ AU02/ 01427 - 59 rat hindlinbs were subjected to 2

hour s [ schent a ipdick thg hA £ BRSHENShORor AL Spl@yrliialaihiack oipdel  has

been w dely us |l ower |1 b | L Nj ury Rats were subj ected
to 2 hours bl|éﬁéh¥ﬁ Wﬁ%ﬁﬂ% ﬁﬁth§t9§cW§%n%%$%ﬁﬁF@l Wt Sheegértisivgautar
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I( ALI/ AStT) cr eé}iirﬂ_:tél-eﬁaﬂso@}@té&@ﬁaﬂg 9@%6 01 & BUNy 1 IIHUTORRGRUCK 8 ar
eukocyt es c of assi.u
orkooytes () e e e ot 20 POl SRR b MBS St
organ injury fd [fewiryg d7 Rsehentis, theQhbex paimetvess rmﬁsamddmmotraded
urinary protei rhﬂfvl%hnﬁssi éﬁ%%ﬁ ‘EQGQEEQ{J&Q%( @ﬁpezf Rhdase YO

an a

concentrations 1 n 't ver ong W th liver honogenate
TNF- a concéﬁtraﬁ%@m%@ @’ﬁ'PﬂPéaWﬁr@hlaﬁ%‘és were observed in any of these

mar kers conpar e@h)toﬁmmo@&&a@%ad 20 animals, indicating that the drug

al one had no ad rse fects_as defined by changes in these markers. Linb
/R injury vvas har Eﬁ%éﬁ“l?eangy significant elevations of CK, LDH, ALT,
AST, creatini ne(c)SUN/Rorogtleri. nuria, PMNs, serum KT, nuscle edema, organ MPO

and |iver honmoggpat & /BNE- 525,46 t uty & Si gRinfiicapkb-Lgdygti on
in serum Ca++ ggnceﬁkr;ilo%sa 3ﬁgﬁﬂégﬁstﬂgfgc ré%teg MF?% AcF féCnghaWN

, there werd sifymt MTHR SompE6ReMeAts in al |

(e) I/R + Cba antagonist (1l0mg/kg, p.o.) administered 30
min prior to ischemia, and

(£} I/R + CSa antagonigt (lmg/kg, i.v.) adminigtered 10
min priox to feperfusiOn.

20 Sham-operated animalz did not undergo any
igchemia or reperfusion, and iSCheﬁia—only animals had
tourniquets applied for 2 hours without subsegquent
reperfusion. All other groups underwent 2 hours of
ischemia and 4 hours of xeperfusion. Sham-operated,

25 igchemia-only and I/R groups were infused with 7%
ethanol/zaline 10 min prior to ischemia, instead of drug.
Blood was collected throughout the study from the tail
vein, and serum or plasma wag stored at either 4°C or -
20°C for later blochemical assayvs. Urine was collected

30 over the last hour of the study for the detexrmination of
urinary protein levels. At the completion of the
experiment, rats were euthanased, and sections of the
lungs, liver and gastrocnemiug muscle removed and weighed
for edema, neutrophil accumulation and liver TNF-«

35 studies.

All experimental results are expressed as means *
standard error of the mean (SEM). Data analysis was



t hese paraneters. The study was performed in accordance with 30 guidelines
fromthe National Health & Medical Research Council of Australia, and the
experi menwelo3psistocol approved by the University of Queemsraxia2idnizmal
Ethics Committee. Fenmale Wstar rats wei ghing 250-300g were fasted

over ni ght before being anaesthetized with the i.p. 35 injection of 6ng/kg
xyl azi ne and 120ng/ kg ketam ne. Anesthesi giwas mai ntai ned t hroughout the
study by additional injections of ketam ne. Rats were placed on a WO

03/ 033528 PCT/ 4%17 ﬁg% k&2 h@gdpﬁijléﬁ BH NE S Al NRirRadaa

t enperature, ene ter was inserted,into the ri

jugul ar vein f%ﬂfﬁ‘#@@rnfw 0SBy thétéﬁhsﬁh?%tboﬁ’f?r%?a’f)’rseﬂ% @%%%Fsgﬂ ne.
Bi | at er al hlndlgﬁgh;éggggﬂéﬂAgﬁa thgnoﬁlyngﬂ@@ﬂsthmg&mglarmneﬂwﬁy<:at|on of
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hours of |sehenp@st{&msﬁzﬁnﬁdyalmgs ﬁeﬁeleuncahdsxﬁmbﬁkﬁﬁn%ﬁuﬁﬁﬁrﬁﬁ?%ﬂsﬁéme
to reperfuse fo Hﬁ . Six 10 experlnental groups mere used: (a)

sham oper at ed i%}n I schem a-only (c) .1 /R é’&% + (Cba ant agoni st
(1ng/ kg, i. Nl el oy Of £rieEl 1BF; Fﬂ? & %) IL/R + C5a
ant agoni st (10ngéggdr@g§nas@dn1nlstered 30 mn prior to ischema, and (f)

T/R + C5a antagoni st (1nglk éﬁylatﬁ agggggsa ré?% ind I RLdOT (B9 were

reperfusion. 20 Sham oper 0 any |schem a or
r eper f usi or,0 armeaS@m:alOi‘ﬂly-lrfarﬂaml§shéékeﬂoW?ﬁh%%l}ép%ﬁr% for 2 hours
wi t hout SUbseqU?_é‘&hexﬁ_%Qerfé@%ngb‘lll Qt Bﬁa gr BYRSs URERENENEidh haitids =af

schem a and 4 BOUr & oy LePSrTUSION 2haTr BSEE" Sor 2R L SEREMA, Ay and
Louis, USA) according to the manufacturer’s instructions.
Serum wag also taken 10 min after tourniquet release for

15 CK measurement in I/R-only animals. A 1:5 dilution was

used for samples taken after 2 hours reperfusion.
Circulating levels of lactacte dehydrogenage

(LDH) were measured in serum samples taken immediately

after ischemia, following 1, 2 and 3 hours reperfusion,

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

25 hours reperfusion. For both enzymes, all gamples were
stored at 4°C and analyzed within 24 hours of collection.
Results were expresged as Sigma-Franke (SF) unitsg/mb.

As illustrated in Figure 15, bilateral hindlimb
I/R resulted in elevation of c¢irculating levels of both CK

30 and LDH after 1, 2, 3 and 4 hours of reperfusion, with
peaks 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/mL; LDH, 269.5 & 72.8
units/mL; P>0.05; n = 4) compared to sham—operéted rats.

