45 818 K "d utamate receptor antagoni sts as neuroprotectives" The invention
rel ates to neuroprotectives for the therapy and prophyl axis of neurol ogi cal
damage, in 5 particular of damage indirectly or directly agtrighgtgble to
overactivation of the glutanate receptor of the nethyl-D asparate type

( NVDA- gl ut amat‘eluteﬁaﬁbomaag%g&afah%goaadt%l als"p el pRbitetitiyegl’ t he

Cer man pat ent —applicatrons . 0, 103 20 33b.Z I0 and I03 52 333. 2,
whi ch are incorporated herein by reference. The term "neuroprotectives"
means in theneontiexterafidrhe réresent wve@éﬁ@@pwewp@uégc agent gher active
15 ingredients which contribute.to protectin rve ¢ fron1ce|| damage
and/or to ¢ GPAct PR RESR Géﬁéraplven6%5gg§§é§a nd PRBEPr nent's of
neuronal 5 effdrdiendyr 20 6fi t heldexs oanﬂaloécneyropngiectdyesctSybstantiaI
efforts are directed n partlcular at _the_identi - ion Lor further
developnentégﬁ B % FEcep?BF ARt hydht &F's W%?ch otegi ﬂ@?@& ®cell's

agai nst annemapﬂunxbﬂcthmImeuﬁykﬁﬁadsganatamnwpmraNMURPgéutaﬁateceptors
(eXCItOtOXICI&y

he, over ti,gn. The nost i mpo nt group
of receptor ptﬁ%ﬁ?@ gégr %ﬁ@ Nﬁﬁﬁiaﬁgééﬁﬁ wﬁF&ﬁr?§Hi6¥$ %h% NVDA
type of the Gﬁnntaa]mpeteed:epapph@a‘dmm ndIG?orB’JI §J98rrfﬁje iLA3t Bls 386nAecti on

betmeen he f o]l N S 0 |t| g such as

2- am no- é ﬁ%@i %%ngﬁgggg%gétevﬁgﬁ§{A £ §%€@¥B$a%%%a 8%%%;? B?

benzoyl)plpem%ﬁﬂﬂﬁacﬁ -3-di carboxylic acid (PBPE» which act on the glutanate

bi nding site, NVDA receptor channel bl ockers such as MK-801, nemantine and

35 ketam ne, which block the ion channel of the receptor, the NVDA

antagonlstsmﬁﬁ(ﬂ?%ﬂm RNEPRIQF ST HEe B NiRHyS 5Pt BhesGeRtastGudeEReA, which
i

inhibit the hidyimg ofinddift icpgonindraaidiine, anfrdie pelyyamaee isit e

15 ingredients which contribute to protecting nerve cells

from cell damage and/or to counteracting
neurodegenerative processes and impairments of neuronal
efficiency.

20 In the development of neuroprotectives, substantial
efforts are directed in particular at the identi-
fication and/or further development of glutamate
receptor antagonists which protect nerve cells against
an increased activity of excitatory neurotransmitter

25 receptors (excitotoxicity) or moderate the over-

) activation. The most important group of receptor
antagonists are the NMDA antagonists which inhibit the
NMDA type of the glutamate receptor. A distinction is
made in this connection between the following agonists:

30 competitive NMDA antagonists such as 2-amino-5-phos-
phonopentanocate { {D)-APD5) and (+/-}-4-{(4-phenyl-
benzoyl)piperazine-2, 3-dicarboxylic acid (PBPD), which
act on the glutamate binding site, NMDA receptor
channel blockers such as MK-801, memantine and

35 ketamine, which block the ion channel of the receptor,
the NMDA antagonists which act on the glycine binding
site, such as GV96771A, which inhibit the binding of
the coagonist glycine, and the polyamine  site

-antagonists such as ifenprodil, which inhibit the



-antagoni sts such as ifenprodil, which inhibit the 2 - 45 818 K binding
receptor-stinulating polyam nes. Three classes of glutamate receptors (AVPA,
kai nate and NMDA receptors), each of _which act as gl utamatgs §igegpendent

i on channel s, conduct the post-synaptic signal of the nopst inportant
excitatory maWdind nanspddersilmiaieigy MDA Eamte receptors are

di ssem nated t hroughout the brain in the formof different receptor
subtypes and are essential as 10 crucial excitatory neurotransmtter

receptors famdde clfamedd Qﬁf%l&h@m@@@tf@&e@@@y@um&?menrbﬁ@él& afhere has

in recent y been detailed |nv stl tion, 9 of the rmle ul ar glology of

t he NVDA- gl t ESFPTY orS r g8 $R onffhi s 2Fhaf Pﬁé‘?@ Feceptors
consi st of aepdideubuniéni ncmlmhlenat,l orcomlddttonetné pose -NR2apttieni t s and
- I ess commonl an I}l ubuni t Si . Lncreased NVDA current
and spi ne (f&%}ef]y mom ¢ ?acl?}or?d: é R@Bﬁapgcepﬁ’ﬁ?l%ﬁbWt NRSA® 20 Nature

393 (1999), t&?aﬁ}s’a‘&:ltte(matghntamaté E. NHDAa@lutarEatetatrecgepgbyzsl nereecept ors
containing t 2 NRS y ec or nit ur 5 002),
793-798) . fiRd tﬂ?&\%u W TRES f BT BRENT ZothY 632

un|t four-torns A— exi St
particul ar, d:nuftfeartatt al receptdve sphitgpesar izamt s amfet heSSNRﬂ;lBlllbuﬂiSt

determ t ma { NR2A are
ubi qui tggsl %Lgé}ggrlesggggigﬁtgkg W%?%a@%g h@é gg%ur | ess
commonl y or omgtion caf tHie Cr%l@imlb (32 R {) 153 tﬁ}éﬁﬁﬁ.mB(ﬂ%) s d| fference in the
conposi tion of the receptor subtypes nekes therapeutic approaches possible
with selectively acting antagonists. Responsible for the conplex acti vatl on
of fsz/he NVDA-TIger gyl heandfe Feeeptorearé qapmnaebaphreh inyesdiigadden

presynapticalfy ameexchbdtehYaheunptdansi tber, ame aiMm-ng dSneul ating
neurotransmtter and coagonl st . dAC%]I:C\)/rg.tI rlsof t}]he rggg éorrelccaeaq:s()rtso an
influx ef Teceptor. emerge P

consist of an NR1 subunit in combination with one or

more NR2 subunits and - less commonly - an NR3 subunit

(Das, S. et al.: Increased NMDA current and spine

density in mice lacking the NMDA receptor subunit NR3A.

20 Nature 393 (1998), 377-381; Chatterton, J.E. et al.:
Excitatory glycine receptors containing the NR3 family

of NMDA receptor subunits. Nature 415 (2002), 793-798).

The NRZ subunit, of which the four forms A-D exist, in

25 particular, but also alternative splice variants of the

') NR1 subunit determine the pharmacology of the NMDA-

glutamate receptor. NR1 and NR2A are ubiquitously

expressed in the CNS, whereas NR2B, NR2C and NR2D occur

less commonly or oniy in certain regions of the brain.

30 This difference 1in the composition of the receptor

subtypes makes therapeutic approaches possible with
selectively acting antagonists.

