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I nvention 5 The present invention relates to the use of

1-ar(al k)ylim dazolin-2-ones, which contain a disubstituted am ne radical
in the 4- poé’f?%%ﬂ?“?ﬁar the treatnment or prevention of cBAIEBIO4®ABOUS
system di sorders, including psychotic disorders and especially

schi zophreni a, and depression, anxiety and dystonia and to the 10 use of
these and ot her agonistic substances whith are subtype selective |igands
for benzodi azepin receptors containing an al pha 3 subunit., Background of
t he i nventi diethbd@drireating er preveniingtcentdil nervisussystens disordernewithl

di sorders whi ch eatnpeurids havipgiselegtivity for fr alpha 3esutsgmnie of gehi zophreni a
affects about | % of the worbenzodizzepipe redeptor (Capuano et at, 2002) and
nostly starts before 30 years of age inplying a life-long treatnent (Banes,
1993). Psychosis, especially schizophrenia, has a heterogeneous synptonatic
20 picture (American Psychiatric Association, 1994). The synptons nay be
divided into two fractions. In thepaggtiptiBRase, schizophrenia is

predom nated by hallucinations (sensory perception in the absence of an
outside stimulus) and delusions (false, fixed and unusual beliefs), for

i nstance persecution nmania. The patient is extrenely agitated and | oses
contact to reality. These are 25 called the positive synptons (Davidson and
Neal e, 1988Fidhdiof e Rivention 1999). Wien the agitated phase abates the so
cal |l ed negative synptons becone obvious. The synptons include cognitive
deficits, reduced vigilance, deficits in verbal |earning and nenory, verba
fl uency, notbe pfeaent inventiow rélateg tortheouse ofslrar(alikydiniidatiofifi-@r@mese whith

L1 st essnes gontBifl b buRired Bl Pttt b St-paRidRt RO ReBBbAR! o, 1988;
Bailer et al., 1999 Al t hou several ant I&FS /choti'c drugs, are avail abl e,
the present PRYERYRS, Bﬁentrﬂwg‘&lﬁssw@ﬁh@ﬁo $ dneledine psyatiatic disprders
anti psychot and espddially Suhiophfdnia)ianyl depression, anxiety and dystania and to the
10 use of these and other agonistic substances which are subtype selective
ligands for benzodiazepin receptors containing an alpha 3 subunit.-

Background of the invention

15 Ceniral nervous system disorders are severe mental disorders which extremely
impair daily life. For example, schizophrenia affects about 1 % of the
world-wide population {Capuano et al., 2002) and mostly starts before 30
years of age Implying a life-long treatment (Benes, 1993).

Psychosis, especially schizophrenia, has a heterogeneous symptomatic

20  picture (American Psychiatric Association, 1994). The symptoms may be
divided into two fractions. In the acute phase, schizophrenia is predominated
by hallucinations (sensory percsption in the absence of an oulside stimulus)
and delusions (false, fixed and unusual beliefs), for instance persecution
mania. The patient is extremely agiated and loses contact to reality. These are

25 called the positive symptorns (Davidson and Neale, 1988; Bailer et al., 1992).
When the agitated phase abates the so called negative symptoms become
cbvious. The symptoms include cognitive deficits, reduced vigilance, deficiis in
verbal learning and memory, verbal fluency, motor function, working memory
but also indifference and listlessness. Patient are unsure and anxious

a0 (Davidson and Neale, 1988; Batler et al., 1999).

Although several antipsychofic drugs are available, the present therapy of
psychosis is not satisfactory. The classic antipsychotics with a high affinity 1o



WO 2005/ 004867 PCT/ EP2004/ 006989 -2 dopani ne D2 receptor show extrene
novenent disorders and sedative side effects (Nyberg et al., 2002). The
nost fanobus antetype of the classic antipsychotics and still a drug for

first line i s hal operidol (Capuano et al., 2002). Because of its
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negative si ects and the fact that it may reduce 5%

synptons but not the negative synptons of schizophrenia it does not enable

the patient to return to everyday lifegg This fact led to the devel opnent of

novel antipsychotics, the so called atypical antipsychotics. They show a

| ower dopam ne D2 receptor affinity and a nore 10 diverse receptor affinity
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2002). Above all, there is still a high amount of therapy resistant cases

(Lindenmayer et al., 2002).

20 The cause of schizophrenia is not fully elucidated nor is the mechanism of

action of antipsychotic drugs, especially of atypical antipsychotic drugs. There

seems to be a polygenic mode of inheritance but it is also governed by

non-genetic factors (Prasad et al., 2002). Growing epidemiological, genetic,

and clinical neurobiological evidence indicates that abnormalities in brain

25 development play determining roles in the pathophysiclogy of schizophrenia
(Arnold, 1999).

The main hypothesis of schizophrenia emanates from a dysfunction of the
dopaminargic system. Thus, acute psychotic symptoms may be stimulated by
a0 dopaminergic drugs (Capuano et al, 2002) and, as described above, the
classical antipsychotics, like haloperidol, have a high affinity to the dopamine
D2 receptor (Nyberg et al., 2002), However, the mode of action of the atypical
antipsychotics indicate that there are further neurotransmitter systems involved
in the development of schizophrenia. Clozapine, the benchmark antipsychotic
35  drug and the only drug that ameliorates positive and negative symptoms of
schizophrenia does not show a high affinity to dopamine D2 receptors
(Gerlach, 2002). For instance, another neuro-transmitter invoived in the




I n the devel opnment of schizophrenia. C ozapine, the benchmark anti psychotic
ss drug and the only drug that aneliorates positive and negative synptons of
schi zophreni a does not show a high affinity to dopam ne D2 receptors

(Cerl ach, §f02 For instance, another neuro-transmtter involved in the WO
2005/ 00486 2‘5&45/"@#92604/ 006989 -3 pat hophysi ol ogy of scfZIsRHEME is
serotonin (Sawa and Snyder, 2002). The glutamatergic neurotransmtter system
seens also to be involved in the devegapnment of schizophrenia. Thus, NVDA
antagoni sts |ike phencyclidine 5 and ketanmne are able to stinulate
schlzophrenlc synmptons in humans and rodents_ (Abi-Saab et al., 1998; Lahti

et al., 20c8athoptysioleayafischigaphrenisris sgrpjorio {Sawaard SnydemRERRant agoni sts
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i ndependent as ngj o
depr essi ve RN#RId Bath, d8P8bddws, thismedelrande HW WGHEWQ? BYS epi sodes,

depressi ve it § chidticpodéntii.cal , catatonic or nelancholic features,
depressive episodes with postpartum onset prenenstrual dysphoric disorder,
25 m nor depressive disorder, post traumatic and acute stress disorder,
depr essi ve YHileethes catigavy of moghidehtralnmer\@uacsymmwissrdérsi is farefrom

(Onens Ehe er&ba#?t@%%f“%&ﬂ@f bR (e, “’a‘é“@“@ﬁzﬁ“?ﬁn@o M epr vl on
i s cert ai nIWPoﬁ*ﬁF'terQ!%ﬁ‘i‘Jl penrad %”Saslfséﬁméjﬁ%"ﬁerﬁnp‘i cgmp XHT or a
di m ni shed emotional states such as depression and anxiety, cannot solely be reduced to
imbalances induced by a single neurciransmiiter, deficits in the 5-HT
neurotransmitter system are generally acknowledged ifo bhe prominently
20 involved in the development of depression and anxiety (Graeff et al., 1996).
Thus, independent of the variable clinical forms of depression, such as major
depressive disorder and episodes, manic, mixed and hypomanic mood
episodes, depressive episodes with atypical, catatonic or melancholic features,
depressive episodes with postpartum onset premenstrual dysphoric disorder,
25  minor depressive disorder, post fraumatic and acute siress disorder,
depressive patients show a significant reduction of 5-HT in the cerebrospinal
fluid and additional alierations in their central 5-HT sysiem (Owens and
Nemeroff, 1924). Although the underlying mechanism of depression is certainly
more complex than simply a reduction in levels of 5-HT or & diminished
a0 funciion in this system (Delgado and Moreno, 1999) the participation of the
serotonerg system in depression Is most clearly shown by the therapeutic
efficlency of drugs increasing the exiracellular 5-HT concentration in the brain,
such as selective serotonin reuptake inhibitors (SSRI). Thus, the SSRY, like
fiuoxetine or citalopram are described to be effective in various subgroups of
a5  depression including major depressive disorder, obsessive-compulsive
disorder and patients with eafing disorders (Stokes and Holtz, 1997). It is
important to note that SSRIs were considered a considerable progress in the



30 function in this system (Del gado and Mdreno, 1999) the participation of
the serotonerg systemin depression is nost clearly shown by the
therapeutic efficiency of drugs increasing the extracellular 5-HT

concentr at iﬁgﬂiﬂ?{ 542% brain, such as selective serotonin reuptake inhibitors
(SSRI). ThIEP2%N&™&ERI | 1ike fluoxetine or cital opram BFEERWSEIH58d t o be
effective in various subgroups of 35 depression including najor depressive
di sorder, obsessive-conpul sive disordgr and patients with eating disorders
(Stokes and Holtz, 1997). It is inportant to note that SSRIs were
considered a considerable progress in the WO 2005/ 004867 PCT/ EP2004/ 006989
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therapeutic drug will dispiay its antidepressive, antipsychotic and/or anxiolytic
effect.

20 In contrast to the SSR), benzodiazepines show a rapid onset of their anxiolytic
activity (Costa and Guidotti, 1996). However, the range of their therapeutic use
is restricted to a relatively short period of fime since the development of
tolerance to the effect of the benzodiazepines and the risk of drug addiction
limits their chronic use (Costa and Guidotti, 1996).

25 Thus, a therapeutic drug combining both mechanisms, the répid onsei of the -
activity of the benzodiazepines and the chronic efficiency of the SSRI, would
be a great progress in the therapy of anxiety disorders as well as depression.

Another embodiment of a central nervous system disorder is dystonia.
so  Dystonia is a movement disorder based on a malfunclion of the central
nervous system to control motor acfivity; it was previously also known as
psychovegetative syndrome. it is characterised by involuntary, repetitive
movements and abnormal postures partly combined by a painful cramping of
the muscles (Green, 1992; Friedman and Standaert, 2001; Hamann and
35  Richter, 2002). Depending on the subtype of dystonia the symptoms reach
from focal to generalised dystonic attacks. There are also progressive forms
beginning with focal attacks during childhood. People of all ages may be



limts their chronic use (Costa and Guidotti, 1996). 2s Thus, a therapeutic
drug conbi ni ng both nechani sns, the rapid onset of the activity of the
benzodi azepi nes and the chronic efficiency of the SSRI, would be a great

progress i Q‘W? %skﬁlﬁ%@py of anxiety disorders as well asgﬂffﬁhﬁ%‘i’“&nﬁgt C)Anot her

enbodi nent a central nervous systemdi sorder is dyst nia is
a novenent disorder based on a nmalfunction of the central nervous systemto
control notor activity; it was previougy also known as psychovegetative
syndronme. It is char act erised by involuntary, repetitive novenents and

abnor mal pos ure conbi ned by a painful cranmping of the nuscles
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Dependi ng o(DDGa&\s@00he of dystonia the synptons reach fromfocal to
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(DDG eVy 2085d) [hew R Roandrsédhapgid Stakdfdn, 200).pr esent, except of a few

rare forns the treat ment of dystoni a focuses on synptomati c therapies.
Focal dystonias can be treated quite successfully by botulinumtoxin
(Hsiung GY At pedsent, 20@8pt oBatfewi mrerforosithe iteagdentnofstystada ¥ocusesalnl y i nto
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rai sed ggai ekl int@tﬁé éﬁh’dted ére@ﬂz(hﬂ%aub@s H?@l@xﬁmﬁﬂoﬂhé%ﬁﬁdm@é\r&& the body
are affect edegks eIshe ?reafamerﬂ hds % Be repeated % laf:ily The weak pomt of the
therapy is that some patients develop a resistance to the foxin due to
antibodies raised against it and that it cannot be used when greater areas of
the body are affected (Dressler et al., 2002; Hsiung et al., 2002).
20
The systemic pharmaceotherapies of segmental and generalised dystonias are
unsatisfactory. It involves anticholinergic drugs and baclofen, a pre-synaptic
acting. GABAB agonist, reporied to favourably inftuence dysfonia symptoms
(Fahn, 1887; Green, 1992; Rawicki, 1929). The effect of anticonvulsant drugs
25 on dysionia is inconsistent: phenobarbital and lamotrigine seems to have a
pro-dystonic effect whereas gabapentin is assumed fo be anfidystonic (Richter
and Loscher, 1999; Richier and Loscher, 2000; Siep et al., 2002).