15 TIn I/R-only rats there was no significant increase in the
levels of these enzymes 10 min after tourniquet release
(CK, 73.9 % 28.1 units/mL; LDH, 395.3 * 123.2 units/mL;



ethanol /saline 10 min prior to ischema, instead of drug. Blood was
col l ected throughout the study fromthe tail vein, and serum or plasma was
stored atweiosiosys281C or - 20C for | ater biochen cal assaysPCOUrAUROIW23

col l ected 30 over the last hour of the study for the determ nation of
urinary protein levels. At the conpletion, of the experinment, rats were

eut hanased, and sections of the |lungs, |Lvegg and gastrocnem us nuscle
renoved and meighed for edema, neutrophil accunulation and |iver TNF-a 35
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reperfusion, 20 and at t | eti'on of the stud Serum iialso t aken

10 min after toteNisgdFettr éP@ﬁ%eel%Ym?_W%%ﬂf‘%sﬁml FR Bnty™Bfi nal s.
Concentrations drugbireereddetses nirees sighilE iaad®HK ki ghSrgrhgn &g caanng to
the nanufacturerp%rated rats, indicating partial inhibition by the CSa

15 antagonist (P<0.05).

(b) Inhibition of Alanine Transaminase and Aspartate
Aminotransferase

Circulating levels of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) were measured

20 in plasma samples taken at the completion of the study and
following 2 and 3 hours reperfusion. Serum was algo 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),

25 according to the manufacturer‘s ingtructions, within 24
hours of collecting plasma, which was stored at 4°C.
Rezults were expressed as SF units/mbh.

Ag shown in Figure 16, limb I/R resulted in
elevation of ALT and AST in the plasma after 2, 3 or 4

30 Thours of reperfusion, with peaks of both enzymes reached
after 4 hours. Rats receiving 2 hours of ischemia alone
showed no significant elevation of either ALT or AST
levels (ALT, 12.9 + 4.6 units/mL; AST, 91.4 2 10.4
units/mL; P»0.05; n = 4) compared to sham-operated rats.

35 In I/R-only rats, 10 min after tourniguet relsase, there
was no gignificant increase in levels of these enzymes
(AT, 18.1 % 4.4 units/mL; AST, 105.9 * 21.3 units/mL;



instructions, with a 1:4 dilution of sanples taken after 2 25 hours
reperfusion. For both enzynes, all sanples were stored at 40C and anal yzed
wi t hin 24wbamans3ses col |l ection. Results were expressed asp8rgameranke ( SF)
units/nL. As illustrated in Figure 15, bilateral hindlirnk I/Rresulted in
el evation of circulating |evels of both CK 30 and LDH after 1, 2, 3 and 4
hours of reperfusion,, wth peaks of both-aedwyres reached after 4 hours.

| schem a- only rats showed no significant elevation of either CK or LDH
level s (CK, 58.8>02855 #Ni t6) Moorked?69. Snaf2oBeraid Stdds, Reid5: ri =
4) conpared to shamoperated rats, 35 In I/R.only rats fhere was no
significant i nc?’%‘gécéa H9 e re?%“f%?’%ﬁ@?’é‘d‘éwiy%%val@%n & ¥er
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of CK and LDH levels, of° sim]ar magnitude to pre-ischema treat rats
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Circul ating | evéts ofnlalbitiivem afi Gbenpaasiar Sspum (IMVEland dp@stdte and
am notransf erasgg { ARl weye neasured 20 in plasma sanples taken at the

conpl eti on %f the study and following 2 and 3 hours reperfusion. Serum was
al so taken > Serum levels of potassium ion (K+) were measured

with a flame photometer {(Corning 435; Coxning, U.S.A.)
after the completion of each experiment, and 10 min after
tourniquet release for I/R-only animals. Serum caleium
ion (Ca++) concentrations were also measured at the

20  completion of the study and 10 min after tourniquet
releage for I/R-only animals, using a calcium kit (Sigma).
Samples were gtored at -20°C and analyzed for XK' and ca'*
levels within 2 weeks of ¢ollection. Resultgs were
expressed as mmol/L, and are summarized in Table 1.



10 mn after tourniquet release for nmeasurenent of ALT and AST in r/R-only
animals. Concentrations of ALT and AST were determned with an ALT/ AST kit
( GPT/ GOT; wBiogieds2s 25 accordi ng to the manufacturer's instPaTtA@AO1420 t hi n
24 hours of collecting plasma, which was stored at 4C. Results were
expressed as SF units/nL. As shown in Figure 16, linb T/Rresulted in

el evation of ALT and AST in the plasma af1ea 2, 3 or 4 30 hours of
reperfusion, with peaks of both enzynmes reached after 4 hours. Rats
receiving 2 hours of ischem a alone showed no significant el evation of
either ALT or AST Ilevels (ALT, 12.9 4.6 units/nlL; AST, 91.4 10.4°
units/nm; P>0.05; n = 4) conpared to shaﬁﬁbﬁéréted rats. 35 In |I/Ronly
ratls, 1? m][l aL tz@ItéMmzﬂwe{En rRire@s eattibar feveas ?ﬁchngmgii(sm’rtamirmmse
in levels of these enzynes ALT, 18.1 1 4 nLfsS ; T, 105.9 21.3

uni ts/nl; WD 03/033528 PCT/ A2 G457 r&?*é‘%g%fj’é;llgtr;at , conpared to
shamoperateéd rats, again _indicating a reperfusion-dependent elevatijon,
Coa antagonist-tr r in alk 3 f,oynd to L | ar
significant decreas téa%?’#e%tf%land ST F%@#?S%%é%d to | %%lgrpll)é/ér ats
(P<0.05)  After_ 4. houfso¥® reperfusion, but pot_at 2 or 3 hifget/m)

drug-treated ratsghhpdysbeiidd cantdy i nareasedgleyel s of AlTsgonmmargsk to
sham operated rats (P<0,05; Figure, 16A). ontragt, th rug: t.reat ed
rats had increased® VMY conpar ed fog[dogsﬁaﬁ'r?oper at e?’%’afsia -3 | time
poi nts neasured, indREatrilng the ADffer &hiSlak: OnBbi tion of.thet G509

ant agoni st for ALT and (P<0.0% Figyrga16B). 16€) rnhl by Adon ofpGhanges
in Serum Level s oﬁ/%btagggdngand 553Ca|cium|ons 15 Serum | evel s of potassium
ion (K+) were neasuted- B#%h a flane photoneter (Corning 435; Corning,

US A) after the gemplegtizon of each experinent, and 10 min after

Lour ni quet. el ease o | (R anly anj mal s Seryumcghel um i op LAt oax
al SO asur e

concentrations wer d at thé
p.0. pre-~
ischemia
I/R + lmg/kqg 6 5.02 £ 0.32% 2.45 + 0.10%
i.v. pre-
reperfusion

Data represent the mean * SEM.
® Number of ratg

P Tgchemia/reperfusion
10 * P< 0.05 wvs I/R-only

' P< 0.05 vs sham-operated

Inhibition of Blood Urea Nitrogen, Creatinine and Urinpary
Protein

15 Circulating levels of blood urea nitrogen (BUN)
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 stored at
20°C and were analyzed within 2 weeks of collection.