Responsible for the complex activation of the NMDA-
35 glutamate receptor are glutamate which is released
presynaptically as excitatory neurotransmitter, and
glycine as modulating neurotransmitter and c¢oagonist.
Activation of the receptor leads to an influx of

-calcium ions and 1is - especially when stimulation is



-calciumions and is - especially when stimulationis 3 - 45 818 K
prol onged - associated with an activation of conplex cellular signals.
These lead inter alia to a phosphorylation of the CRE bindjgggpgogein
(CREB) and to a multiple gene activation and synaptic plasticity 5

(neur opl ast et ¥hgeWhi Ch 2L2RIASRILS AL §SSeNt hat i é‘éj[én f¥ BBRBIYyand
| earni ng processes. A review of the general pharnmacol ogy of the NVDA
receptor an€SfUNRDA ahi3BdhFst s Thesf verepd t hentap publizatit&n by Kenp,

J.A and I\/bgﬁbaagorﬁ-llé{lt:iowv% Regepter Ratdweys asobeud Tarmsd)s, apature
Neur osci ence, V. 200%, Vol . 5 Sq@g%., 1039-1042, which gs i ncor por at ed
herein by ré&PerfenBBltiBIAn IGPE RFF VAT of e WERIPtOr PaAET LRt Y ner eased

Ca 2+ imflyxecassptiaateditherewtitH epdsroyesost bastedbradt alexbgsssve
interferenc% with the Cg%f—dependent cellular netabolism- including energy
met abol i sm FREt PFECFEN 288 1e3F P8 BRRERESES-abol i ¢ enzymes is thought in 20
particular to be responsible for the cell death which occurs subsequently
(Lee, Jin- et al..., "The angi_n | andscape_of ,i.schem.c ai n_{ Ajury
mechani sms” # DERNEEY MP?Zh%Fe"Gﬁﬁgsﬁﬁ nBB?%FS%P&P?? ahd dgésasggB%f t he
nervous systreakptdh sapdoceds N8IDRnoantagoexeitso- 1285 goxeani tyn | tBence

excitotpxicity,i.s d o cti io f | ut a .re or, in
generalfgntgﬁé%ﬁgﬁgq§$'t%g %%%?éna gﬂ?eggﬁfoPE a&ggg’thggggéutﬁ@Bénd/or
prophy 30 | &tceptpat datitalayforasl DruNS 2l gt tler SabnraeNeonakcieonditi ons in

whi ch neur ogs . are éﬁéggtquguor ga 1 by thphsgpiggess. jhese "¢anditions”
t . r B =r

| i kewi se include e cerebral ischema occurring during a stroke, as well
as ﬁfurodegé@@@%ﬁoﬁﬁﬁﬁiyﬂﬁﬁﬁﬁﬁ e ef$ r8RP@ar ki nsoni sm and Huntington's °
chorea, where the essential cause of the disease is not excess glutanate

15 BAn overactivation of the receptor and the increased ca*
influx associated therewith 1leads by contrast to an
extensive interference with the Ca?'-dependent cellular
metabolism - including energy metabolism., Activation of
Ca**-dependent catabolic enzymes is thought in

20 particular to be responsible for the cell death which
occurs subsequently (Lee, Jin-Mo et al., "“The changing
landscape of ischemic brain injury mechanisms”; Dennis
W. Zhol ™“Glutamat neurotoxicity and deseases of the
nervous system”). This process 1is known as excito-

2% toxicity.

Since excitotoxicity is based on overactivation of the
glutamate receptdr, in general antagonists of the
glutamate receptor have a therapeutic and/or prophy-
30 lactic potential for all CNS disorders or neuronal
conditions in which neurons are threatened or damaged
by this process. These “conditions” likewise include
the cerebral ischemia occurring during a stroke, as
well as neurodegenerative disorders such as
35 Parkinsonism and Huntington’s chorea, where the
essential cause of the disease is not excess glutamate
but an increased sensitivity to excitotoxic damage.
Finally, disorders such as epilepsy and neuropathic

“pain which are based on an overactivity of excitatory



but an increased sensitivity to excitotoxic damage. Finally, disorders such
as epilepsy and neuropathic -pain which are based on an overactivity of
excitatory - 4 - 45 818 K signal pathwgys are al so possi bl gsaggasgof use of
glutamate receptor antagonists. Qher uses extend for exanple to the

treatment OfSlc?l:-hdla' platthwaerdi b'r@nsal§§p91§d>§‘éi}){l&hré’ﬂé§s paM, e ofreat ment
of addictive sorders, the treatnent of psychiatric disorders and the

stinulaticn1Qﬁuq%%%ﬁﬁrﬁ?c%ﬂﬁPqnﬁﬁﬁ%EOQRﬁgﬁhtagonlsts are capabl e of

conpetitive or non- conpetltlve i nhibition of the receptor. Wereas the
conpetitive gntagonists count eract rece tor activation_for e by the
nat ur al agoﬁ§3F§ggF§F§naFé g §P§C|%§g L% noh- %HWbeﬁ%ﬁqﬁ? a@%nlsts

i nhibit Bhepﬁiﬂﬁmmptoonaﬁtespectwmspﬁcidmﬂyne&emoalar qﬂnnentraheon of
t he agoni sts for X e.b blockln t channel etltlve

i nhibition ( qén) of & %Hﬁgrdggébt Q% tﬁgaﬁWSR tyﬁg IS
possi bl e fommynhwqﬂniwwdhsardaraodiqﬂmﬂeh@mmmﬂkmﬁmnl(@PVXeang@g

2- am no- 5- pho QQQQQ%Etanoates (APH). Non-conpetitive inhibition can by

contrast be ac ieved by substances which bind to the phencyclidine side of
t he channels, such as phencyclidi ne, MK-801, dextrorphan or ketam ne. 25

rowever , ool ilcalo sty es g datgogmihe gise’ ab MDA ntagani staras

neuroprotect|ves I'n partlcular cases and traumatic
i njury, havecompetidtived intHdiddsin e@fr ethet Xeeeptoy. AWhagags JtReC. ; G I,

R : HandbOO&x@ge@ﬂ% ngﬂ&éboﬁﬁgega@&%r\é% J.léée}§€g§ a%Ql%%@a%n P. &
Monyer, H.) 495-527 (Springer, Berlin, ); Lees,” K d yci ne

antagoni st {¥avestaniely by éihﬁ)prf@ttékﬁqlon a(geé?llﬁtlsnt @rlhlz}'tam@ﬁﬁ ) aingl

patients wi t‘% i«l{é?t STRKEnoa-tangert $8¢eConht 8hbRUst 5T i Hhi K Nthe
nves

Internatlona igators. Lancet 35%135 200 1949-1954; Sacco, R L. et
al . G ydPne receptor frrespéctivé of t

e presencé or concentration
of the agonists - for example by blocking the ion
channel. A competitive inhibition (antagonism) of the
glutamate receptor of the NMDA type is possible for
example with 2-amino-5-phosphonovalerate (APV) or

20 2-amino-5-phosphonoheptancates (APH). Non-competitive
inhibition can by contrast be achieved by substances
which bind to the phencyclidine side of the channels,

such as phencyclidine, MK-801, dextrorphan or ketamine.

25 However, c¢linical studies to date on the use of NMDA
') antagonists as neuroprotectives, in particular in cases
of stroke and traumatic brain injury, have not yet had
the desired result (Kemp, J.A.; Kew, J.N.C.; Gill, R.:
Handbook of Experimental Pharmakology Vol. 141 (eds.
30 Jonas, P. & Monyer, H.) 495-527 (Springer, Berlin,
1999); Lees, K.R. et al.: Glycine antagonist
(gavestinel) in neuroprotection (GAIN International) in
patients with acute STROKE: a randomised controlled
trial. GAIN International Investigators. Lancet 355
35 (2000), 1949-1954; Sacco, R.L. et al. Glycine
antagonist in neuroprotection for patients with acute
stroke: GAIN Americas: a randomized controlled trial.
JAMA 285 (2001), 1719-1728).



antagoni st in neuroprotection for patients with acute stroke: GAIN

Anericas: a random zed controlled trial. JAVA 285 (2001), 1719-1728). 5 -
45 818 K The lack of success to date.igR attenpts at neuro-4grgtl§cki on in
cases of stroke can be attributed inter alia presumably to the tact that

the known Rew ophekectfves;dists necessakkl yihe sondined Wit hndyro-
t hronbol ytics in order to penetrate to the site of the tissue damage and
di spl ay t hei* C&ffddon hgh eCapES| £ ndfeok@r CABt Bfordaf FiPWeRS BRESEO

adm ni ster Suffi cigrihmatigh dases ehd he derewn NMRA- gl whanmat encliacept or
antagoni st in order to achieve the desired 10 effect, becausg of .their
consi der abl @SIIPPTHFREHITES THIUST s BREAIIRT they RRusEOMPANRAGhYd58ages,