A surgical therapy, the deep brain stimulation of the globus pallidus, for severe
s  dysionia is still in the very first stage of development and only successful in
certain types of dystonia. Most fimes an additional, systemic pharmacotherapy
is necessary (Krack and Vercueil, 2001; Vercueil et al., 2002; Klein and
Ozelius, 2002).
The mechanism of dystonia is not fully elucidated. There are many hinis to a
a5 dysfunction of the basal ganglia (Gernert et al., 2002; Herrero et al., 2002).
The mechanisim coordinating the information of somatosensory afferences and
gating them to the motor system is supposed to be impaired (Herrero et al.,



The system ¢ pharnacot herapi es of segnental and generalised dystonias are
unsatisfactory. It involves anticholinergic drugs and bacl ofen, a
pre-synaptic acting. GABAB agonist, reported to favourably influence
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(Klein gand Ozelius, 2002). A gene nutation has been identified for three,
rare subtypes of generalised dystonias, for instance the L-dopa responsive
type (Thyat@asigiyadisorzisod are Tighly emexalenthsiths earinnragsingingidence yworid- dyst oni a
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Ri chter, 2002). 1 nxiety disorders are highly prevalent wth an increasing
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effects and the potential for drug abuse (Costa and Guidotti, 1996; Atack,

2003).
As mentioned above, class of drugs used for freatment of anxiety are the

20  seleclive serotonine re-uptake inhibitors (SSRIs). These drugs are well
established as antidepressants and do not induce major side-effects of
benzodiazepines, such as tolerance or drug abuse, but the fate onset of their
anxiolytic and antidepressive effect are a limiting factor of their therapeutic
benefit (Nutt et al,, 1999). Besides, their therapeutic use is affected by

25 weight gain and sexual dysfunctions which leads patients to discontinue the
therapy (Perna et al., 2001). A combination of the positive effecis of boih,
benzodiazepine receplor ligands and SSRIs, could serve as ternplate for an
ideal amxdolytic. In conclusion, there slill is a high need for an ideal
anxiolytic.

a0 One attempt to reduce these major side-effects of drugs binding to the
henzodiazepine recognition site at the GABA, receptor, namely sedation,

- would be to develop drugs being highly selective to certain GABA, receptor

subtypes (Costa and Guidotti, 1996), During the last years pharmacological

and genetical studies revealed different o-subunits of receptors being
as  responsible for different behavioural symptoms induced by benzodiazepines
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by the fact ftlnrzﬁlr%gs' ringiggtiet itr?é]t the sedative effect of the benzodiazepines, for
15 instance, is not exclusively mediated by the alphai-subunit containing
receptor subtype but by additional mechanisms and that alphail-subunits
solely play a predominant role in ataxia (Plaft et al., 2002). Tauber ef al.
(2003) found that the loss of righting reflex due to the simultaneous
administration of diazepam and ethanol is not seen in alpha2-subunit-mutant
20  mice (combined with a loss of recepior activity) but the drop of locomotor
activity (sign of sedation) caused by the administration of both compound
was found in alphai-, alpha2-, alpha3- and alphab-subunit-mutant mice.
This lack of Knowledge of the function of different benzodiazepine receptor
subtypes which are hetsrogenously expressed in the brain is mainly caused

25 by a lack of highly subtype selective ligands for different subtypes.
Nevertheless, based on ths above mentioned findings made on the basis of
genetically modified mice with compromized alpha subunils no longer
capable of mediating the benzodiazepine effect, several companies have
initiated research programs to develop benzodiazepine receptor ligands
a0  selective for both the alpha 2 and alpha 3 subunit with reduced activity on
the alpha 1 subunit. (Low et al., 2000; Griebe! et al., 2001). Few compounds
of that kind have been described and the degree of subtype seleciivity
seems to be rather limited. The functional selectivity is achieved by different



to different al pha subunits also different beta and ganma subunits as well
as additional subunits are reported and contribute to heterogeneity. Some
findings indicate that the sedative effect of the benzodi azepines, for 15
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still new compound in clinical development derived from the research and
development program of Merck (Adis Data Information, 2003; Goodacre et
al., 2002; Chambers et al., 2001) did not yet deliver the anticipated clinical
profile and proved to be sedative and not free of addictive potential (Atack,

20 2003). Taken these results together, no major progress has been made to
date developing new benzodiazepine receptor ligands, especially with high
subtype selectivity. Furthermore, the knowledge on the role of different
subunits in physiology and pathophysiology of diseases is still very limited,
again due to a lack of seleclive compounds.

25 While knowledge of the role of the subunits alpha 1 and alpha 2 was the
target of at least some work, even less is known on the alpha 3 subunit,
which is a subunit with rather selective distribution in the brain. To date no
ligands with any selectivily for the alpha 3 subunit are available, all above
mentioned drugs were designed to be and are at best somewhat sslective

so  for both the alpha 2 in combination with the alpha 3 subunit, de-selecting to
a certain degree the alpha 1 subunit. There are only few studies about the
alpha3-subunit containing receptor. In an immunocytochemical study the
alpha3-subunit is described to be abundantly expressed in the cholinergic



10 out what degree of receptor activation is needed for which effect, but
even partial non-selective agonists such as im dazenil have been found to
be sedative in patients (Attack, 2003). It thus renmi ns questionabl e
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whereas both subunlts are present in GABAerg neurons of the raphe.
However, all these studies were labelling studies and do not permit any clear

view on the pharmacology mediated via the alpha 3 subunit.

20  When locally administering muscimol, a GABAx agonist, and bicuculline, a
GABA, antagonist, in the dorsal and medial raphe an effect on local and
nucleus accumbens exiracellular 5-HT levels has been found in a
microdia!ysis study (Tao and Auerbach, 2000). This indicates that the
alpha3-subunit containing GABA, recepiors ray be involved in serofonergic

25 neurotransmission.

Descrintion of the invention

From the above, it becomes clear that the current methods and possibilities of

s fireating central nervous system disorders including psychotic disorders,
depression, anxiety and movement disorders like dystonia are insufficient and
at least partly show severe side effects.

Therefore, it was an object of the present invention to provide further



in the | ocus coerul eus are described to be inmunoreactive for the al pha3-
and t he al pha2-subunit. Al these brain areas were i nmunonegative for 10

al phal -subunits (Rodriguez-Pallares et at, 2001). Simlarily, the
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subunit (Rodriguez-Pallares et al., 2001). Additionally, Gao et at (1993)
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stai ni ng V\/nerea@ ot h %_ub;dnits are present in GABAerg neurons of the raphe.
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side effects. Therefore, it was an object ‘of -the present invention to

provi de firther WO 2005/ 004867 PCT/ EP2004/ 006989 -10 possibilities of
treating or preventing sugh—gentral nervous. system disagnders in nmamuals and

especially to present a ’ nt for human use. According to a first
subj ect of the present i (CHe)ni s abj ect was solved by a 5 method of

8

treating or preventi rr:&) et nervo em di sorders including psychotic
di sorders, depression;, anxiety and venmgnt di sorders and/or psychotic
synptons associ ated to ot her, nent a%i S _rs/b’y adm nistering an effective
anount ofisat | east one 1-ar(al-k)yPl m d¥zol i rT—Z-one of formula (1) 10

B2

in which X is hydrogen, a Ci4-alkyl, C14 alkoxy, trifiluoromethyl, or a halogen
residue, R! and R? are independently of each other a Cy4-alkyl, Ca.10 cycloalky!
2 or Cs.qo heteroalkyl residue, or R and R? are together a C2¢ alkylene residue in
which a -CH,-group is optionally replaced by oxygen, nitrogen or sulfur, n is 0
or 1, and mis 0 or a cardinal number from 1 to 5 to a patient in need thereof.

According to the present invention, it has been found that surprisingly the
25 compounds of formuia | are highly efficient in treating the foliowing central

narvous sysiem disorders:

1. Psvchosis and psychotic episodes

soc  Different types of schizophrenia (for instance paranoid, disorganized, catatonic
undifferentiated or residual) and bipolar mood disorders, such as manic
depression and the post-psychotic depressive disorders of schizophrenia.
Psychotic episodes 1o be seen with schizophreniform disorders,
schizoaffective disorders, delusional disorders, substance-induced psychotic
35  disorders (for instance induced by alcohol, amphetamine, cannabis, cocaine,
halluzinogens, inhalants, opioids, or phencyclidine); personality disorders
(such as borderline personality disorder) impulsive disorders, such as



rvCl12). g ~~ - rr x R o NN 15 R2 in which X is hydrogen, a C, 4-alkyl,
Cl4 al koxy, trifluoronmethyl, or a halogen residue, Rl and R2 are

i ndependently of each other a C,.,-alkyl, C3.10 cycloal kyl 20 or C3. 10

het er oal kyl | or RL and R2 are together a C2-6 al residue in
which a - -"Szﬁ'lc’)%@ﬁ‘f“% optionally replaced by oxygen, ni t%@&%‘?o %ﬁ?fur, n
is O or 1, and mis 0 or a cardinal nunber froml to 5 to a patient in need
thereof. According to the present invention, it has been found that
surprisingly the 25 conmpounds of fornula | are highly efficient in treating
the follow ng .central nervous.systemdisorders: 1. Psychosis and psychotic
epi sodes 30 rgflﬁg%ﬁt@ﬁtaggﬁﬁorbi' i@?ﬁ?ﬂ?r@rﬁrﬁi l@fﬁﬂ"‘*”“f“H@t'é‘ﬁB@"’ﬁaﬁ Py,
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schi zophreni form di sorders, schizoaffective disorders, del usional

di sorderg, ubfdoGiSordBEERIMBSY epigbdds 35 di sorders (for instance induced by
al cohol , anphetam ne; cannabis, cocaihe, halluzinogens, inhalants, opiolds,

or phencyclidine); personality disorders (such as borderline personality
di sorder) i ifajbsdepredsive ditarder andeépissdeaDn200S /rildd arid PYPoFBAROAMO6H6989 - 11

mal adapti ve Yol e Y] ; ' X j ' b\E
attont) on  GBROGREy peltesal iRt il Aot B HREBARLIaKERYIRARISE, |
exanpl e al coleressivengpisedan Wi Pesieartna @sebpramensiyal dysbyic disardenbod

di 50{1 derﬂiI ﬁﬁﬁinﬁpo@egms%g/@esmymd@r, dpﬁteS@amﬁaﬁﬁ,SCﬁda&é %ﬂésfﬁ'cﬁf&i@éﬁ, lmanic,
m xed and hypomani ¢ _nmood . epl.sodes. depressi.ye epi sodes wi atypi cal ,
Catatonic o RBraVEROMpUIHB RS and FHBPERI AR08 e  n post par t um
onset prenenstrual dysphoric disorder, 10 m nor depressive disorder, post

traumatic, acuheicd) diestiet! S &5i5odes of anxiety

15 Chronic anxiety disorder, panic disorder, agoraphobia, specific phobia, social
phobia and generalized anxiety disorder.

4. Movement disorders primarily associated fo matfunction of basal ganafia:

20  Different subtypes of dystonia, such as focal dystonias, multiple-focal or
segmental dysfonias, torsion dystonia, hemispheric, generalised and tardive
dystonias (induced by psychopharmacological drugs). Focal dystonias include
cervical dystonia (torticolli), blepharospasm (cramp of the eyelid), appendicular
dystonia {cramp in the extremities, like the writer's cramp), oromandibular

25  dystonia and spasmodic dysphonia (cramp of the vocal cord) and paroxysmal
dystonia.

