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20 BACKGROUND OF THE INVENTION it is well known that brain injury results
in the developnent of neurologic deficits through two nechddi Bigw2008he
first of these is known as prinmary nmechani sns. These occur at the tine of
the injurious event and include nmechani cal processes such as 25 | acerati on,
tearing, stretching and conpression of nerve fibres. Little can be done
for this type of injury once it has occurred. The second nechanismis
secondar yi"MAUMF2844hhi ch i ncl udes bi ochem cal and physi HFHUWHPOH ocesses,
initiated by a primary injury but whichh manifest with tinme after the
injury. It has been denonstrated that 30 nuch of the norbidity after brain
=injury is associated with the devel 6diEnt of this secondary injury. G ven

that the secondary 14ghiuhy 29041 2B INERV K hjg’l(’;ﬂ’p@?é‘&%mnm es to days
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after the primary event, there exists a w opportunity-to

phar macol ogi cal | y prevent thi SFIEMPpOF BE IMYEMTIGAd significantly inprove
resul tant outcone. Howewver f that .ma R.secondary i.njury nust
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i njury pracessspifuairarst netive snjingv T eoa teaibo ar@ddaha ifdemnilafiyn nehisle@ondar y
injury factors arfI ﬁ{ Ibr aiﬁﬁ-"i n;a_'ur ngd devel opi ng interventional therapies.
ne of the facP3FSUPRYMS fuiegrevie usly identified 1-4 as critical to
det ermi ni ng out cone aft &judynjouthe e bssaite irageess weldimentlef adeent rati on.
This ion is a regul ator\y farﬁt,or in a nugbe‘r of bipchem cal and

physi ol ogi cal PPOCERELLE; AGHCIE dhafc COVEPREE 4Pt ¥ BleRrifant ApaAity| ndeed, a
decrease in thexfR@Resd URy | QRvIFORCEITt badih Othjwes alseswad koieXxgcerbate the

injury process while an increase in the concentration of magnesi umion was
nobed t o A t onBSEHTARE T G5 5 obewsincideacs d8 uYQUNGRT dRemhigre ovied

out comes. The ks@alyMeNAc@irdPER, Ninjuri] 44 ¥haV RINMBINRSHAHBINASIST fige been
shown to be effective~1,6-10 even when adnm nistered up to 24 hours after
the primry evBffAlesinasy 196 Protieedesiitss at rOmMPasdap niht otheredisessenent al

ani mal st udi esphagss SURRSEHERRISY thel 0 fd ieeERle tthb@by (4 iipr&JR brain
injury. 20 Despite the attenuation of deficits after brain injury with
magnesi um adni AFSEME BHAT DrEinvainel edfe disgtose hidreusiercd atmethofioefor and
cogni i veyglef | gldsnf Bats REKS! Shathabidific ffirnohfah FBNtne Rdaudbdicgtion  was
particularly drawn to the fact that in younger aninals, the accunmulation
of water in therayramnryi d/secefr tiis dherepyl signifgranty dmpregssethl megdr was stil |
present and th L Siee ent i gai fl | r deed, in a
recent clini Ca?ﬁ%ﬁ:ﬂ%@p?@égﬁg@%dﬂbrpﬁq ?16 gé\\}ee{r% :\eﬁgé%\ﬁ%ﬁt}é% gifsa%ﬁ{ﬁ?rgl Aen%f or 50% of
al | deat hs recbeasledoibeeydourny 1d oaventsereficiol aifect 4l farythe SEATHRMENT OF

| NVENTI ON 30 3?.]&-51] clo%ycmggl%lé il page aspect, the invention provides an

i njectable for ['4t5on conpri SEs° 3 substance P recept or antagoni st and a
magnesi umo conpound, wher eiBAGHERQONDICfe@HEIEVEBNTIAN nagnesi um conmpound and
t he substance P receptog, antagqnist results in greater otectjon against 5
injury than either of tk‘e 'ﬂa&%@si?ﬂm’v&'o;ﬁ% @8} g’P’Hé‘/sﬁEﬁg‘Etﬁn% B recept or
ant’agoni st usedeaiofraent! 6f aBerotodIO diefitind thidoghetvs rédehieed armt ep of

adm nistration.of _the forrmulation to the patjent ffering frombrain
injury. Alter ngfsit\;&tg?se 95 known as primary mecf?‘nan;sms. %Hese occgr at 8‘!6