:nter al ba fthﬁjdnu;calryettiidmﬁI?n@lf@eﬁa_tls_e@e::@tn:aa&e_ﬂdlﬁltttlf@ bivedofpeassure. The
atter is of course particula .critical. espec r _straoke patients.
15 I'n addi tit&r?,s‘{enedgﬁﬁﬂﬁ gﬁ‘?ﬁ aﬁ&tsé’lraé’ceEIP%Jrrar‘?t%&#s%gerSft hg%, in the
dosage necesgafepder news©- phnotrealilgn, avasiddeept abby stdengisnesthetic or
narcotic effect.. Thu ma VDA _ant agopi st.s such as hencycl i di ne and
ket ani ne vversé‘%frjicdieﬁ’gqllyy g‘é\ggl 0p8aE° St o?gt He HurPsea! oﬁggﬁ‘e"gﬁﬁégfnggeAtterrpt s
have t her ef ateazdyaey madéatjonasai dinheselesi déo edtktégewithe desired

recept or ~sel ive N agqQpi s ]t e 9%9 fr th t the
NR2B- seﬁgct ie\?tgfteacntt’ag%r%ég{%gitef eﬁgr o{:j]??l%ascl advan ageo‘cﬁs S@Trq‘eec%?%\fe\nkg%’
distinctly Teduced ssarusd feey ¢aushe ani hdghnddekges,stingke aldetti, B.

et al. Ifenprodilcand Qn 82045 A eanely ali n Ald<d SahemhA9eftey Evi dence
for efficacy In nodels 30 of focal cerebral ischema. J. Pharmacoil. Exp.
Ther, 247 (pgg®ure21Bhe obaytem hainbér CORIFar PREE1gHdagdn stdtispli he NR2B
subuhit, e. gesﬁé%ﬂe%?@liﬁ?ﬁoﬁ%&%@%a@i&tﬁo 63-1908, has been descri bed

si nce t?gn (Kenp,
In addition, the known glutamate receptor antagonists
often have, in the dosage necessary for neuro-
protection, an unacceptably strong anesthetic or
narcotic effect. Thus, many NMDA antagonists such as
20 phencyclidine and ketamine were originally developed

for the purpose of anesthesia.

Attempts have therefore been made to avoid these side

effects with receptor-selective NMDA antagonists. It

25 emerged from these that the NR2B-selective antagonist

) ifenprodil has advantageous effects with distinctly

| reduced side effects in the animal model of stroke

(Gotti, B. et al. Ifenprodil and SL 82.0715 as cerebral

anti-ischemic agents. Evidence for efficacy in models

30 of focal cerebral ischemia. J. Pharmacoil. Exp. Ther.

247 (1988), 1211-1221). A number of further antagonists

of the NR2B subunit, e.g. CP-101606, Ro 25-6981 and

Ro 63-1908, has been described since then (Kemp, J.A.;

Kew, J.N.C.; Gill, R.: Handbook of Experimental

35 Pharmakology Vel 141 (eds. Jonas, P. & Monyer, H.) 495-

527 (Springer, Berlin, 1999); Gill R. et al.:

Pharmacological characterization of R0O63-1908 (1-{2-(4-
hydroxy-phenoxy)-ethyl] -4-(4-methyl-benzyl)~piperidin-

~4-01), a novel sinotype-selective N-methyl-D-asparatate



Kew, J.N.C.; GIIl, R: Handbook of Experinental 35 Pharnmakol ogy Vol 141
(eds. Jonas, P. & Monyer, H.) 495- 527 (Springer, Berlin, 1999); GIll R et
al .: Pharnmacol ogi cal characterization gf R063-1908 (1-[2-(%- 818 K

hydr oxy- phenoxy) - et hyl ] - 4- (4- et hyl - benzyl ) -pi peridin- -4-0 ? a novel

si not ype- sel i met hyl t at 81 ni g .
Phar macol . %%%g¥ﬁl§t 3dQY£Eg%g§Q@8§0 q%é% Tﬂ?ﬁeS§0§|S§ﬂ§§??a,n|y showed a
neuroprotecﬁﬂ@é efheee wpripof evpiafenleyf f eta¥gh thenghrprrofsg8ELVe However,

these positigtgi@sul,tgncouky ngigbe Conddtaedip ivhe! iaRiigal Shudegs on
traumatic braln i njury. Rather CP- 101606 repeatedly failed (Press rel ease

from Pfi zer, OW@Sﬁébeﬂj§ﬁﬁﬁ)P°$htbﬂﬁlF?éHlté|ﬁ9%%4nﬂ%ﬁ P® o6P8MI&886ci at ed

with theg 1@&@1@%&&@1 argdiéabbg &%ﬁﬁﬁﬁ:@@%ﬁé@nf@ﬁjuEQUCR@ﬁhé@|| damage
in stroke is that the neuroprotectives, must ed with a

e
fibrinolyti GRS yisRea ebnteraiied ob%?%%ﬁer?ﬁ%aﬁﬁrﬁF@W SE1ERE t hr onbus
and penetratedgtfed 2ione yr.egi on of the danmaged tissue (see above). The 15
t hronbol ytic normally adm nistered is t-PA which is the only thronbolytic
currently authorized for the treatnent of stroke. However, it is known from
the investi gat i odéibyolN cal aXli®ilat . prbalen- %a@caws:eam \idﬁt)lﬁ)r taet part in

ito- le O F
Vckenz 1 EFEARH APD S BT S R T OB T ThEd proF e BPFPFEPRCE RN y of
ti ssue- pIasMamagyllmcstwakerﬂaﬂmhmEstNNDmaumnﬂnqnecmmheaeﬂustgb&l|ng, 25

in: Nat Med 5 e@fl) @ﬁc%rdf%{!?%ip{mggg%ﬂlgﬂ%g? g%rt+§$a rNeYrons

secrete t- P&d ract t hé nat e recept or
of t)tle NIVDA Qv;qcxe:onamcthﬂ gesigr offhtke | shngwbubatad mﬁnhtaﬁtactlm\t@t i on - of

the recept oryaet il A “tﬁ&ra&éxﬁggéé te PASELUS s’éé CUdJdIUt egple0 the
ceII-danagln excitotoxicity. cohsequence [s a neurotoxic effect of
t - PA. Dé§e|dgﬁgmﬁmlytlc normally administered is t-PA which is the

only thrombolytic currently authorized for the
treatment of stroke.

However, it is known from the investigations by Nicole
20 et al. that t-PA plays an important part in excito-
toxicity (Nicole 0O; Docagne F Ali C; Margaill I;
Carmeliet P; MacKenzie ET; Vivien D and Buisson A.
2001; The proteolytic activity of tissue-plasminogen
activator enhances NMDA receptor-mediated signaling;
25 in: Nat Med 7, 59-64). According to this, depolarized
') cortical neurons secrete t-PA which interacts with the
<’ NR1 subunit of the glutamate receptor of the NMDA type
and cleaves it. This is associated with an activation
of the receptor activity. Administration of t-PA thus
30 contributes to the cell~damaging excitotoxicity. The
consequence 1s a neurotoxic effect of t-PA. Development
of a neuroprotective for the prophylaxis and treatment
of cell damage associated with stroke is thus
confronted by the particular challenge of not only
35 moderating the cell damage caused by the stroke, but
also where possible of taking account of the damage
caused or enhanced by administration of the therapeutic

agent to reopen the vessels.