The compounds of formula (1) have bean described for the first fime in WO
97/08314 as substances suitable for treating epilepiic disorders. Surprisingly, it

a0 has now been found that these substances can also be used for an efiicient
freatment or prevention of central nervous system disorders like the above
mentioned disorders but not limited thereto. The compounds can be used for
the treatment of mammals and especially for human use.

s  The number of CH. groups of the compounds used according to the invention
is either 0 ({-arylimidazolin-2-ones) or 1 (1-aralkylimidazolin-2-ones).
Examples of compounds of the formula ) include:



obsessi ve- conpul sive disorder and patients with eating disorders. 3. Anxiety
di sorders and epi sodes of anxiety 15 Chronic anxiety disorder, panic

di sorder, agoraphobi a, specific phobia, social phobia and generalized

anxi ety d|s Movenent disorders primarily associated to nmal function
of basal W@dﬁgimo%'fufferent subtypes of dystonia, sudifEP2pe4dagess
dystonias mul tiple-focal or segnental dystonias, torsion dystonia,

hem spheric, generalised and tardive dystonias (induced by
psychophar macol ogi cal drugs). Focal dyéionias i nclude cervical dystonia
(torticolli), 'blepharospasn1(cranp of the eyelid) appendi cul ar dystoni a

(cranp in th%h@i‘l?lt&mdi'pmmoim:lﬂﬁz&l éter s cranp), oronmandi bul ar 25

dystoni a an of the vocal cord) and paroxysnal
dyst oni a. Tﬁéﬁfﬁg‘%ﬁﬂﬁsp'\é?'pgm‘m CH'!%/e been described for the first
tine in WO 1&44&Wml)wmmaelmﬂzbmmr{eor treating epileptic

di sorders e found that these substances can
al so be useilt?'or ab é’HFﬁ?nB %éb@}%ph%r&%reventlon of central nervous
syst em di sofldéwcgiqmwrwﬂeﬂr-am@vlam@nmdm&n@ @, ders but not limted

t hereto. The-(4GnmRaoptesh ﬁgm{i@zonmzebﬁereat ment of manmmal s and
especially 3" er o groups of the conpounds used
accordi ng tgqéﬁgﬁ’?ﬁ}myﬁ‘% ]"E Qé‘r‘eyl i m dazol i n-2-ones) or |

(1-aral kyli riﬂdwhtuimph@yt)#bb&xam&hﬂemﬂwdaﬂbilrcﬁ-lmeunds of the fornmula (I)

i ncl ude: t lﬁ%cﬁﬁ?&@%ﬁ@%ﬁﬂz . .-

1- ph | rrg ho ﬁ%ﬂ -2- r’r’eth -4- d
no:omegzl‘iﬂol i Mé‘-%BWéOPh%Iﬂy )214(:-i @P@F@’ﬂf’f@ﬁ?y’ﬁmc{)ﬂ'%ﬂ%x %ﬂ‘f#,dglzorﬂll- 2|- one,
1- (4- chl or opfublopheny IMmdlthﬁn"ﬁudmﬂblinﬂZ-an@rmld s

1~ (a- bromopheRIR %&*ﬁhvh@wﬂﬁﬁ%ﬁaﬁ°'{ one,
1- (3-chl orophenyl) - 4- nor phol i noi m dazol i n- 2- one,

1-(4-chlor 01?5'@ %M taﬁcé&e Fnht}ﬂb‘?ﬁ&héﬂ gl r@se?'rt%\%nhon can be prepared
1- (4- et hyl ny gllnmg\é 0|n20ne
1- (4- ch15orog¥|§'ﬁw fRed iy % no) i ni dazol i n-2- one,
An especially preferred compound to be used as pharmaceutical according fo
the present invention is 1-(4-chlorophenyl)-4-piperidinoimidazolin-2-one

(ELB139; IB-Nomenclature; 1-(4-chlorophenyl)-4-piperidin-1-yl-2,5-dihydro-1H-
20 imidazolin-2-one).

The administration of at least one compound of formula (I} and especially 1-(4-
chlorophenyl)-4-piperidinoimidazalin-2-one can be effected in the usual way of
administration of psychoactive drugs.

25
The compounds are preferably administered in form of a pharmacological
composition in an amount of 1-100 mg/kg body weight of the patient per day. If
inhalative or intranasal administration is chosen, the preferred amount {o bs
administered is 0.05 to 5 mgfkg body weight of the patient. For the use within

s the framework of the ireatment of schizophrenia and other psychotic disorders
an administration of 2 to 70 mg/kg body weight is more preferred and an
amount of 5-50 mg/kg body weight is especially preferred whereas within the
framework of the treatment of dystonia, an amount to be administered of 1-20
mo/kg body weight is more preferred, and administration in an amount of § to

35 15 mglkg body weight is especially preferred.

In a preferred embodiment, the compounds are administered orally or via an



1- (4-f 1 uorophenyl) - 4-norphol i noi m dazol i n-2- one, and

1- benzyl - 4- nor phol i noi m dazol i n-2-one. The substances used in the nethod of
the present invention can be prepared 15 by the process described in US

5, 869, 481. Iy preferred conpound to be used as phar maceut i cal
according to Ogﬁ(%%g Sg ent invention is PCT/ER2004/006589

1- (4-chl or ophenyl ) - 4- pi peri di noi m dazol i n-2-one (ELB139; | B-Nonencl ature:
1- (4-chl orophenyl) - 4-piperidin-1-yl 2,54giLhydro-1H 20 i m dazolin-2-one).
The administration of at |east one compound of fornula (1) and especially
1-(4- chl orophenyl) -4-piperidi noi m dazol i n-2-one can be effected in the
usual way of NefliRNin & suiteblenparnisglnadeiane par inhelatios, inmnesallyouras are
preferably aduoppostbgigd in formof a pharmacol ogical conposition in an
anount of 1-100 ng/ kg body weight of the patient per day. If inhalative or
I ntranasal admi nistration is chosen, the preferred anount to be

admi ni st er ed Fugher, d6et corSpomridsg am)rpyefalabghused ih heorpectiemt with-contnion use
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preferred ané?" i dlee dransewerk n@f/ﬂﬂg FUGE?“ tjavemion as §B§cﬁsaﬁufﬁ019ﬁfeferred

wher eas W t highsdrption bfmﬁfé@ﬂvdﬁlrgi'edrémégmﬂﬁ@ﬂ of dystonia, an anount to be
adm ni stered of 1-20 ng/kg body weight is nore preferred, and

adm ni stratron in an anobunt of 5 to 35 15 ng/ kg body weight is especially
preferred. | fruthen diecompoendsodienadminisidred asmsptatreatment fardthierdescribasd or al |y

or via ap VOdkdled &9&%73@@3’5%%&% i@ ribhatibA mgwmr 'cBfhpolinds BEhAD] ©

par ent er al ? atl on ation, I ntranas Supposl torium
Bt ther t he RIQH® GRATRSIHIOE SBidcHiaaRes or HiSedS? HIA8BRER PERDRGIAN BtRsh 5
phar maceut i cal coeﬁdmmistratroreﬁgh iseparaiteadmivistrations fos eadt drudysr ih ¢ afra f or s
are not cri { ong as
suf ficient ggécgﬁﬁbgrﬂé’t f"“% {ﬁ%:/l@\ﬁth %@@Eﬁn%ﬁﬁ%@%tﬁéﬁ&ﬁg 'Jher t he
conpounds ar @usitianas. Therapplicationdbems ekthe vembirations e tetswitichlwithin thedi seases
and di segse $hABARICof 'the GRESAMAhVGToN A IRINEE SATERSHE NS OHSRINUGS the

active ingredient is guaranteed.

The attached examples of the use according to the invention of 1-ar(alk)yl-
imidazolin-2-ones clearly prove that the methods according to the invention are

20 exiremely efficient when treating psychofic diseases and practically no side
effects were observed. The compounds used according to the invention are
very well tolerated and can easily be formulated in compositions for the
therapeutic or prophylactic application.

2 Afurther subject-matter of the present invention is therefore a pharmaceutical
composition for the treatment or prophylaxis of central nervous system
disorders containing an sffective amount of at least one 1-ar(alk)ylimidazolin-
2-one of formula ([)
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for the treatnment of said diseases or di sease stages. The conbi nati on may be
a co-admnistration using separate adm nistrations for each drug or in form
of a fixed conbination as m xture with common pharnaceuti cal excipients or
auxi liaries Ogrﬂ%ﬂﬁ?s%lfi cation fornms of the conbinations are not critical
within the i's Tramework of the present invention as | ond @&ERIEOPE%Nt
absorption of the active ingredient is guaranteed. The attached exanpl es of
the use according to the invention of _%zgar(alk)yl- imdazolin-2-ones clearly
prove that the methods according to the invention are 20 extrenely

efficient when treating psychotic diseases and practically no side effects
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X is hydrogen, a Cl.4-alkyl, Cl4 al koxy, trifluoronethyl, or a hal ogen
resi due, Rl Must préferibly, itivel phamasdautival onfrsifion tddafaits TX4chidripheny)3. 10
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al kyl ene  r e$rRIRERdinoImigazolin-2-0 Lgrs ;apéc\fﬁ? 11y replaced by oxygen,
nitrogen or sulfur, nis O or 1, and mis O or a cardinal nunber from1l to
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139) as act icPBtaHY SHiable (exeipiens.q aridins en flingnaernts iand/ecswbdanEst o t he
i nvention f whidreamnoietessdaty or advantageous for the formulation of a suitable form of

application. The pharmaceutical composition according to the Invention

contains the active ingredient(s) preferably in an amount of 1-100 mg/kg body

15 weight of the patient and is inlended for the administration per os or
parenterally (e.g. intravenously, inframuscularly or subcutaneously).

fMore preferably, the composition contains the aclive ingredient in amounts of
25 to 70 mg/kg body weight or 5 to 15 mg/kg body weight respectively,
20  depending of the intended use.

According to a further subject of the present invention, the object was solved

by providing a method of freating or preventing central nervous system

disorders including psychotic disorders, movement disorders and/or psychotic

25 symptoms associated to other mental disorders and especially for freating

anxiety disorders. Said method comprises administering an effective amount

of at least one substance which is a subilype sslective agonist of

benzodiazepine receplors carrying the alpha 3 subunit, however, is not

active, that means it doas nol exert a significant positive GABA increasing

o  effect on receptors catrying the alpha 2 andfor alpha 4 subunit of the GABA
_receptor, regardless of wheather it binds to this receptor or not.

Benzodiazepine receptor ligands which are selective for the alpha 3 subunit
of the benzodiazepine receptors can be expected to be effective for treating

35 in the above mentioned CNS diseasss.

According to the present invention, selectivity is defined as an at least 20



contain suitable excipients, auxiliaries or filling agents and/or
subst ances, which are necessary or advantageous for the fornulation of a
suitable formof application. The pharmaceutical conposition according to
the invention_ contains the active ingredient(s) preferably in an anmount of
1- 100 g/ kgV BB Tei ght of the patient and is int end®@GTHESR004HE989
adm ni stration per os or parenterally (e.g. intravenously, intranuscularly
or subcutaneously). Mre preferably, thg _conposition contains the active
ingredient in anmobunts of 25 to 70 ny/ kg body weight or 5 to 15 ng/ kg body
wei ght respectively, 20 depending of the intended use. According to a
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pot enti at i NgedRGIRSS BEWAShEH BBy BURIto!tHis rBSeptraliiot Epeeiallf pretird®dme section
therein, he.,an_at | east 2851(‘#0“ diff rencag I n ECE;IO. ae+e tivi trécan al so be
defined as &9 84k COBPPUNEE & lﬁ!r%’?ﬁ!gﬂ?% P¥i TRENHANE, nﬁaﬁ"?%@ N east 20
fold 5 highadditibhianitgs partibdtagomiste dou SABA seeapdansdednrying rthe eadplea iZhent
procedul.es) o hlni aforn ks : : [ § Sk fect on
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receptor. Apgflial agonists, with low affinity to the alpha 1 and/or alpha 5 subunit. 1-ar{alk)
ylimidazolin-2-one compounds of Formula | as above defined are compounds
that show the desired selectivily. An especially preferred example of a
20 compound fulfiling the selectivity criteria as defined above is 1-(4-

chloropheny!)-4-piperidinoimidazolin-2-one (ELE139).

Unexpectedly, it was found that ELB139 and other substances which are
comprised by the present invention act as very subfype selective agonists
25  for the benzodiazepine recepior on receptors carrying the alpha 3 subunit.
The nature of the effect on these receplors is & partial agonistic one
indicating that these compounds and especially ELB132 act as subtyne
selective pariial agonisis for recepiors carrying the alpha 3 subunit. Also, the
compounds and espacially ELB132 were active on receplors carrying the
0 alpha 1 or alpha 5 subunit, however at more than 20 fimes higher
concentrations compared fo the alpha 3 subunit. Further more, it was found
that un-expectedly the compound was not at all active on receptors
containing the alpha 2 subunits. Like other benzodiazpines ELB139 was
also not active on receptors carrying the alpha 4 subunit. Thus ELB139 acts
3  as a subtype selective compound activating alpha 3 containing receptors
and with more than 20 fold less potency alpha 1 and & containing receptors
and de-selecting alpha 2 and 4 containing receptors. On all receptors



preferred are al pha 3 subtype sel ective conpounds which are not at all 10
active (which do not exert a significant positive GABA increasing effect) on
receptors carrying the al pha 2 and al pha 4 subunit of the GABA receptor
regardl ess they bind to this receptor or not. Especiall

preferred a@ézméﬁé%g;such conmpounds i f they exert the abd¥ed TN UAEY
features and in addition act as partial agonists for GABA receptors
carrying the al pha 3 15 subunit and infgddition act as low affinity agonists
or partial agonists (wth an at least 20 fold separation in affinity),
again with speci al agonists, with low affinity to
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partial agopkgiddtazepine receptor. The compounds of the present invention and
especially ELB139 had no effect on the uptake of serotonine in a
20  synaptosomal preparation. On the other hand, the effect of ELB139 on the
extracellular level serotonine could be fully blocked and even reversed by
administration of the specific benzodiazepine receptor blocker flumazenil
which blocks interaction of benzodiazepines with all benzodiazepine
sensitive receptors Inciuding the one on the alpha 3 subunit. Due to the
25  subtype seleclivity these data indicate clearly and unexpectediy that the
gffect of ELB132 on the serotoninsrgic system Iis mediated by the
benzodiazepine receptor on alpha 3 subunits. Diazepam is reporied o have
no sffect on serotonine levels if administered in similar experiments
indicating that only subtype selective compounds can exert this effecl. Thus,
a0  based on these daiz it is now concluded that the alpha 3 subunit is a unique
and new target for diseases involving a reduced function of the
serotoninergic system or for diseases where an increased function of the
serotoninergic system is desired, such as mood disorders including
depression and anxiety.
36
In a second approach, it was tested whether the psychopharmacological
behavioural effects of ELB139 which were not typical for benzodiazepines



activity was concluded if the maxi mal potentiation of the GABA induced 5
effect was | ower at the highest concentration tested as conpared to the
maxi num ef f ect i nduced by di azepam as positive reference conpound at a

supr anmaxi ation of 1 to 10 NM The relative [tial agoni smwas
in the ra@o%@@@@%{) 70% Due to the subtype selectivi ?’?T@f’m{"ﬂ% Eﬁgesent
conpounds and especially of ELB139 being selective for the al pha 3 subunit
10 the conpounds coul d be used to evalygate the role of alpha 3 subunits with
respect to physiol ogy and pharmacol ogy. ELB139 was found to induce an

increase of the serotonine levels in rat brain, however the nmechani sm of
this effectcodld be reversgddindumaaenib adminjeiration: fde sntideprossant offept ect, it
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whet her t he spRrytiVigohad the alis@isesti linkage of other than the alpha 3 subunit to

different diseases. For example, the anticonvulsant activity was so far

related mainly to the alpha 1 subunit, but ELB139 acts as a very potent

20 anxiolylic despite the low affinily to the alpha 1 subunit. Similarly, the alpha

2 subunit was seen as pre-dominant for anxiolytic effects with only additive

contribution of the alpha 3 subunit for anxiety. However, ELB139 is not at all

active on alpha 2 subunits being selective for the alpha 3 subunit. These

data further indicate, that the alpha 3 subunit and the benzodiazepine

25  receptor on alpha 3 subunits is an ideal target for the treatment of these
diseases including anxiety and epilepsy.

