45 818 K "d utamate receptor antagoni sts as neuroprotectives"” The invention
relates to neuroprotectives for the therapy and prophyl axis of neurol ogi cal
darmage, in 5 particular of damage indirectly or directly attributable to
overactivation of the glutamate receptor of the nethyl- fgp @ type
(NVDA- gl utamate receptor hereinafter) and claims the prio @i f*the

Ger man pat ent, i ons, .apd 103 52 333. 2,
which are in St e ALL WSS as PREOREEFEEEBLect i ves”
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neuronal  efffeusipsncand20 prephlyd agdgel ofmeneuselogicapr clamagees, imubst anti al
efforts arepacygﬁqltleaq. | n ggrt | Giihget thea{iAePtiy fieati ongaRdéefy further
developnent of glutama recep tor ant agoni sts I ch protect nerQ% cells
agai nst  arpttidy eact tei tyowrw%wettﬁr}/ n®fr ot EBAsni gl ekamate ecept or s

(exci t ot oXikddeptdy SPdenat &nettlhﬁrlabehspﬁi*h't\éatﬂﬁé V\g AD$Lui AMPEd ant group
of receptor antagonjsts argBthe NIVDA Igonlig jch inhibit the NVDA

type of theFfiSREHat ReFELRPEEET) AdRds(F PRetRr it ¢ Rifs ¥finecti on
bet ween thﬁémdmwageagomp@ﬁcmm) e)nst Bgeomm,ant(@:gozhn s33|56 sach as
2-anin 5- pho anoat e AP5) an +1-)-4-(4-phenyl -

benzoy Poi zﬁﬁg %33%§5 rbo¥ yﬁg alfl ( ?oﬁ%F%ﬂ 4%%56%% e gl utamate
bi ndi ng si tmefeddier.ecept or channel bl ockers such as MK-801, nemantine and

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

ant agoni sts which act on the glycine binding site, such as GV96771A, which
i nhi bit théﬂg;ﬂﬁnﬂ;?ﬁeuroprotectives" means in the context of the

present invention therapeutic agents or active

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)-AP5) and (+/-)-4-(4-phenyl-
benzoyl)piperazine-2,3-dicarboxylic acid (PBPD), which
act on the glutamate binding site, NMDA receptor
channel Dblockers 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



t he coagoni st glycine, and the polyam ne site antagonists such as

i fenprodil, which inhibit the - 2 - 45 818 K binding receptor-stimulating

pol yam nes. Three classes of glutamate receptors (AWPA, kainate and NVDA

receptors), each of which act as glutagate 5 dependent |on nnels conduct

t he post-synaptic signal of the nosT ortant ex0|tatory e +&-

transmtter_gl utamate. NVDA- t.e receptor.s are dissem nated throughout
hih S SVCEER-

the brain i G HefeRtoa 18 &) Fmégﬁ?ypes and are essential as
10 crucial excitatory neurotransmtter receptors for the function of the

central nerMaus @) | ed
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subuni t ... Increased NVDA current and I ne y in mce
| acki ng th(,SN\VDA re@épt drhesubBRFE NREPOARENAL uﬁéCSQStPIQQS)DeW- 381;
Chatterton,¢rhfsmiftited - ‘gldeemdtdl.oOf WMBALG A drRRQPt Ke & Ni e the NR3
famly of NNDA receptorJﬁybunlts Nat ur e 415 (2002), .793-798). The NR2
subuni t, ofd}ffiefHnate DtE stbrain J pdrhe CLiff%rrm Wk al so
alhternat | vensﬂ:ﬂemwarirw&;st&f t@@bt‘ﬁie§UbHﬁdt dgberrémﬁtiiellphadgmcogogy of
the NVDA- gl uta e Les or. NR1 a NR2A are ub ui t ous essed in

t he 0 mP ma‘IN ﬁgéeF%n&eNﬁ?Br8€@@P F&sst 2D ¢%p|n certain
regi ons of ﬂdncﬂmunrnf:ﬂhéTMeat&mﬂfaeenoeS|Byshemcmﬂnssltlon of the receptor
subt ypes nmakes therapeutic approaches possible with selectively acting

antagoni sts. Responsible for the conplex activation of the NVDA- 35
gl ut amat e rws orasr dng|nacendt ey ey £ hbeenr dledaddédoriomyeripidaticy as

excitatory fyeur ghpansiid&irar®Ndbiology of the NMDA-glutamate
15 receptor. It emerged from this that these receptors