of a.neuroprotective for the prophylaxis and treatnment of cell danmage
associated wth stroke is thus confronted by the particul ar chall enge of

not only 35 noderating the cell damage f£aused by the stroqu g @l so where
possi bl e of taking account of the danage caused or enhanced5by

adm nistratien of hed heraoedblige: a0sn! 4o ' 8RR INC: KESRPLEn o 45 B18 K
It is thus the object of the present invention to provide an alternative
possi bi | i t yprevidpe an eatlimernatane ppophybaki syoffareutbeodi eedtokinage. 5

Thi s obj ect 5jg ?EBbﬁy@Qx@¥ bRendse-8850eY i ORLALGeti ves of substances which
inhibit t-PA activity. The term "inhibition" enconpasses in this connection
all effects leading to dimnution or reduction in t-PA activity. This may

i nvol ve f or rexanehe ec@nped i 4dyEedd MO tHeCoRetdd i NOUIHPLOLEEOIVes _
accel erated degradation of the t-PA or else a reductjon (suppression) in
t-PA expre8§i oftPIHANERF mWiGhi £BR1BSFr elspohdidtyY et -er et ot aF

subst ances whhehbeausa”acheduphiseRs Ant thAs adrinddtyidm 41 &efdetdd t-PA
l.ar as actiyvati.on of ut apat e receptor,

activity is_defined in particul, t he gl
or of or abl y SFSERESGITR alale Orde8ptor  GEOPRG DA R y fePATHRCT BBLCY  on 1 n t he
activation ghikhemglyut dmeiod vieecefatror ebgerﬁl:ﬂ?e netump X tPiwd echt vends-
B Fect o 11 S000%5n Qhm MG B OFC TP FRLF SpPBREEERTAC AT Bstl for
visual i zi ngteaa i knomhséo the s&dudtetbmor Kenpprdsisdoni) ndiigat ed-PA exanpl e
oxanl o 1t T TERSRANE nal neShi | D ESELrt CaRn e bl S e S
pl agnmi nogentact avat osubsbahéesr Al . cadudewasereduRrAican Be i hhPhited by
the /prot easgatBSYEQ in the cell.
15
t-PA activity is defined in particular as activation of
the glutamate receptor, preferably of the glutamate
receptor of the NMDA type. The reduction in the
activation of the glutamate receptor by the neuro-
20 protective 1is preferably measured by determining the
Ca™ influx into the cells of the affected tissue on
administration of the neuroprotective. An assay for
visualizing Ca'™ is known to the skilled worker and is
indicated in example 3 in section II.
25
) t-PA inhibitors are extensively known. Thus, for
example, it is known that the activity of t-PA is
regulated by the plasminogen activator inhibitor (PAI).
Likewise, t-PA can be inhibited by the proteases neuro-
30 serpin or protease nexin I (PN-1). These inhibitors are
in each case serine protease inhibitors which inhibit
t-PA in the physioclogical context. However, they are
employed according to the invention as neuro-
protectives.
35

It is also possible according to the invention to
reduce the t-PA activity indirectly wvia an increase in
the transcription rate of the physioclogical inhibitors.

- Thus, it is possible to administer for example TGF-§



30 serpin or protease nexin | (PN-1). These inhibitors are in each case

serine protease inhibitors which inhibit t-PA in the physiological context.

- However, they are enployed according_tg the invention as ngyrgig g
protectives. 35 It is also possible according to the invention to reduce

the t-PA acti-Viahy foingCt Igp i areddideas®) i nynidie transgpbphi opgrate of

t he physi ol g'%l_cal i nhibitors.. Thus, 1t I s possible to admnnister for

exanmpl e TGFSfamglates tgpgsgriptignsodr g lgrowt h factor 1) which is known
to stinulate transcription of PAI-1. In a particularly preferred enbodi ment
of the 5 invention, the, plasn nogen activating fact.or DSPA (despotepl ase)
i s enpl oyed 1&s n@ur@?ﬁ?é@?f@gyi nP ‘?’f%‘?ﬂﬁ ar FEPYHERY eattent tgg

( pat hol ogi canyengdrdi,t i oftse depi ¥efli hbogahexXGidtdvaxiieid v. £ 250 Wi DBPAL S
isoforms is described in detail intir al,ia_in the 10 lpa%ents US 5, 830, 849
and US 6, Ooé,d(?f@‘.Otﬁé)g&*Fﬁ)narﬂs pPBBAPYEAoN 35r DEBAFRIAFETHLERY i APUS pat ent

5,731, 186. PHaesd quiklxd catfibans ahe i neeepamahed hetei n(pbyhoebgieate for
pur poses of disglasin he, structure, _the function a he pr.ovi.si on of
DS 18 The R ot PTEHTr S or oI st et haet for DR i 125

parti cul ar | yi sprfefrersabliy udedcrsbddpi theddérafl g.irftef DSRA &l Jin Hohever, it
is al so,possihle.acc i e jnyentiont y o - L.sof orns
havi ng }ﬁe f@t%seéjr‘f% f%%t?’%ngtﬂﬁ%dge %% Wievmfiégog@%_()seggl%r%)mgggénlt
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accqrding1NPKfﬁﬁf@ﬂﬁ#ﬁ?oﬁo¥opéﬁﬁpé?s of d;sclOSLng the structure,

the function and the provision of DSPA.

15
The primary structure of a desmoteplase isoform which
is particularly preferably used is depicted in fig. 1
(DSPA «l). However, it is also possible according to
the invention to employ other DSPA isoforms having the

20 same function. These are likewise disclosed in the
abovementioned US patents. These plasminogen activating
factors are referred to hereinafter uniformly as DSPA
or desmoteplase without a restriction to DSPA ol being
assoclated therewith.

25

) It 1s possible according to the invention to employ

both native purified DSPA and recombinant DSPA. It is
likewise possible to employ derivatives or fragments of
DSPA as long as théy show the neuroprotective effects

30 of DSPA. The term “DSPA” is therefore understood herein
to be the generic term for native or recombinant DSPA
and the derivatives, analogs or fragments thereof

having substantially the same function.

35 The terms “derivatives, analogs or fragments” of DSPA
subsume in particular all proteins or peptides which
functionally display the characteristic properties of
native DSPA, especially the increased fibrin

- specificity in relation to native t-PA. The increased



both.native purified DSPA and reconbi nant DSPA. It is |ikew se possible to
enpl oy derivatives or fragnents of DSPA as |ong as they show the
neuroprotective effects 30 of DSPA. Thegterm "DSPA" is therg&ogﬁaugderstood
herein to be the generic termfor native or reconbinant DS and 't he

derivatives,g; | .og et tseth f . havj tantially the same
function. 3§ %nt e?ﬁg?}gér@?\ﬁ?i \%gs,ﬁ%ﬁ%l olgllls1 o%é%%ﬁ?en@' gf PéSng subsune
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speci fi ci t y rgeipgaRlvn P&l attontaastt - BRA-%§% di YéFBselthe n aWdEB/ 837963. The

DSPA der g vatdaeernaRd o At 0 HWef araldliy have a honol ogy of at |east 70%
preferably of at |east 80-90% wth the amno acid 5 sequence of DSPA shown

infig. 1. The surprising neuroprotective effect according to the invention
of DSPA was firdeniifpets iy ankiBbpeX¥Pert At & f fakd idtddrdidd Ot€xpaei nents in
which it was possible to 10 _show tk}g}t DSPA not onlg,hag no neuyr ot oxi ¢ but

al so has a WERNGEO0 &t i VePer MPast 1G5mEe fie T oiint P ABRS EXRETABERSEOxXI ¢

effect of t-apN id Masviesdiggsefimemidi sn Ghath DSPAwast poasiBneageni st of
t-PA. It was further i ble to.show that high concentrations of DSPA | ead
15 to aEPedlf’aqwontr}Panttﬁ‘gﬁ’ﬁeﬂ?gngpléfaﬁ’ﬁ‘éie rioncfh%‘%ﬁo%?/x uge@iﬁowﬁéﬁ it was
adm ni st er ech alroneroproteecitdhow ffarct extenoal adm noshratiaonsof thePA. To

| nvestigat e 1hig nedroprokegtive.ef fegh o DSPA. 30.9xnard meptal Ly, coul tures
of isolated cortical” helrons from nobuSe fetuSes Were treated w ﬁ NVDA i n
order thus thmt ndted redrsona$ eekbgdeash. dfh &d8AtI dit teaplvdAarthiee culture

mediacont alNed (ad s %ﬁBﬂ”kﬁa‘Ef S QLA L 0P < THESBSER Ml
experinments ‘show that t- rings about a potentiation of the cell death
i nducedlpy NiwDp@ reduction in the neuronal damage induced by NMDA

even when it was administered alone - i.e. without an

external administration of t-PA.