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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receptor. These. pg d to role i n bl oo avel.l i, ng
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each of the components of the fornulation may be adm nistered 10 separately
or separated by a tine delay that does not affect the effecididubndigd of the
therapy, e.g. 1-30 minutes and up to 24 hours. Substance P is an excitatory
neurotransmtter and has a role in pain transm ssion and is a peptide
having the structure RPKPEEFFGLM NH2. It is fromthe hypot haI anus, CSN and
intestine 15 anthjimycd@ansss c ont on of the tract. It
i s known that subgt%ce P %l E@Q?ﬁnm& te y‘eb? @&B{lmay PH%’I"uéh‘%r@ of the
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antagoni sts 25 as descri b&dr istudilss Rﬁ@%nc@rﬁ&%@%& d%hﬁ‘f are in orporat ed
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her ei n by refer-ﬁ%}g a3 constjtuting substanc May be
utilized in th mAHCHOner thrain nipityi end de'VbIcrplrtgasmsa:reémﬂ‘dn‘a]

~ref t XVI I,
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azabor nanetQ der iagpceK@atighd - t 0 oun s, that exhi b|t activity as
substance P receptor- arll(tgl‘ggor;lleﬁs%1 %Hags %Dé'ﬁglr' tIFT‘CEQSI ma Zemitert b US

Patent 5,990, 1bioctemgigahand pbpsio RISEES
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regard to the d t0|nclurm34 of US Patent
July 2004 WO 01?@9%4“{‘%@& i’F‘Bﬁ%A’B he maggesiyny dari eoncentration ofas
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adm ni strati on iobsenaldte eaacavbiate W iy p @E‘—@éé”%‘ﬁﬂt%ﬁﬁ&%a acce t abl e

carriers or dil %ﬁ’HE%lt‘% oralf adm nistration or parenta eatl on as
referred in col ffory&f paaghrsiumyinn 1 wes B tathdo aattenviatey thﬁ 1Mafy ous
subst anceslfas. putcdsana®d RsulEn se, in.t i pventi on
may al so be deternined by the ?gggﬁ r%% gﬁ@egﬁﬁ) -ﬁﬁ E'Sﬁh"f'ﬁét ogg)rgg\ of US
Patent 5990125. TRV VEhMacnesBImhg smmmmmbmméﬁed?vbé%@@@n

ant agoni sts des e, 4 including the various 10 dosage
forns and dosagg’rsﬁe?'eﬁ'lrngh é%&%{é;&‘pﬁ”{ohé{?@?se?gﬁ% SRMERTY gvanis andiheal | y
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Cotal ly i noor pi ara s 44 4 iieH IRk g niimsniiraia ming <o be under ot ood
that the #8rm" Substance Pespite th@%&eh@étﬂjmof@ﬂdﬁécr ég%géquﬁjﬁg y}b” its
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Scope vari ous tfrlgéncate I N5 or. anal ogues as ent
4481139, whi ch ["E9GSYN G "?'WéHPBWP at‘éfas ﬁ@aéithattibeneaflmeesiﬂenoﬁebadence al so

may be nade to b&gﬁ@p@mer@ﬁgﬁﬁgppegs@sté@ o g Ee%%?t%edﬁ ous erdl ne and

nor phol i ne derivatives for use as substance QB in the
present inventiWaAs@articularly drawn to the fact that in younger ammals the

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.
STATEMENT OF INVENTION
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pi perazino derivatives as described in US Patent 5981520. Each of these
references are totally incorporated herein by reference. Reference also may
be made to piperidinyl conpounds as 25 NK1 or NK2 antagoh#sislyoZO@ke in’
the invention referred to in US Patent 98444 which is also totally
incorporated herein by reference. It wll also be appreciated that

tachyki nin antagonists referred to in US Patent 4981744 may al so be used
as substance P 30 antagonists in the invention and thug, this reference is
also totally incorporated herein. 14 July 2004 WO 01/52844 S 5

. PCT/.AU01/ 00046 Reference may al so be made to EP-A-1035115 which is totally
incorporated herein by reference, which refers to N benzyl-4- )

tol yl ni coti nam des and1 PBE APECle ShP JDYRISOR Providegeany 'Bk?é‘ﬁﬁ?r forgtaligoni st s =

