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relates to the treatnment of 5 neurol ogical conditions
wi th novel cyclic peptidic and peptidom netic
conpounds which have the ability to nodulate the
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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
not constitute an admission that any of these documents
forms part of the common general knowledge in the art, in
Australia or in any other country.

G protein-coupled receptors are prevalent
throughout the human body, comprising approximately 60% of
known cellular receptor types, and mediate signal
transduction across the cell membrane for a very wide
range of endogenous ligands. They participate in a
diverse array of physiological and pathophysiological
processes, including, but not limited to those associated
with cardiovascular, central and peripheral nervous

system, reproductive, metabolic, digestive, immunological,
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cell- regulatory and proliferative disorders. Agents
whi ch selectively nodul ate fu@ctions of G
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inhibit the fornmation of of t ese conpounds, they
may adhesiveness;

(e) inducing contraction of smooth muscle;

(f) stimulating release of inflammatory mediators,

including histamine, TNF-a, IL-1, IL-6, IL-8,

prostaglandins, and leukotrienes;

(g) stimulating release of lysosomal enzymes;
(h) promoting formation of oxygen radicals; and
(1) enhancing antibody production

(

Gerard and Gerard, 1994).

Agents which 1limit the pro-inflammatory actions
of Cba have potential for inhibiting both acute and
chronic inflammation, and its accompanying pain and tissue
damage. Because such compounds act upstream from the
various inflammatory mediators referred to above, and
inhibit the formation of many of these compounds, they may
have a more powerful effect in alleviating or preventing
inflammatory symptoms than agents which directly inhibit
the activity of these mediators or their receptors.

In our previous application No. PCT/AU98/00490,
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their receptors. In our previous application No.
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population. These movement disorders are often the result
of brain lesions or neurodegenerative conditions.
Disorders involving the basal ganglia which result in
movement disorders include Parkinson’s disease,
Alzheimer’s disease, Huntington's chorea and Wilson’s
disease. Furthermore, dyskinesias often arise as sequelae
of cerebral ischaemia and other neurological disorders.
Neurodegenerative conditions are chronic
progressive conditions which are generally associated with
an inexorable decline in motor and/or cognitive function.
Some, such as Alzheimer’s disease, Huntington’s disease,
fronto-temporal dementia (Pick’s disease), dementia with
Lewy body formation, Parkinson’s disease, prion-
associated conditions such as Creutzfeld-Jacob disease and

new variant Creutzfeld-Jacob disease, and amyotrophic
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Hunti ngton's di sease, fronto-tenporal denentia
(Pick's disease), denentia with 35 Lewy body
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condethonscsuebsas Chegtzhekd- &a@cﬁa dissqa;aﬁ camlrl@egv

vgnlant eutzfeld-Jac%b dlsggsg otr £

286578853662 BETARE2665 6804 ePPétl ear%%ﬁ%gates ©

(BAkSteahsdnknbenbasaihou Geherrs), SSudhseasemﬂimmﬂe sclerosis,
. it hod e A i

SR DRLOL et AlEROREL bR Shonabeath o5 iy Py Sl ing

i AivolyErautei mmfecteohaniishernBeairprisnjaf ynetesd i sy,

cEEQH‘rE&aHEEmoEEB%g%' 8e, chQBEElerthﬁ?rcﬁlHHm@t?@% | $8}y

cerebral haenorr or cerebral thronbosis is a very
c6%9%ﬁagéeopfsé@@ﬁéedﬂéasbnﬂﬂw,. ﬁﬂ%@ﬂg}‘%a&?%%‘%ﬁéls

aaﬁa%rcagahtllt\ierel ARabRARBht . MOk okl sH SBBSEase

rses group of severe disorders of nervous
R s o g S e - R B
peggtensi eechdedewdriahi an chamataeriewddrisy Mdgressive

SR R eBRC R R T BELphRE PR i PR sses may
spiffiartcthd, uapdromotihe hewspnspowbi cheursrts, Logih chhe brain

'%@dtﬁéoﬂbhhgl%pb%a%oCQhé E@th@ %@r@USQh%Wd¥ the 1ower
pasns and exag gerated refl exes |nd|cate dama e
u

t@‘%ﬁé BEBéP St YRIRBULEARE. TAOPr b§FesHIVEL A PNyC a
weakpess 6f mfuecbesywhi sbabm\seahaséxhlaﬁgdraﬁ@i Vﬁeflexes

su& L. ndlcate danma to t ver not or neur ans, .
S RBLE kA A ReEe T3 BEs, SrhBE BE SR, SR o M Spxporessive
20tsobbyoshsg, wga&geesspfembabbas palisy; Ispismalost their
”Hé?%aéu g&g,oe%ma@@ ggfnag g&a%@ ﬁcﬁ{?xjrh{y@@flﬁeurons

yn enn

Vel an rone;

e
pgga?%p@ns ner a%.lg BEPERRARCANEEa B ricPHekT gl FoEal

amt%ﬁ_»@@mé phblyrekstibesputpadi bb@@@y argpexdr ef@syular
25 eithe tions_are

R R bER Y andno e B3 Eranks erahl et el Sant i s

cHngeﬁbbygaWaﬂbane syﬁdmsmqueﬁub%dmmaws|pafﬁﬂw$gsnt
nﬁggdﬁgﬁ—th%ﬁgﬁg @E%Qggé; and benign focal amyotrophy.
All of these conditions are extremely distressing, and
either treatment options are limited and very costly, or
no effective treatment is currently available.
Consequently there is an urgent need for improved methods
of treatment of these conditions, and especially for more
cost~effective treatments.

A class of unusual inherited disorders, the
polyglutamine repeat disease family, exhibits a phenomenon
called anticipation, in which the parents may exhibit no
symptoms, but 50 per cent of their children develop the
disease. This family includes Huntington’s disease and
other neurodegenerative diseases, including spinal and
bulbar muscular atrophy, several forms of spinocerebellar

ataxia, and dentatorubral pallidoluysian atrophy. These
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cerebral cortex and striatum, with catastrophic effects on
memory, higher cognitive functions, and motor
coordination. Characteristic striatal lesions are
observed.

All humans carry the gene, but if the
trinucleotide repeat number is between 5 and 35, there is
no effect; however, beyond this figure, the gene becomes
unstable, and expands spontaneously. The repeat number
correlates strongly with the age of onset; at 200 repeats,
children as young as 1 or 2 may begin to exhibit symptoms,
and these will die in early childhood. 1In contrast to
this, individuals with 35 to 39 repeats do not always
develop the disorder, and those who do tend to develop the
disease very late in life. The disorder also appears to

develop earlier and becomes more rapidly severe if the



25 coordination. Characteristic striatal |esions are
observed. Al humans carry the gene, but if the

W0 eo0s0ed3eot | de repeat nunber is between 5 and BSI/AUL®E/@00403

10

15

20

25

30

35

is no effect; however, beyond this figure, the gene
becomes 30 unstable, and expands -spont aneously. The
repeat nunber correlates strongly with the age of

Orwﬁbecﬁv&%rfeﬁmeaatﬁateﬁfan@r amr@rjy@é@g as 1 gr 2

may begin to exhibit, synpto ie in

early chil d Cﬁ’ dr}gyr‘?tangt Stpomta& sancfﬁﬂilgadﬁgﬂusg%%%r
35‘:1’&313313&/ r,epﬂratcrh Gt freatt salapmprso Bimateyiey op irhes0, 000 men, is

tqgl’ éﬁ/}(qi t]:ho%e \?{}LQST %l’ﬂt.ll.ﬁl_yé]? Cgl eéé) tl’h%’ld is caused

d| sease Vv ate in I'sorder a s’o appeadr s
t Y deveiten lear [desruldnd b dcore P oo Yapnine seamrat idr

t 113923686 R e Y
gg&(ﬁglgg?é?ﬁal 'y @%&dﬁ}é@ﬁ%@é}éﬁcﬁ%y lg?%églgfse a{spslepna !
Bul bar' HuSE RS attgsthy in Wi afFectslinked,

amﬁr@@aﬁﬂlye|dévblldps5&rp%mm HreinidheratenmeiddPfo 10ss
of di seases, nd | c sed (g by a
TS R hend gt gmlar
em@éﬁm@gy .n tJ]te hared foegen a\@mpﬂ‘tmd pricitei e (astSpades, which
1%%:9dﬁ 1y é:qfvs%%%ﬁ:’odg}l %de wa%a ngfga}%]c? kelqd o:itant role

genera el ops 1I'n nmen I
| 695 ctt nedildmon ddreoWds e ames qulcmIT e T iophy é‘rmnales have

t %itgrpltﬁlﬂanlaqyp@te@%l Qﬂ)f:*cdlta ﬁ%&é@&%{@d dateny s may
t est terone whi ch |n s to e andr ogen receptor,
f?h b datEn Oty HY T Ide ISREBH g t he di sease

progreSSIonThEeﬁBbeScha%elcSBgﬂE&kﬁﬁﬂkﬁyﬁﬁﬁkﬁnson i]dlsease
ci ul.at i t est Qs rone, and this n ue ce t he

ra % rﬁ[@%(o 3 er(li:ar Ati SIS Hhé I}Ogaﬁ cﬁufsas% Hhges.
S)Pﬁiml@mso@f’ SPaﬂrllﬂe@@@n is dilseasommerel  revrclatiel diityh
al@e@;er%s%l%@ld RRSeWtaly %lmn 9Rra dﬂard%df}ﬁ%v% Ys8ase s

al so commn associated with epression, dementia

and Séversan’ Scé*dﬁletalsx?e hgsclhi PeevapPeGH<In'ls Rfisdad®0 of the

ha@tammmu@mci@an ahdp@.hcl:e@%@r@f tdel 2t ot for those
PoRY C?tl an, i_ncrea %ﬁper O for those

aged overte yggﬁgs De Pﬁﬁ SHRatErgRgic neurones

néur des substantia nlgra and the subsequent reductions in
interstitial concentrations of dopamine in the striatum
are critical to the development of this condition; about
80% of cells from the substantia nigra need to be
destroyed before the clinical symptoms are manifested.