To investigate the neuroprotective effect of DSPA

20 experimentally, cultures of iscolated cortical neurons

from mouse fetuses were treated with NMDA in order thus

to induce neurcnal cell death. In addition to NMDA, the

culture media contained various amounts of t~PA and/or

DSPA. These in vitro experiments show that t-PA brings

25 about a potentiation of the cell death induced by NMDA,

”) whereas DSPA does not cause this effect (fig. 2). On

the other hand, if DSPA was administered together with

t-PA, there was a significant reduction in NMDA-induced

cell death by comparison with t-PA alone (figure 3). It

30 was moreover clear from this that DSPA is capable of a

marked concentration-dependent reduction in the neural
cell damage which is enhanced by t-PA.

Investigations were further carried out to determine
35 the Ca™ influx on previous administration of DSPA or t-
PA, because the reduction in the Ca*™ influx caused by
activation of the glutamate receptor is known to be an
indicator of the neuroprotection by the respective test

- substance. The neuroprotection by DSPA was also



wher eas DSPA does not cause this effect (fig. 2). On the other hand, if
DSPA was adm ni stered together with t-PA there was a significant reduction

in NVMDA-induced cell death by conparisgn_with t-PA alone ({53&{@ B). 1t 30
was noreover clear fromthis that DSPA'Is capable of a nmar

concentrat | QQnngﬁQQerit regducti qn, é]rltr%ehr ur ggcaﬁgg ggiwhigh i's

enhanced by nvestlgatlons carried out to determne 35
the Ca" inf Lﬂlﬂréﬁsﬁr‘éb?oﬁg “adrm fiust rmﬁq)rmﬁ @él:iA ornd -cPmtderaine t he

reduction ipnthgafdgihgf beXecaused:Ry raghi vathongof the glutamate receptor
is knowmn to be an indicator of the neuroprotection by the respective test

-substance. The neuroprotection by DSPA was also 10 - 45 818 K confirmed in

these exper tRENkSchBEaHS & DSHf: dhé’uf‘@%roié‘éﬁf@éeetf@@cga ofl rﬁém igito the
cell, and counteracted _the danagi ng fect of the t-PA 5 The

mechani sm ofoF heY‘ﬁEur%%Fi‘arﬂéE%V@EYefF%@?I%FO‘EEPA HQWenst - ye%gdéﬁ"ﬁi“%l vel y

under st ood. db‘@%t‘erfrdrﬁ rheht fager ivkatf remubeghaatsgdat 1akehougbn PSPA, | ke

t-PA, binds. tqg th g{uta te receptor, it does no% cl eave, fnd t hus does
not activat8iPEfRe Y%t A?‘“W&L# drEHEREAD ndtt | FQBFF "INt THERAY® to the

excitotoxi chkhy @ands possi bloy labl(ikratthhe &Chtel \aaitlm.ostm weseptoiuby t- PA
The swtablllty af DSPA as _n ote ive_is r epemallyinthe
light ofYthBReurdt®icit §°1 rﬂ)gg i cW‘nhEFlas gp %ﬁd&ﬁ 3'1 Ynce®995. Since
DSPA and tpPAshave alookrstder abttevfaﬂmom ofiathandeskeptiotrubgl t-&@r.eenent, it
was therefore to be expected that DSPA is also neurotoxic. 20 A parti.cul ar

advantage of the use according to the invention of DSPA or its derivatives
or -ﬁragment §hes baseabbhithe fatt tIHHA besaussevtorhetegtpresi ngby found

neuyopr ot eCTshSéﬁr%Eﬁ& e%e@%F’&&g tid Scki%oslslgtﬂte 3£ tRIPhOYracbherapgutic
agent that has brinol 25 and neuroprotective properties.
of t~PA which has been known since 1995. Since DSPA and
t-PA have a considerable functional and structural
agreement, it was therefore to be expected that DSPA is

also neurotoxic.

20 A particular advantage of the use according to the
invention of DSPA or its derivatives or fragments is
based on the fact that, because of the surprisingly
found neuroprotective effect of DSPA, it is possible to
employ a therapeutic agent that has both fibrinolytic

25 and neuroprotective properties.

This advantage is particularly operative in the treat-
ment of stroke, because the tissue damage associated
with stroke 1is attributable inter alia to the

30 neurotoxic side effects of the endogehous t-PA and of
the t-PA which 1s administered where appropriate for
therapeutic purposes. It is possible through the
neuroprotective effect of DSPA at least to counteract
these damaging effects of t-PA.

35

In a particularly advantageous embodiment of the
invention, DSPA can therefore be administered as neuro-
protective in the treatment of stroke in combination
-with a thrombolytic, for example t-PA. It is thus



Thi s .advantage is particularly operative in the treat- nment of stroke,
because the tissue damage associated wth stroke is attributable inter alia
to the 30 neurotoxic side effects of the endogenous t-PA ang oBlSth t- PA
whi ch is adm ni stered where appropriate for therapeutic pu Boses. It is

possible th h.the e fgLegtive DSR | east-t 0_gount eract
t hese danag%%égéP#gcﬂgppFE??é%% %gmﬁnt§;%§§%?§%?agpéa§§3§%té%%ogsggnbodinent
of the invépti dhe DSPA9EN am@r ef otbehesaadnitiinst eyednast neliroe, pedt ecti ve

in the treagqeat of sbogke JdLeqbi naki g, Y d .k & E*i‘[—l@"b%ﬁ/ééifls fagr exanpl e
t-PA. It is thus 11 - 45 818 K possible to utilize the therapeuti

advant age oPSPAPAS NEMICREOF&GEANT -and at the same tine to neutralize, or

el se at 4east weaken, its neurotoxic side effects by DSPA as

neuroprotective. 5 The substances which can be enpl oyed according to the
i nvention adhfe HEpHAREeS veRichn 88 RederBLovRd adcesidst ' hbParge

nunber of pathehediceal agondetireRsoteeee valiovelhn The passidbl ¢owsesnincl ude
the treatnent of 10 neurodegenerative di sorders such, as. Parkinsoni sm
Al zhei mer' s ETAGHTERGt G <2 chBFES AWERGTalh cR2thRkodiFaht ARRRALSEOPS nf ul

condi tions, (he GRAlERNTHY pohlistd esel sofiebige the treatment of
neur ol ogi cal and . psychi atric di,sorders such as epilep?érbnnvenent 15

di sordetQ, AEHTESSIFRET St yISEREEETEnd FeMDdry @i s aRcE8 158 gener al
i npr ovenent afzHeagRirt’isye Herdiergminre anchdébea t r ead mediabétasyot kaphi c

| at er al | is. Overactivati f_the NVDA-g| tor pl ay
Signi 11 cant DAL NG pattigiie: S OSOLbIoBRED bYot nEEB HIEOrdePs o

condi tions. dddilas val reastyrdees, poBsi blreattmesitow f heethetapeoal candf fi cacy
of the neur%ﬁﬁ%%%§éﬁﬁ§ m@kggrﬁggsbeéﬂgﬂoygg epilepsy, movenent
15 disorders, depressions, anxiety states and memory
disturbances, a general improvement of cognitive
performance and the treatment of amyotrophic lateral
sclerosis. Overactivation of the NMDA-glutamate
receptor plays a significant part in the pathogenesis

20 of each of these disorders or conditions.

