14 July 2004 --TWDO 01/52844 PCT/ AUDI/ 00046 1 TITLE "BRAIN, SPINAL AND
NERVE | NJURY TREATMENT" FI ELD OF THE | NVENTI ON THI' S | NVENTI OM Jupi 200ds to a
nmet hod of therapy of brain, 5 spinal and nerve injury. There is al so
provided a fornulation which is particularly useful in the nethod. Injury
to the brain results in the devel opnent of notor and cognitive deficits
that contribute to the significant norbidity experienced by survivors of
br ai n i'njuryOMMsdbver, it is an 10 occurrence that has RTAUR/EH§est

i nci dence in younger nenbers of society. Accordingly, injury to the brain
is responsible for the greatest |loss of productive |life as conpared to any
ot'her disease process. Despite this,Itlhére is no effective therapy to

i nprove outcone afte.ﬁﬁg\rr@l oAl YNy N %Wﬁ@ﬁﬁgﬁrof a nethod of 7.5

t herapy as a robust pharnecol ogic I ntervention reatment of brain

injury. Use of this therapy snﬁjﬁm@ﬁﬁwmuas both mot or and

cognitive outcone in m rrent i and has al so
been found to have bene]Er?i(]:él gﬁ@'ﬁ%{ﬁ R&req‘% he O ?rﬁﬁlﬁ f%’f Mspinal cord
and nerve g nj usp:esl arﬁﬂnﬁ»@ﬁ@lﬂwme@ﬁﬁ& IpM»(EMEi bintulaSomedHickk own t hat

brain injury regr Fall n tpugz %evel %Bﬂent of neurol ogic deficits through two
mechani sns. ThB OY “SE™ HeRE P& RAown as primary mechani sns. These occur

at the tine of the i Nj tHjQU> meenicauambdlteqhudle dReneheRl oPHRgESSes such
as 25 lacerati on t eari ng, étre conpr.essj on. of nerve fibres.

Little can bedddn@9Give fip C"Esyﬁ'éatof’gntﬁ His, WBnde Flenficany dBaRIEY. The

second rrechanes;mneac@@cwdﬁ_rrywau Ll;rfy,braahl furyncl wtesowdrocherd e  and
physi ol ﬁgllogal processes, initiated a primary injury but whi ch manif est
fte

Vi th ti PCEHETCR] hhlﬂy haPtthﬁaE'QB%%In'“G&?Bﬁ%t'f‘a\fcé’dl"g?héff'e@bmﬁu%% of the

morbidity aft eéoé?élg N Eb&drdinglyl, SinRSe 0l ah&dordint Bs tlagporigel et of this
secondary injury ven that the secondary 14 July 2004 2 Injury devel ops

from m nutes t 8@ 85% &f Q’H@Uﬁf‘ienﬁfﬁyaé\/@mpa”ﬁ%éiaea“\éﬂ'f%‘%rsdﬁe%ﬁendow of

oppor t uni ty-t oppR@sdTBC @le@BitC ahisy BRERY @Ntndt R¥ctivd WRErap9f td Nigkdeand
significantly |rrpr ove resultant outcone. However, the factors that nmake up

secondary i nj uPylcRinst after draipelnjugent Ve disclose thet wem of amtmethed opls”
devel oped; o i Ema'r%&\? ab Qerdb'ﬁlsybb{arma%%%?c uQénrve?ﬁub'r‘F“fSrs ttﬁ?“(n‘éaﬁﬂ&geﬁ rated on

identifying secondary 1injury factors after brain injury an evel opi ng
interventi onal brainh émjap- eélsecrfeﬂm todrepY stardicantidmpievesabiotr evitausl y

denui 110!~ 4 850 cBRhILE BlrckheRURITHOLAR O UL BRe A Blaid Pl Yortes rain

magnesi um i on cen Ion IS a regula in a nunber
of  bi ochem caha%mksomeys|fmllragtccmveptuwéseéeffedtaa!scafm thetttaaamnt gff ter brain
injury. I|ndeed 1ﬁaldceo‘?5%ﬂ§%e Cug, gnesiumion concentration was observed
t o exacerbate F?’ue injury proc 'S ile an increase in the concentration of
magnesi umed on was noted toMGWNDt@TeTHEiINVgNI@L@rocess and result in an
i nproved outcones. The §reatrre nesi ym has si nce

S kOf r%lm r ﬁu g mn _t
been shown to be ef f ect dZo §eH o kagwn Qe guﬁ'm JUSY eF&H’ p"to"%4 hours
after the pri neeyeleyaatt, oﬁlfndurtohfguc sleticies sh@ughhve rhé@ansaiy. 1 The

experimental ot Mol SLUH ERdRSs SRRy HERLh A rhO bR Bl 1 als
time of the injurious event and include mechanical processes such as
25 laceration, tearing, stretching and compression of nerve fibres, Little
can be done for this type of injury once it has occurred. The éecond
mechanism is secondary injury, which includes hiochemical and
physiological processes, initiated by a primary injury but which
manifest with time after the injury. It has been demonstrated that
30 much of the morbidity after brain <injury is associated with the

development of this secondary injury. Given that the secondary
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_ -all deaths recor 8%d

20 Despite the attenuation of deficits after brain injury with nmagnesium
admnistration, it was clear that there were still notor and4 Jubg(0di ve
deficits that persisted after the treatnenf. Qur attention was
particularly drawn to the fact that in younger animals, the accunulation
of water in the brain (ie. cerebral oedenma or brain 25 swelling) was still

present and that irfjinysdawr ¢ tmifuido hicant ri.sk factor. Indeed, in a
recent clinical sr?%%wdgﬁyed g?lg‘yﬁésgivz\)le{’h%ah%b"e PSRN EVBte thefe 50% of