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 NR2 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 only in certain regions of the brain.
30 This difference in 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 coagonist.
Activation of the receptor 1leads to an influx of
calcium ions and is - especially when stimulation is



gl ycine as nodul ating neurotransmtter and coagonist. Activation of the
receptor leads to an influx of calciumions and is - especially when
stinmulation is - 3 - 45 818 K prolonged - associated with an activation of
conpl ex cellular signals. These |ead 5nt er aliato a phOﬁ; ‘ﬂ%l tion of
the CRE binding protein (CREB) and to~a nultiple gene act and

synaptic pl als é‘ 5 (%eslgo%[lla%%td C\jﬂﬂ(l)x a\{s{n $t Y:{fgr?nto an ential basis
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Nat ur e Neuroscl 2002, Vol
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extensive interference wt Ca 2+-dependent cellular netabolism -
i ncl udi ng eﬁ%‘?d&ﬁwﬁ’awq slrﬂarﬂéﬂgvé’crioGﬁS&Ies *Ca2+- dependent cat abolic enzynes
is thought in 20 particular to be respon5| ble for the cell death which

occurs subsequently (Lee, ,Jin-Mo et.al "The changin | andscape of
i scheni ¢ brii ‘?Vn‘]%? °§ec|’i§%ﬁ| sHERET Rl PRATTRCRLQFY - d’gt aie Btoxicity
and deseasescdptde amkveods Nmnemahtaabnsspsocnss gSvémowin astlexci t o- 25

t oxi ci tolp %ln)cl & C|o%ot Ck&ﬁ{ O‘fazg aqg S}Qgﬁgﬂ‘hxat [ Qnm(.)f thWFDA gl ut anat e

recept i genera goni St e récepftor " have a
t her apeut i Regeptmr ;ﬁaj}i"hr-;ayfﬂ) aSaditIrlt,g [ﬂﬁmﬁ&w Najrure | NONSISiE smnaker s or

neuronal  qapdi ti 9ggai N Wich neur gpg,Are thf@y%ep@,pz or Qﬁl{gged idy this

process. These ' condl fions" likew se incl'ude e cerebr I schem a
occurring diGPAaebbereid bierefgrensgrodegenerative di sorders such as

15 An 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-Moo et al., “The changing
landscape of ischemic brain injury mechanisms”; Dennis
W. Choi “Glutamat neurotoxicity and deseases of the
nervous system”). This process is known as excito-

25 toxicity.

Since excitotoxicity is based on overactivation of the
glutamate receptor, 1in general antagonists of the
glutamate receptor have a therapeutic and/or prophy-
30 1lactic 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



35 Par ki nsoni smand Huntington's chorea, where the essential cause of the
di sease i s not excess glutamate but an increased sensitivity to excitotoxic
damage. Finally, disorders such as epil epsy and neuropathic pain which are
based on an overactivity of excitatogy4-_4 - 45 818 K sign % Qf%f ys are

al so possible areas of use of glutamate receptor antagoniSTs. er uses

extend for gﬁﬂgﬁle tr e f L ul I ticon especially
chronic pain, e rggkg it g?gadgi%giJgﬁslsdg%efg%g?ﬂebfregFﬁeﬁ$§of