20 Circulating levels of creatinine were measured in serum
samples taken at the completion of the study using a
creatinine kit (Sigma) according to the manufacturer’s
instructions. Protein concentrations in urine samples



20 conpletion of the study and 10 mn after tourniquet release for
I/R--only animals, using a calciumkit (Sigma). Sanples were stored at
-20C and woaByzmas f or K+ and Ca"' levels within 2 weeks @CTealokeceion.
Results were expressed as mml /L, and are summari zed in Table 1. WO

03/ 033528 PCT/ AU02/ 01427 - 64 Table 1 Alterations in serumcation. |evels
following ischema and 4 hours reperfusi-o®%i r rats 5 Experinmental na Serum
K+ (nmmol /L) Serumca"” Goup (mmoi/L) Shamoperated 8 4.84 0.29* 2.66

g gg* 0' Sgheml ?‘:Sl'léft‘édﬁ.ov@@ a011hbuz. §8r1@%]19fldf Ré -uhd Woh@;l_étiﬁﬁ _6f34'| .
+ . P em a

+ 10my/ kg 6 5. &Pe @tg’gé’ Yexs dﬁ%ﬁﬁmmﬁdd"lg}?e & 79 te“‘f“rﬁ 2 gty kg 6

5.02 ~- 0.32* bﬂﬁbr&hﬁﬁ%ﬂ lch¥. mpnefacteper | $ ubeirudEicns eprieg@@dest he nean

SEM = * Nurber eatssco@dé GReTbcALLAPEREYSLOR within s Ghdlfa/sd [Ronl y -

P< 0.05 vs shan}o erate bition o Urea Nitrogen, Crea tinine and
Uinary Fré teqcﬁ'-lle‘fglenr cuP&?Pﬁ@SI E0B| &1 bf LBy ¥p PRI Ifsr'ojgé‘ﬁ’r(egﬁﬁ)i wer e
measured i n serdinmeHl esricakenwat ihheapbaptetion of the study using a
urea nitrogen kit (Sigma) according to the manufacturer's instructions.
Sanmpl es were stored at - 20C and were anal yzed within 2 weeks of

col | ecti on. Table 2

Alterations in kidney injury markers following ischemia

10 and 4 hours reperfugion in rats
Experimental n® Serum BUNY Plasma Proteinuria
Group {mg/dL) Creatinine (megy/4QL)
(mg /dL)

Sham-operated 8§ 21.9 x 1.2* (.79 + 0.12* 10.7 % 2.3%

Ischemia-only 4 22.8 £ 2.5% 0.62 +* 0.26% 13.3 £ 7.0%
I/R°~only 10 41.9 = 3.1% 1.66 = 0.05% 120.3 % 18.9°

I/R + lmg/kg 8 23.6 £ 1.6* 1.07 x Q.07 36.4 £ 11.4*%
i.v. pre-
ischemia

I/R + 1l0mg/kg 6 21.8 £ 2.1* 1,14 £ 0.14% 45.8 + 5.8*
p.o. pre-
ischemia

I/R + I1mg/kg 6 22.0 % 2.2% 1.22 % 0.05% 41.2 & 11.4%
i.v. pre-

reparfusion

Data represent the mean * SEM.
15  ® Number of rats
Blood urea nitrogen
Ischemia/reperfusion.
¢ Not detectable
P< 0.05 vs I/R-only
P< (.05 vs sgham-operated

*

-+

20



20 Circulating levels of creatinine were neasured in serum sanples taken
at the conpletion of the study using a creatinine kit (Sigm) according to
t he manufwotoanass2& instructions. Protein concentrations PeTIAURGIRAND] €S
WO 03/ 033528 PCT/ AU02/ 01427 65 collected over a 1 hour period prior to
the conpletion of the study were determned with a protein kit (Sigm)
according to the manufacturer's instructiof§.-Sanples were stored at 4C
and anal yzed within 24 hours of 5 collection. Results for all three
paraneters, expressed aBypgtkilaamwin sdmmhia@x%ﬁl én2I/Rabhky 2r#t4 erati ons

I n kidney inj urcyé Ijé%r $of gk%%\/\%ﬁ%rﬁ .%r anQ__e%ml ﬁog Qur gfreperf u.sion in

rats Experimenta na Serum otelnuria ng/ dL)
Creati ni ne (ngF@E’)erfWgPEL)(P“@h%d opéﬁ%ﬁt‘-’ed-fB 2l g d?“ﬁ*'t@e?gmeﬂt 1PEOYIE 7

2.2* Ischem atgld m@naaléanzl 1<9w&2 K*O:La@eléBtﬁanla:/ﬁ inz}/ﬁﬂm.' mk& 41.9
3.1' 1.66 0.09" 1 % ﬁm{,xt”R /kc 0,07
36.4 ¢ 11,47  TOESrEePSBRoRPSC PRIG 1O I‘I%gt sé‘f?’sﬁ‘“'h?."’i’?‘gl?lﬁir %.ﬁrﬁﬁ 45. 8

-19.8* p.o. prlewesushawa 050 / R Folbuu iy 6.s2heditn 2n2* 41h2Rrs0005* 41.2 +
11.4* i.v. pr%e&;%fs&%honug%ﬁl %@é@f&a tél%nm@am%gv deéé asé@”bef of

rats Bl ood urea nitrogen reper usi on tect a * P< 0.05
vs |/ Ronly 20Serpa @09‘390§r§5a%‘%p‘é§ & compared to 5‘*ham‘01?‘3‘1"'3’-"3“-“-’1

animals (P<0.05). Rats in all 3 drug-treatment groups

10 showed a similar inhibition of the I/R-induced decrease in
Ca** levels (P<0.05). Levels of both K' and Ca" in drug-
treated I/R rats, as well as ischemia-only rats, ware not
significantly different from those in sham-operated ratsg
(P>0.05). Levels of thegse ioms 10 min after the release

15 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-operatad rats,

Following ischemia and 4 hours reperfusion, I/R-~

only rats had significantly elevated sexum BUN and

20 creatinine levels, as well as increasged urinary protein
concentrations, compared to gham-operated rats (P«<0.05).
Two hours of ischemia alone caused no increage in any of
these parameters compared to sham-operated rats (P>0.05).
Rats treated with the CSa antagonist in all 3 groups had

25  significantly lower levels of these parameters compared to
I/R-only rats (P<0.05), and these levels ware not
significantly different from those in sham-operated rats
(P>0.05).