BHPY afiqppomsindy -t phammadalbgieally STEASRMAN, g@% 5

_INVENTI ON 30 3 1pfindtt Yarrd £) .aspect . the invention provid ) B
RSG5 €T i nu?a't".’%(a@%ﬁ@ggﬂg@aﬁﬁwﬂm&%@pmhimx@gommEanda

magnesi um conpofastprsvithet anake hw secdn iRy mu&f}ﬁsmgqgét@% onpound and
t he substange P- agoni st results i'n greater pro t5%A" gainst 5
injury thansei t h{eh(r%?‘g‘ghgi ﬁag%gﬁgﬁlﬂﬂ?‘émﬁth@rfniuh\ep_smbss.ance P receptor
ant agoni st used al one. |n OnestnteshaPdbonddiiizted 8nﬂ$§ﬂ(ﬁseg a?ﬁsf:se of

i utt ?r% % Eﬁpai n

adm ni stration O‘-R-u t hc?agtornulgti on to the patient s
injury. Al ternatiW&fyACla naller (brain oimptyie and sfevelopirdgr imtdrabhishdray be

~admi ni stered 10 thempias.e Dhe0bf RO, i del ay that dogs not
affect the effect)veness of the t@@ﬁ??y@gﬁé%%'%%ﬂé&“ﬁ% upsSto 24

hours. SubstanceéT¥Ca toaﬂef@k'@iiﬂi&@MWQMB&ErWW&gbrm%%@SmmE@e in
KPEEF

pai n transto ssi GdrBHtrbfiod Peid having the structure M NH2.
It is fromthe hypothal a?r[u@s, Okgﬁol'a*“i rﬂggiﬂ‘i“ﬁ@’yl ClRdiny g megrhar ofoot h

muscl e cont r act iRerhamicabarl physiologidal piaekssetha Bt astReAaRE, Bhi Nds to g
I.e. neurokinin I

nunber of recept: i iive of the NK1 receptor . €.
‘receptor), the %&yrleﬂcyeaﬁ%(ira ‘gﬁ%fe?ﬁ% "’I\I% F&S@ﬁgm ic(rhe@mmﬁpnma;s are

. believed to havbsarved & eratddack tHayelhi ' 0 Therefore, a
Vel Packts Wi % T

v-_)substance P ant E%RE%S{[ LS afsubstar_\ce { hat bits stance P
to any one of t LAY} Of TRRgResie™: on Waswted thiattenubtes teé aflsy

subst ance 18 ant pgodusst snd seg@ﬁiﬁrg,pgn‘grgvgﬁkﬁ{%%tmg ﬁ_ﬁggd ﬁi t.t ached

herewi th. .Reference may al so be made to trainps a5
described i n USPAveNEh Bragy@siure hanisittcediaen stowriartss efedivbet 1 dien

reference as coQgchnt 44 tagani sts that nmay be utilized in
the fornul ation of tﬁmﬁﬁ%ﬁ%%ﬁ%%ﬁﬁ%gﬁggegﬁﬁpﬂmw EYels @ndetheo
‘conpounds of st Fuetansel] &hel reatraent! dr  experifnentdl -anidtdl ! studidYl iHas XI X, XX
and XXI, as wel nists conprising 14 July 2004 3a

qui nucl i diage, p%%%?%%@%?ﬂ&?gﬁ@%itﬁﬂlisH@B”B}ﬂ"ﬂﬂ'ﬁ!'ﬁmﬂﬁyand azabor nane
derivativ@® and rel ated cQuspitodse thahusadi 5f & ﬁc‘ittf;i ' . ce P
recept or - ant agoE_iﬁsts . as gesc_r;t{bed i.n col um 3% 0 %%%@ﬁﬁﬁdgﬁmn

5,990, 125. 5 SutlF9NESENT AMIRisighen.dt Waseleas éhatthereyeererdillimotor madar d t o
the dosages ref engrifivd Qdfidit§ thaPacki Nredintad 189, 4 July-2004
10 61/ 52844 . PCT/ AUOI / 00046 fiReAibd tdrth8 o dmieht, { Ol Atardy: -on
i.e. alone or 'EAPAGUWady drawn to the fact that in younger animals, the

K_ accumulation of water in the brain (ie. cerebral oedema or brain

) 25 swelling) was still present and that this may present a significant risk

factor. Indeed, in a recent clinical study™, delayed brain swelling was
responsible for 50% of all deaths recorded in young victims of brain

injury.
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pharmaceutically acceptable carriers or diluents by oral admnistration or
parental administration as referred in colum 34 of US Patent 5990125. 5
The activity of various substances as. substance P receplériahyag@dim sts
for use in the invention nmay al so be det et mi ned by the assays referred to.
in colums 35-36 of US Patent 5990125. Reference also may be nade to
substance P receptor antagonists described in US Patent 5977104 i ncl udi ng
the various 10 dosage forns and dosages referred to in this reference .
which is also totally incorporated herein by reference. Reference al so may

. be made..to.US Patent 4481 139 which describes various peptide antagonists,
which is also totally incorporated herein by reference, 15 It will also be
undefstood that the tHf fnegipschribe ivenden RiR¥gehepenisciaRle MEYAlAR| ude -
“withi n I't'sTScopecypiistds o rdbsahes PonBEpt@ aAtRbABHEMPSa dpaghdded In US
Pat ent 4481139, which is totally incorporated herein by reference.