“for use i thée" BYBPhdeRN 4 %@faﬂ@@ePnﬁé{ceQﬂ)r”%‘ﬁ%gbﬁlst “érﬁf gt r'nﬁgﬁ’ésmm
Publ i cation WO 0050398 which is total ‘gall ncor por at ed herein ref erence,

which refers toC%P‘PLHlE’s‘“’;B‘ﬁ@WI‘hedﬁ?I“B'W Fﬂﬂftr@fe’f“?gﬁ?ﬁ'%sw%)oma%ceptor

antagoni sts for ﬂeesuﬂaténbeprécegfdrem BREEFRNAE iH §reate? Dréent &yainst
I nternational Publications WO 10 0050 01 WD 0053572, 0073278 and WO

0073279, whith Mdnerihae &thenelyihsy magneeiym B‘i’rﬁﬂ‘é‘WI opdpe vaHostpege P

.5-phenyl - pyrim d]-é%gptodgﬁﬂa?aﬁig{\/@%dmeél phenyl - pyri m di ne derivatives
respectively which ecifications are also totally incorporat ed herel n by

reference. These spell Pie 5fPoREgbrtEere is digelosed Gepeb ol 36 Rtep Sff or use

in the present ine foRvaRtib®Re tiehpafieRcauraHRg PRy bhen Wos. t Aéhatidye8 Si gna
Cat al ogue and nore partl cularly pages. 1194-1997 which descri be

nodi fi cations of S¢b<tafite MHIONeNEsChnRe FPrpladaRnigy QR edmiRisErede used

as -subst ance (?3 aséREMBIyS b sé;ﬁfateléeby Mt [N thANdoddindt AfkcPUhéi cation
is also tota][ y incorporated herein by reference. In relation to the

magnesi um corrpouﬁfdeC g %Ssr?éy‘e @SWM %8 a9 minktes ARG UR i 44 RO magnesi um i on

-such as magnesi um chloride, nagnesi um sul phate; magnesi um oxal ate,
magnesi um gluconate or ot Hebstaper Pixae eiel @ynﬁw@sansmﬁze'ambhasa

Badi 1 on al s, cortan proe bbArRERE B8 B A oRdY hayly TS SPRERE, g
~agents, emul si fi RPKPERFRGENMeNH;. tudf@cummhe:hypdthaumncwamlahmsﬁne varying
the osnotic pressure, buffers ents aqr antl oxi dants. They can

skin
al so contai nl%tlﬂ WSWWWPJB@%H[‘QEQ&? e i & 14t ances. : Thus the
term "conprising” used i ”Ittlgekrﬁﬁﬁ?'tﬁétcé’lﬁﬁ&éh@Wiﬁdéetd at ﬁﬁr&b@?ﬁﬂ’ in this

context. The 14 July 2004 dosage can var‘?(/”3 hin wde I'imts and can, of
course, be fitt exceptarsindusiveoithelNK1 regepios (enneuiokinkat regepter)dbiear case.

and’nor e pr of er S0 180" 306G K eheParb ShaftizosPlogt BT Bl bo et

shoul d be appropra & role ,htbw,ﬁﬁ\g\yémhgt@th@gréjﬁvel opnment of the inventive
concept, it was established by the present inventors that one reason for

acute water Z&cunul ati on i hheteéonsr aisibstance 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'structdres la, 1b, lc, 1d, le, X, XVi, XVH,
XVIlI, XIX, XX -and XX, as well as other antagonists comprising '



after injury was the result of vasogenic oedema formation. This is caused
by an increased perneability of the blood brain barrier thust juby2804ti ng
vascul ar proteins and water to enter the extracellular space in the brain
and case swelling. Few 10 studies have exX3ar ned how this increased bl ood
brain barrier perneability contributes to the devel opnent of neurol ogi cal
deficits after injury, and no studies- have investigated whether inhibition
of brain swel i n§inkPidesipatidioeethyineltiaming, pyRdiiHd SRR ata AR
suggest ed t hat tagﬁoqﬁggghﬁagéﬁngf t he du matt €r (outer nenlngeaF | ayer)
becones nore per rreab@e f0 vascularoes pLexhibiyacibdivias substdncaubst ance P
“rel ease. "W therretoporigmegomistssad ddiatineylst Py Jpaviesa S rtar s
effect on the Cq%égéﬁb vascul ature, where gﬁc Ian“é%??ﬁgnngﬁgp Eﬁ@ to
i ncreased bl ood . garrier perneabi lity and vasogeni c cerebral oedensa.