30 Imhibition of Polymorphonuclear Leukocyte Numbers and
Neutrophil Accumulation
The numbers of circulating PMNs were measured in
heparinised blood samples taken just prior to ischemia and
at the completion of the study, as described by Strachan
35 et al., (2000). Numbers of PMNs in the final samples were
expressed as a mean percentage + SEM of pre-~-ischemia
numbers.



WO 03/ 033528 PCT/ AU02/ 01427 - 66 Hyperkal aem a was obse
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rved in |/Ronly
per f usi on
Pcanttiog/olaner K+
to reperfusion
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obtained at the completion of the study were weighed and
then homogenized with 1ml phosphate-buffered saline (FPBES).
Samples were then sgonicated for 20 seconds for liver and

lung samples or 60 seconds for muscle gamples. Following
20 centrifugation (14,000 xy, 10 min, 22°C), the rezulting
supernatants were tested immediately for MPO levela. The

agsay mixture congisted of o-dianasidine (2.

Sigma), hydrogen peroxidase (0.85%) and a 1:

85 mg/mL;
40 dilution of

samples in PBRS. Absorbances were read at 450nM, 5 min

25 after substrate addition, and regults expressed asg

abgorbance units/g tissue.

The level of MPQ activity in the hindlimb

muscles, lungs and livexr of rats were taken

as

measurement of neutrophil sequestration into the tissue
30 (Fyriakides et al., 2000). Ag shown in Figureg 17 B,Cand

D, there were gignificant 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, igchemia-only rats had no significant

35 increase in MPO activity in any of these tisgues (P>0.05).

Drug-treated rats in all 3 groups had significant

de¢reases in MPO activity in all tissues compared to I/R-



nunbers. WO 03/ 033528 PCT/ AU02/ 01427 - 67 As shown in Figure 17A, the
nunber of circulating PMNs was found to be significantly elevated in

|/ R-only woaB®3fse$ | owi ng 4 hours of reperfusion, conparedpca/Advant42oper at ed
rats (P<0.05). Ischema-only rats had no 5 significant elevation of PM\s
conpared to sham-operated rats (P>0.05). PMN nunbers in rats fromall 3
drug- treated groups were not significantly gdjfferent fromthose in

sham operated rats (P>0.05), and wer e Si gni ficantly decreased conpared to
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15 only rats were not significantly different from those from
sham-operated rats (¥»>0.05). In drug-treated rats, all 3
groups had a similar decrease in TNF-o concentrations
compared to I/R-only rats (P<0.05), which were not
significantly different from those from sham-operated

20 animals (P>0.05).

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

obtained at the completion of the gtudy were weighed and

25 placed in an oven for 24 hours at 80°C before weighing
again. The wet-to-dry weight ratio was determined and
taken as 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

30  those in sham-operated animals (P<0.05). Ratios in
ischemia-only animals were not significantly different
trom sham-operated animals (P>0.05). In all 3 groups of
drug~treated rats, there was a similar decrease in web-to-
dry ratios compared to those in I/R~only rats (P<0.05),

35 and these values were not significantly different from
those in sham-operated animals (P>0.08).



35 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
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as previously descri bed tracha

0 1:10 dilutio
supernatant from|iver et e é"é"nﬁ‘?‘gg' ﬁé?g %@‘asl%ulﬂfé % r} Youzs
Super nat ant was &f ot@drxaiqu@ﬂﬁ,nM$&milaegrwérhmﬂlm}al yareinbnwma; el 2 weeks

of collection- Resylis, E%HH %#é ' ey e
18, liver hormgenatée sarrpﬁefs rom 1%?13] 3%gﬁcgt%b % 5 i cant]Trg’d:fyglz£
5 SR

i ncreased TNF-a EBRcEMRIS i bhek svarddney t ﬁés@e%‘éﬁ‘?d MEpPEtHt ed rats
gPﬁ) 05)t :c_e\zsel ts;meﬁﬁé& @Elnssi@@ﬁx&shg omlay:sratls_-;%gt@dnm ﬂd}[ﬁ;{nf:jd:?nzjl y

ifferen rom I u reat.e
rats, all 3 gr oui)g %a%&%n%éhﬂl%({%gg%%%a?é%l he cc concenegrv"at%lrl1 orllcs%
conpared to I/R—@W@af%@stq PRgmoSperaticch anéralact BEeehi takemtinomiT/ Rer ent

fromthose from @ﬂﬁmaﬂpﬁﬁﬂﬁ%%@ Eg' 3.0o( Riﬁ Qé)repéﬁﬂhﬂéﬂ on L yMiscle
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wet-to-dry weight ratios o T HE hin misc
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(P<0.05). Rati OSnéxmttcﬁﬂbﬂmaa:cQﬂ{wﬂ.a%ﬂloﬁiaE&l%ﬁr@n@011 Bhed fd € anddat rdishifoer ent
from sham operat e g{ P>0 Bhl 1?{ gr oups of. dru t{eat ed rats,
ser ap, L throug. eper

there was a simtar'e hout the T
15 period. The CYtOSOllC enzyme CK is found predominantly in

muscle, and i a reliable maxker of mugcle tissue damage
{Tay et al., 2000). Lactate dehydrogenase ig also a
cytosolic enzyme found in the muscle, but is presgent in
many other tissueg as well (Carter et al., 1998).

20 Consequently, LDH was a less specific¢ measure of muséle
injury, but still provided a measure of general tissue
injury. ‘

Indices of remote organ injury were detected in
the lungs, liver and kidneys of animalg subjected to

25 ischemia and reperfusion episodes. The potential for lung
injury wag assessed by measuring increases in neutrophil
accumulation in lung parenchyma. Hepatic injury was also
gquantified by measuring the increase in hepatic TNF-« and
neutrophil accumulation, and by measuring increases in

30 plasma levels of ALT and AST. Although increages in
plasma levels of ALT and AST have typically been used as
markexs of liver pathology, both of these enzymes are also
found within the muscle, and thus any increases may in
part be attributed to muscle, rather than liver damage

35 (Tay et al., 2000). Kidney dysfunction following skeletal
mugcle I/R is common (Tanaka et al., 1995). We found
increases in serum BUN and plasma creatinine in I/R rats.



dry ratios conpared to those in T/Ronly rats (P<0.05), 35 and these val ues
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as surglca procedures 111ty of C5a
antagonists to block both proinfliammatory cytokine
production and neutrophil trafficking may be key factors
in their disease-modifying properties. The oral activity
demonstrated here 1s a useful drug property for its
20 widespread use in c¢linical gituations.