Ref erence al so n8§MBNdadderddn e pombined o888 MAgNGRIIR ILOFPPERS 2P vari ous

pi perdi ne and nofrhQlbstRcEe tatabtor @htdg@hist fuitdtn §reBdr IGBcRnAdaAaeni sts
for use in the present invention or piperazino derivatjves as described in

US Patent 598152WIUNEaRAn ofithef Hisiher BragnaHeds careoynsk &T 1the i f10sapees oF ed

-herein by refer epceptoRrahREEMEEURYHoriERY be made to piperidinyl conpounds as
25 NK1 or NK2 antagonists for use in the invention referred to in US

Pat ent 5998444 whi ch [MsORg §BPEgMaNtythetecis diRplosed & plep &f RIRnistiatipR %bnce. 1t

will also be appfrciophertiéhad tha@RNKAItNUKeARG FGANIbEIS injigf EARGHafivly, N US
Pat ent 4981744 may al so _be used as substance P 30 antagonists in the

i nvention and th88eD tHi &e oamoneats; &F g ofarprlaliry maKcbe pBYAINEIERer ei n. 14

July 2004 .. SepdrdBAdr Ssepalitdd A0 d ARRAQiReS e naces Bibt adffeet kRe Made to
EP- A- 103511516\/\/\% chﬂi,s @fotaeﬁ) i ncorpor at ed rﬁi n by reference, which

LIy .
refers to N benz§ifedivensss o McHeianing-8elr S mINYes arduP orpRHiets as .. NK1

-receptor antagonists for use in the invention. Reference may be nade to
i nternational” Publication $wbstenspBisanexeitatory nedirefransmitietoasbhas @d herein

by reference, i . r [.O pheny ; i di derjvatives as
NK1 receptor \z,iwr:[ltog%dﬂi §%® ?rgbgwlsgfdlrh%ﬁe& %vbﬁ%%&k&e%éncsgr%&gl SO0 nmade
~to International RPUPERRRGONSNME It & fasHh GddRyp taI@ARISPCEN AN infessiné8 and WO
0073279, which refer to. 3-phenyl pyridines, biphenyl derivatives,

5- phenyl - pyr}oi dMbNCIRASEFAMoRLR rAUFla COMERRIIOD Q) therditactder i vat i ves

respectively which specifjqatiim #at sstatd # bindsePLPAEAbEE dferein by
reference. These specifications refer to NKL receptor antagonists for use
in the present Iegeptoreindusive Githe Niticreceapton (ireanebrokiniilé recetorn, theos Si gna

modl 11 cat i ons._of NEAErapBEapd e RRRERoRREn, THode Rerplort BT BRRGEY one used
as substance P aphaoanébletin biddd tréddingotthe bkgigent i on. This 20 publication
is also totally incorporated herein by reference.
20 Therefore, a sugstanc_e P antagonist is a substance that
inhibits binding of substance P to any one of the receptors referred fo
above. A list of suitabie substance P antagonists is refetred to in
Tables 1, 2 and 3 attached herewith.
Reference may also be made to NK1 recepior antagonists
25 asdescribed in US Patent 5,990,125 which are Incorporaled herein by
reference as constifuting substance P antagonists that may be utilized
in the formulation of the invention. .This has specific
reference to compotnds of'structﬁres la, 1b, lc, 1d, le, X, XVi, XVH,
XVIII, XIX, XX and XXI, as well as other antagonists comprising



In relation to the magnesi um conpound, this may conprise any suitable
source of magnesiumion such as magnesi um chloride, nmnagnesiftddubu?qiHat e,
magnesi um oxal ate, magnesi um gl uconate or other non toxic magnesium salt.
25 The pharmaceutical preparations in acciadance with this invention can
in addition also contain preservatives, solubilizers, sabilizers, wetting
agents, enulsifiers, sweeteners, colorants, flavorants, salts for varying
. the osmotic pres3UpEclidine fpiperidine stiiyiene diaenihs, @jr%aiﬂtd%djéfééorn_lﬂgy can

al so contain st |aéﬁ\;&tﬁb§§aﬁg r%@?éaageutllg%% I% val uabl e substances.. Thus the
term " conpri sing” utse Fn ot e SpedPPeRds Hat exhibit actvityiastsubstaieedPin this
“cont ext’.” ‘The 14 1@¢eptoptantafonionage derdrivad iR W de o L md seand Cear; -of--~
course, be fittqg @1?se i ndi vi dual requi?%ﬁ%%?@ﬂf%éggéhbp %t?@ Mr case.
In general, a dosgg *'6t* 1 to 20000ng per patient, preferably 10 to 5000ny
and nore pr&ferably 50 to @40 bstance P receptor antagonist’
shoul d be appropriate. 5 In relr}g%%%'t %g\t%# HRVERY R iMleYehehavingnt i ve
concept, it was regamhioitoraiospges rdferrpd ¢s Brdolinyenld s bhRht AR £ason for
acute water accunulation in the brain after injury was the trest of
vasogeni ¢ oederma formation. This is caused by an increased perneability of
‘the blood brain barrier thus permtting vascular proteins and water to
enter the extracellular space in the brain and case swelling. Few 10
studi es have exam ned how this increased blood brain barrier perneability
contributes to the devel opnent of neurol ogical deficits after injury, and
no studies have investigated whether inhibition of brain swelling inproves
outcone. Studies of mgraine32 13 have suggested that the vascul ature of
the dura matter (outer neningeal |ayer) becones nore perneable to vascul ar
..conponents as a result of 15 substance P rel ease. W therefore hypothesised
2 that substance P may have a simlar effect on the cerebral vascul ature,
~ where such an effect could lead to increased bl ood brain barrier
perneabi lity and vasogeni ¢ cerebral oedenma. We further hypothesised that
“adm nistration of a substance P receptor antagonist may prevent brain
swel ling and the devel opnent of del ayed neurologic deficits after 20
injury. This hypothesis was a result of our discovery referred to above,
that water accunulated in the brain as a result of vasogeni c oedema
formation. In a second aspect, the invention provides a use of a substance:
P receptor -antagonist for the preparation of a nedi canent for the
reduction of blood brain barrier perneability. 25 In a third aspect, the
i nvention provides a use of a substance P receptor antagonist for the
“preparation of a nmedicanment for the reduction of formation of vasogenic
oedema. In a fourth aspect, the invention provides a use of a substance P
receptor antagonist for the preparation of a nedicament for the prevention
of acute water 30 accumulation in the brain after injury. In another
enbodi ment, there is disclosed a use of a substance P receptor antagoni st
for reducing brain barrier perneability and/or vasogenic cerebral oedena.