We furtherd hypot hesi sed tdgdt i nistration of a substance P receptor
ant agoni st may d_gr event brai nh g%%é‘?ﬁé"%”ﬂ*ﬁ% Hey hosrerieyed krvinged

g_eurol ogi c defi 9§rdatI°ttE‘Pdmagﬁ}?mfprreffﬂwméwmhbi?%'fﬂs;’\aéteﬁtﬁ%&ﬁz@f our
iscovery referred to above, that water accunulated iFn the brarnas a
result of vasogenic oedema formation. In a second aspect, the invention
“provi des a use. of a substance P receptor antagonist for the preparation of
a nmedi canent for the reduction of blood brain barrier perneability. 25 In
a third aspect, the invention provides a use of a substance P receptor
antagoni st for the preparation of a nedicanment for the reduction of
formation of vasogenic oedenma. In a fourth aspect, the invention provides
a use of a substance P receptor antagonist for the preparation of a

medi canent for the prevention of acute water 30 accunulation in the brain
..after injury. In another enbodinent, there is-disclosed a use of a

./ substance P receptor antagonist for reducing brain barrier perneability
~and/ or vasogenic cerebral oedema. 14 July 20Q4 6a EXPERI MENTAL A nunber
of commercially synthesised substance P receptor antagonists are currently
“avail abl e 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 low lipid 14 July 2004 7 solubility that limts :-.its
ability: to.,. naturally cross the--blood brain barrier and the fact that
it is relatively inexpensive. Admnistration of N-- F. acetyl-L-tryptophan:
at an intravenous dose of 246ng/kg. (saline vehicle) given at 30 m nutes
after brain injury resulted in a significant 5 inprovenent” of cognitive
outconme in brain injured animals as assessed by the Barnes Circul ar Maze.
"Simlarly, there was a significant inprovenent in notor outconme of aninals
as assessed by the otarod test. These inprovenents in outcone were
apparent at 24 hours after brain injury and persisted for-the 14 day
assessnent 10 period. Control (vehicle tested) animals has significantly
wor se neurol ogic outcone than treated animals at all tinme points tested.
Animals treated with N-acetyl-L-tryptophan had a significant reduction in

- brain vater accunul ation (ie. cerebral oedenma) at 24 hours after injury as

—

conpared to vehicle treated controls. This was consistent 15 with the
observation that N-acetyl-L-tryptophan reduced brain penetration of Evans
blue at 5 hours after injury, the tinme associated w th maxi num bl ood brain
barrier perneability after brain injury. - , :
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Thus, N-acetyl-L-tryptophan adm nistered at 30 mnutes after brain injury
. reduced bl ood brain barrier perneability and reduced vasogeridcuBRGEdema
formation. The fact that these effects were noted with a non-perneable
formul ati on of the NKI antagonist suggests that the effects were largely
‘medi at ed by vascul ar receptors and not dependent upon central receptors.
Adm ni stration of N acetyl-L-tryptophan at 24.6 ng/kg 25 al so

si gni frcarnt-mwoeuspgdoved cognitive outcone of brain injurecraationadoss

However, the drug had | ess of a benefig al effect on notor outcone.

Mor eover, because there was al ways sone residual cognitive and notor

def ihci LS not edand ial vl/artduea[oeﬂlsaﬁli e hénistringorpéeefdieiealor e\fv::tﬁC'T/&idmrsd treat ment
wi th the NKI antagoni st re | ess apparent en injur .30 m severity-
whs i nduced acPGIBEERSAY PO e S Al etle [ eSre! TR e o
limtation givenphhaitaimebidini@adionnasinyfdiaes rheorratestt ANMENRASHEET

| PEA/ AU 14 Jul {&2004 8 Incidence in brain injury patients. COVBI NATI ON
MAGNESI UM AND RB¥ETA:- L- TRYPTOPHAN The nost common form of brain injury is

nmld heads injury. Cuidehé ngsiig Be VBLSQIUCBGRBXS EaLLEZRRR) POy the
Wrld 5 Federation of Neur ol ogl cal Surgeons wll recommend that all cases
y

of  minor head §RPIRTPWPEIRISEHYOCHTIN BaLINYHYIGUERY AFoRmiieterginedausea,

| oss of CONSCi BYHILEssags re¥BMES kR iVbSNmRAL 8384 of OsPAGTHdR125Thi s Wil |

pl ace considerable pressure on the health systemto adequately treat these
i ndi vidual s such that sBelgrngeyalshj MRy kfo&wdgote élé‘_?f%ﬁ%ﬁf P1oecgryorf ur t her .
CGurrently, thergahsni8l aueholdSh apy patlft 56994 ibildind-deelarlaik- 1 yptophan
suggest that this™ compound cl oses the bl ood brain bartier after head
injury and@ reddesege foras and wWosrgasgreterresktelr tiis oxfdenas Witk is slsext renel y