Current strategies for the treatment of

Parkinson's disease are based on transmitter replacement
therapy (L-dihydroxyphenylacetic acid (L-DOPA)),
inhibition of monoamine oxidase (e.g. Deprenyl®) , dopamine
receptor agonists (e.g. bromocriptine and apomorphine) and
anticholinergics (e.g. benztrophine and orphenadrine).
However, these treatments, in particular transmitter
replacement therapy, do not provide consistent clinical
benefit. After prolonged transmitter replacement therapy
"on-off" symptoms develop, and this treatment has also

been associated with involuntary movements of athetosis
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has been investigated, and it is known that complement
components are widely expressed in both normal and
pathological brain. Upregulation of several components of
the complement pathway, including the complement
activators Clr, C4 and C3, the complement regulators Cl
inhibitor, clusterin, MCP, DAF and CD59, and the receptors
for the anaphylotoxins C3a and C5a, has been detected in
brains of Huntington’s disease patients. It was suggested
that the mutant huntingtin which accumulates in the
neurons of the caudate in Huntington’s disease might bind
to Clg, and thereby initiate activation of the classical
complement pathway (Singhrao et al, 1999).
However, there has hitherto been no evidence to

suggest that an inhibitor of the Cba receptor, and in



as well as in acute brain injury caused by stroke or
20 trauma, relatively little attention has been paid t
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conditions. Conplenment activation in Huntington's
di sease, fronto- tenporal demeftira (Pick's disease)
and Al zheiner's di sease has been investigated, and it

I@akﬁ@@alhbab Qewphemeaﬁlaé ﬁemeﬁﬁeaheagbel@tdekythls

ressed in,both norma t hol ogj ca

CPEGERT At o BRECBOoRRE ER b LB ERES CERD HiRR o e PeHERLOg1Cal
pathneyrotsgkindiragitrbecendpt eornt inaclvvagoiafCammatdon.
and C3, the conplenent regulators Cl1 inhibitor,
clusterin, MCP, DAF and CD59, and the receptors 30 for
tEEMMhamh@FoEBEimdvﬂﬁaIaﬁd C5a, has been detected in
brai ns of t o] e S
suggest ed a?Q?%eﬂﬁﬁtg%ﬁg %ﬁ%lﬁ % Péﬁ %hg@ a Low
aée ﬁﬁpéﬁéswﬁﬁghheanﬁégpbh§tontﬁ%ecﬁéaafécﬁﬁtorr a small

Hupti ngt 9€p§16b3e§§eaﬂl@h{:obf{oB@veh@ @Irqamedlblaer eby
initiate actgvatlon of the ¢

ass C nt .
pafRRaY CPsFAdhFaBaee an, aﬁgégima 98? %ng nﬁ&élc‘
hi sbreinbabeéadupedevedeanelt oeliuggash.t hdhiananimal model
i nhhi bitqr _of _the a tor n 0 2 .
pea ReBB08R0B0Rg9 oo SR Bhraf Aot el fPee Arar o 1odical
mebgd&tapnagoﬁB9BCdﬁllh|sondetepneraSﬁpghatbd wsehuﬂesions
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condi tions involving inflammtion.
| SVERTVON pedndedansd $08pr PEi ﬁ@ltyrf Suﬁettlﬁa-t l& Pewanlmal
nabeeul af wekght antagoni st of the Coa receptor, a
small cyclijc tide, is able to event. or .all eyi.ate
the neur ol BGFEaR Bdnbge® | HLART aAPHAT - hOHBE 4RVentIon
np;abmﬂbe 40mesbbhdnpé- tndatednhenfonaheuebllodeath. or
Tﬂéﬁréﬂbgghe%‘é%e kéniﬁ@j‘?oﬁslﬂv@@% SY AW hQ%i3n,

I et neurol ogi cal ™ conditions 85 ecially
c@ﬁdpﬁﬂéh§ga§§@cﬁﬁﬁédoﬁnFﬁmP3é§§ﬁ§ln§faﬁh€f§ﬁF¢&W@nﬁmount
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del.a ed | oss of ngtor fUECtI in,an an
to Arf

el
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associlated with increased activity of the complement

pathway.
Preferably the inhibitor is a compound which
(a) is an antagonist of the Cba receptor,
(b) has substantially no agonist activity, and
(c) is a cyclic peptide or peptidomimetic compound of

Formula I



provides a nethod of treatnment of a neurol ogical or
neur odegenerati ve condition involving inflammtion,
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anmount 20 of an inhibitor of the Cba receptor to a
subject in need of such treat®ent. Preferably the
condition is one associated with increased activity
of the conpl enent pat hway. Prefer bly the inhibitor
is a conpound which 25 (a) is™@n_gntagoni st of the
Coa receptor, (b) has substantiAdlly ago[')st
activity, and (c) isga cyclic peptidel O

peptidom netic conpognd off Fofrmula | WD}{2005/ 092366
PCT/ AU2005/ 000403 N o BNHASN AONHO
Oo E Xi NH O Awher H, al kyl NHaryl NH2,

NH al kyl, 5 N(al kyl)2, oNH-aryl, NH acyl) NH benzoyl,
NHSO03r NHSO2- al kyl, NHSQ2- akyl, A |, or
Oaryl. Bis an alkyl, aryl,Xdhenyl, , napht hyl

or indole group, or the side ghain ofNta D- or L-am no
acid such as L-phenylal anine o enyl gl yci ne, but
is not the 10 side chain of glgtine, XD phenyl al ani ne,

L- honophenyl al ani ne, L-tryptophan, E honot rypt ophan,
L- tyrosine, or L-honotyrosine; Cis a small
substituent, such as the side chain

where A is H, alkyl, aryl, NH,, NH-alkyl,
N(alkyl),, NH-aryl, NH-acyl, NH-benzoyl, NHSOs;, NHSO,-
alkyl, NHSOz;-aryl, OH, O-alkyl, or O-aryl.

B is an alkyl, aryl, phenyl, benzyl, naphthyl or

indole group, or the side chain of a D- or L-amino acid
such as L-phenylalanine or L-phenylglycine, but is not the
side chain of glycine, D-phenylalanine, L-
homophenylalanine, L-tryptophan, L-homotryptophan, L-
tyrosine, or L-homotyrosine;

C is a small substituent, such as the side chain
of a D-, L- or homo-amino acid such as glycine, alanine,
leucine, valine, proline, hydroxyproline, or thioproline,
but is preferably not a bulky substituent such as
isoleucine, phenylalanine, or cyclohexylalanine;

D is the side chain of a neutral D-amino acid
such as D-Leucine, D-homoleucine, D-cyclohexylalanine, D-
homocyclohexylalanine, D-valine, D-norleucine, D-homo-
norleucine, D-phenylalanine, D-tetrahydroisoquinoline, D-
glutamine, D-glutamate, or D-tyrosine, but is preferably
not a small substituent such as the side chain of glycine
or D-alanine, a bulky planar side chain such as D-
tryptophan, or a bulky charged side chain such as D-
arginine or D-Lysine;

E is a bulky substituent, such as the side chain

of an amino acid selected from the group consisting of L-



of a D, L- or honpo-am no acid such as gl ycine,
al anine, 15 |l eucine, valine, proline, hydroxyproline,
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substituent such as isol euci ne, phenylal ani ne, or
cycl ohexyl al anine; D is the-silde chain of a neutra
D-am no acid such as D Leucine, D honol eucine,

Epﬁeﬁy@a@auiﬁeanLn@rygko aHOQBQYELﬁBﬁ&Yk9b@6pHQn, or is L-
nor | u0|ne rleuci

n
DL P RBHD Rl ST s TR BEPERI BN BT SBUaPABEY nEUtpls not the side
gthud &m ag, DEkgyptethﬁ DENBneyho3icmgptbphahnsg

pr e a. smal ub ent such as the side
c%a%ﬁﬁgggé?¥fgianl%? DL ? géh£ﬂ Tbulky pl anar side
chatnabudhoasocmlzﬁotwpt obhamclgheaybaﬂaylohar gedescdee, L-

g réﬂgfafgn£h argknEnﬁlgglgﬁ ysine; Eis a bulky
st

itu such as the si ain of an amino acid
selected f rord§ helgyr e conaint PARgLorr 8120057 092366