psychi at ri cgitanake Fegapbidie attiaagdndisitén of | earning and menory. 10

Ant agoni sts are capable of conpetitive or non- conpetitive inhibition of the

receptor. \Wereas the conpetitive antagoni sts counteract receptor
activati on O¥RRT e USRS ceByePfe RAF urefamRhi & &het akBeBtBABt oPfcine, the
non- comget i g4 Mef Nt aeaﬂaﬁwo?ahihbielsgd&qalﬁyr e]g:@@f@xﬁiér Ir %E%L : velll(ef thﬁ _
presence or, concentration . the agani stg - for exanple ocking the ion
channel . A Cdteny v&5 nﬁé&ﬁﬁqﬁYe(aﬁﬂﬁﬁﬁa?§ﬁj oFﬁ?hggrﬁ?E¥%ﬂﬁté° ecept or of
t he NVDA t ypeeyclsi grasisi b esépdersexamgl ethve t bt 2mabandeh- pifospéamoind er at e
(APV) or 20 2; npq;S-phosphonoheptanoates (APH). Non-competitive

I nhibition %%% ‘§(%3Htrast be achi eved by substances which bind to the

phencycl i di ne side of the channels, such as phencyclidine, M-801,

dext r onghamfladiei Ai1C. a28 HuEYANe C boi Calorldidend 0 date pguthe use of

NMDA antagoni sts as neuroprotectives, in particular in cases of stroke and
traumati c bFERRELIiMe ipAdPifdeny epf hdde t fecepiored Fhstras(Keh®, J. A ;

Kew, J. N Compdtitife ahbagoRP&tof cbyReeraBR! Heddptdakat OOYatPbn 141 (eds.
30 Jonas, P. Monyer,, H.) 495-527 QSgrhnger, Berlin, 19%%%; Lees, KR et
al .: 4 yci ffPantSHIRlE Bga i RBEPLRY nBEPBHFEE ecttBhapede N and

| nternati onglycine, the non-competitive antagonists inhibit the
15 receptor irrespective of the presence 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-phosphonoheptanocates (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, clinical 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 o©f 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).



patients with acute STROKE: a random sed controlled trial. GAIN
International Investigators. Lancet 355 35 (2000), 1949-1954; Sacco, R L. et
al. dycine antagonist in neuroprotection for patients with acute stroke:
GAI N Anericas: a random zed controlledctrial. JAVA 285 (2991&1811219- 1728).
- 5 - 45 818 K The |l ack of success to aate In attenpts at neuro- protection
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receptor-sel ective NVDA antagonists. It 25 energed fromthese that the

NR2B- sel ectThAS ot RRFAWES SHhHBRT, hes Brdetping Rt 2ldah
di stinctly haedusierhtsicie: efandct 9 | RakRedanifnelreabdel inf €hé oksloddotti, B.
et al. Ifenprodil _ and,SL 8%50715.as ferebral antJ-lfchfn1c entf. Evi dence
for efficadF9Stu4isel € latter is of course particularly critica
especially for stroke patients.
15
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 Vol 141 (eds. Jonas, P. & Monyer, H.) 495-
527 (Springer, Berlin, 1999); Gill R. et al.:
Pharmacological characterization of R063-1908 (1-[2-(4-
hydroxy-phenoxy)-ethyl]-4-(4-methyl-benzyl)-piperidin-
4-01), a novel sinotype-selective N-methyl-D-asparatate



30 of focal cerebral ischema. J. Pharmacoil. Exp. Ther. 247 (1988),
1211-1221). A nunber of further antagonists of the NR2B subunit, e.qg.
CP- 101606, Ro 25-6981 and Ro 63-1908, has been described since then (Kenp,

J.A; Kew, J.N.C; GIl, R: Handbookcof Experimental 35 ﬂ’]aéil%égl ogy Vol
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with the secfr c]%]f@%ef aﬁﬂlé’ %9137513 @t ecﬁﬁo ]Teoarse?e EEL o damage in
stroke is Xictidisr t hkomhur opImt eatidvesonust abe gaxrﬁllcnﬂch:q/\n tprablem
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and penetra e region anaged tlssue see above The
t hr onbol yt murmnmeqtlez@mm%t@ﬁéucmgt cpA lntdanades tuhescm'pyelsts