Discusgsion

This invention describesg a series of

conformationally-constrained turn-containing cyclic

25 molecules which are pre-organized for binding to cells
which alse bind human C5a. The principal feature of the
compounds of the invention is the pre-organized turn
conformation pregented by the cyclic scaffold, which
assembles at least three hydrophobic groups into

30 mneighbouring space, creating a hydrophobic surface
‘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 CSa.

The results described herein enable the design

and development of even more potent conformationally
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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 contrast,
short linear peptides composed of L-amino acilds 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
required for receptor-binding. Thirdly, cyclic compounds
25 such ag those described in this invention are usually more
lipid-goluble and more pharmacologically biocavailable as
drugs than acyclic peptides, which can rarely be
administered orally. Fourthly, the plasma half-lives of
cyclic molecules are usgually longer than those of
30 peptides.

Tt will be apparent to the person skilled in the
art that while the invention has been described in some
detail for the purposes 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.
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pl asma hal f-1ives of cyclic nolecules are usually |onger than those of



30 pep tides. It will be apparent to the person skilled in the art that
whil e the invention has been described in sone detail for the purposes of
clarity awo oaqssest andi ng, various nodifications and al t @CatAtoe®1420 t he
enbodi ments 35 and net hods descri bed herein may be nmade wi t hout departing
fromthe scope of the inventive concept disclosed in this specification.
WO 03/033528 PCT/ AU02/ 01427 72 References-gited herein are listed on the
foll ow ng pages, and are incorporated herein"by this reference WO
03/ 033528 PCT/AE%&@%&%&%E%73 REFERENCES Carter WO, Bull C, Bortolon E, et
al. Amurine s cle isehem a-reperfusion injury nodel: 5
differential pathology in DALB/c and DBA/ 2N mice- J Appl Physiol 1998;
85:1676- 1683. Defraigne J@grEEPCQ@BJﬁug d‘"ﬁﬁréﬂT$P ystem gy cgnﬁgg ces
a

of severe ischem_a _and reperfusion of skel et miscle. XSI opat hol ogy
and prevention. S&k&leted; FusféeBéFﬁhﬁ@gﬁ*r%ﬂeqﬁ@ﬁ¥ﬂﬁ6lnD@WET@P §;

Konteatis, Z5D. diSifeiddndiel pStBolodyANiMm wEiR/ G andiger/ exodgich. 3, Aﬁpﬁcher

P. A, Sprlnger MS. -J i0l 5 270 15966 15969 DeMartino, J. A,
Van Ri per, ghéfﬁm&n(}gg 85%%%%%9?2%“ Konteatis, Z.D.
Rosen, |i. Sprlnger M S. Deﬁraﬁmnm IChemnoearsdl 269L@¢416amd45ﬁ8EmmE¢,

J. A, Sander son,copeldquehdtkObs Sebkbre fEWKgEHéiaﬂﬁ f@@lr@%@@on EfEthé
| rmunol ., 1992 1 8 3 g 317;@ 20 Fa|rl

curr. Med. Cherﬁ TRSC§ . 6Bl Y%tﬂam*fléolcw aﬂ%ﬁ’ﬁ%’f&ﬁ’ttéone Aaﬁa %P&h
D. Curr. Med. Ghé@|19999592 672-795.

DeMartino, J.A., Konteatis, Z.D., Siciliano,
8.J., Van Riper, G., Underwood, D.J., Fischer, P.A.,
Springer, M.S. J. Biol. Chem., 19895 270 15966-15969
DeMartino, J.A., Van Riper, G., Siciliano, 8.J.,
15 Molineaux, C.J., Konteatis, Z.D., Rosen, H. Springer, M.S.
J. Blol. Chem., 1994 269 14446-14450.
Ember, J.A., Sanderson, S$.D., Taylor, 8.M.,
Kawahara, M. and Hugli, T.E. J. Immunol., 1992 148 3165~
3173.
20 Fairlie, D. P., Wong, A. XK.; West, M. W. Curr.
Med. Chem., 1998, 5, 29-62.
Falrlie, D.P., Abbenante, G. and March, D. Curr.
Med. Chem., 1995 2 672-705. .
Finch, A.M., Vogen, S§.M., Sherman, S.A.,
25 Kiyxnarsky, L., Taylox, S.M., and Sanderson, $.D.J. Med
Chem., 1997 40 877.
Gerard, C and Gerard, N.P. Ann. Rev. Immunol.,
1994 12 775-808.
Gerard, N and Gerard, C. Nature, 1991 348 614-
30 617. '
Gute DC, Ishida T, Yarimizu K, Xorthuls RJ.
Inflammatory responseg to ischemia and reperfusion in
skeletal muscle. Mol Cell Biochem 1898; 179:165-187.
Haviland, D.L., McCoy, R.L., Whitehead, W.T.,
35 Akama, H., Molmenti, E.P., Brown, A., Haviland, J.C.,
Parks, W.C., Perlmutter, D.H. and Wetsel, R.A. J.
Immunol., 1995 154 1861-1869.



Finch, A M, Vogen, S.M, Sherman, S.A , 25 Kirnarsky, L., Taylor, S. M,
and Sanderson, S.D.J. Med Chem, 1997 40 877. Gerard, C and Cerard, N.P.
Ann. Rev.wDmswsssks , 1994 12 775-808. Cerard, N and Cerar @CT@UoONata2re, 1991
349 614- 30 617. CGute DC, Ishida T, Yarim zu K, Korthuis RJ, Inflanmatory
responses to ischema and reperfusion in skeletal nuscle. Mt Cell Biochem
1998; 179:169-187. Haviland, D.L., MCoy, R4l. _ Wiitehead, WT., 35 Akans,
H, Mlnenti, E.P., Brown, A, Haviland, J.C", Parks, WC Perl mutter,
D.H and Wetsel, RA J. noI 1995 154 1861- 1869 & /,033528

PCT/ AU02/ 01427 - 74 r{a\)ﬁlwalm ‘QRRSY p I A L dfde g B MIoLdSAT. K w
Luly, J.R, Cart®/W. GMW1lw. IMrd., Caeter, 1691. 3. MB-(:Iﬂem.KaM@;L BY,
Quincy, D. A, L%s_B], Ml lison, 5 KW, or, Y--S., r,uly, J.R, and
Carter, GW J. Chem 1992 35 220- 223 Kerri gan CL Stotland VA.

| scheni a reperf u5| on i nj é"taif’ala Mevi %qu\}fcr%rfgé@ﬁew% Melissonys.