Pﬁaﬁ8é2995i9394ﬂ3c1tr&@llﬁg?anaLaBbﬁévahlhéypb@DBan

nd L-ho t opha is L- t
Do LansheRe LhyREarani bee- bat Sidenahathieid] dbicknP
oteEminybt@@ﬂﬂndlhehbﬂethyhtgyphpphanxetalned but the
kggggﬁghsggkg$ggln r%pzicggh hex?FaPSnWthh has different

ydr0|squ|no
Dsteuctnee butfisorealhl éhahu nbe eide- hhethdiemea Fhige

thestdey¢hRi Prof+Lr-8L0i PLBBeih- 1ROPRRI 9bRENRay as the
L-citrulline, or L-canavanine, or a biolsostere

t FRFRBE gFO%P'aa%@de chain in which the 10 term na
guanl di ne ox i¥ ea(THOWNHFS otcet(@Hppg; S-hutwHdmes rcardbam

b | aced by a_qgr ch has dlf ent
s?§ ?ure %u%§$% gug ghan gg@agg ghggn as AEE P 5
reactE2 M0t tHEH: byget— (f#btl e n -AH:GRCERNE- vagr as the

pa&g Cﬁ&dﬁﬁhNé”“jﬁﬁéfg' s(éﬁg)31£@+cﬁ51§era @ygé%?mon or

whére n is an i'nteger o ron11to 4, pre
39n0@@$9y2@m%n0 a@ ) 30-; - (CH2) 3-; - (CH2) 4-;

- CH2COCHRNHe iy, ©f b&dHR2- OHOOEHRNEh @ whghe Rokmstbe side
a2 80Y: SRR Of1 BPSoIMEN, 2T N gty

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

Preferably where A is a substituted sulphonamide,
the substituent i1s an alkyl chain of 1 to 6, preferably 1
to 4 carbon atoms, or a phenyl or toluyl group.

In a particularly preferred embodiment, the
compound has antagonist activity against C5aR, and has
substantially no Cba agonist activity.

The compound is preferably an antagonist of C5a
receptors on human and mammalian cells including, but not
limited to, human polymorphonuclear leukocytes, monocytes,
lymphocytes and macrophages. The compound preferably
binds potently and selectively to Cba receptors, and more
preferably has potent antagonist activity at sub-

micromolar concentrations. Even more preferably the
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20 In C, both the cis and trans forns of
hydr oxyprol i ne and thioproline my be used.

woe@bevahd y A is an acetam de group, an am nonkCTIKII2005/000403

group, or a substituted or unsubstituted sul phonam de
group. 25 Preferably where A 1% a substituted
sul phonam de, the substituent is an al kyl chain of 1

t:eméouﬂaefheeael )Ee%eptt%rdf aﬁlk?ﬁrtyatl@'m,<2@r M8 RhEeNYn or
ol uyl group. In a artrcugfr y preferred enbodi ment ,
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FﬁéaQQB&ﬁguﬁ&tﬁ§§yaﬁF§ GAEM: activity against CsaR
and has 3fosubptafkirablly mﬁe%@m@gondsusaebmpoﬁmd The
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ly t -
é&ﬁﬁ&&ﬁ&eﬁa§f tP@é@pF&F%%qwﬂﬁHB}W%%G%fBM lagfrafed in
angageniist potency |1 C50<1tM Mst preferably the

conpound i s_compound .1 PMX5
Compound 53nC PBSFaS e rebar et ABRR L kRS Colshiny 169 2ble
@BNK@@SsA¢EEOBlD@Hab§th.@ﬁraaﬁpoundn45 @@M%mtularly

en
ﬁ%%%g?ﬁ;%m}é\gd%@ 55 m%‘?frﬁﬂd ritngm? d \@f@g'
(PMX205) ofnHene[ erverrﬁﬁcmﬁ}i fopmx L8 heTRaVeStaget (hes
ebnthesency sl ke nkeRbddes e tilddsionati®d orr ldsscBated with

In.one preferred_enmhodi nent the c ound i -
Sraetey dFodERenBnEY Sou o o e TR T
particul arlfy thdef éoradogntibdi tenenthencahpowathdisiora is

EM%%Ogrg%e %%%%; eﬁe %%dp&ﬁﬁﬁ{Q%% f%% c&ﬁ stlng oE

I nventl on |t|on IS a neur genera
dondilniogendss d@rsetaeed \mptﬂrmalstamdatballluaecs Wt)d@cn gt rophy,

ROk Kal-wtamene siepeak3a, dentatorubral pallidoluysian
atrophy, striatal injury, and acute striatal necrosis
associated with Type I glutaric aciduria.

In another preferred form of the invention the
condition is a motor neuron disease such as amyotrophic
lateral sclerosis; progressive bulbar palsy; spinal
muscular atrophy, including infantile and juvenile twypes;
Kugelberg-Welander syndrome; Duchenne’s paralysis;
Werdnig-Hoffmann disease; and benign focal amyotrophss.

In a third preferred form of the invention the
condition is a disorder involving neurodegeneration and/or
ischemic damage, including but not limited to Parkinson’s
disease, Alzheimer’s disease, Wilson’s disease, and
pathologies arising as sequelae of cerebral ischaemia and
other neurological disorders, including diseases
associated with dysfunction of the blood-brain barrier.
It is known that the striatal region is the area of tthe

brain most commonly affected by stroke, and the 3-NP model



In this formof the invention the conditionis nore
preferably selected fromthe group consisting of
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atrophy, 20 spinocerebellar ataxia, dentatorubra
pal i dol uysi an atrophy, striadtéal-injury, and acute
striatal necrosis associated with Type | glutaric
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dygLANLY- BREKLBRPOLS™M <SBABLLGLEY £ofd 208! M8La%ment of ALS,
and creatine, recombinant human IGF-1 and ciliary
neurotrophic factor are all in clinical trial for this
condition. It has recently been suggested that the
familial form of ALS could be treated by suppression of
the abnormal SOD1 gene using RNA interference coupled with
gene therapy to introduce a normal SOD1 gene (Raoul et
al., 2005; Ralph et al., 2005). However, it is likely
that this approach will take many years to reach the
clinic. The anti-androgen agent leuprorelin is being
tested for treatment of spinal and bulbar muscular atrophy
(Katsuno et al, 2003). The transmitter replacement L-
dihydroxyphenylacetic acid (L-DOPA), monoamine oxidase
inhibitors such as Deprenyl® dopamine receptor agonists

such as bromocriptine and apomorphine and anticholinergics



di sease and ot her disorders of the basal ganglia which
15 result in abnormal novenent or posture. The
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ot her agents for the treatnment of these conditions.
For exanpl e, various agents +ntBuding trehal ose,
copaxone, short single-stranded 20 ol i gonucl eoti des,

Cr8Ri Re PENAGH N alf NPt dd8RC v aSfrrently used
i nhibitors have been suggii}st ed for the treatnment of
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While the invention is not in any way restricted
to the treatment of any particular animal or species, it
is particularly contemplated that the method of the
invention will be useful in medical treatment of humans,
and will also be useful in veterinary treatment,
particularly of companion animals such as cats and dogs,
livestock such as cattle, horses and sheep, and zoo
animals, including non-human primates, large bovids,
felids, ungulates and canids.

The compound may be administered at any suitable
dose and by any suitable route. Oral, transdermal or
intranasal administration is preferred, because of the
greater convenience and acceptability of these routes.

The effective dose will depend on the nature of the

condition to be treated, and the age, weight, and



skilled in the art. Optionally the fornulati on may
i nclude an agent or carrier which pronotes transfer
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Several such agents are known in 15 the art, for
i nstance osnotically active agédts such as mannitol.
Suitable formulations for adm nistration by any
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contenpl ated that the nethod of the invention will be

useful in nmedical treatnent of humans, and will al so
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progf eMXeT3 mc@&%érﬂPtm‘c 350@¢3eater conveni ence and

accept abi | i ty yof; Jiliesa dyd,es. The effective dose

wi || depend on the nature of the condition to be

treated, and tTROAFEONSHEIRIHCR 'and WD 2005/ 092366
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the individ t r eat ment This will b
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P Gy erhr e ko o T he A fRppp S herosts
DESCHITF™ GRO°THE FI GURES Figure 1 shows the

Strrikpinyg €8 o efies regk EPIPosAsn Odxperiment in which PMX53

or comparator drugs were administered by oral gavage.

A Weight change at day 7;

B Food consumption at day 7;

C Neurological/behavioural score;

D Representative cresyl violet-stained sections
of the striatum of sham operated (A), untreated (B),
PMX53-treated (C) and PMX205-treated (D) rats at day 7
illustrating the degree of necrosis in this region.
Figure 4 shows the results obtained in the extended study
reported in Example 2.