thrombelyt iych£HUr Y | Yiedobebeed it as tms&reaéne&meine&t reken Hpwever, it

is knowmn fromthe |nvest|gat|ons hy Ni.cole et al. that t-PA plays an

i npor t ant pERr ineletdic/s Z@“‘P&lﬁ’é‘ﬂ@y AN corder: MafHencome  Ghemrgail | | :
Carnel i et H:aﬂ‘ﬁcaieraf ethé; t¥iromdusD andl Reheseatd 1n£601:heﬂ1&agfircﬁi eolytic

activity of_ti Iasn1 ogen activator enh nce reqept r-nedlated
S gnal i ng: © nEPRa ORIRESA SaReRE LEEET AT RIG (APS. TN
corti cal nmunraslls_,ecraimnxmm cmsntﬂmtswmch ths the only
15 thrombolytic currently authorized for the treatment of
stroke.

However, it is known from the investigations by Nicole
et al. that t-PA plays an important part in excito-
20 toxicity (Nicole ©O; Docagne F Ali C; Margaill 1I;
Carmeliet P; MacKenzie ET; Vivien D and Buisson A.
2001; The proteolytic activity of tissue-plasminogen
activator enhances NMDA receptor-mediated signaling;
in: Nat Med 7, 59-64). According to this, depolarized
25 cortical neurons secrete t-PA which interacts with the
NR1l 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
contributes to the cell-damaging excitotoxicity. The
30 consequence is 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
moderating the cell damage caused by the stroke, but
35 also where possible of taking account of the damage
caused or enhanced by administration of the therapeutic
agent to reopen the vessels.

It is thus the object of the present invention to



NRI subunit of the glutamate receptor of the NVDA type and cleaves it. This
Is associated wth an activation of the receptor activity. Adm nistration
of t-PA thus contributes to the cell-danmaging excitotoxicity. The 30
consequence is a neurotoxic effect of t-PA Devel opnent 01 a%51 K
neuroprotective for the prophylaxis and treatnent of cell %Ia %e associ at ed

wth stroke, s, {tHus...C : -t L eyl h e only
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of taking athmrorkykayxd sdafageuredggagadr danadrced by administration of the
therapeutic agent to reopen the vessels. It is thus the object of the
present invention to - 7 - 4 royide an alternative possibility for
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| eading to d’lnrﬂlﬁihrglﬁ? orENEHRASSSHY |lHP'?a}§ fPMAgSEen %ﬁ’ge‘r'ﬁ/ol ve for
exanpl e corigsditigretor diominudrret ot | weduchtiilont | Om, taPéel araiedtylegr adat i on
of the 10 tsPA or se; cty ( Si [ f pr ion. The
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glutamate receptor of the NVDA type. The reduction in'the activation of

the gl ut anf¥Pressdsior Bhet ferfeutBbibi Rl cCoFeesPoplanglybl X %S ur ed by

dgt er m ni ng.d h%lfao ﬁabsthﬁf:égx wiién t hfaAwseé | & OEFHb@tQBﬁeC{Lﬁd.ﬁimc;e on
admi ni stration of the neuroprqtective. An assay for visualizing Ca++ is
known to ttPé:ts‘R’HtIYed'r\/\&Slf"ere&ﬁrd is indicated in exanple 3 in section Il.

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-
protective is preferably measured by determining the

20 ¢a'* 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-
serpin or protease nexin I (PN-1). These inhibitors are

30 in each case serine protease inhibitors which inhibit
t-PA in the physiological 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 via an increase in
the transcription rate of the physiological inhibitors.
Thus, it is possible to administer for example TGF-8
(transforming growth factor B) which is known to



25 t-PA inhibitors are extensively known. Thus, for exanple, it is known
that the activity of t-PAis regulated by the plasm nogen acti vator
inhibitor (PAI). Likew se, t-PA can be inhibited by the proteases neuro-
serpin or protease nexin | (PN-1). Thegse inhibitors are 30§ ) gh case
serine protease inhibitors which inhibit™ t-PAin the phys‘qiolc}gla al context.
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15 The primary structure of a desmoteplase isoform which
is particularly preferably used is depicted in fig. 1
(DSPA alphal). However, it is also possible according
to the invention to employ other DSPA isoforms having
the same function. These are likewise disclosed in the

20 abovementioned US patents. These plasminogen activating
factors are referred to hereinafter uniformly as DSPA
or desmoteplase without a restriction to DSPA alphal
being associated therewith.