Kohl, J., Lulsbers,wB- 0 os, sA,, Lauyala U .adkd cabbcdAmenat.. Jllﬁi%a 23

646- 652. Kont eat Z. n Van Riper, G, Mlineaux, CJ.,
Pandya, S., Fi sc ﬁém ! qggﬁs‘j’%l 2& 923l\/umc ord, R A, and Springer, MS. J.

| munol ., 1994 153 ' 4200- Kegrigas KSIH&W@@IGCMAAUMEV@&L ¥eperféagoy, at

al . Neutrophil ippdialed neRALE 0N9a0sLIM N, afdSy. 1O arRs0 | schem a

and reperfusion is selectin and_conplenen dependent. "J "Tratma 2000;
48:32-38. Morgan, E. L., S&W8érsdn: ersge tfylz KIS, 200 KdoAdl, EBr 3. J
Wi gl e, WOlOandIrdrhgidl.,T.JEQBng BZIHnOM 1992 48 3937-3942.

Konteatis, Z.D., Siciliano, §.J., Van Riper, G.,
Molineaux, C¢.J., Pandya, 8., Fischer, P., Rosgen, H.,
Mumford, R.A., and Springer, M.8§. J. Immunol., 1994 153
4200-4204.

15 Ryriakides C, Austen WG, Jr., Wang Y, et al.
Neutrophil mediated remote organ injury after lower torso
ischemia and reperfusion is gelectin and complement
dependent. J Trauma 2000; 48:32-38.

Morgan, E.L., Sanderson, 5.D., Scholz, W.,

20 Noonal, D.J., Weigle, W.0. and Hugli, T.E. J. Immunol.,
1992 48 3937-3942.

Sanderson, S.D., Ember, J.A., Kirnarsky, L.,
Sherman, S.A., Finch, A.M., Taylor, S.M. J. Med. Chem.,
1994 37 3171-3180,

25 Sanderson, $.D., Kirnaxsgky, L., Sherman, S.A.,
Vogen, S.M., Prakesgh, 0., Ember, J.A., Finch, A.M. and
Taylox, 8.M. J. Med. Chem., 1935 38 3669-3675.

Siciliano, $.J., Rolling, T.E., DeMartino, J.,
RKonteatis, Z., Malkowitz, L., VanRiper, G., Bondy, S..

30 Rosen, H. and Springer, M.S. Proc. Nat. Acad. Sci. Uga,
1994 91 1214-1218.

Sim, E. The Natural Immune System. Humoral
Factors, 1993, IRL Pressg, Oxford University Press, Oxford.

Strachan, AJ, Haaima, G, Fairlie, DP and SM

35 Taylor. Inhibition of the reverse passive Arthus reaction
and endotoxic shock in rats by a small molecule Cha
receptor antagonist. J Immunol. 164: 6560-6565, 2000.



Sanderson, S.D., Enber, J.A, Kirnarsky, L., Sherman, S. A, Finch, A M,
Taylor, $.M J. Med. Chem, 1994 37 3171-3160. 25 Sanderson, S.D.,
Ki r nar skywolo3/0358ber man, S. A, Vogen, S.M, Prakesh, Q, Bchevyo201427,
Finch, A M and Taylor, SSM J. Med. Chem, 1995 38 3669-3675.
Sicilian-10, S-J., Rollins, T.E-, DeMartino, J., Konteatis, Z., Ml kowtz,
L., VanRiper, G, Bondy, S-, 30 Rosen, H -anhd Springer, MS. Prot. Nat.
Acad. Sci. USA, 1994 91 1214-1218. Sin1 E. The Natural | mrune System
Hunoral . Factors, 1993, |RL Pr es I S 101
Strachan, AJ, Haaima, G E’rqhiaél d%k/?%SﬁaS*églﬁé I bltﬁgon %‘nte‘ﬁe
reverse passi veshalhusoleaglé diba a:m!:emm@;‘t @%Fégémaék mhﬂa%%s by smal |
mol ecul e Csa _ . | 2h64en6560x 656502000 VO
03/ 033528 PCT) Aﬁ%ﬁ%%zk?g&?ﬂ?@ﬁs%%cﬁ@aw%%g §rﬁff TM Hoaima G et
al . A new snal Faksh edutBrasyl 2t b 4Rta]s g i nhibits the
reverse-passi ve Arthus reagidien mnaienadat oxiia BRhoTénaka NatBrotkammmenol
2000; 164: 6560-6 anaka. iU c
ef fect of peptlagg EKBErP%%lJ%t aé%)]%t}tm(ll)ln ragtg'%gﬁégeu% P‘%}g%%cfeémrea
tourniquet in rabbited ByrenseerSaudatntim ggbbityy; E?IGQSlq“a%cBKInbﬁgy%fW
LoW ?S. TransanknRi, Ws pn 10 Duchenne's nuscularldystrophy Ann Acad gbdk
Si ngapore 2000; 2 719 122. Tenpero Wor Burdi c
MD., Finch, A M, Tayl orT&f N& ﬁ{T'SMﬁ'}f"' E%b &5%3 %Hit dnSander son.
S. D. J. I rmlmol Duch&ﬁﬁelEszlB&ﬂlélzsaﬂrsﬁhﬁnp'fwndahh A@adDMW\ smaamr% D. P.
Carr-. Med gﬁg 202 7%@ 3-907. Whal ey, K. Conplenent in Health and
I mmunélogy dICI

Di sease. ne Series, Ed. -Reeves, W G, 1987, MIP
Press Ltd, Lancaster. Tempero, R.M,, Hollingsworth, M.A., Burdidk,

M.D., Finch, A.M., Taylor $.M., Vogen, S.M., Morgan, B.L.,
and Sanderson, $§.D. J. Immunol., 1997 158 1377-1382.
15 Tyndall, J. D. A.; Fairlie, D. P. Curr. Med.
Chem. 2001, §, 893-907.
Whaley, K. Complement in Health and Disease.
Imnmunology and Medicine Series, E4. Reeves, W. G.. 1987,
MTP Press Ltd, Lancaster,