L

i mportant in YRUAG, ‘“’éi’,@ﬂaﬁdgﬁéfﬁﬂfﬁﬂféfme“u- who are particularly vul nerable

to del ayed brain 15 ernore, our results with nmagnesi um
t herapy suggest that nBefeesicanaiso eatyee raieetd di3 iRaterdt 4A8dUBBNg
neur ol ogi c defj &jts . : rily..as pat.ed wit.h i.ncreased,bl ood brain
perneability. ‘()@'Ctht Hgérjcté%?s%gi?’g%aﬂsgﬁaﬁt%b@ﬁg i r%l]tillc%r{s o?lg%stggatl)lgt ance P
ant agoni st wi inhogondghdsieimby oxfpamad. or salt will be a particularly
effectiv 20 therapy fpr the treatment af brain inj.ury irrespective of
severi tyiSCorrbi nation a %v'bliagstor% ?%ner%tfoonggarr@fakﬁrrﬂl- §8é?rf/’f'9‘?_? tarsypt ophan
pl us 30 ng/ kg usegineseinrmswkipbddadudd nithavien ecgleyyariouestdricackd foraspr of ound
attenuation of both notor and cognitive, defici hat, .was significantly
or eater 1 han obi STTIRHSE £ SBRUREE b S PatE F4UdpR ek it P and Fi G
2) . Each of thigceqpapaem@scinby rfeamab) nation formul ati on has a nunber of
properties that nmake it _particularly attractive for use in brain injury.
Substance P (SP) ant agoﬁgffs:feé‘cﬁa?/'éo b%'@ﬁ ke Jupe &° @% Fr’aé‘f)ri‘TdI4)?8?’ﬁﬁppve mood by
ant agoni giong suWh&hamess Ro i vaduee pippndinBtand mbgtalind kRyivai R sefok egki ve in
treating post-injury depression. Fromthe 14 July 2004 8a word descri bed
above, it is apfpERENERAl ARReRE ol st .iP etitfc 87BN VMR Barrier
permeabi | ity aggetatibidrivhiitesd 4 ABEdRdOin YESRE&RI SoPeRiTa BRF ofPOSt -1 nj ury
brain swelling or cerebral oedena. The antagonists al so have
these references are totally incorporated herein by reference.
Reference also may be made to piperidinyl compounds as
25 NK1 or NK2 antagonists for use in the invention referred to in US
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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been shown to inhibit pain. There are high nunbers of substance P 5 AMENDED
-SHEET | PEA/AU 14 July 2004 WO 01/52844 PCT/ AU0O1/ 00046 9 1debdp2aiMs in

t he hi ppocanpus and striatum those parts of the brain that are known to
be associated with | earning and nenory. Inhibition of binding with SP

ant agoni sts may thus prevent substance P induced deficits in |earning and
menory. Qur evidence presented above 5 suggests that this may be the case.
"This ‘has newergismsen shown previously. |ndeed, there hasdieanueossl iterature
on the role of substance P, or any .neu opeptides, in brain injury.

Magnesi um af fects over 300 cellular enzynes. It is not surprising,

therefore, that nagnesi gardidscd HERT 445 bt MARI S Bi-AMBEY 165LQHidh RFBY 'rmrove
out cone. These include, anongst others, bl ocki % gl ut amat e 1 nduced _

exci t ot oxi Ci tytOtP'Hibl‘WFﬁ’f{ja'Wén'ﬁﬁra'ﬁeb‘étf%foel“Ft’-lyWé' refergui@ Ngpartae-4r oduct i on

of reactive OXygARicOAREMRIRs | AT OVdiGd eNSrioungbatats, Nxhi Riddoag cal ci um
channel s, reducing neurotransmtter release, inhibiting m toghondrl al