25 It is 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 they show the neuroprotective effects
of DSPA. The term *“DSPA” is therefore understood herein

30 to be the generic term for native or recombinant DSPA
and the derivatives, analogs or fragments thereof
having substantially the same function.

The terms *“derivatives, analogs or fragments” of DSPA
35 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
fibrin specificity of DSPA in relation to t-PA is
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concentrations A lead to a reduction in the neuronal damage I nduced
by NVDA 15 RAMHPEAFES i efHRQt a@f fiRler eltaMiife Tealizedy £REM HHS ext er nal

admi ni st ratdnyt obsba PActE0 ddvestageh st hafnawr@pr ot eCliage midtatdr of DSPA
experi nment al | uIture of OL ed. cortical n%urons %0 fron1nngfe f et uses
were treat éﬁ:% rjﬁﬁ? l1Jgh concentrations of DSPA le
to a reduction in the neuronal damage induced by NMDA
15 even when it was administered alone - i.e. without an

external administration of t-PA.

To investigate the neuroprotective effect of DSPA
experimentally, cultures of isclated cortical neurons

20 from mouse fetuses were treated with NMDA in order thus
to induce neuronal 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
about a potentiation of the cell death induced by NMDA,

25 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
was moreover clear from this that DSPA is capable of a

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

Investigations were further carried out to determine
the Ca'™ influx on previous administration of DSPA or t-
35 ©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
confirmed in these experiments, because DSPA did not
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contribute to theexcitotoxicity and 10 possibly block thé activation of the

receptor by t-PA. The suitability of DSPA as neuroprotective is surprising
especi al | y #He t hgulitabt 19k yt heopeursBrxi Cialsy fAéutoPAovbiehvBas been known

since 1995. Since .DSPA and .15 .t - PA r@/e ][a. ﬁ_gnsfi%éjerabl e functi onail__ and
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15 +t-PA have a considerable functional and structural
agreement, it was therefore to be expected that DSPA is

also neurotoxic.

A particular advantage of the use according to the

20 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
and neuroprotective properties.

25
This advantage is particularly operative in the treat-
ment of stroke, because the tissue damage associated
with stroke 1is attributable inter alia to the
neurotoxic side effects of the endogenous t-PA and of

30 the t-PA which is administered where appropriate for
therapeutic purposes. It 1is 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
possible to utilize the therapeutic advantage of t-PA
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treatnment of painful conditions, the treatnent of addictive disorders, the
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2 general ImyQueIrent of gcogniiye  Refforgpnce a9d, Lhe Crgalment, of

disorders, depressions, anxiety states and memory
15 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
of each of these disorders or conditions.
20
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
patients in initial clinical investigations. In this
25 study, the affective state (depressions and anxiety
states) of the patients treated with DSPA was examined.

The term *depression” 1is defined herein compre-
hensively, i.e. it encompasses all affective or mental
30 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
particular also anxiety states. Consequently, the term
35 *antidepressant” refers comprehensively to a thera-
peutic agent for the treatment of these disorders.

The c¢linical study was carried out to evaluate the
clinical effect and safety of DSPA alphal in acute
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the brain HFdERIRFeSy aneassqhikdedi@ i qqq]éi/esr'fsltlbll e SaNpd okl se t he
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oo ar P! RHEVERUETY caflampBedn: (AREAF b EavEhSby SRS f RAbn w th
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15 were included in the study. The patients were selected
by MRI (magnetic resonance imaging).

16 patients out of the 46 studied patients were treated
with placebo. The other 30 received a desmoteplase

20 product, with 17 patients being treated with 25 mg of
the active ingredient and 13 patients with 37.5 or
50 mg.

More than 56% of the placebo-treated patients
25 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-
tation of depression because of the lack of further
30 information. This depressive syndrome was therefore
categorized by the treating physicians in each case as
*Depression NOS”, namely as “not otherwise specified”.