- 14 July 2004 6a EXPERI MENTAL A nunber of commercially synthesised

—

substance P receptor antagonists are currently avail able from standard
scientific chem cal suppliers, as is apparent from Tables 1, 2 and 3. W
chose to use the conpound N acetyl-L-tryptophan based on its lowlipid 14
July 2004 7 :
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solubility that limts its ability to naturally cross the blood brain

. barrier and the fact that it is relatively inexpensive. Addhis200tion of
N-- acetyl-L-tryptophan at an intravenous dose of 246ngy/kg. (saline
vehicle) given at 30 mnutes after brain injury resulted in a significant

‘5 inprovenent of cognitive outcone in brain injured animals as assessed by
the Barnes Circular Maze. Simlarly, there was a significant inprovenent

i n ot 6 ouvaemsadd ani mal s as assessed by the otarod trESvrAUIThm@se

i nprovenments in outcome were apparent a 24 hours after brain injury and
persisted for-the 14 day assessnent 10 period. Control (vehicle tested)

ani mal s has sigwi fihcedriduy foms eof rELicbgid (el clire bharithr eated ani nal s at
all tine points tested. Animals treated Wl':fﬁ N-a(c;ﬁt I-L-trygto han had a
significant rRRRIEECERIGHY BESTHWEI S HE iNat %‘PE?‘“&'&' F@" oedermn) at
24 hours afteror ipArdhityl asmbtRAladad QefeeitidCine chluaat 84 6PNIS FHagentThi s was
consistent 15 with the observation that N-acetyl-L-tryptophan reduced brain
penetration of ° bl ue at 5 hours after injury, the tine associated

wi th maxi gum bl ood br ai fhagdriviy REr VBARLY idupsahted 4y aiuBsidncyry.  Thus,
N-acetyl -L-tryptophan adm nistered at 30 mnutes after brain injury
reduced bl ood WCEPHTIRIAGARStHEPTEOIN theyinugtiondnat sisoves dgiernined0 oedenm
formation. Thepf aed adaat rdtbese (@1 eatmnwersesfet 6d Mirddt foodiats, per neabl e
formul ati on of the NKI antagonist suggests that the effects were largely
nedi at ed by vascul ar reBefgice alsa maY bedspsednsulkparce EntacgPtarecept ors.

Admi ni st ati ona@bodfigkChiloribed i AUSRIRENELOR 16 Tfing e Sbus
si.gnificantly 1 nproved cognitive outcone o rain 1 nured ani mals.

Hovever, 1the deespghdarmesnd goszndsereddrred & irefifiecafewncenrhieh duetsone.

Mor eover, bec ; residual cognitive and notor

deficits not e?&?ﬁl\}éﬁﬁgrﬁpﬁ%egé%ﬁ?%fég%tnﬁg beneficial effects of treatnent

wi th the NKI antagoni st Referemckeslso apparientmadeete iU eyeraf 436141BRd severity

was i nduced as 0 .y, f Seyv, .nat ur Thi,s i.s maj or

i 1ot on g vef e SFtebRy oY, MeBe°HEbFHER, Meflon if B srer

| C=A/ Al | 14 Jinbyrp264034d 8eleitcbylesfeenica. brain injury patients. COVBI NATI ON

MAGNESI UMLAND NACETYL- L: TRYPTOPHAN | The t. co Nn.oformof _brain injury

oo d nEad i njury. i VPR thoeldsoliR A FRTR e?%’g%a?e [2880) by the

Wrl d 5 Feder atiseginhaséinMeay slksodndade Sithgennscape Yarioeeanmmeatkd feainsal | cases

of mnor head infury with any.conplication S vom tin nausea,

| oss of consci %rué'h%gé”‘%?r a%r‘ﬁ%é‘grfba?d%slﬁgpF@?@ﬁt&gﬁqgghﬁﬁq af .tgtﬁjlllys will

pl ace consi deriabbgopaties sufeth by rdfBenkeal th systemto adequately treat these

i ndi vi dual s such that secondary injury does not deyvelo 10 any further.
Currently, there is no ?féf?“fzﬁe?lé‘byr."a%‘ﬂ?e B4R (¢ @?t%tgptaé@??ﬁgﬁ-trypt ophan

suggest that t@hkh CAPAYRGcLS PRfEerdine ddoRdricahd dRatirs @ftge head
injury and reduces, brain swelli g or cerebral oedema. This is extrenely

n ) . .
i nportant in yBuryPs\nes i Fred2oHeHd fohj UFS inBeaPERsEaT tinkeNtidn ywrvul ner abl e