In summary, the body of data, i.e. the effects in vivo in models of psychosis,
depression, dysionia, epilepsy and anxiety as well as the efiect on
a0  serofonine lavels indicative for antidepressant activity, in combination with
subtype selective activity, open up the potential, that all benzodiazepine
receptor ligands which are selective for the alpha 3 subunit of the
benzodiazepine receptors can be expected to be active in the above
mentioned CNS diseases.
35 _ . .
Therefore, another subject-matter of the present invention is a
pharmaceutical composition containing a benzodiazepine receptor ligand



behavi oural effects of ELB139 which were not typical for benzodi azepi nes WO
2005/ 004867 PCT/ EP2004/ 006989 -17 could be reversed by flumazenil

adm ni stration. The anti depressant effect can be easily linked to the

i ncrease | nyﬁ)ez(r?g%%niﬁge |l evels in the brain. Al drugs |ncreasi ng ser ot oni ne
do exert antW&PP&¥eant effects including drugs |ike fIUSKEPMARSY, SSRI .

Since the increase in serotonine could be prevented 5 by flumazenil

adm ni stration, the anti-psychotic effegt, was selected as nost appropriate
to evaluate the role of the alpha 3 subunit in the psychopharnmacol ogical

profile of ELB139. Benzodi azepines without selectivity for the alpha 3
subuni t ar e Whpighis selegtive ércthe alpba Sssubtitiaf the epeediazeping| reneptors. | was
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is not at alGABACheDIOR ByPlypes SaPube t ebiERiedd fiopd eStprussiber sydémsal pha 3
subunit. These data t{e’,urt her l1.).nd|ﬁat et Jthate :,[he. glﬁgha,ﬁ stu%:.t and the
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sel ective act)i @ t¥, ooENcHP b eedsileMdnified.t Patradidlighetzadyapeps(ie)-
Flunitrazepam or other well described radioligands without selectivity for
individual GABA subunits.

Since benzodiazepine receptor ligands can act as agonists, neutral ligands
(antagonists) and inverse agonists, a functional assay is needed to identify
agonists as well as partial agonists. Such assays may be a modified binding
assays, using the binding of 3(H)-Muscimo! as read out, since agonists as
25 well as antagonisis and inverse agonists affect differentially the binding
characteristics of Muscimal. '

A different functional assays which can be used to identify the intrinsic
aciivity of benzodiazepine ligands is based on electrophysiological

a0  techniques using either Xenopus oocytes as expression sysiems or
transfected cell lines such as CHO cells transfected with the respective
alpha, beta and gamma subunits as described elesewhere. Again another
functional assay may be based on transfected cell lines exposed fo GABA
and the compound to be tested, but using the membrane potential as read

a5 out for the receptor interaction. The result of such a stepwise screening
approach is a compound which has high selectivity for the alpha 3 subunit
and which may act as a full or partial agonist at the alpha 3 subunit.



receptor |igands which are selective for the al pha 3 subunit of the
benzodi azepi ne receptors can be expected to be active in the above
menti oned CNS di seases. 35 Therefore, another subject-matter of the present

i nvention is eutical conposition containing a benzodiazepi ne
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the al pha 3 subunit of the benzodi azepi ne receptors. Such substances with
hi gh selectivity for the al pha 3 subunit can easily be detected using well
est abl i shed and described screening systths. Such systens can conprise
receptor binding assays as a first step, but using 5 binding assays which

however have f | b ctive
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15 for treatment of dystonia.

Such pharmmaceutical compasition is useful for freatment of central nervous
system disorders and preferably for treafing psychosis, depression, dystonia,
epilepsy and anxiety as described above in more detail.

20
Such compounds or compositions including ELB132 are also claimed io
exert selective positive effects on CNS disorders which can currently not be
treated with the available benzodiazepine recepior ligands, i.e. depression,
psychosis, dystonia and related CNS diseases with a special focus on

25  diseases which can be treated with compounds exerting an effect on
serotornine levels in the brain including depression. Such compounds are
also claimed to exert effects in dissases which can be currenily freated with
benzodiazepine receptor ligands but at a better side effect profile reducing
the amnestic, sedative, hypnotic, addiclion inducing, muscle relaxant, and

s  CNS-depressant effect of benzodiazepine recpstor ligands and the
development of folerance. Such diseases include anxiety disorders,
epilepsy, sleep disorders, and other diseases responsive {0 benzodiazepine
freatment.

a5 The invention is further explained by the following Examples and Figures:



characteristics of Muscinol. A diTTerent Tunclionar assays wirch—can be
used to identify the intrinsic activity of benzodi azepine ligands is based
on el ectrophysiol ogical 30 techniques using either Xenopus oocytes as
expression systens or transfected cell lines such as CHO cells transfected
wi th the respecdoswessal pha, beta and ganma subunits as dﬁég@bgﬁ mﬁggsemhere.
Agai n another functional assay nay be based on transfected cell |1nes
exposed to GABA and the conpound to be tested, but using the nmenbrane
potential as read as out for the receptd@-interaction. The result of such a
stepw se screenlng approach is a conpound which has high selectivity for
the al pha 3 g yﬂv&g which may act as a full or partial agonist at the
al pha 3 subunlt 3 004867 PCT/ EP2004/ 006989 -19- Such a receptor

| i gand conpound may al so act as a partial agonist with at |east 20 fold

| ower af fini Figure t1heA@im{% tbteﬂndlsfammtﬁlvéﬁéw Sy PérfifingC Qither ed to

e oL e SRSy S L e M e R

defi ned abovinues prigtiovsstiméercdierated sel ect ivity. Preferably, such
phar maceut i CpalgnaARAISES %ngm

Eéd“é Q@d@%@ﬁ%ggjwé#aﬁmrﬁﬁﬁ nglo) 44
Vi sabl o1 hEPUR ISrdh Ftacaanifean F sl b0 renb e Sch et 75

auxi | i ari es &reigriifieant tigwesiol poM 00 Significaniciiffepsittne each bther pa0 @8 eral or for
oral io adm nistration. Like described above, a dose of 1-100ng/kg body

wei ght of the patient has been found to be an effective dose of the active
conmpoundio FuFtowre 2: priidystoniciactbiin gEE13bA0E%ed i n the phar naceutlcal

conposi tion Afalawépdaéé ,agéks .wesmhé nifitahPa gggi wil ght for

treatment of sc |éophren| a and o er psych I c di sea and 1"to 20 ng/ kg
or 5 to 15 n§f&GMody weight 15 for treatment of dystonia. Such
pharmaceutical conposition is useful for treatnment of central nervous

Syst em di so gitipe 808RLAYY Al 00 H00r 4 PATLARSOR Ay gRgess! o,

dystoni a, n nore . 20 Such

conmpound$ or g@dﬂﬂfﬁﬁlﬁ"i%n@oﬁ%%@%ﬁﬂ@"&ﬁ%@bl R Dala eoe shawnas p@'cent of
mean hasal level of 5-HT (mean SEM); * = significant to tylose, p<0.05.

Figure 4: Effect of E131-00139 on dopamine release in the shiatum of rats
30 mafkg E131-00139 was administered i.p.. Data are shown as percent of
20  mean basal level of dopamine (meap SEM).

Figure 5: Whole celi recordings of HEK 293 cells expressing recombinant rat

aifp2y2 (i=1-5) GABAa receplors. Currents were normalized to the GABA

concentrations used in the absence of all different drugs. Increasing
25 concentrations of diazepam (4 ), diazepam + 10 pM Ro15-1788 (A), E131-138
=), or E131-132 + 10pM Ro15-1788 (o) were co-applied with GABA
concenirations about ECx. Error bars indicate the standard error of mean
(ESEM) for 4 cells each.

s  Figure §: Effects of ELB139 (= E131-00139, 10+30 mg/kg) on the time spent
immobile, the duration of swimming and the time span the animals tried to
climb out in the rat forced swim test compared to vehicle treated controls. (*
p<0.05, One Way ANOVA foilowed by the Holm-Sidak method). Data are
presented as mean + SEM (n=10).

35
Figure 7: Effects of fluoxetine (10+30 mg/kg) on the time spent immoabile, the
duration of swimiming and the time-span the animals tried to climb out in the rat



exert selective positive effects on CNS disorders which can currently not be
treated with the avail abl e benzodi azepi ne receptor (igands, i.e. depression,
psychosi s, dystonia and related CNS di seases with a special focus on 25

di seases “Qkf f@ﬁ be treated with conpounds exerting an_effect on

ser ot oni ne MY C the brain including depression. SUSHHSAHOIREL are

also clained to exert effects in diseases which can be currently treated
with benzodi azepi ne receptor ?igands-quf at a better side effect profile
reduci ng the amestic, sedative, hypnotic, addiction inducing, nuscle

rel axant, and so CNS-depressant effect of benzodi azepi ne recpetor |igands

and the ddoedpwdm test comparethtoevelitie Hrasterk agrisols.n(t prb0aNRNetWayi sor der s,

epi | epsy, sARGNAdoiowe by, thaMbigtieak et Tata e Phedared 8s wrodi azepi ne
treat nent. %gb@nvent lon is further explained by the follow ng Exanpl es
2

and Fi gur es" 5/ 004867 PCT/ EP2004/ 006989 -20- The Figures show Figure
1. Activity, total distance travelled, stereotyped sniffing, other

t typi ' ' . -0 | Sl di.p. 10
2 1 nut b, pipare &1 et or THaBhefud of SaeB0kndlSeH) bl Eial RAEHC ' (D and
E131- 00139 hehavigyhinfesw@lg B85 p.o. 1 hour prior to test. * significant to

cggt (r)gll D;W\Q@,s;f_aﬁéténiﬁ?!f?ﬁé ét%bm{?f?rﬂél@ elﬁt{cﬁ-@-ﬂ), at "065 thgﬁk'ng . GRNivak0 control
p<O0. : sjagnific Lffere . each.ot her : .0 Fl gur ;

Bt dyst oni SATBIStETBAPOLMIERERE BotesE WABh BEREPNBcTid 30 MR pio 8 eficq 1 p.
still a sigsén given innaddifien daiflunsezeniti(F). Mamazpniéstr mgfkgir p. ®asEf f ect of
E131- 00139 B ' Skated v 1- 00139
was adr#ni s%lég@?a?%ﬁ%%%b%“%uﬁemi §£R€$psn“ga§nd]géﬁs<g9 Igvel of
5. T ( mean RSEN 0 teshdatacain Shews yas,mean seWs Siomificantdocontsol 46y of

E131- 00139 mxo.0®papko® 1, et*gag@ofn the striatumof rats 30 ng/ kg E131-00139
was adm nistered Lp.. Data are shown as percent of 20 nean basal |evel of

dopamine (meaq SEM). Figure 5: Whole cell recordings of HEK 293 cells
expr essi ng FiguvaBi Effect ofELB t3Day MK-881-irsjuceApapchasiepelates) bahavioemt s wer e

normel ized 4y ihRvErlity by flumazenil in female rats
ELB139 at 30 mg/kg p.o. was administered 1 h prior to test. Flumazenil at 5
ma/kg i.p. was administered 20 min prior to test. MK-801 at 0.1 mg/kg i.p.
was given 10 min prior o test. Effect on MK-801-induced stereotyped
sniffing, other stersotypies and ataxia are shown as mean £SEM. Significant
20 to control:* p<0.05, ** p<0.01, **p<0.001; significant to ELB139 group: #
p<0.05.