transition par én@pemsﬁgforaﬁ@i in Hig ibventieg- 15 apopt osi s. Notably, it also
bl ocks gl L&namate i nducegg fq‘?&%sﬁmgp e Fr!éﬁﬁtt@rl .{%tgﬁ?b’%ﬁ Ic%%ﬁ% Y

magnesi um has been shown' rove cere uces
cer ebr al vasospaéﬂ%% awblich rie detally mmﬂrauedcmraim te refatepemstvaighandi n

product i on. resﬁi g%”% %S%Hﬁ;»h%yg?ecep%'nﬂ P’&Qn&a[lﬁze§”£s Cedopt

ant agoni st S in grea tl on gain neura Injury %han ei t her
drug used al onentagéniatsvier pee i tmsuhyerﬁtmm t hat magnesi um has a benefi ci al

effect in trauma when agin}enéséteeire a|nt,£r gno S gFEe%; rtan Wﬂ from1l6 to
60 ng/ kg. When adm ni st ©HS Brf %"? HFr ar }’ EEHORS e effective
do;e varixgs fo005d&01,0V80 O0RAHG, Wive ODABYRE drsl mloﬂmm fvhiz® nmagnesi um
concentration | t he oubl e the

t t
nor mal bl ood fF t‘?rﬂ%ﬁ’é ﬂrﬁﬁﬁggﬁ%ﬁﬁoﬁey@é‘ﬁgﬁ ik e”?’ %‘Ul'"f’ '"Sre observed

irrespective @ériidtiecsagnesi-pasablrimeitt d36vilivesstasgeesvar t Whiche substance
P ant agoni st has 02fdem)nstratled th t.the effggﬁl vebl X., dose varies from 24.6
my/ kg to 14 JuPRPZHE HOWD 7 B%é‘%i‘if PRFPRIFALHOSHS" Y By - 788§ or hi gher,

wi th the hi ghegpdtometionavéfagt@Ngnaat&itor Be@gbnicisabr @éd aCtheOpredB®ItOr out cone.
Moreover, these doses pertain to antagonists that have low |ipid

sol ubi I'i t3 and"VRB¥°%i mited bl ood brain barrier permeability. A highly

l'ipid soluble formulati garesdiisl diexanby Sbé hmagemp berefigdaal sightal ons,
however, there may be centrally _nediated side-effect that may be

i nappr opri at e. CopbepUSs @Rd | ROEo ABTtsHIE s npageset 1 H-AHP At WBW“r’rﬂ?SQ/’!i)tey in the

range descri beg @catibgs 'o@@uﬁ‘sﬁ‘d@é COMBARRRS P \MadhaRs, AHLEURY excel | ent
results using the maximumi.v. doses described for 10 the i ndi vi dual
conponents. 15bg@sed as substance P antagonists, for use in the invention. This

20 publication is also totally incorporated herein by reference.
In relation to the magnesium compound, this may
) _ 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

=



The conbi nati on magnesi um SP ant agoni sts is expected to be useful in the
follow ng conditions: As a "first-aid" prophylactic treatnent follow ng
traumatic brain injury As a "first-aid" prophylactic treat ”EMJlﬁl?bb@iﬂ\/i ng
m nor head injuries, including concussion As a therapy follow ng
non-traumatic brain injuries, including gtroke, hypoxia and any form of
brain injury where oedema is inplicated As a nmaintenance therapy follow ng
brain injury REFERENCES 1. Vink R MlIntosh TK, Denediuk P, Winer MV
Faden Al: Decdqsggeican vamymithi wigedimits esd capgri €ovigm keofittegrie the individual

associ ated w 1 I i LOj I 10w | 25 ]
3ol Chem 264 YEGPEHT P hbatctpl Eatey) HgenkRh sl B Sl addoBHTer 2° o
prol onged al padeat, porisrably #rtais000me endagme praienablglF0dei2000rhd uf tleper cussi on
i nduced br ai nﬂ&)r%%magi n re%ts. J Nur. Oﬁhﬁ%%: 2477-2483, 1996 30 fir' 14
July 2004 WO DPPEDSAY BESH'ANTFHHYA8MOUd P8 aPRIORI#eDL, vink R Brain
intracel |y ar freenmegiesioiit eSS tH Nt fivE 865cehllitl v &ablished by