A Weight change at day 7;

B Food consumption at day 7;

C Neurological/behavioural score;

D Lesion size as determined by analysis of Nissl-
stained sections of rat brain.
Figure 5 shows the results of histological and

histochemical examinations of sections of rat brain from



10 the invention. Figure 2 shows the results of a
pilot study of the effect of PMX53 on the 3-NP rat
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Neur ol ogi cal / behavi oural score; D Representative

cresyl violet-stained sectioms Lf- the striatum of

sham operated (A), untreated (B) and PMX53-treated
(@xampsei Plustrating the degree of necrosis in this
region. 20 Figure 3 s he re ul ts.of an.experinment
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DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described by way of

reference only to the following general methods and
experimental examples.

For the purposes of this specification it will be
clearly understood that the word “comprising” means
“including but not limited to”, and that the word
“comprises” has a corresponding meaning.

As used herein, the singular forms “a”, “an”, and
“the” include plural reference unless the context clearly
dictates otherwise. Thus, for example, a reference to “an
enzyme” includes a plurality of such enzymes, and a
reference to “an amino acid” is a reference to one or more
amino acids.

Where a range of values is expressed, it will be
clearly understood that this range encompasses the upper
and lower limits of the range, and all values in between
these limits.

Unless defined otherwise, all technical and

scientific terms used herein have the same meaning as



Figure 7 shows the effects of treatnent w th conpounds
of the invention in a transgenic rat nodel of ALS.
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po per os

sc subcutaneous

TdT Terminal deoxynucleotidyl transferase
TNE~-o tumour necrosis factor-o

Throughout the specification conventional single-
letter and three-letter codes are used to represent amino
acids.

For the purposes of this specification, the term
“alkyl” is to be taken to mean a straight, branched, or
cyclic, substituted or unsubstituted alkyl chain of 1 to
6, preferably 1 to 4 carbons. Most preferably the alkyl
group is a methyl group. The term “acyl” is to be taken
to mean a substituted or unsubstituted acyl of 1 to 6,
preferably 1 to 4 carbon atoms. Most preferably the acyl
group is acetyl. The term “aryl” is to be understood to
mean a substituted or unsubstituted homocyclic or

heterocyclic aryl group, in which the ring preferably has
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a,a-disubstituted amino acids.

Generally, the terms "treating”, "treatment" and
the like are used herein to mean affecting a subject,
tissue 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 or
sign or symptom thereof, and/or may be therapeutic in
terms 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 occurring in a subject who may be predisposed to the
disease, but has not yet been diagnosed as having it;
inhibiting the disease, i.e., arresting its development;
or relieving or ameliorating the effects of the disease,
i.e., cause regression of the effects of the disease.

The invention includes the use of various
pharmaceutical compositions useful for ameliorating
disease. The pharmaceutical compositions according to one
embodiment of the invention are prepared by bringing a
compound of formula I, analogue, derivatives or salts
thereof and one or more pharmaceutically-active agents or

combinations of compound of formula I and one or more
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gl utam ne, cysteine, nethionine, arginine, |ysine,
proline, serine, threoni ne andti-stidine. An
"uncommon” am no acid includes, but is not restricted
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the art. See Goodman and Gilman's The Pharmacological
Basis for Therapeutics (7th ed., 1985).

The pharmaceutical compositions are preferably
prepared and administered in dosage units. Solid dosage
units include tablets, capsules and suppositories. For
treatment of a subject, depending on activity of the
compound, manner of administration, nature and severity of
the disorder, age and body weight of the subject,
different daily doses can be used. Under certain
circumstances, however, higher or lower daily doses may be
appropriate. The administration of the daily dose can be
carried out both by single administration in the form of

an individual dose unit or else several smaller dose units
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be suspending agents such as sodium carboxymethyl
cellulose, methyl cellulose, hydroxypropylmethylcellulose,
sodium alginate, polyvinylpyrrolidone, gum tragacanth and
gum acacia; dispersing or wetting agents, which may be
(a) a naturally occurring phosphatide such as
lecithin;
(b) a condensation product of an alkylene oxide
with a fatty acid, for example, polyoxyethylene stearate;
(c) a condensation product of ethylene oxide with
a long chain aliphatic alcohol, for example,
heptadecaethylenoxycetanol;
(d) a condensation product of ethylene oxide with
a partial ester derived from a fatty acid and hexitol such

as polyoxyethylene sorbitol monooleate, or
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Compounds of formula I may also be administered

in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and
25 multilamellar vesicles. Liposomes can be formed from a
variety of phospholipids, such as cholesterol,
stearylamine, or phosphatidylcholines.

Dosage levels of the compound of formula I of the
present invention will usually be of the order of about
30 0.5mg to about 20mg per kilogram body weight, with a
preferred dosage range between about 0.5mg to aboutﬂlOmg
per kilogram body weight per day (from about 0.5g to about
39 per patient per day). The amount of active ingredient
which may be combined with the carrier materials to
35 produce a single dosage will wvary, depending upon the host
to be treated and the particular mode of administration.

For example, a formulation intended for oral
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sorbitol nonool eate, or WO 2005/ 092366
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eliminate the activity of the compound of this invention.

General Methods

Peptide synthesis

Cyclic peptide compounds of formula I are
prepared according to methods described in detail in our
earlier applications No. PCT/AU98/00490 and
No. PCT/AU02/01427, the entire disclosures of which are
incorporated herein by this reference. While the
invention is specifically illustrated with reference to
the compound AcF-[OPdChaWR] (PMX53), whose corresponding
linear peptide is Ac-Phe-Orn-Pro-dCha-Trp-Arg, it will be
clearly understood that the invention is not limited to

this compound.
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the activity of the conpound of this invention. 25

General Methods Peptide synthesis Cyclic peptide

cbhepguptepairattabiubadl fatmulprtepai ed according to

met hods des&ﬁébﬁgmgﬂ gggakécé%é%g antagonist AcF-[OPdChaWR]
(AcPhe [Orn-Pro-D-Cyclohexyl alanine-Trp-Arg]) was
synthesized as described above, purified by reversed phase
HPLC, and fully characterized by mass spectrometry and
proton NMR spectroscopy. The Cba antagonist was prepared

in distilled water for oral dosing.

Receptor-Binding Assay

Assays are performed with fresh human PMNs,
isolated as previously described (Sanderson et al, 1995),
using a buffer of 50 mM HEPES, 1 mM CaCly, 5 mM MgCl,, 0.5%
bovine serum albumin, 0.1% bacitracin and 100 pM
phenylmethylsulfonyl fluoride (PMSF). In assays performed
at 4°C, buffer, unlabelled human recombinant C5a (Sigma) or
test peptide, labelled **I-C5a (~ 20 pM) (New England
Nuclear, MA) prepared by the Hunter/Bolton method and PMNs
(0.2 x 10°) are added sequentially to a Millipore
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30 earlier applications No. PCT/AU98/ 00490 and No.
PCT/ AUO2/ 01427, the entire disclosures of which are
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invention is specifically illustrated with reference
to the conpound AcF-[ OPdChaW3 (PMX53), whose
corresponding 35 linear peptide is

A@uf’hﬁsé}geﬁ{]&?Q 3 T4 Pe Apgv ot 4h) | Lhahﬂngiﬂaga%irblt hvolume of
u 0 a e ipvention is_no mite 0 [
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ffﬁfiﬁ@lénfbfSimﬁAQ%%ﬁfdén&§rﬂ@b' Mmcﬂ%ﬂfﬂﬁich typically

application have appreC|abIe

aRtagbhesinpblehey tosd Rindigmy agai nst the Coa

feCGptOf(Nbiﬂaﬁﬁkéﬁaﬂér§ééasu318 09~ 1RMES; ﬁﬁgkession and
and PMX218 ar BK% preferred. 10 W

h% %tfﬁﬁﬁﬂst%hThaPVn%?t?h%oégnﬁgﬁ ds of fornmula |

whi ch have so far been tested have broadly simlar

gﬁg%?%%&%QQiﬁg%eaﬁéigé%éeﬁsSQ t@%%gaﬂ@% onist Activity

chem cal proper tency, an
bi oavai | abiCélls afe theoladedi daabreymensdds degdrdbed

S@ﬁEHHéEsoQGQEnQin@@S 15n5he nspesidd£ ﬁ%té t'r'@@ktléla81n B

general tests descrlb d bel ow may be used

|h?P9émLsc¥%éﬁ%%g df ‘Danditrpk’ ?nﬁ?%??&?doﬁﬂéﬁnﬁﬂ%HWFon

cedptedntggept 05, gﬁngtﬁﬁpiﬁﬁ::laiﬂe)é_il:.Ofpe%?@_deeCﬁJt@d@ed2811 to a
alflion, a or at | e n

gt om%’? SR PR el LRy o biged by

[Eﬁproheky$aKam1® mmrp—Aﬂ@@)aaaesssyhehe@paaib¥5of each

dﬁ?ﬁﬁﬁgdté‘bgﬂﬁa &g{%é' 862 by L8ver sed phass, ﬂ'!?&cfofng min

f aract eri 2 y masS spectrometry and 25 prot o

E)e%tvfid‘étzﬁﬂﬁh HROEBEe anfagbarse Wa’s aﬁlldéﬁ&roé%j oﬁ rf:5a (100
dhm I bhedruatgér f onc@bat i dasirdg. sRegept orrmdimgnr, of

ASS§Xum phosphate (0.1M, pH 6.8) is added to each well, the
plate was cooled to room temperature, and 25 pL of a fresh
mixture of equal volumes of dimethoxybenzidine (5.7 mg/mL)
and Hy0, (0.51%) is added to each well. The reaction is
stopped at 10 min by addition of 2% sodium azide.
Absorbances are measured at 450 nm in a Bioscan 450 plate
reader, corrected for control values (no peptide), and

analysed by non-linear regression.