WO 03/ 033528 PCT/ AU02/ 01427 - 76 CLAIMS 1- A conpound which is an
antagonist of a G protein- 5 coupled receptor, which has substantially no
agoni st awbDiosios3s28 and which is a cyclic peptide or pepti decrnatozoi420f
general formulaa NND ONHO E K NH F where Ais H alkyl, aryl,
NH2, NH al kyl, 10 N(al kyl)2, NHaryl, NHacyl, NHbent oyl , 1H03, NHSO2-
al kyl, NHSQ, -aryl, OH, O-alkyl, or O-aryl: & is an alkyl, aryl, phenyl,
benzyl, naphthyl or indole group, or the side chain of a DD or L-am no
acid such as L-phenyl al anine or L-phenylglycine, but is not the 15 side
chain of glycine, D phenylal anine, L- honophenyl al an.ine, L--tryptophan,
L- honot r ypt opha®LAIMS t yr osi ne, or L-honotyrosine; Cis a small substituent,
but is not a bulky substituent such as isoleucine, phenylal anine, or 20
cycl ohexyl al anine; Dis the side chain of ,a neutral D-amno, acid, but is

not a small substituent SuGPTROVPHeYWELEE iRafh FPLAYPHFheor & HaHE a
bul ky pl anars si deughad nresuaitaas, Bhiichy psepbabstant abuy kyo chporgiedt si de

chair such as D iQiﬁf . ysine, 03/ 8 ﬁ&p L - 1T
R is a bul ky su%%%%%ée‘\g’t, or “8{51'1% -%naapt%w}{\%rsfgéggée?gz%% I e%’%%nﬁérﬁ ne,
but is not the of deererdh fropla rypt ophan, L- N-met hyl trypt ophan,

L- hanophenyl al ani ne, L- 2-napht hyl L-tetrahydrggsoquinonne,

L- cycl ohexyl al ani ne, céﬁ,JL\
M
; Bt
A SR
0 oﬁ),vE
x'l
Y NH

0

F

where A is H, alkyl, aryl, NH;, NH-alkyl,

10 N(alkyl),, NH-aryl, NH-acyl, NH-benzoyl, NHSQ;, NHSO;-
alkyl, NHSO;-aryl, OH, O-alkyl, or O-aryl;

B is an alkyl, aryl, phenyvl, benzyl, naphthyl or
indole group, or the side chain of a D- or L-amino acid
such as L-phenylalanine or L-phenylglycine, but ig not the

15 gide c¢hain of glycine, D-phenylalanine, L-
bomophenylalanine, L-tryptophan, L-homotryptophan, L-
tyrosine, or L-homotyrosine;

C is a small substituent, but is not & bulky
substituent such as iscleucine, phenylalanine, or

20 cyelohexylialanine; ,

D 1s the gide chain of a neutral D-amino acid,
but ig not a small substituent such as the side chain of
glycine or D-alanine, a bulky planar side chain such as D-
tryptophan, or a bulky charged side chain such ag D-

25 arginine or D~Lysine;



5 D-leucine, L-fluorenylalanine, or L--histidi,ne; F is the side chain of
L-argi niae, L- honparginine, L-citrulline, or L-canavanine, or a.

bi oi sost ewetod@sases ; X is - (CH2)nNH or (CH2)n-S-, where ®CTA@R/0140
integer of from1lto 4; - (CH2) 20--; - (CH2) 30-; (CH2) 3-; - (CH2) 4-;
-CH2CQCHRNH-; or -CH;, CHCQCHRNH-, and where R is the side chain of any
comon or unconmon amino acid, with the proyiso that the conpound is not
AcF- 15 [ OPdChaWR) (conpound 1) 2- A conpound according to claiml, in

which Cis the side chal pof a one-an no aci but is .not
i sol euci ne, phenyl al ani ne %Q@’}]&We@‘l%ac‘f‘:&ﬁ?lﬁ@t'3°rAl€oﬁp?)u‘FEP%0P&" g to
claiml, in mhléhb@nzsth2@nyheakamkneﬂuﬂut dfs @bycmhe sdldanchein| elidne,

Sal i | i |
D e oo of | Oy REODHIND Lo ol U ARE Rabl) 1. BB ARG REE 0TS 1O
D-amino acid, BaRapithyd %h*é%W@rc%msm%m@lmeneL pyciphAryibalanise,

trypt ophan, ®- abgiigipenar E££M§éféhyﬁhld&ﬁﬁ&pQﬁﬂ@wﬁﬁﬁQ&dhﬂ@ toclaim4, in
which Dis the side chai

Leucj n eucl ne
cycl ohexyl al ani ne, D-honn% ?dﬁ%& dﬁzﬁﬁ%ﬁ@ O%P9aﬁrﬁéniﬁﬁ nor | euci ne,
D- - hono- nor | eucihnmpabg[iuhenw btanime,libe, 30t é-cahpdroisequenoki ne,

D- gl ut am ne, D-gggggggggré gtﬁgyros ine . 6. A conpound according to any
one of clainms 1 to 5, I C S bulﬁirsubstltuent or is L-1-napthyl

or L- 3-benzot hienyl alan¥n%§ Tﬁﬁﬁbﬂ§mﬁbtoﬁ ) deSthdfif%d D155 8 ypt ophan,
L- N- et hyl t1ypt epRagerlofioppphenytal gni-ngu, };0-2- napht hyl

L- -t etrahydroj soquj.no clohe al anin i ne
L-quorenyIaIaning?ﬂﬁ* 'hlggﬁ thrze g&& ﬁosgﬁ%%5¢%§§#iuoé?ﬁl427 - 78 7.
A conpound accor@HagHW@CHREEm, 6aninwivire iR B¢ sthe heids ddisdiaiol 8fvan ami no
aci d sel ected fgefiubReodr @HPommon amino acid,

with the provigo that the compound is nolt AcF-
15 [OPdChaWR] {(compound 1).
2. A compound according to claim 1, in which C ig
the side chain of a D-, L- or homo-amine acid, but is not
isoleucine, phenylalanine, or cyclohexylalanine.
3. A compound according to claim 1, in which C is
20  the gide chain of glyvcine, alanine., leucine, wvaline,
proline, hydroxyproline, or thioproline.
4. A compound according to any one of claims 1 to 3,
in which D ig the gide chain of a neutral D-amino acid,
but is not the side chain of glycine, D-alanine, D-
25 tryptophan, D-arginine or D-Lysine.
5. A compound according to claim 4, in which D is
the side chain of D-Leucine, D-homoleucine, D-
cyclohexylalanine, D-homocyclehexvlalanine, D-valine, D-
norleucine, D-homo-norleucine, D-phenylalanine, D-
30 tetrahydroisoquinoline, D-glutamine, D-glutamate, or D-
tyrosine.
6. A compound according to any one of claims 1 to 5,
in which E is a bulky substituent, or is L-l-napthyl or L-
3-benzothienyl alanine, but is not the side chain of D-
35 tryptophan, L-N-methyltryptophan, L-homophenylalanine, L-
2-naphthyl L~tetrahydroigoquinoline, L-cyclohexylalanine,
D-leucine, L-fluorenylalanine, or L-histidine.



consi sting of L-phenylal anine, L-tryptophan and L- honotryptophan,. 5 8. A
conpound according to any one of clains 1 to 7, in which Fis the side
chai n of woaw/ogises ne, L- honparginine, L-citrulline, or LPcandw2anizne, or a
bi oi sostere thereof. 9. A conpound according to any one of clainms 1 to 8,
10 in which nis 2 or 3. 10. A conpound according to any one of clains 1 to
9, in which Ais an acetam de group, an am nonethyl group, or a
substituted or unsubstituted sul phonam de gr/6up. 11. A conpound according
to claim10, in which the 15 substitutet on the substituted sul phonam de
is an alkyl chdin of 1 t& éocvprbod atersding & phladyl Gor FoWbyFhgEolp.