i mpact -accel eration induced brain inj ur¥qi n rats. Neurosci  Res Conmmun
18: .. 163- 168, g gygsent inyeptars Hpat apenfearen Toraanwa watasragcHmelalorin ithy brajn
produces 5 Skl ahingdvSeHd RSult B | ! - is.j

magnesi um concent r]a"?ﬁgn. Br a%J'rt]BEgéé@nggﬁﬁ d%%ﬁ{al%gﬁ%?g E@%és ga.usﬁglbﬁt%nsh TK,
Faden Al, Yanakeased pergiaakility of\thgridasidulbraindiedriier thos \perreitingevdsatlers pmitins

treat ment j | | owi ng _t tic.brain injury i ts:
205 rmone e SEEREESo S IFE o B Ml LI o Bebbng” 5 °
Neur ot rautme Gstudids (3ve 2988in6d NowkihR iMdréadeasblobd: bRRrsEmGS @eitatbilitand

physi ol ogi cal effects of nagnesi um on experinental traumatic brain injury.
Magnesi um ResCoBlriblss tpdhe deyeloprpgntyof nquisglegicg! defiitscalter imtgynasd om studighat e
i mproves neuriphaghestiQibd AFBIER Inh M i Jgrﬁg Vsl s.
Neur osci ence Let t_er1§ Ig%& 175- 1?8, f@%%ﬁ@&?ﬁ?%%!!{uﬁ&%ﬂ{r&&?ﬂ)ﬁt C Stidhet 8f
Neur opr ot ect ir@raing ect shave MyEEsteshihat Mhe1 taschlabire sefdthieeddrai njatter (owter

conparative qﬁ Y. [ Qtrau 15: 183-189, 199 g
oatn bt vi neoRPORl et aenfnisdhoitbhon R 8 VAR SBedlitin A Pef b ng
t raumat i c1sbr adubsianfe Py rélegeeovek thetasrechipethzBised hatedlibemirtg FRay Hde 309,
1999 10. Heath , r}fl nk R _Optimsation of magnesi um t herapy fo?/l owi ng 25
sever diffus@BEnGICHA MG RPEPER! I ASFURLTe. arsHRb AN ERRCITIRMG lengto
1311-1316, 198Q&edded bBbLERAhh BdaicrBRHRBHIIHS arldeVEIogBhic SRYEIS LRRMHA N Y 1N
children: inmpact of risk factors. J Trauma 47: 33-38, 1999 12. Moskow tz
MA: The neur dbitegrdiypohesiged at adnirdsitrtioniol a salpstang® PNegeptbr aBagdrist-m#8,
1984 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.



13. Ferrari NMD: Mgraine. Lancet 351: 1043-1052, 1998 14 July 2004 1-.'r
'-WD 01/ 52844 PCT/ AUO1/ 00046 12 14. Altura BT, Altura BM The rol e of
magnesi umin etiol ogy of strokes and cerebrovasospasm Nagneﬂyu&igm
277-291, 1982 15. Farago M Szabo C, Dora E, Horvath I, Kovach A
Contractil e and endot hel i um dependant di kgt ory- responses of cerebral
arteries at various extracellular magnesium concentration. J Cereb Bl ood
Fl ow Metab 11: 161-164, 1991 16. Keg PAi Gardi ner SM March JE, Rubin PC,
Bennett T: Assessnent of the effects in-1 and magnesium 10

sul phate on regi ongl f
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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 N - - =

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. Similarly, there was a
significant improvement in motor outcome of animals as assessed 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 fo injury of a severe nature.
This is a major iimltat:on 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
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-
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
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
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
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.

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.
B 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 intracellular 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

combination with a magnesium compound.

' 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.

3. Aformulation according to claim 1 or 2, characterized in
that the dosage of the magnesium compound is sufﬁcie_nt to increase free

magnesium concentration in the blood to approximately 1.0 mM.

4, A formulation according to claim 1 or 2, characterized in
that the dosage of the magnesium compound is sufficient fo double the

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,
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,
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 substarnce P receptor antagonist is an NK2 receptor antagonist.
_ 9. A formutation 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.
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17 CLAIM5 1. An injectable fornulation for treatnment of brain, spinal cord
and nerve, injury conprising a substance P receptor antagoriist 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 | PEA/ AU 14 Jul y %004 A dormpulatignf as mldimed on a2y ohaiofeclaims dnip dde of

Cetepror an SyHER B0l SUREIAPRRRE PPRRRLEL ARBARCIC 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.