Accordingly, whereas more than half of the placebo-

35 treated patients showed these unspecified depressions,
the proportion of patients affected thereby in the
comparable desmoteplase-treated group was overall only
16.7%.
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al so possible with higher dosages. ) )
affective disorders "1s, however, also possible with
higher dosages.
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 bioequivalence

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 microg/kg DSPA may then be
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 lead 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 pathological states are
s.Cc., oral or inhalational formulations.

35
The significance of t-PA for the affective state and
the learning behavior of humans is known. Thus, t-PA
plays a positive part in the learning behavior of
healthy people (Pawlak 2002 and 2003). It is likewise
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represents a signal for the post-synaptic cell and acts

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 1long
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 neuronal
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the synaptic activity - and thus on LTP and/or LTD - is
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
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vessel s werf C?ﬂ%ﬁ”'é%ArenDéed Eh%mf %&ﬂﬁ)) comprising trypsin
(0.2 mg/ml) and deoxyribonuclease I (DNase I, 880 U/ml)

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 microg/ml), DNase I (880 U/ml)

and MgSO; (1.22 mM) and centrifuged at 1000 g for 5

20 min. The supernatant was aspirated off, and HBSS
comprising trypsin inhibitor (0.52 mg/ml), DNase I (880
U/ml) and MgSO, (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.

25 The supernatant was aspirated off, and the cells were
resuspended in Neurobasal ™ medium (InVitrogen, USA;
NBM) comprising 2% B27 supplement (Invitrogen, USA),

100 U/ml penicillin and 100 microg/ml streptomycin,

0.5 mM L-glutamine and 10% dialyzed fetal calf serum

30 (dFCS), 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 micrdg/ml) in order to promote cell adhesion. This
coating was removed after overnight incubation at 37°C.
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An increase in NMDA-induced cell death by t-PA and DSPA
was examined by adding NMDA (30 microM or 70 microM) to
the cortical neurons cultivated according to the above
protocol and the cultures were incubated for a further
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). Subsegquently, the NMDA was added to the
cultures in the presence of in each case increasing
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 microM or 70 microM NMDA leads to
significant c¢ell death (see fig. 2) with both NMDA
concentrations. In the presence of increasing
concentrations of t-PA there is 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 enhancement of the NMDA-induced cell
death is 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 is induced either by t-~PA



repl aced every 3-4 divisions. The cells were kept at 5 37Cin a CO2 humdity
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again determined on the ba51s of the amount of lactate

dehydrogenase (LDH) 1liberated after incubation for
15 24 h.

In each case NMDA (70 microM) 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 microM 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. DMSO (1%) and 0.2% Pluronic F-127 were added
in order to facilitate dispersion of the coclor.

The cells were washed with the abovementioned HEPES
buffer, which contained 1 mM furosemide, in order to



or by DSPA (see fig. 2). 2. Reduction in the t--PA-induced cell death by
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before the NMDA was added.
15
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.



prevent the color escaping fromthe buffer (which was enployed in every
buffer thereafter). The relative fluorescence units (RFU) of the cells were
nmeasured after the washing in order thus to obtain a baseline, 5 and during
the treatnment tinme (5 mnutes), at 48p{530 nn1(excitationﬁgnhiigﬁn). A
fluoroscan ascent fluoronmeter (Labsystens) was used for this. shown in
fig. 4, the NMDAf s céd one caused a 10 significant increase in the
cal cium concentration after one mnute (P< 0.05). These cal ci um
concentrations were increased further by 30% when the cells were pretreated

with t-PA (3cHactSen, P09, néd &r. 0.0k¢ifQtoby NylyEene betepeotbe NVDA was
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The use of an inhibitor of the t-PA- at ed actlvatlon o? % ut amat e
receptor, preferably 5 of the NVDA-iypgs. as neuroprotective. 2. The use of
-an inhibitor as clainmed in claim1l fo e treatnment or prophyl axis of
neuronal damage or conditions based on the excitotoxicity of the 10

glutamate receptffe %hselh®USQMS 1@1|l1§!b'3:%@r' No¢l atAel PLpR-heaisbeq treatnent
of depression or anxiety states. The use as clainmed in elther of

claims 1 or 2, Gvatian ef H?“%nﬁiB§ﬁ@ﬁPelEQQﬁPHQQ%uH%ﬁFeE? 1¥troke. 5.