to)del ayed brapiBerkbing Wlrvkits £3/HEOAGIIEY f USWatsRStbd &2t leaprapESi UM
t herapy suggest that magnesiumtreatnent is effective at reducing

neur ol ogi ¢ def epFe sefaBnceneiedstalyiingoragwaed hereth W teieieneeeased bl ood brain
permeability. Ve thereﬁ&%%n%%R,%Sr‘?aag%@tm%{%%‘rﬁdihﬂ%oﬁpoo%nﬁy stance P

antagoni st wth a magnesi um conpound or sa be a particularly
ef fectives 20 NKéraphke antadonists efar mset inofhebingentiompefesred rioeimpdst i ve of
severity. Patent 5998444 which is also totally incorporated herein by
reference. . |
It will also be appreciated that tachykinin antagonists
_ referred to in US Patent 4981744 may also be used as substance P
30 antagonists in the invention and thus$, this reference is also totally

incorporated herein.
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Combi nation adm ni stration of 246 ng/ kg N-acetyl-L- tryptophan plus 30

ng/ kg magnesi um sul phate (i ntravenously) resulted in a:proficduhly 2004
attenuation of both notor and cognitive deficits that was significantly
greater than obtained with either drug 25 in isolation (FIG 1 and FIG

2). Each of the conpounds in the conbination fornulation has a nunber of
properties that nmake it particularly attractive for use in brain injury.
“Subst ance ‘PwodPssant agoni sts have been shown to 30 rapisdirpavergoesve nood by
ant agoni si ng substance P induced anxi et%. Thus, they are effective in
treating post-injury depression. Fromthe 14 July 2004 8a word descri bed

above, it,.is apparent iHagkeRR ARLAINLE Sade! RILEA- RO 5 QrrAdisbarrier
permeability and inhibit the formati on of vasogenic oedena and post-injury

brai n swel | i ngt@piv Ereomauptegebrspia. brnefemscagyhicy ©fesste Nbanzyben shown to

| nhi bit pain. JHapeoahSmidesh JHETORS A1 &u@;&mge &5 O NMENRER r pHEET 1P
AAU 14 3uly SOOTCORP e PRt ST aNaEs Sr'ecepto?%%pﬁét he

hi ppocanpus anantepenistaiey usebstheparerdiont the brain that are known to be
associated wi th | earni NgARthJPHRLYhe hAflk RbUhBMatRhaPRifAdoLE S

antagoni sts may thus prevent substance nduce eficits rn I'earning and
menory. Qur evPd@endes preiskns edtahoveoipaatgdekersint hatrefediescaraywhipd t he case.

Thi s has never i Yooyt . e been.no literature
on the role of ré?gﬁégg?g%\é@u%ghgﬁ‘g%@é i ﬁ'lrj@'gggg f“égé[rsq’,%gianshﬁﬁ(éi Eeéléﬁjt%rr y.
Magnesi um af f espvmgoniets B00se &l thel iavergionynes. It is not surprising, '

therefore, that magnesi has nunerous ,tarqgels. at peh. 10 i y inprove
out cone. These incl ude, ﬁgf% ngcset Sot Oe%aﬁegt 08{3”9183'08%F3%0t%0f'ﬁm52d

exgi t ot oxicci t ypOSOR0 DV Wy OOSES7ZNewst aD7BRTY aid WO edbr3 2w, t hichr oduct i on
of reactive oxygen specjes, inproving ener statys, inhibiting calcium
channel s, r eduliTig T elP B MREHIE o STENUL S8 VotV AR BiHNERY-RYBERBndr i al
transition parge@peikesgandMdphdHyi-pi/timiiinel deapapiees respe Notap! whicht al so

bl ocks gl utamate induced rel ease of . substance P. Physiologically,
magnesi um has Aginare: a‘?%mtiaﬁbm\?@"é%ﬁeag‘ﬁéﬁ‘" BVd%%r?fP‘?fw, Thes§uces

cerebral vasospgedificationsl refeP GUIBIES reagl afitagerisydi foeusd th fHeopleagitandi n
production. The conbi ned use of magnesi um and the substance P 20

ant agoni st° r esti¥f8U?H greater protection against neural injury than either

drug used al one. V& havgefir@WeOWddy mbPWhe t Ralle TRONGSI UMdEaSsigmabenef i ci al
effect in trauma when adm ni stered at 1 ntravenous doses ranging from1l6 to

60 mg/ kg. WhenCatpegiies eBd d00%Es paricolsrly np3aesu s ERA-AP9Y nyvbiy g@ascritle ef fecti ve

dose varies fopmifRatifndQs SBskGce F6; bBEGSAcd P %Mﬁg,emﬁ hRG magnesium
concentration in the blood to approxi mately-1. which 1s doubl e the

normal bl ood f Pedisedergnadistanceon eatrgoaisiorior Bendh ithe anvensionl t Shisre obser ved
P ant agort Gt nae ol AORES ey Pl a0 PNy SRS o' Lar i oe from 24. 6
my/ kg to In relation to the magnesium compound, this may
L comprise any suitable source of magnesium ion such as magnesium
chloride, magnesium sulphate, magnesium oxalate, magnesium
gluconate or other non toxic magnesium salt..
25 The pharmaceutical preparations in accordance with this
invention can in addition also contain preservatives, solubilizers,
sabilizers, wetting agents, emulsifiers, sweeteners, colorants,
" flavorants, salts for varying the osmotic pressure, buffers, masking
agents or antioxidants. They c¢an also contain still other

io ‘therapeutically valuable substances.” Thus the term “comprising”

used in the specification should be interpreted in this context. The

=
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Heath DL, Vink R Brain intracellular free magnesium concentration

decl i nes fol |SRHYSSHEE develepment ofgipuroleniea defigisaptieriinpny gnd morsydies
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axonal injury produces 5 sustained decline in intracellular free
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i nproves neurol ogic outconme follow ng sever closéd head injury in rats.
further hypothesised that administration of a substance P receptor antagonist may
prevent brain swelling and the development of delayed neurologic deficits after

20 injury. This hypothesis was a result of our discovery referred to above, that water

accumulated in the brain as a result of vasogenic oedema formation.
in @ second aspect, the invention provides a use of a substance P receptor
antagonist for the preparation of a medicament for the reduction of blood brain
barrier permeability.