Animal and cellular models

It is well established that 3-nitropropionic acid
(3-NP), an inhibitor of the enzyme succinate
dehydrogenase, induces the motor, lesional and/or
cognitive effects in rodents and primates which are
characteristic of Huntington’s disease (Brouillet et al,
1999; Palfi et al, 1996; Blum et al, 2001). 3-NP induces

neuronal death selectively in the striatal region, by
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p tirge to,anta |se e are | ncupbat e or

PRRS' B5eh0ellhERORLER SRRrrieL ToPhBnan ey i rResShe
Chah{h80026t ndj) , ahb9burt her incubation for 5 mn. Then

50 pL of Sf’;ﬁéﬁﬂ%%’:ﬁ‘fépi@é{g {9 }é@sﬁﬁlgﬁsébl' % Agded, tzﬁ’utant
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to each well . The react|§F is 25 st%gped at 10
d

nFﬁngW%ElBuW%ﬁ%?%%s%?‘ﬁﬂ?ﬁ e, Transgeric rat
expressing SOD1 G93A develop hind limb weakness at about

115 days. The pathology seen in these animals is similar

to that observed in mutant SOD1 mouse models, with a very

25 marked loss of the astroglial glutamate transporter EAAT2

at end-stage disease, supporting a role for EAAT2
dysfunction in the aetiology of ALS. This transporter is
the primary means of maintaining low extracellular

glutamate levels, and its loss results in increased

30 extracellular glutamate, leading to excitotoxic

degeneration of motor neurons. The earliest changes in
EAAT2 expression are detected prior to motor neuron loss
(Howland et al, 2002).

Two transgenic mouse models for Huntington’s

35 disease are available, one with a knock-in 115-

trinucleotide repeat of the human huntingtin gene
(Mangiarini et al, 1996), the other with a knock-in copy
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dt & Rglc excitotoxicity, glutamate transport and
dopami nergi & momse|mpdeutfbassahaocbeebeia@gesieﬂximal has
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dys unctlon of braln barrier

neurodegeneratlve neur0|nnunolog|cal di sorders,
aG@n&Q*AUO@Ue&"lh@nt%ﬂJ rb'idmth (Ni shino et al,
2000) . Expres i on of rece tor has been detggted

in striatal “P §F5n§tpﬁrWﬁF§ Foderdr ( BREnREGteC AL,
1988hctioansgeBi-0/br ates: rexjasassityg eBO101<EOIA Tahém.l}bﬁéb ent
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AR N P R et e e Ll
c&ﬁ@ﬁ@ﬁtéhﬁﬁeW§p@@ﬁwb4@bﬁﬁbﬂﬁd§ﬁYTﬁ@ﬁs7g@my§rx@%her than 56

exBl/&esisdg SORL /O3ArIgws 1P hi rg Hdﬂ%ﬂME*mﬁ§§oﬁtof 3-NP in

about ~ 115 days. The pathol'ogy seen these ani mal s

i €BSi f0-4r M, PH 7.4) was prepared and adjusted to pH 7.4
with 5M NaOH. Alzet osmotic mini-pumps (model 2ML1,
delivering 10 pL/hr for 7 days) filled with this solution
were implanted into 12 week old male Lewis rats, so that
each rat received exactly 42 mg/kg/day.

Rats were housed in individual cages. The rats
were anaesthetised with ketamine, xylazine and zolazapam.
A pump was inserted s.c. into the back of each rat via an
incision between the scapulae, and the incision closed with
wound clips. Following recovery from anaesthesia, food
intake, body weight and neurological were evaluated daily
over the next 7 days. Neurological and behawvioural
evaluation according to standard criteria was also
performed at several points by an observer blinded to the
identity of the groups.

Rats were divided into the following groups:
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cells express a truncated N-term nal 5 nting&jn,
containing 60 or 150 37JEGEAMnEE Paded’t Oratdmratcry (30
green fluorescence prat/&igninhdsiakdagbheenedescri bed

(Wang et al, 1999). A nouse nodel for Kennedy disease
(spinal and bul bar nuscul ar atrophy) which displays

most of the synptofsogtinghealsumen ftdldewse, incl udi ng
masckenwaakness 10 and infertility, has recently been

devel oped (McManammy et al (2002). A nouse nodel for
sPPnB¥&fEBeR ar ataxi a-1 has been descri bed (Kl enent,

| IAteghigken€eDys¥onisloF3 1( k998 imbl5 Cenerm

e rimental . protocol. Unless. ot herwi se stated, the
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i Rerhenpnés®ystostiady fwas nsliliimbar to t hat -of3 Bl um et

al (2001; 2002), except that we used 42 ng/ kg/day for
7 days rather than 56 20 ng/ kg for 5 days. Briefly, a

962@gAnL solution of 3-NPin PBS (0.1 M pH 7.4) was

preparedcand adjusted to pH 7.4 -0
Uncoordinated gait and wobbling - 1
Recumbency:

Mild Recumbency -1

(animals lying on one side but showing

uncoordinated movements when stimulated)

Near death recumbency - 2
Cage Grasp:
Able to grasp cage with forepaws -0

Unable to grasp cage with forepaws -1
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rats, so that 25 each rat received exactly 42

my/ kg/ day. Rats were housed 7 ré7 ndi vi dual cages. The

rats were anaesthetised with ketam ne, xyl azine and
zphazapaml atAoRHNPWAS inserted s.c. into the back of
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Gait: 20 Normal Gait - O Uncoordinated gait and

wobbling - 1

Example 1 Pilot study on effect of PMX53

A preliminary experiment had shown that a dose of

42 mg/kg/day for 7 days gave reproducible induction of the
model. A small pilot study was performed in order to test
the effect of PMX53 in the model system. In this study
rats treated with PMX53 were compared with sham and

untreated controls. A total of 12 rats was used, as

follows:
Sham 2
Untreated 5
PMX53 5

PMX53 was administered daily at a dose of 2 mg/ kg
in the drinking water, beginning 2 days prior to 3-NP
administration. These PMX53-treated animals were also
given a s.c. dose of 1 mg/kg on Days 0, 3, 6 and 8 because
they were not eating, and therefore it was thought that
they might not have been drinking the water. 1In
subsequent experiments animals were dosed daily by gavage,
beginning on Day -2, in order to avoid this potential
confounding factor. In this initial experiment, the pumps

were removed after 7 days and the skin sutured under light
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[ f 2 I t st
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per I N or o test
rr@ﬂ@lreé?@t ém nenrpﬁmlgta&d@eh@tvs‘totwr@dt sg¢owiet o vRVXERe perlod

W@Ee3cggp§5§gsthhc%%%@h@ﬁ@g %ﬁtﬁﬁ@qua%@n%%@kangAat Day 7,
total of 12 rats was used, f

URPreargd BY PMRSSTEaPRXES wals'LYac‘Fﬁaw@tlé/r@&ed@ﬂeﬁ aevgls at
15 dosg ob 2ispb kgysi arftkee delsrkitignwaiferinfegdioni.ng 1
dgg%t gggt %BeB@N§53—treated rats showed only a slight
increase in score, again with a peak at Day 7 followed by
a decrease to only slightly-elevated levels at Day 12.
PMX53-treated rats had significantly decreased
20 neurological/behavioural scores on Days 4-9 (P<0.05, n=5;
Figure 2C). The sham-treated rats showed no significant
change in score over the period of the experiment.

Histologically, the striatal sections of brains
from untreated rats in this preliminary study showed cell
25 necrosis and lesions consistent with findings in
previously published studies (Figure 2D). However, rats
treated with PMX53 displayed fewer necrotic cells in the
striatal regions than did controls.

Because it was found that after Day 7 all the
30 rats began to recover, it was decided to stop subsequent
experiments at the period of the greatest difference
between the groups, i.e. after the first 7 days, so there

was no need to remove the pumps.

35 Example 2 Comparison with other agents
The effect of PMX53 was compared with that of a

second compound of Formula I, PMX205 (Hydrocinnamate-
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t hought that they m ght not have been drinking the
water. In subsequent experlTrems-anl mal s were dosed
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decline in pagyswei ght and 4 ood consunption foll owed
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e shamtreated rats showed
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% JCQ% ahgg* necroél § an&qué) gsr%l COf?S‘f’Ie gﬁlt v%vlftJ only
fupdtﬂgQaynSpr(Evg@ur@I YCpubl i shed studies (Figure 2D).

However, raks shown in Figure 3D, histological examination

of sections of the striatal regions of brains from
untreated rats showed marked cell necrosis and visible
macroscopic lesions of a greater degree than that observed
in Example 1. Rats treated with PMX53 displayed fewer
necrotic cells in the striatal regions, which were similar
to sections of PMX53-treated rats in Example 1.