It has already been possible to show the therapeutic
efficacy of the neuroprotectives which can be employed
according to the invention on the affective state of

25 patients in initial c¢linical investigations. In this

) study, the affective state ({(depressions and anxiety

states) of the patients treated with DSPA was examined.

The term “depression” 1s defined herein compre-
30 hensively, i.e. it encompasses all affective or mental
disorders which cannot be regarded as an appropriate
response to external conditions, irrespective of . the
physiological or psychological background to their
development. The term  “depression” includes in
35 particular also anxiety states. Consequently, the term
“antidepressant” refers comprehensively to a thera-
peutic agent for the treatment of these disorders.

" The <clinical study was carried out to evaluate the



according to the invention on the affective state of 25 patients in initial
¢linical investigations. In this study, the affective state (depressions
and anxiety states) of the patients_tgeated with DSPA was 'EpeEgl. The
term "depression” is defined herein conpre 30 hensively, i.€. 1T enconpasses

all affectiye;Qf-gENLakecdi SAHARLS MY G GRIFOL, e [ %tse:d%ﬁ‘%g&c

appropriate response to external conditions, irrespecti
physi ol ogi catreke ps{@dpenogeradsdackyr eund e o iskaieficdeyeropaentDIFhe term

"depressi onst L A¢| UdRTelihaFR LA OM AL Ak 5O anxi i VoSIAL LS, ¢ LonBeguently,
the term "antidepressant” refers conprehensively to a thera- peutic agent

for the treifREARLaEdt RAGSYi $6r drublertel i1q nSERAYstirly whdshca?3F2d out to
eval uat & t hga3d2a0md4hi88rKd Ghichagahoakligct Anthesafptdepfs Ralhal dn acute

ischemic stroke (desnoteplase in acute ischem c stroke, DI AS study

herei naf ter $7 TR s I §04Tp| BREBBL c AT | E8°  PRREbNiIAedSpRRSE™F ©f

doubl e- bl i ndrgpudy in which DSPA 5 was adm nistered intravenously to the
patients within a 3- to 9-hour period after the onset of synptons of
stroke. 46 patients who were sel ected according to whether 10 their areas
of the braincaffgeiedcby wine sigmke seeeted r aveosidihy dasagedethieel se the

tially d d d f. the brai I till b d
Pook pHlt FReERe T49A% Bor L1651 Ribior BayCERPy 'bht FBRt S 1% SR Br ovi ousl y
damaged ar easrebetrbébbyaidamzayedlsopoteski aily bersawédybydamegerd uston with a
thrombol yti g qughe bacluded iy the shudy, Jhe pati ent suece,sel esbed by W

ging). "16°p s out” of e st udi

(magnetic resonarice | ma atren dred patients
Wer-ﬁ treat egar20 iwi tthel ftebd. rilne ctthethg0studei véhly desivrre ate

product, W Lhoh/ RAtd LSBT NGahhgaked Qabll 2% A0 @he tNE-AGH VEahNOredi ent
and 13 patients with_37.5 or 50 ng. _ . _
5 potentially be saved by reperfusion with a thrombolytic
were included in the study. The patients were selected

by MRI {(magnetic resonance imaging).

16 patients out of the 46 studied patients were treated

20 with placebo. The other 30 received a desmoteplase
product, with 17 patients being treated with 25 mg of
the active ingredient and 13 patients with 37.5 or
50 mg.

25 More than 56% of the placebo-treated patients

”) complained of depression. Although these depressions
were clearly diagnosed by the respective treating
physician as depression, it was not possible to under-

take an unambiguous assignment to a specific manifes-

30 tation of depression because of the lack of further
information. This depressive syndrome was therefore
categorized by the treating physicians in each case as

“Depression NOS”, namely as “not otherwise specified”.

35 Accordingly, whereas more than half of the placebo-
treated patients showed these unspecified depressions,
the proportion of patients affected thereby in the

comparable desmoteplase-treated group was overall only
16.7%.



25 More than 56% of the placebo-treated patients conplained of depression.
Al t hough these depressions were clearly diagnosed by the respective
treating physician as depression, it_ not possible to uggegietgke an
unambi guous assignnent to a specific nanifes 30 tation of dépression because
of the lack of further information. This depressive syndronme was therefore
categorized by the treating physicians in each case as "Depression NOS',
nanmel y as "iét mathieavisevkbpesbteedreald®dAdedredi nylia whehe&8 wgr&gthan hal f

of the pl ac%o-ugt/n@ateﬁzmsé%s:)ﬁaﬁ%dr F»B‘Pérﬁeﬂ"ﬂﬁg@%f ixﬁ%e@%@@smns, the

proportion of patients affected ther ebé/ int conEara
desnot epl asé&ne eRENY IR viis Bverafydpnl Jhe 162594 t330f ghegsgcrndse

pat i ent s5whe,war eoer?&aedsﬂLEH)[er cBhEariblih B2 PELkQ1ts9Q U KY. £123+p9/ kg
DPSA or with placebo took part in the secondq{glar_t of the study. The results

of the secom®ZF Rith oflt RESBEGHY oforftier AP He iyl ard ok Nt KESPRESt  part
both in respacterdf Adwidrapes fiusitane andquedssRECtdefeddiaod eduction in the
frequency of depression. Based on these results, a preferred dosage for DSPA
al 10 is greater than 60 and | ess than 160 pg/kg, in particular from90 to
125 pg/ kg, fEasddeod remésentestiltaf f actgned direer dessagd feduckpanailn the

af fecti di sorders,_is, wever_. al so, passi ble with higher , dosages. 15 The
dosage ﬁy disffe‘?r‘?%te‘?refrg Bn §le &P%t S%Sﬁﬂlar?soﬁégnﬁ%}(gel sé"of DSPA

derivatives panaladsorfrémagientcs. 1Thepgbegqge fos ithd heseatmses of
advant ageous| e, 4apt ed, o0, Lie basi g of Lhe, respeshive i oggiiyaligace 20 of
ed. This Tow a or a

t he subst ance 'us osage is vantageous in particular
depéessi on fdildawianp stivke hpwsvestrokd sdepresssonle whéhha Siigdkee
tre:

tment takes place by i.v. bolus
15
The dosage may differ therefrom on use of other DSPA
isoforms or else of DSPA derivatives, analogs or
fragments. The dosage is in these cases advantageously
adapted on the basis of the respective biocequivalence
20 of the substance used.

This low dosage 1is advantageous in particular for a
depression following stroke (post-stroke depression)
when a single treatment takes place by i.v. bolus
25 administration. Even 90 pg/kg DSPA may then Dbe
) sufficient. Far lower dosages may be adequate on
(sub)chronic use. This applies in particular to t-PA
inhibitors which are employed according to the
invention and 1lead to suppression of endogenous t-PA
30 production. On the other hand, the abovementioned
dosages are preferred for inhibitors which cause a
competitive inhibition at the NMDA receptor.
Advantageous for less acute patholcgical states are
s.c., oral or inhalational formulations.
35
The significance of t-PA for the affective state and
the learning behavior of humans 1is known. Thus, t-PA
plays a positive part in the learning behavior of

" healthy people ({(Pawlak 2002 and 2003). It is 1likewise



25 adm nistration. Even 90 pg/ kg DSPA may then be sufficient. Far | ower
dosages may be adequate on (sub)chronic use. This applies in particular to
t-PA inhibitors which are enpl oyed qpqgerng to the invenagoglgnﬁ |l ead to
suppressi on of endogenous t-PA 30 production. On the other hand; the

aboverent i oped  dosages a{fﬁgéﬁ*géﬁfgngoroknm%£§%¥§%§%§f§h g$ﬁ$%§% acut e

conpetitive 1 nhibition at . receptor. n ous
pat hol ogi camutaatesting tsF& irortdle emygdval atieped sdrorsud atFohscaB5 The

si gni ficance,atot: BA.F Ql AdiG ARl & Sliahs, and, dhepaar i ng. bghavi or of
humans is known. Thus, t-PA plays a positive part 1n the |earning behavior
of heal t hy2p@8pl eaPavit ak e266Ntdad 2003)the | tindngtiesni §& 1anxigby818 K

known from ilpyeskikgabiopns ,on dy PArdef iGient MDuse, nudedisphdat toPA in the
anygdal a represents a critical factor for stress-induced anX|et¥ states
(Pawl ak et SFPTeS8GAST ARPIX TsEentical COMeFHeed nHuéhi diofsankdet§ds (Paw ak