12. A conpound aﬁ?@@;c{hg A 6] %'fma}ilam!LHOV\@é:Ecﬁ] ddtecrikirgdhane ggoh 1 to
4 carbon atons. 13." A conpound accord Egp 0 an one of _clai msdr to 20 12

in which the corﬁﬁ&ﬁ%ﬁ%é’rﬁe&géﬂﬁ'ﬁgﬁfla viey HoErACPRATCSEY &ept or
vasopr essin rec&mrﬁwtm@mﬂ akinin receptor. 14 A conpound accor di ng to

claim13, in h the c S a nd
has no 25 Céa a%onl st ac #‘%gugé %@ %S‘gcf)aa@? égngq??lgﬁ'insg%egg "
clains 1 to 14,in rwhigkciF tﬂﬁe M@dﬁdché@,ﬂaﬁf AgoMT SRS ity at sub-

m cronol ar CO”C%M&:@ﬂﬁnew LA ieepeund agsof dedhdntiai rerl@ in which
the 30 conmpound has a receptor affinity |C50<259M and an ant agoni st

pot ency | C50C1}. PIPL99E ek dFHEYE raccording to claim 16, selected from
the group consisting of comeempdsnd socérdify tiw Iy he o9, cladms22, 058,

26, 28, 30, &$ U%g ‘%;71%%$t 47 to 35 50, 52 to 58 and 60 to 70. WO
03/ 033528 P /A f@%ﬁ 59 %5 "A conpound according to cla|n1%7 |g
which the conpolfd is cofpsPHepousd é@ﬁﬁgghﬂg@§3anédﬁﬁ%dﬂa c4gims 1 to
in which 2 is an acetamide group, an aminomethyl group, or
a substituted or unsubstituted sulphonamide group.
11. A compound according to ¢laim 10, in which the
15 gsubstituent on the substituted sulphonamide ig an alkyl
chain of 1 to 6 carbon atoms, or a phenyl or toluyl group.
12. A compound according to claim 11, in which the
alkyl chain ig of 1 to 4 carbon atoms.
13. A compound according to any one of claimg 1 to
20 12, in which the compound has antagonist activity against
a Cha receptor, a vasopressin receptor or a neurokinin
recaeptor.
14. A compound according to ¢laim 13, in which the
compound has antagonist activity against C5aR, and has no
25 (B5a agonist activity.
15. A compound according to any one of claims 1 to
14, in which the compound has antagonilst activity at sub-
micromelar concentrations.
il6. A compound according to claim 16, in which the
30 compound has a receptor affinity IC50<25UM, and an
antagonist potency IC50<1UM.
17. A compound according to claim 16, selected from
the group consisting of compounds 2 to 6, 10 to 15, 17,
19, 20, 22, 25, 26, 28, 30, 31, 33 to 37, 39 to 45, 47 to
35 50, 52 to 58 and 60 to 70.



described herein 19. A conposition conprising a conpound according to 5
anyone of clains 1 to 18, together with a pharmaceutically-acceptable
carrier owoasospeent. 20. A nethod of treatnent of a pat helcoagiwabi«ondi tion
medi ated by a G protein-coupled receptor, conprising the step of

adm nistering an effective ambunt of a conpound 10 according to any one of
clains 1 to 18 to a mammal in need of suc reatnment. 21. A nethod
according to claim?20, in which the condition nediated by a G

protei n-coupl ed_receptor is a condition _nediated, by a Coa receptor 15 22.
A net hod accor d#hg to cl & nfFROUNE RGCORIERE teoﬁ?ﬂ?%/‘i“o%%n’sfbl‘&@s‘m the
over expr essi on opmpodedr 2gutatpamdii3,Coamp28ndAstebhodoapcmidi4® to cl aim

22, in which th Lhi is. selected fromthe group consisting of 20
rheumatoi d art hraie??gﬂg%%uﬁ%lr%%%bi ratory distress syndrome (ARDS), systemic

| upus eryt hemat 88us, ti ssHeCPMHTHtiog] SOTPEASING chatPieO WA raCHi e to
reperfusion g nj 4ay, onsepti e18heck, @ N@i, Vicbyerhbi-bi;@8hSa at her oscl erosi s,
mul tiple sclerosbs AIzhgineL's di se S€n asthma, 25 denentias, central
nervous system HIEEPABFRELIFR Jd[TarﬁCLﬁ’-:s‘ ExEPEESPPoPEaf bR S/ al ysi s
syndrone, and défmal i nfA amidiet pidicgentdnestsat ha agaplsokdaisisl, wmewEiE cand
contact dermatipb§iaf4a By BIAAle it CALEBRY QEcéBQSffuébéékiéﬂﬁHB%he 30

conprising the step of adnm njstering an effective anount a conmpound
accordi ng to anytBReOHf AErERHEC I InY £Y SEL6FTIVENBBANRAL 19F 7 LRRRIHIC i n
need of sucltD treatoeling to any one of claims 1 to 18 to a mammal in need
of such treatment.
21. 2 method according to claim 20, in which the
condition mediated by a G protein-coupled receptor is a
condition mediated by a Cha receptor.

15 22, A method according to claim 21, in which the
condition involves overexpression or underregulation of
CSa.

23. A method according to claim 22, in which the

condition is gelected from the group consisting of

20  rheumatoid arthritis, adult respiratory distress syndrome
(ARDS), systemic lupus eryithematosus, tissue graft
rejection, ischaemic heart disease, reperfusion injury,
septic shock, ginglvitis, fibrosis, atherosclerosis,
multiple sclerosis, Alzheimer’s disease, asthma,

25 dementias, central nervoug sgystem disorders, lung injury,
extracorporeal post-dialysis syndrome, and dermal
inflammatory disoxders such as psoriasis, eczema and
contact dermatitis.

24. A method of treatment of reperfusion injury,

30 comprising the step of adminilsgstering an effective amount
of a compound according to any one of claimg 1 to 18 or of
compound 1 to a mammal in need of such treatment.