25 In & third aspect, the invention provides a use of a substance P receptor
antagonist for the preparation of a medicament for the reduction of formation of
vasogenic oedema.

In a fourth aspect, the invention provides a use of a substance P receptor
antagonist for the preparation of a medicament for the prevention of acute water

30  accumulation in the brain after injury.

In another embodiment, there is disclosed a use of a substance P receptor
antagonist for reducing brain barrier permeability and/or vasogenic cerebral

oedema.
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- Solubility that limits .its- ability. to. naturally cross- the-blood braliy“barrier
and the fact that it is. relatively. inexpensive. - - Administration of No -

acetyl-L-trypfophan at an intravenous dose of 246mg/kg (saline
vehicle) given at 30 minutes after brain Injury resulted in a significant
improvement of cognitive outcome in brain “injured animals as
assessed by the Barnes Circular Maze. Similatly, there was a
significant improvement in motor outcome of animéls as asseésed by
the otarod test. These improvements in outcome were apparent at
24 hours after brain injury and persisted for-the 14 day assessment
period. Control (vehicle tested) animals has significantly worse
neurologic outcome than treated animals at all time points tested.

Animals freated with N-acetyl-L-tryptophan had a significant
reduction in brain water accumulation (ie. cergbral oedema) at 24 hours after
injury as compared to vehicle treated controls. This was consistent
with the observation  that  N-acetyl-Ltryptophan  reduced  brain
penetration of Evans blue at 5§ hours after injury, the time associated
with maximum blood brain barrier permeability after brain injury.
Thus, N-acetyl-L-tryptophan administered at 30 minutes after -brain
injury reduced blood brain barrier permeability and reduced vasogenic
oedema formation. The fact that these effects were noted with a
non-permeable formulation of the NK1 anfagonist suggests that the
effects were largely mediated by vascular receptors and not
dependent upon central receptors.

Administration of N-acetyl-L-fryptophan at 24.6 mg/kg
also significantly improved cognitive outcome of brain injured animals.
However, the drug had less of a beneficial effect on motor oufcome,
Moreover, because there was always some residual cognitive and
motor deficits noted in all treated animals, the beneficial effects of
treatment with the NK1 antagonist were less apparent when injury of
mild severity was induced as opposed to injury of a severe nature.
This is a major kiimitation given that mild head injury has the greatest
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incidence in brain injury patients.
COMBINATION MAGNESIUM AND N-ACETYL-L-TRYPTOPHAN

. - - The=mest--ecommon form of  brain injury 'is mild keaq ="
injury. Guidelines fo be introduced next year (2000) by the World

Federation of Neurological Surgeons will recommend that all cases of
minor head injury with any complications such as vomiting, nausea,
loss of consciousness or amnesia MUST present to a hospital. This
will place considerable pressure on the health system to adequately
treat these individuals such that secondary injury does not develap
any further. Currently, there is no such therapy.

Our results with N-acetyl-L-tryptophan suggest that this
compound closes the blood brain barrier after head injury and reduces
brain swelling or cerebral oedema. This is extremely important in young
victims of head injury wﬁo are particularlf Gulnerable to delayed brain
swelling. Furthermore, our results with ‘magnesium therapy suggest that
magnesium freatment is effective at reducing neurologic deficits not
necessarily associated with increased blood brain permeability. We
therefore propose that a combination of a substance P antagonist
with a magnesium compound or salt will be a particularly effective
therapy for the freatment of brain injury irrespective of severity.

Combination administration of 246 'mglkg N-acetyl-L-
tryptophan plus 30 mg/kg magnesium  sulphate  (intravenously)
tesulted in a profound  attenuation of both motor and cognitive
deficits that was significantly greater than obtained with either drug
in isofation (FIG. 1 and FIG. 2).

Each of the compounds in the combination formulation
has a number of properties that make it parlicularly atiractive for use

- in brain injury.

Substance P (SP) antagonists have been shown fo
rapidly improve mood by antagenising substance P induced anxiety.
Thus, they are effective in treating post-injury depression. From the
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word described above, it is apparent that SP antagonists reduce blood

- ‘bram bartier permeability and inhibit the formation of vasogemc oedema and
post-ifijury brain swelling or cerebral oedema. The antagomsts also have B
been shown to inhibit pain. There are high numbers of substance P
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receptors in the hippocampus and striatum, those parts of the brain
that are known to be associated with learning and memory. !Inhibition
of .binding with SP antagonists may thus prevent substance P induced
deficits in learning and memory. Qur evidence presented above
5 suggests that this may be the case. This has never been shown
previously. Indeed, there has been no literature on the role of
substance P,_ or any neuropeptides, in brain injury.
Magnesium affects over 300 cellular enzymes. It is not
surprising, therefore, that magﬁesium tias numerous targets at which-
) : 10 it may improve outcome. These include, amongst others, blocking
glutamate induced excitotoxicity, improving membrane stability and
reducing the praduction of reactive oxygen species, improving energy
status, inhibiting calcium channels, reducing neurotransmitter release,
inhibiting mitochondrial transition poré opening, and inhibiting
15 apoptosis. Notably, it also blocks glutamate induced release of
substance P. Physiologically, magnesium has been shown™17 to
improve cerebral blood flow, reduces cerebral vasospasms, and
reduces vascular ceramide and prostaglandin production.
The combined use of magnesium and the substance P
20 antagonist results in greater protection against neural injury than
either drug used alone.
) We have previously shown that magnesium has a
' beneficial effect in trauma when administered at intravenous doses
ranging from 16 to 60 mg/kg. When administered as an
25 intramuscular injection, the effective dose varies form 45 to 90
mg/kg. The target is to increase free magnesium concentration in the
blood to approximately 1.0mM, which is double the normal blood free
magnesium concentration. Beneficial results are observed irrespective
of the magnesium salt used.
30 Our studies with the “substance P antagonist has