This experiment was extended to include larger
numbers of animals, and a further compound of the
invention, PMX201l. In addition the size of the lesions in
the brain was calculated by examining pictures of brain
sections stained with Nissl stain and calculating the
lesion size using computerized software analysis. The

groups of animals were as follows:



treated with PMX53 di splayed fewer necrotic cells in
the striatal regions than did controls. Because it

wor®somind that after Day 7 all the 30 rats bBOEAUR®S/000403
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recover, it was decided to stop subsequent

experinents at the period of-t¥& greatest difference
between the groups, i.e. after the first 7 days, so
there was m@rpegsdelio renogeg t he punps. 35 Exanple 2
Conmparison w th_ot her agené The effect of PMX53 was
conpar ed wi P hat of a iond conmpound of Formula I,
PMX205 ( Hydpx?opamat e WO 2005/ 092366
PCT/AUZOOS/@Q%%@% - 29 [QpdChaWR] (HC [ OPdChaVR]),
and of the anti- inflFammatory agents i buprofen
and ianixihubliihmagroupsloof rats and nunbers in
each group ygu @pcfol lowsy,Sham4 5 Untreated 6
PMX53 4 PMX 4 buprofen 5 Infliximb 4 10 PMX53
(ThengerglBayrrangdupvRZozed16nngikgrgafy Wwede show that all

aﬂnk@éspﬁkegoﬂgthdgyt@@%@aeaﬁeﬂlbgu@@@fQ&e(%@verse effects
adm ni st ered i_nki

/ day)
TRE By rRe e BeRrEr 8%, BoshN A aper PAREl vas
Iathtxsﬁnbammg adphnifstened fas allsfb@kepﬁﬁ@hkgeksvtested

[ ion . .15 The_result hown
o428, Bl Bindar b g EoindiBlel FaBoEed BT BGr Y Bore
mkl@htegabm andlﬂ@bdli@wns@nppmpnuaﬁbeanﬁ.@&y@ Wwere small to

Ségbééé 59g559§@aﬂgéerV@ﬂl%npag%agﬁl%hé eﬁ%%rﬁqﬁnt 1s being

neur ol ogi cal / behavi oural score,
pF%Q?aEadsﬁgnmpreaﬁpmspapécPM§ﬁOaggﬁﬁ§me§oawﬁél@évéwse
ef fects of 3-NP, mhlle |an|X|nab showed little if

Blaghiect and LUgLeren shoved.an ehtgeiadny Up Lo
exan1nat|onTh®ffsbtbwmng obmphendsroatEbrme@boﬁsamé tested
biﬂigﬁefggﬂé way as described in Example 2:

PMX205: HC-[OPdChaWR]

PMX273: AcPF-[OPdPheWR]

PMX201l: AcF-[0OPdChaWCitrulline]

PMX218: HC-[OPdPheWR]

All drugs are administered by gavage at a dose of 10

mg/kg/day, starting on day -2. If this dose is found to
be effective, doses of 3 and 1 mg/kg/day or less are also
tested in order to determine the dose-response
relationship. The dose-response relationship for PMX53 is
also determined.

The effects of these agents are also compared
with those of infliximab (5mg/kg single i.v. injection on

Day 0) and ibuprofen (30 mg/kg) in drinking water.

Example 4 Histological and histochemical examination

of samples from Example 2

Paraffin sections of brain tissue from the rats
used in Example 2 were stained with hematoxylin and eosin

and examined under the microscope. Extensive infiltration



25 untreated rats showed marked cell necrosis and
visible macroscopic |lesions of a greater degree than

wo bas/oedseer ved in Exanple 1. Rats treated w t PCPMEB5/000403
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di spl ayed fewer necrotic cells in the striatal
regi ons, which were sinmlar ~tdlsections of
PMX63-treated rats in Exanple 1. 30 This experi nent

wes enfeaﬂﬁdtb@yi aéhmdewbar get denttmBeicainef =an Il&iﬁ,de
urt her of the_ inventi PMX20

onpoun n
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sLaanpdowi ¢y Nessh.shaig #ag.cal gyl ating the 35 1 esi on

Ssi ze usi ng conpu erize ware anal ysis. The groups
of ani mal s WeeeTESELolToRsmeWbaed50092386 ck-End Labeling)

P§§é @5&99@%@3 Y? 3Qt Qﬂth§b©@&2@' E%%§3 Aliol. 119,

MX20 3°5 infliximb bupr of en 12 The
ré%érﬁsmﬁﬁéugaﬁnawpiéarlHNﬁlga@@m@ntéﬁ&Qﬂnmwh%ﬁh i@ Bn

tmmperP&%tcpmp@u@ﬂ$ch@3had1aﬁ&kl@Eab@@p&hﬁnﬁﬂvem$as method
géfgc%g of S-BE. The effec% of bo P\MX5 PMX205

25 18°8PalPSE £]1 PSP G EaRPOP Pséﬁl EP o neuron S
panaWerén$ngefémannhdmeeesethe fonioe s @bﬂnﬁhnﬁuscular
té@?&ﬁ EBKé91 %Ef§oob ”1t%%aQ% widsapld 1 Jof

conpo wer e SSess S|gn|f|cance
Thh@rgﬁpreoﬁlﬁﬁeséipéﬁﬁnéﬁﬁ ﬁgNﬁéu@@alﬁ@séaﬂéﬂxasan@ﬁ@ndard

ceipoyndopvXg0k108290RE .Ml habl;e chlaibxannl e gt Effeat
of a glgoue of PMX53 The .f ol | owm ng céhpounds of °

FOPFBFARF af ePradP8dCorhatRengaimBondy o3s AdeddtisFesti ere
Exarpletd: a PMX205: ahid- B@Bd@h&ﬁﬁhzeﬂO PX2#3s were then

é&giggggﬁkgvﬁiﬁgwg%%%eln [qug%aﬂg/&&HUiéﬁﬁ endogenous
peroxidases quenched with 3% hydrogen peroxide.
Equilibration buffer was then added, followed by TdT
enzyme for 1 hour. Samples were then washed, and anti-
digoxigenin conjugate added for 30 min. Peroxidase
substrate (diaminobenzidine) was then added, and colour
allowed to develop over 6 min. Samples were then
counterstained with 0.5% methyl green and mounted with
Permount. Sections were washed in PBS (0.1 M, ph 7.4) in
between each step. Figure 5c shows that the lesions
clearly contained apoptotic cells.

In all cases, treatment with the C5a receptor
antagonists PMX53 and PMX205, completely prevented
neutrophil infiltration and reduced the degree of

apoptosis.

Example 5 Immunohistochemical analysis

Sections of rat brain from Example 2 were also
stained with specific antibodies directed against various
complement components. A standard kit (IHC Select;
Chemicon) was used to stain sections for C3, C9 and C5a

receptor.
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Al'l drugs are adm nistered by gavage at a dose of 10
ng/ kg/ day, starting on day -2. If this dose is found

wao 20058%30e ef fective, doses of 3 and 1 ng/ kg/ degT/a02005/000403

|l ess are also tested in order to determ ne the
dose-response rel ati onshi p. “TRE dose-response
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Criatal Sections Falns contai hing the ‘are
WRLSr atshgsk d M BB Josg viesera sidhdes @1l depar af fi nzed.
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acdethodyohaeweddby chiiraarenyined afo 1sdmirextSanpl BJ?ull an et
re tl %ri Was'%%(} %t%. g'xln 0 CLaq)%( eanxlltnl Croné Ltgg’:\ ant dserum

addéd mn. PeroXi
was obtalned from Prof BP. Morgan (University of Wales

College of Medicine, Cardiff). This antibody has been
well characterized (Liﬁington et al., 1989). These
antibodies were used as described above, except that the
antibodies were incubated at a 1:10 concentration and goat
anti-rabbit IgG secondary antibodies were used. A
representative result is illustrated in Figure 6, wh-ch
shows staining for Cba receptor. The dark-stained cells
are cells, probably activated microglia, which are
expressing Cba receptors, and are found around the edges
of the lesions. Sham-treated animals showed no detectable
staining.

Strong upregulation of complement components C3
and C9 and of Cba receptors was also observed around the
edges of the lesions. This indicates that complement

activation and concomitant increased C5a receptor



substrate (di am nobenzi dine) was then added, and
colour allowed to develop over 6 mn. Sanples were
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nounted with Pernount. Sections were washed in PBS

(0.1 M ph 7.4) in 25 betweeii édch step. Figure Sc

shows that the lesions clearly contained apoptotic
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divamikeke Rz ind-pR ifrers QHBJ‘ugHUuﬂ”EHé TAL devel opedhi s
Sect |e\(3v;s were then nounted w th Per m)unt Al sect] ons

sHED THPBE bétedd SRRt Bt R St R nithgt e
r@hhum aatoursatb @ rantviileddi evdsssions can be detected.