The usesas cl ai ngfl thie eiMDrert e Cladl Meukdprotectd@eGharacteri zed by the
treatnment or prophylaxis of one of the follow ng conditions: Parkinsonism
Al zhei mer's, Huntington's chorea, diabetes, painful conditions, epilepsy or
menory di s2ur bafieesus@506. aﬁhénhibiaercbaim&@ﬂm@damm(ﬁlaima1mefding

claims, charact z o t-PA
activity. 30 7. ﬁﬂ# %ﬁéggs eu%ggﬁggﬁiﬁékfg éPaﬁ %@é%ﬁl%%ﬁg £§ serine

pr ot ease inhib|thndxﬂxﬁnﬁzﬂ§Qﬁaﬂaup®seKDEn exgh&shnnmgehyac@fvatbe i nhi bitor
(PAI) Qg proteasgiytamate receptor.

3. The use as claimed in claim 1 or 2 for the

treatment of depression or anxiety states.

15 4. The use as claimed in either of claims 1 or 2,
characterized by employment in the treatment of
stroke.

5. The use as claimed in either of c¢laims 1 or 2,
20 characterized by the treatment or prophylaxis of
one of +the following conditions: Parkinsonism,
Alzheimer’'s, Huntington’'s chorea, diabetes,
painful conditions, epilepsy or memory
disturbances.
25
6. The use as claimed in any of the preceding claims,
characterized by employment of a protease which
inhibits t-PA activity.

30 7. The use as claimed in claim 6, characterized by a
serine protease inhibitor, preferably neuroserpin,
plasminogen activator inhibitor (PAI) or protease
nexin I (PN-1).

35 8. The use as claimed in any of claims 1 to 5,
characterized by the use ¢f DSPA or derivatives,
analogs or fragments which can be functionally
and/or structurally derived therefrom.



nexin | (PN-1). 35 8. The use as clainmed in any of clains 1 to 5,
characterized by the use of DSPA or derivatives, analogs or fragnents which
can be functionally and/or structurally derived therefrom - 23 - 45 818 K

9. The use as clainmed in claim8, characterized in that Dgg’Agggv%ng an
am no acid sequence as shown in fig. or DSPA derivatives] |'ogs or

fragents havingual |eastac’0%aBhed iablon A te, Sra0cdigmlooyig hereto are

used. 10. The use as claimed Tn claim8 or 9, characterize y a dosage of
greater than 62.%WhatndP$BashaNaRg BE0 FAMDgARGD DSPAUERCEhAM $howng. 1,

preferably 10 frgn 98;50 135 rgcr ogéksl DaBRivRRRvesy! ardnaidyLf espbly 90
m crog/ kg DSPA, or of a dosage adjusted thereto depending on the
bi oequi val ence Bragmantder PaLinge atankfdyt o/ WragiepieraRrly B9 18 The use

as claimged in ap®f HdnmIGyyS therkto adlkanaelderi zed in that DSPA or
derivatives, analogs or fragnments thereof is enployed as neuroprotective
in the treatnent of stroke in conbination with a thronmbolytic. 20 12. The
use as clainkd iThelwien 44, cthhamadt éni zddilhy 8 torP® Aschir acbert yied .

by a dosage of greater than 62.5 and less than
160 microg/kg DSPA as shown in fig. 1, preferably

10 from 90 to 125 microg/kg DSPA, particularly
preferably 90 microg/kg DSPA, or of a dosage
adjusted theretoc depending on the bioequivalence
of the derivative, analog or fragment used.

15 11. The use as claimed in any of claims 8 to 10,
characterized in that DSPA or derivatives, analogs
or fragments thereof is employed as
neuroprotective in the treatment of stroke in
combination with a thrombolytic.

20

12. The use as claimed in claim 11, characterized by
t-PA as thrombolytic.