demonstrated that the effective i.v. dose varies from 24.6 mg/kg to
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240.6 mg/kg or higher, with the higher doses having a greater
‘beneficial effect on motor outcome. Moreover, these doses pertain to
antagonists that have low lipid solubility and thus limited blood brain
barrier permeability. A highly lipid soluble formulation should exact
5  the same beneficial actions, however, there may be centrally
mediated side-effect that may be inappropriate.

When used in combination, the formulation may vary in
the range described for the individual components. We have
achieved excellent results using the maximum i.v. doses described for

) 10 the individual components.

The combination magnesium/SP antagonists is expected
to be useful in the following cénditions’: s

o As a "first-aid" prophylactic treatment following

traumatic brain injury
15 . As a "first-aid" prophylactic treatment following
minar head injuries, including concussion

. As a therapy following non-traumatic brain

injuries, including stroke, hypoxia and any form of
brain injury where oedema is implicated
20 7 . As a maintenance therapy following brain injury
: REFERENCES
,) : 1. Vink R, Mcintosh TK, Demediuk P, Weiner MW, Faden Al:
Decline in intface!lular free magnesium concentration is
associated with irreversible tissue injury following brain trauma.
25 J Biol Chem 263: 757-761, 1988
2. Vink R, Heath DL, Mcintosh TK: Acute and prolonged
alterations in brain free magnesium following fluid percussion
induced brain trauma in rats. J Nurochem 66:2477-2483,
1996
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CLAIMS
1. An Injectable formulation for treatment of brain, spinal
s s e 00N and . nerve -injury:.comprsing -a-substance: P+ receptor- antagomiat-in ity

combination with a magnesium compound.

5 ' 2. Aninjectable formulation as claimed in claim 1, wherein
the combined use of the substance P receptor antagonist and the
magnesium compound results in greater protection against injury than either
of the substance P receptfor antagonist and the magnesium compound used
alone.

10 3. Aformulation according to claim 1 or 2, characterized in
that the dosage of the magnesium compound is sufficient to increase free
magnesium concentration in the blood to approximately .1 .0 mM.

' 4. Aformulation according to claim 1 or 2, characterized in
that the dosage of the magnesium compound is sufficient to double the
15 normal blood free magnesium concentration.

5. A formulation according to any one of claims 1 to 4, for
separate administration of the substance P receptor antagonist and the
magnesium compound.

6. A formuiaﬁon as claimed in any one of claims 1 to 5,

20 wherein the substance P receptor antagonist is an NK1 receptor antagonist.

7. A formulation as claimed in claim 6, wherein the NK1
receptor antagonist is selected from the group consisting of CGP49823, CP-
96,345, CP99,994, CP-122,721, FK88, GR203040, GR205171, GR82334,
GR94800, HSP-117, L-703,806 oxalate, L-732,138, L-733060, L-742,694,

25 1-745,030, L-668,169, LY-303241, LY-303870, LY306740, MEN-11149,
MK-869, PD-154075, R-544, RP-67580, RPR100893, Sendide, Spantide |,
Spantide Ill, SR140333, WIN-41,7098, WIN-62,577.

8. A formulation as claimed in any one of claims 1 to 5,
wherein the substance P receptor antagonist is an NK2 receptor antagonist.

30 8. A formulation as claimed in claim 8, wherein the
substance P receptor antagonist is selected from the group consisting of
SR-48968, L-659877, GR103537, MGN-10627, SR144190 and GR24800.

AMENDED SHEET
{PEA/AV

3
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2004 17 CLAIMS 1. An injectable fornulation for treatnent of brain, spinal
cord and nerve, injury conprising a substance P receptor antagonist in
conbi nation with a magnesi um conpound. B 2. An injectable fornmulation as
claimed in claiml, wherein the conbined use of the substance P receptor

antagoni st and the magesi UNTdrARAONEs CRFME if dnh c8E BREIBIMS R % GiHefdin
agai nst inj u:% than either of the substance P receptor antagonist and the

magnesi um corfPdaHERReES reseBiRE antagonist inan MR UPERRIYANRIOBISi ng to claim 1 or

2, characterized in thet therdiesR86n ek ddifcdRUBEF: H0) WRSBAURE substance
sufficient to_increase free . magnesi um concentration in b d

e . on the blood to
appr oxi mat el Y 1€§PIANaNASoRist 5 $AIFCR] BAMdbe ralmePnsisting af RiR1145:804, R820,
char act er iszedR4gs, sBrap2dde75msa0endNKPBes magnesi um conpound is sufficient
to double the 15 normal_ bl ood free magnesium concentration. 5.