Figure 10a: Effect of ELB139 on MK-801-induced psychosis-related
behaviour and its reversibility by flumazenil in female rats

25  ELB139 at 30 mg/kg p.o. was administered 1 h prior to test. Flumazenil at &
mo/kg L.p. was administered 20 min prior io test. MK-801 at 0.1 mg/kg i.p.
was given 10 min prior to test. Effect on MI-801-increased acfivity and
distance travelled are shown as mean + SEM. Significant fo controi:™ p<0.05;
significant to ELB139 group: # p<0.05.

a0 .

Figure 40b: Effect of ELB139 on MK-801-induced psychosis-related

behaviour and its reversibility by flumazenil in female rats

ELB139 at 30 mg/kg p.o. was administered 1 h prior to test. Flumazenil at 5

mg/kg i.p. was administered 20 min prior to test. MK-801 at 0.1 mg/kg i.p.

s was given 10 min prior to test. Effect on MK-801-increased activity and
distance travellesd are shown in 5-minuts-intervalls as mean = SEM.
Significant to control:* p<0.05; significant to ELB13€ group: # p<0.05.



concentrations used in the absence of all different drugs. Increasing 25
concentrations of diazepam (A), diazepam + 10 isM Rol 5-1788 (A), El 31-139
(), or E131-139 + 10pM Rol15-1788 (0) were co-applied with GABA

concentr at if@ioa}b%m ECZO Error bars indicate the standard error of mean
(SEM for P48 ch. so Figure 6: Effects of ELB139 PEI/ER984/0969839, 10+30
mg/ kg) on the tine spent immobile, the duration of swmmng and the tine
span the aninmals tried to clinb out |%]the rat forced swmtest conpared to
vehicle treated controls. (* p<0.05, e Way ANOVA fol |l owed by the

Hol m Si dak nethod). Data are presented as nean SEM (n=10). 36 Figure 7:

Ef fects of Examplesi ne (10+30 ng/kg) on the time spent imobile, the
duration of swimmng and the time-span the animals tried to clinb out in the
rat ill WD 2005/004867 .PCT/ EP2004/ 006989 -21- forced swmtest conpared to
vehi cl e tr chtléertrgAt pipsychetic giaordess One Way ANOVA fol | owed by the

Hol m Si dak net hod) Data are presented as nean SEM (n=10). s Figure 8:
Ef f ect of h,ial %ﬁr on MK-801-induced psychosis-related behaviour in
femal e Fats T g@%’arate trials are shown. Haloperidol (H) at 0.5 ng/kg I.

p. was admnistered 60 min prior to test when given alone and 30 mn prior

to test i f i /k |
b uas 104 %*"%Pl"?fé}éefﬁa%"f&f‘ () B, ‘GraBE Biver, ROlerold CRARER woifhing 0 10,
gi ven 10 mi 10 tgri89g were ysed fcmdh@ew@ eagwefemusgﬂmn@rgﬁqug%m to
K/&ms (r) (i” (g)cdhdlmﬁguggrodp’é mﬁ?%aﬁzm@w&k IéJﬂiQﬁthaEbB@@hz)wfmtELBé% on
- i ndug chosis-rel ate viour ers

f1 umazeéhi | ?cﬁqib@Hé SOPeT% t%L% (Eteh%ﬁ S5ty l:{onl(’;!“wvag (ﬂelldﬁt Fg}bi:'lﬂ >1/ hypri or
to test. FlSoastMedifaben)andmgiiéry i . p. was administered 20 nmin prior to test.
MK-801 at 0.1 ng/kg i.p. was given 10 mn prior to test. Effect on

MK- 801-1 nduced stereotyped sniffing, other stereotypies and ataxia are
shown as nmean SEM Si gnifi cant ,

1.2. Chemicals
15
E131-00139 1-(4-chlorphenyl)-4-piperidincimidazolin-2-one, MW 277.75) was
manufactured by elbion AG. Haloperidol (4-(4-[4-chlorophenylj-4-hydroxy-1-
piperidinyl}-1-(4-fluorophenyl)-i-nutanone, MW 3759) was obtained by
ratiopharm GmbH, Ulm, Germany, MK-801 (dizocilpine, MW 337.37) was
20  obtained by Tocris, distributed by Biotrend Chemikalien GmbH, Kdin,
Germany. All other chemicals used were obtained from Sigma-Aldrich Chemie
GmbH, Germany or from Merck, Germany.

1.3. Drug administration schedule/ dosage
% . E S
Applied volure: 6:5 mi/100g

substance | Number | Dosage | pre-treatment |nwmber of application Route of
of administration
: animals '
30 [m]  |[mgke] [min] [n]
ME-801 17 0.2 10 1 ip.
| E131-00139 6 30, 60 60 1 p.o,
haloperidol 10 0.5 60 1 ip.

35 1.4, Preparation of compounds:

E131-00139 was freshly suspended in 0.5% hydroxyethylcellulose so that an




20 to control :* p<0.05, ** p<0.01, ***p<0.001; significant to ELB139 group:
# p<0.05. Figure 10a: Effect of ELB139 on MK-801-induced psychosis-rel ated
behaviour and its reversibility by flumazenil in female rats 25 ELB139 at 30

Mg/ Kg p. 0. WS Jistered 1 h prior to test. Flunmazen] ,B%*g ?5) /kg Lp.
was adm ni stereﬂ% mn prior to test. MK-801 at 0.1 ngH% 20 “.’00%5 gi ven
10 mn prior to test. Effect on MK-801-increased activity and distance

travell ed are shown as nean SEM Sigmgdcant to control:* p<0.05;
significant to ELBI 39 group: # p<0.05. 30 Figure 10b: Effect of ELB139 on

MK- 801-i nduc d chosi s reI avi our d,its r |b|||t b
flunazenil § i(%ﬁ%ﬁ'@ valp @eEQBégan%%\;Q Wes !&fcgeﬁ fo(/\E@c ?\J‘F‘E?Géﬁ‘éﬁ { h prior
to test. Fldosezdialbperiddh mjegt;dng solmom/amsadﬁuindswheda]m r:::sczn’chna]l:r:c an to test.
MK- 801 at t : t on

MK- 801-1i nc?aédinsg% ré%fr! \\/@%’| meand&’gsm?gﬁgg ﬂvgave Gl*he Q'hs%’%ﬁémng wers

5- i nut e- i rRl@gefal 9% s m?élﬁﬁtlc er deiere flaﬂdntduflﬁgcéiﬁﬁmgl Progaeiviress ;

signifi g:antH)tdyo;@eE%%"gro@gmas%om ;ﬂ@,shm wafkp/ 004867 PCT/ EP2004/ 006989
-22- Exanples 1. Treatnent of psychotic disorders 5 1.1. Animals Fenale

Wstar rats (Cl: (W) BR, Charles R ver, Sulzfeld, Germany) weighing 150 to
180 g were used for the experinent. They were housed under standard

condi tions a 12 h light/dark cycle (light on at 0600 h)
with 10 ad 1 i tﬁéﬁn’;&é‘?‘% Hc\éau%god (Pellets, ssniff MR 15, Spezial diat GibH,

Soest| Westfal en) and water. 1.2. Chem cals 15 E131-00139
1- (4- ch or prentydhavibup intiiced boithe NMDA antadoriseMKNN2ig Genllalyagkcepaduf act ur ed

o) pedai ny1 5512 (3. BRER %‘ﬁé%ﬁ?é'ﬁ Wl S0 ReBR P S e ang,
r at i ophar mataiaiin taisafterdntnaparifonaal adminisirationi | pi ne, MW 337. 37) was
Locomotor activity of the rats is recorded by the MotiTest Apparatus (TSE, Bad
Homburg, Germany). The test area consisted of a squared arena (45 ( 45 cm)
15 with profective plexiglass walls (20 cm of height) where rats could freely move.
Horizontal movements were recorded by 32 infrared photocells arranged along
the bottom of each wall of the arena. Vertical movements (rearings) were
recorded by a horizontal row of 32 infrared photocells 12 cm above the floor.
The following parameters are measured by the computer program "ActiMot"
20  (TSE, Bad Homburg, Germany):
active time [s] and total distance travelled [m]

Stereotypies, divided into stereotyped sniffing and other stereotypies, and
ataxia are scored by the experimenter every five minutes for one hour (12

25 intervals) according to the method described by Andiné et al. (1989). The
scores of the 12 intervals are added for sach parameter.

score | stereotyped sniffing other stereotypies ataxia

0 no stereotyped sntffing no other sterectypies ~ normal body control

1 discontinuous sniffing discontinuous stereotypies falling tendency upon
%0 (free interval > 5 ) (free interval > 5 8) movement

2 continuous sniffing |  continuous stereotypies falling upon movement

3 - ' - - ‘ Almost unable to move

The day of experiment the female rats are placed in the laboratory and receive

3 the test compound, the reference substance or vehicle at the appropriate time

-~ prior fo fest. MIK-801 0.2 mg/kg is mtrapentoneal[y administered 10 minutes
prior to test.




20 obtained by Tocris, distributed by Biotrend Chem kal |l en GrbH, Kol n,
Germany. All other chem cals used were obtained from Sigma-Al drich Chem e
GroH, Gernmany or from Merck, Germany. 1.3. Drug adm nistration schedul e/

dosage 254408 | volune: 0i5 m/100g substance Nunb
pre-treat nent ﬁéﬂdgﬁ%g of application Route of of adm ni gl{cr"ﬁ%i%@gﬁmg?ﬂ mal s 30

[n] [my/kg] [mMn] [n] MK-801 17 0.2 10 1 iP E131-00139 6 30,60 60 1 P.O
hal operidol 10 0.5 60 1 i.p. 35 1.4-2Rreparation of conpounds: E131-00139
was freshly suspended in 0.5% hydroxyet hyl cel | ul ose so that an WO

2005/ 004867, ,PCTI, EP2004/ 006989 . -23 admi ni stratign volunme,of 0.5 m /100 g was
reached for'tdag PegiipiRG At e lagt the e ,aﬁ%Pléﬁ%fﬁrhg'le F?ﬁt@cf’fg}? SHA®Y on was
di | ut ed wi tdnersalof rlee ddotiTest apparatudnBehatioat obthey risiie redorfed folA® g was

reached. T q%rb? : | ' and
during dosimr?UE roce ﬁ@"%%‘?%@%@?ﬁéﬁ gg&?ﬁ]gé%&mg@%sW\%gﬁgﬁ&gl stilled
wat er. 1. 5.angygsied nent al procedure 10 The behavi our induced by the NVDA
antagoni st MK-801 is generally accepted as a rat nodel of psychosis. M-801
I nduces stqr@%tgﬁ%es, hyperactivity and ataxia in rats after

I ntraperiton nistration. Loconotor activity of the rats is recorded
by the Mdti Test Apparatus (TSE, Bad Honburg, Gernmany). The test area

consi st ed %ﬁpé%@é%ﬂ?%mﬁa;gg%é Wﬂﬁa@}dsisf ragxg‘fméﬁeegﬁxwffw; ekey fast 9! ass

walls (20 cmor helght) : rafs c e. Horl zontal novenents
wer e record@?‘ﬁ‘sﬁdﬁrﬁ"ﬁwmaorﬁ%ﬁ@ﬂeﬁkg-%‘ﬂ% readARSignifieaMot t om of each
wal | ofgthe arena. Vertical novements (rearings) were recorded by a

hori zont al 1rf\éﬁ£{ut§2 i nfrared photocells 12 cm above the floor. The

foll ow ng par é s are neasured by the conputer program "Acti Mot"

The results of the test are shown in figure 1. Haloperidol significantly reduced
all symptoms induced by MK-B01 [p<0.001] as described by Andiné et al.
15 (1999). :
At 30 mg/kg p.o. E131-00139 significantly reversed the stereotyped sniffing,
the other stereofypies and the ataxia induced by MK-801 and distinclly
reduced the total distance travelled increased by MK-801. At this dose it did
not reduce MK-801-stimulated activity.
2 At 60 mg/kg p.o. E0131-00139 significantly reduced all parameters induced by
MK-801.
The stereotyped sniffing was reduced dose dependently [p<0.05]

2. Treaiment of dystonia
25
2.1. Animals

Experiments were carried out in male and female di®* mutant Syrian golden
hamsters which were obtained by ssleclive breeding as previously described

an in detail (Fredow and Léscher, 1991). They were housed under standard
conditions in groups of three to five on a 12 h light/dark cycle (light on at 0600
h) with ad libitum access to food (Altromin 1320 standard diet, Altromin, Lage,
Germany) and water.