2003). On theyebhan kandtidevel opiantwefch depeessid9n RRPeat spdd beoconnect ed
with the so-called neuronal_plasticity with which the body can respond to
stress suchS&¥esfof @57e, £ A 8 HATRLE TS Wr s st sS PERE®FEi 19 t o

fi ndings th_@@deih@Q\U}loﬁltﬁgﬂﬂi@ had;i aaﬁﬁé, kl‘égﬁﬂ_@t@dpﬁ_—ﬁ’ﬁftcﬂ a4 Bl gbyt ?ma}]e
receptor_activatiqn. Vie t oget her, the kngown investigations reveal that
the endbgendd€ F?%ﬂ‘PSPégggé ﬁﬂP%GSﬁt§tF§§?p o ﬁqﬁFW@§qoﬁ'represents a
signal for the post-synaptic cell and acts 15 as trigger for plastic
neuronal ch es., The ni under | vi ng_neur asticit res |y
conpri ses tﬁggggﬂxﬁ?%égﬁ%nb ?g%npgg?g%t%gyFSﬁlgg#ﬁénsaﬁ %#&%Igﬁggterm
depﬁession thEDendopRenicsis rictRFedcbheas D tHighadh esjuessy ercinaukoasof the
neut

ons and /! %esie'ﬂ%:?e%s%flr?f}%ao'@df zaid é@%ﬁp{f@rc‘?@}fl dh5Sakeng term

potentiation rs based on the gl utamate- depen
15 as trigger for plastic neuronal changes.

The mechanism underlying neuroplasticity presumably

comprises the so-called long term potentiation (LTP)

and the long term depression (LTD). LTP is induced by a

20 high-frequency excitation of the neurons and the

increased depolarization induced thereby. This long

term potentiation is based on the glutamate-dependent

activation of NMDA-glutamate receptors, which leads to

an increased Ca'’ release. The increased calcium concen-

25 tration brings about an increased efficacy of the

) synapse and thus permits adaptation to the particular
circumstances.

LTD can be induced as “compensation” of a preceding LTP
30 or else de novo by low-frequency electrostimulation.
Thus, like LTP, the mechanism is based on activation of
glutamate receptors of the NMDA type. However, this
leads to a moderate Ca' influx and thus to an only
reduced synaptic efficacy. This causes depression.
35
It is now known that t-PA binds to the glutamate
receptor of the NMDA type, and cleaves and thus
activates it. This might form the basis for the

influence, observed by Pawlak et al., on neurcnal



actiyvation of NVDA-glutamate receptors, which leads to an increased Cat+
rel ease. The increased cal cium concen 25 tration brings about an increased

ef ficacy of the synapse and thus permtss ‘adaptati on to t he 5 §EI§,CH| ar
ci rcunstances. LTD can be induced as corrpensatl on" a pré e g LTP 30

or else de ysnc e sid iy & hus t he
mechani sm i gﬁ\égé:g%llt%%é{l vat | oﬁa gffh CérF(Qtéaén% % I{é%g%t %gsgo%o?he%ﬁ%A type.
However, thipotengadsitoo aandderfat e Caaﬂgl telrox deprehasono wamlshl e reduced

synaptic efficagy pihi s Lausgs ggg?@%hon 35 dye i SarE'cQWtrnoéﬁ‘f‘ thapat - PA
binds to the glutamate receptor of the NVDA type, and eaves and thus
activates i relPRis€dyi ght formthe basis for the influence, observed by
Pawl ak et al., on neuronal 15 - 45 818 K plasticity by t-PA Both the
devel opnent of a long term potentl ation and of a long termdepression would
be explicabite @3Na it PEn Prfemeedndare ofhe- pesqreikegsednvesti-can t hus

be inferredfaamnishedasts 'r@ﬁéﬁ@@édtlwtéﬁﬁéc@nof hQSPRUé@BBQHQE?' ve
ef fect of DSPA accordin to the invention that DSPA bl ocks, as apfagoni st,

the activatitntf tRECRVBANGIHEINERSFA eBABELS  arfd t#RS2IAM 500 h8€a resul t
count er act |ant€1vTaerf@rﬂ&Dﬂ esseéonNMDEbgldihfatencedaptidie £id eehuof cBBPA and

t-PA on ynapti ¢ act.ivi and tmjs 0 LTP d/or LTD - is also clear
from caﬂgl urﬂ i8S &?%&gﬁe?al ]iﬁfa?lcif"e'l | s (see above) .
These in vitro experl ments show t hat treat ment of neuronal cells with t-PA
leads to a %?% t | ci r# er@th a t r eat ment
w t h DSPA hanrcp “ho %{é%(;%% t gi i % rg1ac§ f@?? é4\%(;al Ci um cgjrfgegra i gﬁ (see
fig, 4) . Thyriaprieasactihv20yconcendr &hiven caudd® bynd/PA WP 30%isonpar ed
with the also clear from calcium mobilization experiments on
15 neuronal cells (see above). These in vitro experiments
show that treatment of neuronal cells with t-PA leads
to an NMDA-~dependent calcium release, whereas the same
treatment with DSPA had no effect on the intracellular
calcium concentration (see fig. 4). The increase in
20 concentration caused by t-PA was 30% compared with the

control group.

Exemplary embodiments
I. Clinical study (DIAS)
25
') The results of the DIAS study on the effects of DSPA on
affective disorders (depression and anxiety states) are
summarized in fig. 5.

30 II. In vitro investigations on murine cortical neurons

Culture of primary cortical mammalian neurons:

Pregnant Swiss white mice (central animal house of
35 Monash University) were sacrificed on day 14-16 of
gestation, and the uteri were removed. The fetuses were
removed under sterile conditions, the head was
detached, the brain was exposed and the cerebral

"necortices were dissected out by microdissection under



control group. Exenplary enbodinments 1. dinical study (DIAS) 25 The

results of the DIAS study on the effects of DSPA on affective disorders

(depressmn and anxiety states) are s rized in fig. 5. nvitro
a ?3 Bof i
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15 and incubated in a shaking water bath at 37°C for
5 min. Digestion of the fragments was stopped by adding
an equal volume of HBSS (with 3 mg/ml BSA) comprising
trypsin inhibitor (83.2 ug/ml), DNase I (880 U/ml) and
MgS0Os (1.22 mM) and centrifuged at 1000 g for 5 min.

20 The supernatant was aspirated off, and HBSS comprising
trypsin inhibitor (0.52 mg/ml), DNase I (880 U/ml) and
MgS0O, (2.7 mM) was added to the pellet. The tissue was
dissociated by trituration (15 passes with a caliber
24 needle) and centrifuged at 1000 g for 5 min. The

25 supernatant was aspirated off, and the cells were

™ medium (InVitrogen, USA;

) resuspended in Neurobasal
NBM} comprising 2% B27 supplement (Invitrogen, USA),
100 U/ml penicillin and 100 pg/ml streptomycin, 0.5 mM
L-glutamine and 10% dialyzed fetal calf serum (dFCS),

30 referred to as complete NBM hereinafter. The cell
density of the suspension and culturing yield was found
by repeated cell counting in hemocytometer chambers.
The cells were in each case inoculated in Nunc™
(Denmark) 24- or 96-sample plates at densities of

35 0.3 x 10% or 0.12 x 10° cells/sample chamber, which was
defined as an in vitro time of 0 days (0 div). The
plates had previously been coated with poly-D-lysine
(50 pg/ml) in order to promote cell adhesion. This

- coating was removed after overnight incubation at 37°C.
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15
An increase in NMDA-induced cell death by t-PA and DSPA
was examined by adding NMDA (30 uM or 70 uM) to the
cortical neurons cultivated according to the above
protocol and the cultures were incubated for a further
20 24 h. The extent of the induced cell death was measured
by determining the liberated lactate dehydrogenase
(LDH), using a complete lysis with TX-100 as comparison
(fig. 2). Subsequently, the NMDA was added to the
cultures in the presence of in each case increasing
25 concentrations of t-PA (5, 50, 250, 500 nM) or DSPA (5,
) 50, 500 nM), and the cell death was determined in an
' analogous manner.