A

formul ati on according tt any® da@niation as riaimed gnganyt gpe feplaimer d to 11,

adm ni strati qgegbint e HHIREABHE cEPEGRIPIL scRBIAIRBINS thed BFbph ondiBResf UM
conpound. 6. A fornulation as clained in any one of clains 1 to 5, =~ 20
wher ei n the JUBSReSiER ghlorides pigaNesiNa g SWPRAT; JnagneRivn r @@iie.0MITNEEYBN st .
7. A fornul atdi@ébnate, 6f ShERSbr-BxE rddReBiumfif i n the NK1 receptor antagonis
is selected fromthe group consisting of CGP49823, CP- 96, 345, CP99, 994,
CP-122, 729, FKss, GR203G40, Acfoumistion aresimad inGRo4808, of Helpims 1710 12,

L-703, 606 oxa\iHréin the7<§%aé§%f the c2B88Ace P Fbep®P bntagenist ?éiz%bof@- B&8, 169,
LY- 303241, LY-303870, LY306740, MEN- 11149, -869, PD- 154075, R-544,
RP- 67580, RPAatg0893, Sendide, Spantide I, Spantide |11, SR140333,

WN41, 7098, WN-62,577,, 8. t] I .Ai I n e .0 ainms |
to 5 wherein the substt4<"inceﬁegg%dc%{%?o!rag%@sgn'ﬁswghgn&l\éaﬂ%eée%t g?

ant agoni st. v@eerein thefdnsaas «f ithey sabstenes etkcentot |aatagosist vsh d P& ¢00mge per
subst anceggP r[%gig@tt?or antagoni st is selected fromthe group consisting of
SR: - 48968, L- 7, GR103537, MA\- 10627, SR144190 and GR94800. AMENDED
SHEET | PEACAU 14 Jul y %004 A dormpulatignf as mldimed on a2y ohaiofeclaims dnip dde of

Cetepror PR Uil SRS ABRRRE FPRRRLEL ARBIRCIC ORI,
subst ance patient.
16. The use of a substance P receptor antagonist for the

20  preparation of a medicament for the reduction of blood brain barrier permeability.

17. The use of a substance P receptor antagonist for the
preparation of a medicament for the reduction of formation of vasogenic oedema.

18. The use according to claim 17, wherein the vasogenic
oedema is a vasogenic cerebral cedema.

25 19. The use of a substance P receptor antagonist for the
preparation of a medicament for the prevention of acute water accumulation in the
brain after injury.

20. The use according to any one of claims 16 to 19, wherein the
substance P receptor antagonist has low lipid solubility.

30 21. The use according to any one of claims 16 to 19, wherein the
substance P receptor antagonist is administered with a magnesium compound.

22. The use according to claim 21, wherein the magnesium
compound administered is sufficient to double the normal blood free magnesium

concentration.



P receptor antagonist is selected fromthe group consisting of SR 143, 801,
R820, 5 R486, S13222200, L758,298 and NKP608. 10 12. A formiAlippods
claimed in any one of clainms 1 to 11, wherein the nmagnesi um conpound is
selected fromthe group consisting of magnesium chloride, magnesi um

sul phat e, nmagnesi um oxal ate, magnesi um1gl uconate, or other non-toxic
magnesium salt. 13. A forrmulation as clained in any one of clains 1 to 12,
wherein the dosage of the Supw aBESRofdRiE QUaiANRIURERN 'ifle MadheARAMD Per
patient. 14. A fornulation as clainmed in any one of clains to 2e

wher ei n t he d¥RpEINRIHRSte(Rgss Eicient feinsase Teaet mgarssium icongustiondy per
15 patient. XRe bRoti9% Q‘Fﬂ,,@;dh%@elim_o%gi_ med in any one of clainms 1 to 12,
wherein the dosage of the substance P receptor antagonist is 50-2,000ng per

patient. 16. The use of2%h subfaasladiopsyksiapialy ashergfoasstibgdowith reierepce
preparati gn af e Irpededlisekb@dn t he reduction of blood brain barrier
pernmeability. 17. The use of _a substance P receptor antagonist for the

preparation of a medi cadfent FhRsruser arspslane® i regepteantagonist ebsiantistess c
oedenma.  18. Hh6inWRScriteaifirB@rdRetd M Exblrimihal 8bfidhhe vasogenic oedena
IS a vasogenic cerebral_oedema. 25 19. The use of a substance P receptor
antagoni st for the preffarat Thsnussrofa sibglanandhteceripr amtagqnishe gemnbivatign acut e
wat er accunul\gitd N mh ' tBr sdin] - TotolaT ok o0 any
one of clainms 16 to élbg,bgi\%neggﬁlhaltjﬁ&e d_%s?J%Qtsgﬁ%tgn@?e%%g%éﬁﬁant ag(r:))%lﬁ gtgmtas

| ow | i pi d¥0solgisrenaeyto thgpExperimental $setiofecording to any one of clains 16 to
19, wherein the substance P_receptor antagonist is adnmnistered with a
magnesi um conpound. 22.4The U&NYEWigP gibrjantally paharebmdesgHed®i n t he

magnesi um conpound adm nistered is sufficient to double the normal bl ood
free magnesium concentration. 14 July 2004 19 23. The use according to
claim 21, wherein the nmagnesium conpound adm nistered is sufficient to

i ncrease free magnesi um concentration in the blood to approximately 1.0
mM 24. A fornulation substantially as herein described with reference 5
to the Experinental Section. 25. The use of a substance P receptor

ant agoni st substantially as herein described with reference to the
Experimental Section. 26. The use of a substance P receptor antagonist in
conbination wth a magnesi um conpound or salt substantially as herein
described with 10 reference to the Experinmental Section. 27. The invention
substantially as herein descri bed.