35 2.2 Chemicals

E131-00138 1-(4—chIorphenyl)-4-piperidinoimidazolin~2—one, MW 277.75) was



20 (TSE, Bad Honmburg, Germany): active tinme [s] and total distance travelled
[M Stereotypies, divided into stereotyped sniffing and ot her stereotypies,
and ataxia are scored by the experinenter every five mnutes for one hour
(12 2s int | cording to the nethod described by Andin(r) et al.
(1999). ‘Thﬁb\sé@g@%‘ssgﬁf the 12 intervals are added for eBEF/.EPﬂé‘V er. score
stereotyped sniffing other stereotypies ataxia 0 no stereotyped sniffing no
ot her stereotypies normal body contralgs.l di scontinuous sniffing

di sconti nuous stereotypies falling tendency upon so (free interval > 5 s)
(free interval > a@s& movenment 2 continuous sniffing continuous stereotypies
falling updhamsae by gelbion AGrddl; offighishemicalsrysed were ebigingd fexper i ment
the femal e Sighm-AltfckCheaie GbH) Gdrmaay of Poi Medk ey, as the test
conpound, the reference substance or vehicle at the appropriate time prior
to test. MK-801 0.2 ng/kg is intraperitoneally adm nistered 10 m nutes

prior to te8.Dng axindipisteti@esciedulerios e/ 006989 it -24 At the beginning of
the tesf the rats are placed in the centre of the squared arena of the
Mot i Test appar.atus, :Behaviour of the rats is recorded for one hour. After
each run a |9PA'F’9V8W§“GFermved and the boXe3M&88oughly cleaned and dried. 5

1.6 Stati STes RESTL S, el VSEch D e Vay, Gl g ™S Of var il

ANOVA) - ThRiEstate 50 | pay P 3‘%&

o, BT ST i ol 1) e,
S ant |y

regarded a$ signifiicaibal

in figure L. Hal operi Qﬂf‘ ~Er9§?k%i C _reduged all synptong induced by
MK- 801 ,f p<D. 001] as| descri|bed by|AndilA®let al. 15 £1999). |At 30 ng/ kg p. o.
i.p.

E131- 00139 BIYPdihganigy feveysed Thegiereatyped spriting,

E131-00139] 8 10 180 | 1 i.p.

2.4. Preparation of compounds

15 -
E131-00139 was freshly suspended in 0.5% hydroxyethylcellulose so that an
administration volume of 0.2 mi20 g was reached for each substance and
dose. The suspensions were placed on a magnetic stirrer before and during
dosing procedures. Hydroxyethylcellulose was solved in distiled water.

20 '
2.5. Experimental procedure

Drug testing was performed at the maximal sensitivity of the hamsters for
induction of dystonic attacks, i. e. between 30 and 40 days of age. Dystonic
25 attacks were induced by a iriple stimulation technique: The hamsters were
taken from their home cage and placed on a balance (fo determine body
weight), wers then injected Lp. with saline (control) or drug, and immediately
placed individually in a new and empty plasiic cage. Dystonic atiacks started
within a Tew minuies afler placing the hamsters in ths new plastic cage. The
so  animals were observed in this cage for 3 h, and the severity of the dystonic
movements was rated for the time period 0-1 hour, 1-2 hours and 2-3 hours as
follows, always rating the maximum stage reached within the observation

period:
s  Stage 1 flattened ears and flattened posture while walking
Stage 2 facial contortions, rearings with forelimb crossing, disfurbed gait

with retarded setting of forepaws



the other stereotypies and the ataxia i nduced by MK-801 and distinctly

reduced the total
did not reduce MK-801 -stinulated activity. 20 At 60 ng/ kg p.o.

si gni fi caniyoiohbmigsd all paraneters induced by M- 803(}?&:@0&%&3%%
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weaving, and opisthotonus

The final stage persisted for two to five hours, but rapid recovery occurred
thereafter. All mutant har_'nsters did not progress through the entire sequence
described; the individual maximum stage was usually reached after 45-170
minutes.

2.6. Statistics

Results were analysed by Friedman-test followed by Wilcoxon-test. P < 0.05
was regarded as significant.

2.7. Results

Afirst group of animals (n=8) was tested for ocurrence and severity of dystonic
atfacks at the age of 32-33 days afier administration of vehicle (i.p.) as well as
after performing the triple stimulation procedure as described above. Two or
thres days later, the same animals received E131-00132 i.p. and were again

. observad for 3 hours and again 2-3 days later the animals were re-izsied after

30

a5

vehicle administration to serve as post dose control. The resulis of this test are
displaved in figure 2. In this graph, three stacks of three bars each ars
displayed. The first stack rapresents the first hour of observation stafring with
drug administration, the second stack of bars represents the second hour of
observation and the third stack the third hour.

In each stack 3 bars are displayed. The first (open) bar represents the confrol
response of the animals recorded 2-3 days prior fo the drug test, the black bar
representis the results obtained after drug administration and the third (gray)
bar represents the post drug conirol fested 2-3 days afier the drug

SB5a8 oa BNPEHS HHRIERH I L RRlecs el PR S i <t 1 at i on

180 1 1. P.
in 0.5%



adm nistration volune of 0.2 m /20 g was reached for each substance and

dose. The suspensions were placed on a magnetic stirrer before and during

dosi ng procedures. Hydroxyethylcellul ose was solved in distilled water. 20

2. 5. Exper] ocedure Drug testing was performed at the nmaxi mal

sensiti vi t%{%%é ?lamst ers for induction of dystonic HtYHERE/00§8 o

bet ween 30 and 40 days of age. Dystonic 25 attacks were induced by a triple

stinmulation techni que: The hansters weye taken fromtheir hone cage and

pl aced on a bal ance (to determ ne body weight), were then injected i.p.

with saline (cqontrol)_or drug, and ipnmedi atel | aced .individual]y in a new

and enpty BF 'ﬁ@t@ﬁggﬁe Bﬁ'@gﬂipé’s teshWwRs U§?‘§F‘¥§Z§8u&? ﬁl‘ﬁtﬁ" reduglipndhiut es after

pl aci ng t heevsrity bEsiages wab enlyedueptoas raductiawyin sehsitivRg farthebiduciiat ef obser ved

in this ca t rity of the dystonic novenents was rated
sl et R ¥elithentyt

for the ti hours and 2-3 hours as follows, always
rati ng the maxi num stage reached within the observation period: 35 Stage |

](c:loﬁt E)re?’iegn?ﬁr?’ga;&?ﬁéh@té)ggmﬁgﬁgﬁwﬁ%a?i?vagaléﬁ?)g?uﬁs 23%% %aﬁe\n@tﬁh retarded
setting of @B@B@S%A%%Wz 5'7?)82%%OS@T/‘EPQg%ﬂ?@@é@aﬁe-‘:ﬁ’%‘pﬁ”&gé‘"@ sti ffened
hi ndl i nbs, well tolesatet handhnbnsddamtiap pess obsambdk During fhedstal bhsarvaljomnet ri c
h it : ' ' dal ly,
o el o coReHaS 11 SEnPr 8 UpRGHS AREE was oy Y MEAHGS P2 02 Y
ani mal s i mi@sg dyrgien phactionwlbe samamingcHEtriomst i @maveragnsiage Zihid i nbs and
foreligps Doni gl ke %laﬁgf@dwﬁidwowwrgacr@aemtﬁiﬁ mireites Witdri &a éRiHe

al fo

10 The 1 naxPaimae: ber ol iR Mt A6 ooy VR Aa s P B o very
occurred t0dB@afe presertl | nutant hansters did not progress through the
entire sequence
3. Anxiolytic and antidepressive activity
15
To further characterize E131-00139 the compound was investigated by
microdialysis. The extraceliular concentration of fwo neurotransmitters,
serotonin (5HT) and dopamin, and their metabolites were determined in the
striatum.
20

3.1. Animals

Male Wistar rats (Crl: (W1) BR, Charles River, Sulzfeld,Germany) weighing
200 to 260 g were used for the experiment. They were housed under standard

25  conditions in groups of five on a 12 h light/dark cycle (iight on at 0600 h) with
ad libitum access to food (Peileifs, ssniff M/R 15, Spezialdiat GmbH,
SoestfiWasifalen) and water.

3.2, Chemicals

30
E131-00139 1-(4-chlorphenyl)-4-piperidinoimidazolin-2-one, MW 277.75 was
manufactured by elbion AG. All other chemicals used were obtained from
Sigma-Aldrich Chemie GmbH, Germany or from Merck, Germany.

35



descri bed; the individual maxi num stage was usually reached after 45-170
mnutes. 15 2.6. Statistics Results were anal ysed by Friedman-test foll owed
by WIlcoxon-test. P < 0.05 was regarded as significant. 20 2.7. Results A
first groug,‘,?gm%;a& s (n=8) was tested for ocurrence and severitg/ of
dystonic attacks at the age of 32-33 days after admi ni SEFELT8#H0W6Mehicl e
(i.p.) as well as 25 after performng the triple stinmulation procedure as
descri bed above. Two or three days |atgy. the same animals received
E131-00139 i.p. and were again observed for 3 hours and again 2-3 days
later the anjmals were re-tested after vehicle admnistration to serve as
post dose &%-{B%!Q.adTHB'SF@BQﬂ scheghlef dpsageest are displayed in figure 2. In
this graph, three stacks of three bars each are ao displayed. The first
stack repr he. fi.rst hour of observation statring with drug

adm ni stra{ﬁ@ﬁé%{hgﬁyéggﬁ'd statk of bars represents the second hour of
obser vat i orAppligdwvoluneti rd st acR5tmiélQ0g rd hour. In each stack 3 bars are
di spl aygd, The first (open) bar represents the control 35 response of the
ani mal s r eger-tded—2—3—gays—ptt-or—to—the—arug—test—ihe—black-—bar—+e
the resul t 4*¥5E%ened aﬁ)g’%"gecrug adWT- AP psafnen and |t rebRicf PEgENY) | bar
represents {the post dr@senepntrol testdgdinf-3 days affter themyrug WO
2005/ 00486 THERZO00@ 06989 =27 adii i stratton. [The pre-and posti test was
used to ex E?gédo'ggi_Ja ggduzinn of cn@eﬁily of st Mol ; e to a
reduction in sensitivity for the induction of dystonic attacks is age
dependgnt. S In the current experinment E131-00139 was shown to exert a

pot ent antigy%téé)ni c,efﬁcgct. At the dose tested, t,i s. 10 mﬂj/kg i.p., the
conpound wesd: fEeRaratier Of: eRMpNdS oSusReRdee nuE S % uirpweinviseliigge t he t ot al
obser vat i orconfeiingd0thpolgetigienéylyad! 300¢PEG300NI ¢ attack was significantly
reduced inidcating a |ong duration of action. The remaining synptons, i.e.
on average stage 2.3 to 10 2.4, are the stages which are reached within

m nut es af tEF31s@Q132 whs frieshly suspended in 0.5% hydroxyethylcellulose so that an

15 administration volume of 0.5 mi/100 g was reached for each dose. The
suspensions were placed on a magnetic stirrer before and during dosing
procedures. Hydroxyethyiceilulose was dissolved in distilled water.

3.5. Experimental procedure |

K
T

+ oact tha hl acl Khar e resent S

20  Surgery

The day before the experiment, male rals were anaesthefised with chloral
hydrate (3.6%, 1ml/100 g i.p.) and placed in a stereotaxic frame to implant a
microdialysis guide cannula {CMA/12, Carmegie Medicine, Sweden). Scalp

25  was incised in the median anterior-posterior direction between lambda and
bregma and a small hole was drilled into the skull. The stereotaxic coordinates
were AP = +1.0 mm, L = -3.0 mm from bregma and 1.5 mm from the skull
surface for the siriatum according o the atlas of Paxinos and Watson, (1986)
(1). Dantal cement (Sinfony(2)) was used to fix the guide cannula and anchor

a0 screws io the cranium. During the surgery rectal temperafure was mainiained
at 37°C using a heating blanket.

Microdialysis
ss  The day before the expetiment the microdialysis probe (CMA/12, membrane

length 4mm, Carnegie Medicin, Sweden) was inserted into the striatum through
the guide cannula. On the day of experiment the probe was perfused with



experinent, i.e. at a tinme where no or only mninmal plasma |evels of E131-
00139 are present. 3. Anxiolyfic and antidepressive activity 15 To further
characterize E131-00139 the conpound was investigated by mcrodialysis. The

extracel | ul agwﬁ@&?&)%&at ion of two neurotransmtters, sel;&é]?ﬂ%@mgégg) and
| um 1.

dopam n, and't tabolites were determned in the stri

Animals Male Wstar rats (Crl: (W) BR, Charles River, Sulzfeld, Gernmany)
wei ghing 200 to 260 g were used for thegexperinent. They were housed under
standard 25 conditions in groups of five on a 12 h light/dark cycle (light

on at 0600 h)_wth ad . libitumaccess to food (Pellets, ssniff R_15,
Spezi al di at CBJBQP"S@HB%I% (1ASMVENaGh 4 M Kok 8»4.( mbl aChiphi = 814 Theflews1- 00139

1- (4-chl or pherad )(44ppinkdr akbwed fid doietti BO 2HI088mpldd/ dvaty7 20 Washuidgmtbact ur ed

by el bion AG .oL.her. che | wer.e ained fro i -Aldrich
Chem e GrbH, @%ﬁ% 34"”10?’5’{'3 K’&’% Iéfgrgr'ﬁaﬂyfrg% PP /M&% é?l a
PCT/ E1' 2004/ Oiespemias -of383C mntilgasalysed. sUsiagi an swivebdoing/ theo peffusiorRout e of
applicatign: j} ot I il - 1.
pr e-treat?rentémimr?e nurtr_baz,rgwéﬁ tgpg {néégttléorﬂa\feﬁ%%gvr. @%ﬁér@iﬁ ﬁe_@%g%-ag%lw 30 0
1 10 3.4. PridRlr 80 3Muging: Mot 488 s ed detispiityes 2+ T'E@Fﬁ@'ﬂ%%’%’@l | ul ose
cont ai ni ng 10¢dlpoteddd Rutaplisiyh wtable BRI [EVEXSQ{Eurotransmitter release.