Other studies are under way to ascertain whether

the CS5a antagonists are able to reverse pathology. We are
currently dosing rats with PMX205 (10 mg/kg/day po) from 2
days after the commencement of 3-NP administration.
Striatal cell cultures or brain slices from the
striatum are incubated in vitro in the presence of 3-NP to
induce cell damage. C5a antagonists are then added to the
cultures to assess their ability to prevent this damage.
It is expected that this will be useful as a preliminary
screening assay for selection of candidate agents for

further testing in vivo.

Example 7 Effect of C5a receptor antagonists in a
model for ALS

Transgenic Sprague-Dawley rats which carried one

copy of the mutant SOD-1 gene (G63A) were purchased from
the Howard Florey Institute for Physiology and Medicine,
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anti body has been characterized to sone extent (Julian
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anti serum was obtained from Prof BP. Mrgan
(University of Wales College ¥f +edicine, Cardiff).
This anti body has been well characterized (Linington
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Exanple 6 Further studies in the 3-NP nodel It is
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negr asiis/)apopt osi s) .

Extreme muscle weakness (inability to dorsifex).

Limb paralysis

Gait:
No abnormalities
Abnormal gait, waddling etc.

Righting Reflex (Time to right itself when placed on
back) :

0 sec (unable to successfully place on back) .

<1 sec (or rat not immediately righting itself).

< b sec

5-10 sec

> 10 sec —--> euthanise at this point



Experiments are currently in progress to examne rats
at various tine-points throughout the 7 days used in

W koos/09230clel , in order to see if conpl enment acPCWAUR®N000403

10

15

20

25

30

35

in the 20 brain occurs before visible | esions can be
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r &he wefifeectO somts mjft]ragamxﬂm.gs were dosed in the

g][I gkl ng WatEq_ u%te a%o %v’ﬂgﬁtt%ey p]efggrhg/quVM’fAéﬁrngrats in

the different groups over time. Again, there was a clear
delay of mortality in the two PMX205-treated rats. In the
PMX53~-treated group there was possibly a small improvement
compared to untreated animals.

Figure 7C shows the percentages of rats in the
different groups showing onset of motor symptoms over
time. As with the survival results shown in Figure 7C,
there is a clear delay of motor onset in the two PMX205-
treated rats. In the PMX53-treated rats there is possibly
a small improvement compared to untreated animals.

Figure 7D shows that in the Cb5a antagonist-
treated rats there was an increase in the period between
the first loss of body weight and the first observable
loss of motor function. The results were particularly
striking in the PMX205-treated rats. This suggests that

the extension of survival in the drug-treated rats may



15 wild type (W) Sprague-Dawl ey rats (G63) were
i ncl uded as shamcontrol animals. Rats were then
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the follow ng scale: Hnd Linbs (score for left and
right): 20 No abnornmality Noti é&abl e nuscle weakness
(spl ayi ng or shakl ng when held by tail) Extrene
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V\A@elta;gmaj:samamczk)theﬂag@@t(unabfect oisutbésstubkhypgenic

I TEDORSH . SO (LR IA) LA goney enee
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hatd2o8 2% ird hetd peak posyared ghtr Foktbherngtudies in
%t hanaS| ach rat was perfused with 5 saline

then formal dehyde to fix the tissues. The
bra| n, sp| nal cord and the hind gastrocnem us nuscl es
fr t egs
el d oo céf%ftﬁﬁ%?%‘,ﬁﬁﬁ%lif’ié*eﬁﬂf’fﬁ%ﬁséé*f@ rats
m croscopi ¢ examTeERYSS G R3 BN SRR
FI gure 7. Asusﬂdl 18 Chrl 4T = 10811 s 7<A1ry@1ﬁf§9t@§lﬁ@ts

at me an, showi n ns, of | os

TSGR (B THormag L dayet GRS Wi £k anedhLpagEror

oseingdte 1160 edaysatdratise tuead edo M mbt @MXb8ubadsahn the
a\é% b ol ‘%Q)%:cpf &]Siﬁ“cgt&t c,lgrﬂ'te}g',o in order to determine

whether the Cba receptor antagonists are reducing the

death of motor neurons and hence prolonging survival.

Hind limb gastrocnemius muscles are being examined for
signs of end-plate degeneration using electron microscopy
techniques, in order to determine whether the Cba
antagonists are protecting the muscle itself from
degeneration. Excised spinal cords and motor cortex are
immunochemically stained with antibodies directed against
different complement components, including C5a receptors,
as described in Example 5, in order to elucidate whether
complement upregulation is involved in the pathogenesis of

this disease.

Example 9 Effect of time of treatment with PMX205

In Example 7 we showed that a beneficial effect
was obtained when the C5a receptor antagonists are
administered about 1-2 months before the expected onset of
disease symptoms. A group of male SOD-1 rats (n = 12) is
being dosed with PMX205 (1 mg/kg/day in the drinking
water) from 28 days of age, in order to test whether

earlier treatment gives an improved therapeutic response.



15 days, while PMX205-treated rats had an average age
of onset of 138 7 days. Therefore there was a cl ear
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| esser extent, for the PMX53-treated group. This
experiment is being repeated Wt | arger nunbers of
animals to confirm20 the effect seen with PMX205. :
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levels in the blood, are shown in Figure 8.

All rats treated with the PMX compounds showed a
degree of absorption into the brain, 15 min following i.v.
administration. Rats dosed with either PMX53, PMX205 or
PMX201 showed a similar level of absorption (~7%), whereas
PMX200 showed a lower degree of absorption.

These results indicate that the C5a receptor
antagonists are able to cross the blood-brain barrier
following systemic administration, and that removing the
positive charge on the terminal arginine of the compound,
via substitution with citrulline, does not appear to
affect absorption. Moreover increasing the lipophilicity
of the PMX compounds via substitution with either
hydrocinnamate or citrulline also does not change
absorption. This, together with the consistent and

relatively high uptake of the PMX compounds, with the
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re able to st e bl god-brain barrier,

n r
%@%&g?a?opa?gn€§56% %%e invention on Huntington’s
20 dlsease a cellular model in NeuroZ2a cells for in vitro

studies and transgenic mouse models for in vivo are

available. Mouse models are also known for Kennedy disease

(spinal and bulbar muscular atrophy) and for
spinocerebellar ataxia-1.
25 Compounds of Formula I may be subjected to

initial screening in vitro using the Neuro2a cell model.

Suitable doses of test compounds may readily be established
using routine trial and error experimentation.

Compounds found to be effective in this model or

30 in the 3-NP model are also tested in vivo using one or more
of the transgenic mouse models.

The findings for food intake and weight loss
indicate that the compounds of the invention show minimal
toxicity, and PMX53 is undergoing clinical trials in

35 rheumatoid arthritis and psoriasis. The person skilled in

the art will readily be able to design appropriate clinical
trial protocols to test the efficacy and safety of
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the inhibitor is a compound which

(a) is an antagonist of the Cba receptor,
(b) has substantially no agonist activity, and
(c) is a cyclic peptide or peptidomimetic compound of

Formula I

where A is H, alkyl, aryl, NH,, NH-alkyl,
N(alkyl),, NH-aryl, NH-acyl, NH-benzoyl, NHSOs3, NHSO,-
alkyl, NHSO;-aryl, OH, O-alkyl, or O-aryil; A

B is an alkyl, aryl, phenyl, benzyl, naphthyl or
indole group, or the side chain of a D- or L-amino acid,
but is not the side chain of glycine, D-phenylalanine, L-
homophenylalanine, L-tryptophan, L-homotryptophan, L-

tyrosine, or L-homotyrosine;
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Oaryl; 25 Bis an alkyl, aryl, phenyl, benzyl,
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L-cifr §|ne or L-canavanine, or a bioisostere

t hereof; and 1B XhESSléeHZPﬁNH-OérLt@HgﬁninSv Lwhere n
'ﬁoﬁ@argﬁhgﬂ%r @f E%Q@U%l%% 4or IQQH%EV%ane, 6eH2)

éHQ éﬂé@EHRNﬁherﬁﬁéreaRdis the S|de chaln of any
comon or URcasmerCHp MNH-acix. (CH,) A et holtle ae cor disngn

tgn‘%le%ie@% ifrlloll%@ilcg 'S—z(c%r @0- 3 (G, omethedy ) -, -
according toclaim
(CHp) 4=+ —CHQCOCHRNH— or —CHZCHCOCHRNH— where R is the

side chain of any common or uncommon amino acid.

4. A method according to claim 3, in which n is 2 or
3.
5. A method according to claim 3 or claim 4, in

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

6. A method according to claim 5, in which A is a
substituted sulphonamide, and the substituent is an alkyl
chain of 1 to 6 carbon atoms, or a phenyl or toluyl group.
7. A method according to claim 6, in which the
substituent is an alkyl chain of 1 to 4 carbon atoms.

8. A method according to any one of claims 3 to 7,
in which B is the side chain of L-phenylalanine or L-
phenylglycine.

9. A method according to any one of claims 3 to 8,
in which C is the side chain of glycine, alanine, leucine,
valine, proline, hydroxyproline, or thioproline.

10. A method according to any one of claims 3 to 9,
in which D is the side chain of D-Leucine, D-homoleucine,

D-cyclohexylalanine, D-homocyclohexylalanine, D-valine, D-



which A is an acetam de group, an am nonethyl group,
or a substituted or unsubstituted sul phonam de group.