Addition of 30 uM or 70 pM NMDA leads to significant

30 cell death (see fig. 2) with both NMDA cohcentrations.
In the presence of increasing concentrations of t-PA
there 1s seen to be an increased rate of induced cell
death, but only at the highest t-PA concentration of

500 nM (see fig. 2) in each case. By contrast, no

35 enhancement of the NMDA-induced cell death 1is to be
seen with DSPA, in particular there is even a reduction

in the NMDA-induced cell death to be seen at high DSPA
concentration. In the absence of NMDA, no neuronal cell

" death 1is induced either by t-PA or by DSPA (see
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In each case NMDA (70 pM) was added to a primary
culture of cortical neurons at a <constant t-PA
concentration of 500 nM and increasing DSPA

20 concentrations (5, 50, 500 nM) and the neuronal cell
death was determined on the basis of the LDH amount
liberated after 24 h. This revealed an inhibition of
the t-PA-dependent stimulation of induced neural cell
death with increasing DSPA concentration.

25

;) 3. Ca'* mobilization experiment

The intracellular calcium concentration was
investigated by an essay using Fluo-3/AM. For this

30 purpose, cortical neurons were cultivated for 9 days
(see above) and loaded with 10 pM Fluo-3/AM in HEPES-
buffered saline solution. This saline solution
comprised 135 mM NaCl, 5 mM KCl, 0.62 mMgSO;, 1.8 mM
CaCl,;, 10 mM HEPES and 6 mM glucose, pH 7.4 at 37°C for

35 one hour. DMSC (1%) and 0.2% Pluronic F-127 were added
in order to facilitate dispersion of the color.

The cells were washed with the abovementioned HEPES

"buffer, which contained 1 mM furosemide, in order to
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These results are consistent with the report by Nicole

et al. 2001, in which previous addition of t-PA further

increased the calcium release by NMDA, Treatment with

t-PA alone caused no change in the concentration of

20 free calcium ions. Pretreatment of the neuronal cells

with DSPA for five minutes before addition of NMDA on

the other hand did not change the calcium concentration

beyond the extent achieved with addition of NMDA alone.

DSPA alone therefore had no effect on the intracellular

25 calcium concentration.
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by enpl oynent of a protease which inhibits t-PA activity. 15 4. The use as
claimed in claim 3, characterized by a serine protease inhibitor,

pl asm nogen activator inhibitor (PAI) or protease nexin | (PN-1). 5. The
use as clainmed in claim4, characterized in 20 that the serine protease
inhibitor is neuroserpin. 6. The use as clainmed in any of clains 1 to 5,
characterized by the use of DSPA or dedd vatives, analogs or fragnents which
can be functionally 25 and/or structurally derived therefrom 7. The use as
claimed in claim6, characterized in_ that DSPA having an am no acid
sequence as shown in fig. 1 or DSPAL#dMSiatives, analogs or fragments 30
havi ng at | east 70% honol ogy thereto are used. 8. The use as clained in
claim7, characterized in %hat DSPﬁgggyiqg an_ani no acid sequence as shown
in fig. 1br DSPK déti%atIvess? and o 67 f ridgments 35 Havisig-8GEd o 90%
hormol ogy theret m@arerdatsiesh 23f 9.thEhe gerasaicd ai pedepboany iaf clrainms 6 to
8, characterized b aigosage of gregter thgn 2.5tand Iegs t an:%GO

m crog/ Rg DSPA d%'§ YOF £Ph. 21, PorCoFCh" ddSAge”Anj (SFEATEREr &
dependi ng on t heldpiusxeigun vat earoel Ofy tdiea tder iivatiumesnsanal og or  fragnent
used. 10. The use as clained in claim9, characterized by a dosage of from
90 to 125 m crog/ kg DSPA. 10 11. The use as clainmed in claim 10,
characteri zed by'te desage of190mailcrioy/ kgab8PAL, 12haThetasézad clmained in
any of claims 6 o4l 15 .6haradd efdaed d.n ithale DERA\@Ipderiat i ves,

anal ogs or fragnents thereof 1s enployed as neuroprotective in the
treatmefAt of stroke in conbination with a thronbolytic.

) 3. The use as claimed in c¢laim 1 or 2, characterized
by employment of a protease which inhibits t-PA

activity.

15 4. The use as claimed in claim 3, characterized by a
serine protease inhibitor, plasminogen activatcr

inhibitor (PAI} or protease nexin I (PN-1).

5. The use as claimed in ciaim 4, characterized in

20 that the serine protease inhibitcor is neurcserpin.

6. The use as claimed in any of claims 1 to 5,
characterized by the use of DSPA or derivatives,

) analogs or fragments which can be functionally

agorr

25 and/or structurally derived therefrom.

7. The use as claimed in claim 6, characterized in
that DSPA heving an amino acid sequence as shcwn in
fig. 1 or DSPA derivatives, analogs or fragments

30 having at least 70% homology thereto are used.

8. The use as claiméd in claim 7, characterized in
that DSPA having an amino acid sequence as shown in
fig. 1 or DSPA derivatives, analogs or fragments

35 having 80 to 90% homology theretc are used.



20 13. The use as clainmed in claim 12, characterized by t-PA as

t hronbol ytic. 14. The use of DSPA or derivatives, analogs or fragnents
which can be functionally and/or 25 structurally derived therefrom as
neuroprotective in humans. 15. The use as clainmed in claim114, in the
manuf acture of a nedicanent for the treatnent of depression or 30 anxiety
states. 16. The use as clained in cl-ai2®% ¥, in the manufacture of a

medi canment for the treatnent or prophylaxis of one of the follow ng

condi tions: Parkinsonism 35 Al zheinmer's, Huntington's chorea, diabetes,

pai nful cohditiOs, USSi | égsy<éiiReforin didtur bgdncédaims 6 to 8,

characterized by a dosage of greater than 62.5 and
less than 160 microg/kg DSPA as shown in fig. 1, or
of a dosage adjusted theretc depending on the
5 bioequivalence of the derivative, analog or

fragment used.

10. The use as claimed in claim 9, characterized by a

dosage of from 90 to 125 microg/kg DSEA.

10
-f) 11. The use as claimed in claim 10, characterized by a
dosage of 90 microg/kg DSPA.
12. The use as claimed in any of claims 6 to 11,
15 characterized in that DSPA or derivatives, analogs

or fragments therecf is employed as neuroprotective

in the treatment of stroke in combination with a

thrombolytic.

20 13. The use as claimed in claim 12, characterized by

t-PA as thrombeclytic.

7 14. The wuse of DSPA or derivatives, analogs or
) fragments which can be functionally and/or
25 structurally derived therefrom as neuroprotective

in humans.

15. The use as claimed in claim 14, in the manufacture
of 2 medicament for the treatment of depression or

30 anxiety states.

16. The use as claimed in claim 14, in the manufacture
of a medicament for the treatment or prophylaxis of
one of the <following conditions: Parkinsonism,

35 Alzheimer’s, Huntington’s chorea, diabetes, painful

conditions, epilepsy or memory disturbances.