Thereafter 30 mg/kg E131-00138 or an equivalent volume of 0.5 %

tylose/PEG300 9:1, respectively, was administered. Then coliecting samples

10 was continued for at least 220 minutes.

Analysis of dialysates

Dialysates were directly analysed by reverse-phase high-performance liquid

chromatography with electrochemical detectfion (HPLC-EC). The samples were
15 separated by a ZORBAX SB-Ag 2.1 mm ID x 100 mm column (Agilent

Technologies). 1 ul 1% perchloric acid were added to the 20-minutes-fraction

and 10 pi of this mixture were injected into the HPLC-system.

The mobile phase contained:

2  KH2PO4 50mM
Octan-1-sulfonsdure Natriumsalz (NOS) 2,2mi
EDTA 0.086mM
2MH;PO, Sml
Methanol (MeOH) 83ml

25 Acetonitril : 10ml

atpH 3.5

The method (serotonin) runs at a flow of 0.23 mi/min and a column
temperature of 38°C, sample thermostat 8°C.

s Al night flow was reduced fo a flow of 0.1 mi/min. Catechclamines were
oxidized at 500 mV (Model 5014 B microdialysis cell, esa). Dopac was
measured at 200 nA, dopamine at 2 nA, HIAA at 100 nA, HVA at 2 nA, and
serotonin at 500 pA.

a  In order to calibrats the system external standards with 5 concentrations each
were run regularly:



E131- 00139 was freshly suspended in 0.5% hydroxyet hyi cei | .ul ose so that an
(15 adm nistration volune of 0.5 m /100 g was reached for each dose. The
i suspensions were placed on a magnetic stirrer before and during'dosing
! procedur es. q¥§r el | cel | ul ose was dissolved in distillﬁd wat er . :
I Experi nent al é 20 Surgery The day before the exp@ FW@HPMmWﬁPe rats
g'mere anaesthetised with chloral hydrate (3.6% Inm/100 g i.p.) and pl aced
lin a stereotaxic frame to inplant a mcgedialysis guide cannula (CVAt12,
;ICarnegle Medi ci ne, Sweden). Scalp 25 was I1ncised in the nedian
‘"anterior-posterior direction between |anbda and bregma and a small hol e was

5 'drilled into the skull. The stereotaxic coordinates were AP = +1.0 mnmm L =
1-3.0 nm from porAE (@R dihyelrésyphemiaddae agidyl | sur1baeesdm250h¢25%215atum
*) according to the atlas of Paxinos and \\t son, (196 . Dental cenent

(Sinfony(2)) was used to fix the guide cannul a and nchor 30 screws to the
1 crani um Dur i BPRAMINGI(Gyehydrogdyraminechpirochiaride) wa §, 422, n!t,@i.ﬁmml at 37C using

a heating bl apief (5] ahy ay befo p Mt he

m cr odi al yS| S o] rane Tength 4nm I & Icin, Sweden)

KA (5 ’\’%W 5 %oﬁ;ﬂea%@tla- Qﬁd}’ Qﬁ%a o)) é’%@h

was i nserted E(Mhﬁﬁ@"%'ﬂmipaﬁclﬂh t hr ough the gui de SQQM‘QQ% 00H0G, 166 4,
exper i ment. t hGERONBNINAG-PYlrbts btatind EARSBAADE 670 B%/LEBZ%)41006989 - 29
Ri nger solution (148 vl KCl é ‘Pé;' %9%%3 TM flow
rate (1 pi/mn) aIIOV\edto coIIect 20 pi sarrples ev 9 &97 Z@ to
mcrovials. Mcrovials were stored in a fractl on collector (CVA1170) at a
Lemper atuke obpffs Wtiphualahi 3R Roy BeBloh Sk ot 8 BECIIT YRR 5
After an adj uSTiag qutwithoe spiatien Gent 9’"&1&13@@% M DORAG ﬁﬂf'ﬂMc@QRﬁ%“%\er e
~jcollected to ¢so®mhM HHIAR mebim l—twsaﬁd DBveNl sefotorsin! Theé petpiveii e ofthease.

Thereafter 30 n equi val ent volune of 0.5 %.

tyl ose/ PECBOOpggf‘k:%&%ygg?é s adm ni stered. Then col |l ecting sanpl es
- 110 was continued for at |east 220 m nutes. Analysis of dialysates

' 15 Histology

After completion of the experiment the brain of the rats was removed and

posifixed in formalin (10%) for approximately 10 days. The brains were cut

using vibroslice (TSE) and stained with toloidin blue to prove probes right
2 position.

Statistics

Basal level of 5-HT release showed interindividual differences. Therefore data

25 of each animal were expressed as percentages. Data from dialysates before
administering the subsiances were averaged, and the mean set as 100 %,; all
individual values were calculated accordingly.

Resulls were analysad by two way analysis of variance (ANOVA) with time and
3  drug as the two factors. Tuckey test was used for individual comparison. P
( 0.05 was regarded as significant.

3.6. Results
s E131-00139 at 30 mg/kg i. p. significantly and unexpectedly increased 5-HT

concentraiion in the siriatum of rais for 1 hour and 40 minutes (figure 3)
without influencing HIAA concentration, a metabolite of 5-HAT (data not



D al ysates were directly anal ysed by reverse-phase high-performance |iquid
chromat ography with el ectrochem cal detection (HPLC-EC). The sanples were
15 separated by a ZORBAX SB-Aq 2.1 mm I D x 100 mm col utm (Agi |l ent

Technol ogi e % perchloric acid were added to the =15 -fraction
and 10 pi of%tohzhos%lr%sé{ure were injected into the HPLC-sys?t%gmﬁ%}g&?%bi |l e

phase contai ned: 20 KH2PO4 50mM Cct an- 1-sul fonsaure Natriunsal z (NOS) 2, 2nmM
EDTA 0.086mM 2MH3PO4 5ml Met hanol (Megh). 83ml 25 Acetonitril 10m at pH
3.5 The nethod (serotonin) runs at a flow of 0.23 m/mn and a col um

tenperature of 38C, sanple thermpstat 8C. so At night flow was reduced to a
flow of 0.1 Mhownh. It clid cdlfe|nat ildengs, the siouliapeously weasuiRd (dasdaing014 B

mg\godit allxég i_%gﬁ@é&fﬁ@?&h-th@mp\_ gﬁﬁéf rdff@ﬁgur@dt).ama%ﬁgbﬁeg gc}fwa@o%@ aaét 2 nA
a nA,. H nA, .and , serotonln,.a DA. n order to
calibrate thdd V&ﬁé‘?é@ﬂ‘?ﬂ‘"’ﬁ"gﬁ&@ﬁﬁ%’eﬁ%e&e‘goncent rati ons each were run

regul arly: WONROOSLITNYSS Of RO/ ER2@0d /19 MoD 8Rkar. 30 -cabubtAt: (EXplained by the
Lo LR gy o by BT
i ndol eacet i ¢ drgegpMsNOtipgreagmbitrgther decrenns Sikhlareiersedo dhe bﬁlflz{% eH) 800,
0,075, 0. 0375 O O g e 2t ar f emovi
t he m cr 6di aﬁ?fggg& rogb%trigta?g%gﬁg@'\ﬂﬁésan Ceglsgriwtba& %ﬁﬂ a%?if:ﬁlggnesc ?B’F’V‘oﬁf )
cont ai ni ng 2GuepiMpboangs amntheniikopaiantiepiieptiod on SMFIralaase dobiekxainNg® and 0. 8
NM ser ot Qi N.yahifsy 'dRBEN@RY dittife Bhtiédioulsant. Carbamazepine also produce an
increase of basal 5-HT release probably by influencing N-type Ca2+ channels
(Kawata et al., 2001). Valproate as well enhances extracellular 5-HT
{Murakami et al., 2001) whereas phenytoin and gabapentin decrease it (Okada
et al., 1997; Taylor et al., 1998). |
15 The effect of E131-00139 on exiracellular -5-HT conceniration may be
compared to that of fluoxetine and other selective serotonin reuptake inhibitors
(SSRI)y (Li et al.,, 1998). Thus, E131-00139 opens up new vistas for the
treatment of central nervous system disorders as the compound class may
combine the long-lasting but late onset activity of drugs increasing extracellular
20  5-HT concentration in the brain and the direct and rapid onset of the anxiolytic
activity of the benzodiazepines which is a well known quality of the compound
class 1-Ar(alk)yl-imidazolin-2-ones. By bringing together the advantageous
profile of a benzodiazepine agonist and the profile of a SSRI without any risk to
alleviate the effect on the serofonin level by the benzodiazepine mediated
25  effect E131-00139 exhibits an exceptional and improved potential for the
ireatment of chronlc anxiety syndromes, panic disorder, agoraphobia, specific
phobia, social phobia and generalised amdely disorder, and depressive
disorders, such as major depressive disorder and episodes, manie, mixed and
hypomanic mood episodes, depressive episodes with atypical, catatonic or
so  melancholic features, depréssive episodes with postpartum onset
premenstrual dysphoric disorder, minor depressive disorder, post traumatic
and acute stress disorder.

Example 4

35
Subtype selective and partial agonistic effect of ELB139 as an example of a
subtype selective partial agonistic alpha 3 preferring compound.



probes | ay between 5 and 20 % 16 Hi stol ogy After conpletion of the
experinent the brain of the rats was renoved and posffixed in formalin
(10% for approximately 10 days. The brains were cut using vibroslice (TSE)

and stal nedw\giaﬂsﬁagfﬂtoggpi o e PP eave hoved | nier 2q’#§%§'§d‘l@€6{9¥9erences.

Statistics vel of 5-HT rel ease showed interindi

Therefore data 25 of each animal were expressed as percentages. Data from
di al ysates before adm nistering the suggtances were averaged, and the nean
set as 100 % all { individual values were calcul ated accordingly. Results
wer e anal ysed by two way anal ysis of variance (ANOVA) with tine and 30 drug
as the two factors. Tuckey test was used for individual conmparison. P (
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15 neuronal systems not involved in the therapeutic effects.

The GABA. receptor subunit composition deiermines both affinity and
efficacy of the endogenous ligand as well as for drugs like BZs. Variations
among the o subunits have profound impact on the affinity and efficacy of

a0 distinct classes of BZ ligands, whereas other classes are indiscriminate
(Pritchett st al., 1989, Wisden et al., 1981). E.g., diazepam, like most but not
all other 1,4-BZs, was previously shown not {o differentially bind to receptor
subtypes of the general form aipjy2 (i=1~3, 5; j=1- 3) (Liiddens, 1995,
Benavides, 1992, Pritcheti, 1990).