W®2008/098610d according to claimb5, in which A PGI/AU2@5/000403

10

15

20

25

30

35

substituted sul phonam de, and the substituent is an
al kyl chain of 1 to 6 carbon &tons, or a phenyl or
toluyl group. 7. A nethod according to claim®6, in

wnbgmehegnéub@thH%ﬂho&§eaelaékyb 9B@h@1@ﬁaklh@ 4D—
carbon, atons. 8. A nethod accor di to an

CFSFﬁéhgdrel?oqusao#ﬁnﬁh.BHGéulémﬂﬁ@rsPa EEQPﬁtSP or D-
Lt phesyhal.ani ne or L- phenngIyC|ne 9 A net hod

according t e of clains,3 to Ci
CREoe e o RS o e PREU BhToRS el bie Re L6 dnF g to 20,
piol whéchh$idiexypeolkide, cbalnhoﬁpanlamen035cid sAle cted

B S e T e e i S T

DaadcLohergkayatiopsand REnbey éréhéﬁpﬁawénpﬁeL 3~

Dbgggbegleg&y[ngQQEQQZSGG PCT/ AU2005/ 000403 - 47
nor | euci ne, _ D- hono- nor | euci ne, D phenyl al anin

D-

t%?rahydr0|§oaﬁFH8ﬂ|ﬁ@coﬁgbpﬁtgﬁ1ﬁgy Pr§l Gfa pénsgd to 11,
DintMh@&hnehellnhébﬁebhOdsaacabﬂpﬂgnﬁow&ﬂwhOhesobntagonlst
clg%ng.g tg 10 5 %n whi_c gais th Si deocq%%n otl N
afitnd acyd ggﬂ?@te& aFVoﬁP h argﬁp ggngﬁ Plng &f Vity.
Liphenyl al ahi mefhbdt rgpvoghag tandni- horobfypiephanl to 12,
o&n'§8Ebﬂ'EﬂgtHﬁhlgﬁtgrshagegéQEP%eQ%Ea@%ﬁﬁ%@eac%EVTfty at

accor to any one ains 1°to :
mﬁuéhmﬂﬁéomﬁﬁaﬁup@ﬂ6ﬁ§ &agdRPSund whi ch has ant agoni st

aghivity agﬁ'ﬂéth@@agccaﬁglﬁéstﬁ0a§§aoﬂ906ESblalms 1 to 13,

t 3. A net had d f
S bovhbth EREAPERCLAG FAR: B LOFCRES oGt ant Lhnt AGONSL2SH,
aehdviehyaatagsnbsm poarnkar IC60edpiM.at i ons. 15 14. A
QEEhOd aCCOAdh89h58h§B¥098§ngft8'Qh Oﬁetgflggalhg g to 14,
as 5

i ch the conpoun tor |n|t
aht ahlahtégénp§mp9@p@néy ﬁ@@@etﬁﬁ fzomatigt HEeup

ageaEdkRgnho Ny capeudlischaies 6l 0 14, 15, 17, 19, 20, 22,
25, 26, 28, 30, 31, 33 to 37, 39 to 45, 47 to 50, 52 to 58
and 60 to 70 described in PCT/AU02/01427.

1l6. A method according to claim 14, in which the
compound 1s PMX53 (AcF[OP-DCha-WR]), PMX205 (HC-
[OPdChaWR] ), PMX273 (AcF[OP-DPhe-WR]), PMXZ201 AcF[OP-DCha-
WCit]) or PMX218 HC-[OPdPheWR]).

17. A method according to claim 16, in which the
compound is PMX205 or PMX53.
18. A method according to any one of claims 1 to 14,

in which the compound is able to cross the blood-brain
barrier.

19. A method according to any one of claims 1 to 18,
in which the condition is a neurodegenerative condition
associated with striatal lesions and/or polyglutamine
repeats.

20. A method according to claim 19, in whichthe

condition is selected from the group consisting of
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in which the conmpound is selected fromthe group 20
consi sting of conpounds 1 to 6, 10 to 15, 17, 19, 20,

WQ@2005/028¢66 26, 28, 30, 31, 33 to 37, 39 to 45, HCI/AUG28/000403

52 to 58 and 60 to 70 described in PCT/ AU02/01427.
16. A nethod according to cldi8m 4, in which the
conpound is PMX53 (AcF[ OP-DCha-WR] ), PMX205(HC 25

ﬁ%ﬁ@%) s 8%@5§e§ %}gw%%ggﬁg \%%%%ng\kggéular atrophy,
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eS|ons an am ne repeats.
29: A net hiédmgth@d R eerxdiny atcm xglaﬂmn i chnt‘hlélChthe

condition is sehected From the 9QUR COBSbSLEREg0bWO
2005/ 092366 PCT/ AU2005/ 000403 48 " Hunti ngton's

HP¥ERESEPNEFi haFeERE BulBAPSHEsCRERIERFOBNY, PuLbar palsy;
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BB kult TR ORI e SR AL Bhs 18O R8R Ry st
Wetdotgadobfuang tibsaayeonendf oedmmigre dotal 18nyotnophy.

»hich the ﬁ?xﬁgtfib&’”aé o?d _9& %\‘mf C%%'éf’aéf ifg- 140 18,

nethod acco toc alm con ition
}8 weiekt bhef @@ﬁfi@h@aogr é‘épac@h§ Frdewg HRVOAHYBET ophi c

ﬁéuﬁé@égéﬁé%é@ibﬁ aRAPgresstMerbut basmpabsy; 10 spinal
i ncluding i nfantile juvenjle

scular atro
pes; Kug%l%é?%"%?%ﬂ%‘fll na?orﬁala%%nnjem which the
@anaiy$bs;isVéédBcge&bffnmnnhdl33@3@9 avdsbehigpy b6ca

A 0 . r
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ischaemia and other neurological disorders, including
diseases associated with dysfuraction of the blood-brain
barrier.

25. A method according to any one of claims 1 to 18,
in which the condition is a mowement disorder.

26. A method according to claim 23, in whichthe
condition is selected from the group consisting of
progressive supranuclear palsy, Huntington’s disease,
multiple system atrophy, corticobasal degeneration,
Wilson’s disease, Hallervorden—Spatz disease
(neurodegeneration with brain i ron accumulation),
progressive pallidal atrophy, Dopa-responsive dystonia-
Parkinsonism, spasticity, Alzheimer’s disease and other
disorders of the basal ganglia which result in abnormal
movement or posture.

27. A method according to any one of claims 1 to 26,
in which the inhibitor is used in conjunction with one or

more other agents for the treattment of the neuroclogical or



24. A nethod according tc claim23, in which the
condition is selected fromthe group consisting of

w@200809860' s di sease, Al zhei ner's di sease, W | BONAE2005/000403
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di sease, and pat hol ogi es arising as sequel ae of
cerebral 20 ischaem a and othe#n9neurol ogi ca
di sorders, including di seases associated wth

dyshidd @ afattile Rlped-hra n barrier 25. A net hod
accordlng tc anéaene o clalns to 18, in which the
cofdition i & B @élnemcoa*dé@@d&o JmigB 27A fex g ch the

aced NGt iG ainn12%indb WY GhY hﬁq icrgrlrirltﬁ&n dfs c3a.
lected fromth royp. G istin ro ressrve
éﬁranuclea SGal y,nH&EP %@i&ﬁ & |QQ€a 4 ilm &

systremaattuoehy,f Gom@duﬁEMHﬁt(ﬁﬂﬂﬂﬁﬂéﬂﬂﬁﬂhtméNﬂSﬁmas
di I rvord atz di.,sease 30.. . . .
(rrl%glro e&?@ Y Al fuﬁl eherative o c%ﬁlanl d'TBV,OlVlng

neration VVI Iron ac

| pﬂ@éﬂé@§6¢e09allldal atrophy, Dopa- responsive

dgsgt.oni a- Pagki Q%QBE@%?ZQ%SUl I ﬁ'r%’29'b‘I e'w'mr h] the condition

di.sease and other disorders o e HBasa
wWHSC P e SFISOGiR tasn okl 1nesrarradt acsrtlgeém . teae 27.

Acﬁakhgﬁ@@ecgb@m@gyto any one of claims 1 to 26, in

i.ch the inhibitor is us nj.uncti o mnth one or
ﬁ%ﬁe ot her QagnﬁchEFlPﬂe%Prggﬁl @% im 30, in which
nébreolcogipoahndori sWBs2 0@F10e2B86m RO A0 s Q;(l%(ﬁ& F 49 18.
neur odegenerati ve condition. 28. A nethod according to
claim 27, in which the other agent is infliximb or
is an inhibitor of C3a. 29. Use of an inhibitor of
Coha receptor in the 5 manufacture of a medi canent for
the treatnment of a neurol ogical or neurodegenerative
condition involving inflammation. 30. Use according
to claim?29, in which the condition is one associated
with increased activity of the 10 conpl ement pat hway.
31. Use according to claim?29 or claim30, in which
the compound is as defined in any one of clains 3 to
18.