The present experiments were conducted to examine in detall the potency
and efficacy of the puiative BZ recepior ligand ELB139 in the presence and
absence of the BZ antagonist flumazenil (Ro15-1788) to a number of GABA,
receptor subtypes expresssd In the heterologous system of human
s  embryonic kidney (HEK 223) cells. The chosen receptor subtypes aifi2y2 (i =
1-5) are likely to constitute the majority of native GABA,/BZ-receptors. The
efficacy, potency, and o subunit specificity of the novel compound was

compared to those of diazepam.

ss  4.1. Experimental Section
Materials



et al., 1997; Taylor "at al., 1998). 15 The effect of E131-00139 on

extracel lul ar 5-HT concentration may be conpared to that of fluoxetine and
ot her sel ective serotonin reuptake inhibitors (SSRI) (Li et al., 1996).
Thus, E131-00139 opens up new vistas for the treatnment of central nervous

system di sor%m,g;\@ﬁ@e corrpound class may conbine the I@é_}gﬁh@%m@ﬂ% but

| ate onset activity of drugs increasing extracellular 20 ration
in the brain and the direct and rapid onset of the anxiolytic activity of
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for the treatment of chronic anxiety syndromes, panic disorder,
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structural héiﬁaﬁ?rogenelty of GABAA receptors that fornms the basis for their
functional diversity. l\/bst benzodi azepi nes (BZ) recognising the GABAA
t hese receptor channels, thereby

21fe 1(‘: 2@{ |O:lg syﬁjéi %@‘% i %‘;Q?‘Eﬁ?% t (#eCARAn TesePiora WA caried out as
sedat i vefmypmlescm&lrﬂdaaﬂqb(mpl mheldLdddenee 1993, Liiddens and Korpi, 1995b).
Briefly, HEK 293 cells were fransfected in triple combinations using the
phosphate precipitation method with rat GABAa receptor cDNAs in
eukaryotic expression vectors (Pritchett, 1990) for the o, § and y subunits.
For optimal receptor expression, final concentrations (ug vector DNA per 9.6
20  cm tissue culture plate) were: al, 2; 02 4.8; a3, 1.2; o4, 10; o5, 0.8; 82, 0.4;
and 28, 0.3. The vy2S variant is abbreviated y2 in the remainder of the text.
To identify transfected cells all subunit combinations were co-transfected
with 1 ug per plate of pNI-EGFP,

2 4.3. Elsclrophysiology

Two days after transfection single coverslips containing HEK 223 cells were
placed in a recording chamber mounted on ithe movable stage of a
fluorescence microscope (Olympus IX70) and perfused with a defined saline
s0  solulion containing (in mM): 130 NaCl, 6.4 KCl, 2 CaCl,, 2MgS0Q; 10
glucose, 5 sucrose, and 10 HEPES (free acid), pH adjusted to 7.35 with
about 35 mM NaOH. Transfected cells were identified by their green
fluorescence due to the expression of the pNI-EGFP vector and figand-
mediated membrane cumrents of these cells were studied in the whole-cell
35  configuration of the patch-clamp technique (Hamil et al., 1981). Patch-clamp
pipettes were pulled from hard borosilicate capillary glass (0.5 mmiD,
1.6 mm OD, Vitrex, Science Products GmbH, Hofheim, Germany) using a



10 present study as a reference conpound, inposes a nunber of effects on the
function of the CNS, resulting in a spectrumof clinical actions ranging
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flumazenil (Rol 5-1788) to a nunber of GABAA receptor subtypes expressed in
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4.1. Ex | 5 P 89 -33
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t ransf ect i oncorbpénsated m:aclmpm’mlmh'mcawdcﬁaﬂwtrdnﬂgntéﬂﬂr sfibsoekistancer e

passaged and%prﬁﬁmﬁtﬁ%ﬂ oqgﬁb%%%tﬁﬁéﬂflﬁ%ﬁ slips located in 9.6-cmplastic

di shes fille

15 Using a fast perfusion stepper system (SF-77B, Perfusion Fast Step, Warner
Instruments, Inc., Midwest, USA) test solutions containing the approximate
receptor subiype specific GABA ECx, GABA ECy plus increasing
concentrations of diazepam (in yM): 0.01, 0.1, 1, 10, and GABA ECy plus
increasing concentrations of ELB139 (in pM): 0.01, 0.03, 0.1, 0.3, 1, 3, 10,

20  30. In the case of diazepam and ELB139 an experimental set of all
concentrations with additionally 10 pM Ro15-1788 was tested. In all cells
recorded the presence of the y2 subunit in the heteropentamere was
monitored by the application of 1 uM zo}pzdem plus the EC,, of GABA before
testing the experimental drugs

25
Responses of the cells were recorded by a patch-clamp amplifier (EPC-8,
HEKA-Electronic, Lambracht, Germany) in conjunction with a standard
personal computer and the pClamp 8.1 software package (Axon Instruments,
Foster City, CA). The standard holding-potential for the cells was -40 mV.

o  Whole cell currents were low-pass filiered by an sight-pole Bessel filier at &
or 3kHz before being digitised by a Digidata 1322A interface (Axon
instruments, Foster City, CA) and recorded by the computer at a sampling
rate of at least 1 kHz.

s 4.4, Results and Discussion

Efficacy, potency, and GABA, receptor o subunit specificity of the new
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| salt), 0.4 GTRokiliation o EUBTEY s iRAObEONEERES i¥r8fi reached at 30 uM its

‘maximum of 1.4 £ 0.06-fold, i. e., the efficacy and potency of ELB139 were
significantly lower than diazepam which potentiated the current at a dose of
10 nM and reached its maximal agonistic effect of 2 x 0.05-fold current
enhancement at 1 yM (Fig. 5E). The new compound ELB139 positively

20 modulated GABA-induced currents in o3-containing receptors at
concentrations above 30nM with the highest efficacy values of
1.3 £ 0.07-fold at concentrations above 0.3 uM. In contrast, positive current
modulation was observable at concentrations below 10 nM for diazepam and
reached the maximal stimulation of 1.8 £ 0.11-fold at 1 pM.

25
Compared io the prototypical BZ diazepam, ELB138 demonstrated an o
subunit specificity on o2 containing receptors. On this GABA, recepior,
diazepam showed high efficacy and potency with positive current
madulations first measurable at concentrations below 0.1 pM and maximal

3o agonism at 1 pM with a potentiation of 1.8-fold (Fig. 5B, Table 1). In
contrast, ELB139 failed to evoke agonistic or inverse agonistic modulation of
the GABA-induced currents in recombinant «2(2y2 GABAA receptors.

For ad~containing receptors diazepam displayed no significant modulation of
35 the GABA induced currents up to concentrations of 1 pM (Fig. 5D). Likewise,
the CI current was unaffected by ELB139 at all concenirations tested.



5 acid), pH 7.35. The junction potential between the pipette and the
external solution was less than 2.3 nV and therefore negl ected. Seal

resi stances >1 GQ were routinely obtained by applying gentle suction to the
pi pettes. I\/%;H)@@g&mgé.;pture was to monitored electrically, Eﬁz’ﬂoztimrd&rs?ase in
capacity. Pipette capacitance, nenbrane capacitance, and series resistance
were electronically conpensated to achieve mninmal capacitative transients.
A series resistance conpensation of >688awas regularly used. 75 Using a
fast perfusion stepper system (SF-77B, Perfusion Fast Step, Wrner
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MBS | ECq[uM] | Potentiation® | ECsx*[uM] | Potentiation*
ol 3.8 1.640.08 0.035 2.2:¢0.9
o >> 30 - 0.1 1.820.6
" 0.08* 1.3+0.07 0.00 1.840.11

>> 30 - > -—

0“5‘ 3.6 1.440.06 0.07 2+0.05
(84

15 4.5, Conclusion

in conclusion, the new drug ELB139 positively modulated GABA-induced
currents on o, a3, and a5p2y2 GABA, receplors via the BZ-binding site with
lowsr polency and efficacy compared fo diazepam. However, ELE13D
provided about 50-fold selectivity for «3 containing GABA. receplors versus

20 ol and of. Furthermore, in contrast fo diazepam, ELB{132 showed no
agonistic effect on o2-containing receptors. The results indicaie that the
divergent GABA, receptor subtype selectivity of ELB132 as compared fo
diazepam might underlie the differences in their in vivo activities.

5 Example b

In vivo antidepressani activity of ELB139 as an example of a subtype
selective partial agonistic alpha 3 preferring compound in a rodent model of



GABA of the approxi mate EC20 on green fluorescing cells. BZ binding site
specificity of the new conpound was tested on the sane cells in an identical
5 experinental setting with additionally applying 10 I N Rol15-1788. In al,
a3, and a5 L ni receptors co-expressed with the (32 . and y2 subunits
ELB139 enha ce@g%ﬂﬂ'é& BA-i nduced currents but was |ess(p%(f%1ﬁ°t20¥‘é?ﬂﬂ’8? ess
efficient than diazepam (Table 1). 10 pM of Rol1l5-1788 conpletely 10

abol i shed the effects of ELB139 in all -.gff.t hese three GABAA receptor
conbinations. In al-containing receptors positive current nodul ati on by

ELBI 39 was observable at 0.3 pMand reached its maximumof 1.6 t 0.08- fold
at 30 pM (Fi é{sep Ohi ch is about half of the maxinal di azepameffect (2.2
0.9-fold at 1 pMdiazepam). In a5(32y2 receptors a positive current 15
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concent r at i or&96p| Bor thid reasemdthesxiisrebnsidetaipin inferest fa mew vhetapautic
potenti ati ontafb@r%arcﬁeg% %ét?é&meﬂ?ofaéﬁb%iﬁﬁ; In contrast, ELB139 failed to

evoke agoni s I nverse agoni stic nodulation of the GABA-induced
currents in reconbi nant a2(32y2 GABAA receptors. For a4-containing receptors
di azepamgli s pAppredmatelys 20 tlokzen adriimeib desta tfoo mntiflepréssamte agéiita aredusedl

Ca e o2, B B 0 i Bk (B TEL bl Wiyt O
PCT/ EP2004/ 006esmire non-specific resistance to stress, was described and validated by
Porsolt and co-workers (Porsolt et al., 1977) for the use in rats and in mice
(Porsolt, 2000). The forced swim test exploits a behavioural approach in
20  which the animal is forced to swim to nearly complete exhaustion (about 15
minutes). Following a period of forceful activity at the beginning, the rodent
adopts quickly a typically immobile posture, moving only minimal to keep
floating (Porsolt et al., 1977). The validity of the forced swim test (Porsolt
test) and its relationship to depression have been reviewed exiensively
25 {Cryan et al., 2002; Wiliner, 1984; Wiliner, 1990) and it is an established
scraening test for antidepressant agents. Although different laboratories
have made technical madifications in the apparatus, the fundamentals of the
test remained ihe same. Uniortunately, the detection of selective serotonin
reuptake inhibitors (SSRIs), although clinically effsctive, is unreliabls in the
s conventional forced swim test (Borsini and Meli, 1988; Deike et al.,, 1295;
Cryan, 2002). A modification of the FST, based on a detailed analysis of the
behaviour allows the detection and discrimination of serotonergic and
noradrenergic antidepressants more refiably (Lucki, 1997, Detke et al.,
1995).

35



-36 Whereas the potency of ELB139 in al(32y2 and a5(32y2 receptors was
simlar, i.e., in both cases significant agonistic effects were noticeabl e
at about 1 pM ELB139, the efficacy of this drug for al-containing receptors
was slight j than for a502y2 receptors (1.6-fold versus 1.4, see
Table 1). SWOn%Hg%ébgﬁingl y, ELB139 showed the highest potBhtEP8H/46832y 2
receptors with potentiating effects seen already at concentrations above 30
NnM but it exhibited the owest efficagy with only 1.3-fold current
potentiation on these receptors. 10 Table 1. ECso and potentiation val ues
of ELB139 and di azepam applied together with the approxi mate receptor

subt ype spedi-1iMa@raha thodsst eri'sks (*) indicate graphically deternined
val ues. al 02y2 ELB139 Di azepam ECso M Potenti ation* EC50* N VI I
Potentiation* . al 3.8 1.610.08 0.035 2.20.9 a2 >> 30 -- 0.1 1.80.6 a3
0.06' " 1.31HMaE 09 1.810.11 >> 30 -- >> 1 -- a4 3.6 1.410.08 0.07 20.05
Qb 1s 4.5. Conclusion In conclusion, the new drug ELB139 positively

nodul at e i . Y tors via
t he BzZ- b?n%ﬁées%g@%tiﬁ%ﬁewﬁagﬁ C Sgﬁdd'@&? Q‘éﬁq’cé 9@%@ ‘{fgﬁg’fgazepam
However, EL g podyi weightipurre geed.olThey avenet grouprheusedasd ceen 886 ng GABA&
rﬁcepé ors ve(usmao?.js @h)f,mdcta@ﬁ-teﬁlg@réia{er@zei_ 2 m)cmit withta yrﬁ rﬂiigml tm _ EI&'SB?
showed no agopi s. e n_azZ-contal ning, recept oLs. res i ndi cate
that the di‘g’@%@'ﬂ%@é&%@@g’&%rﬁ} ﬁl?ﬁ%ﬂfﬁ%“&@l%ﬁ”ﬁ %&W@@EB&@&"%@ conpar ed
to di azepan(Aitrarhin 1826¢ ahd evaitreweld freslp acaitabile, Tdensureradapiationcibitheti es. 25
Exanpl e 5 | ’heY:'Y %ﬂvi?&%rh@ﬁ%&%é%”%ef&hb&%é%ino{;e EtaP Anfoid TlSop! 2
subtype " sel ective partial agonisticC alpha 3 preterring conpound i'n a rodent
nodel of WO tpoovaeksdsdoreresiER Urate wepsnassigned randomly to the treatment

groups on arrival. The tests were performed in a sound proofed, brightly

iluminated room between 14.00 and 17.00 hours.

15

Chemicals _
Test compound: ELB139
Chemical name: 1-(p-chiorphenyl)-4-piperidin-1-yl-1,5-dihydro-
imidazo-2-on
20 Mol Weight: 277.75
Batch: S306767
Manufacturer: elbion AG

Reference compound: fluoxetine

s Chemical name: N-methyl-y-[4-(triflucromethy!)phenoxy]
banzenepropanamine
Mol. Weight: 345.8
a  Vehicle 1: Tylose
Chemical name: Hydroxyethylcellulose
Batch: 522341 743
Manufacturer: Merck Eurolab GmbH
s Vehicle 2. PEG 300

Batch: Lot53616433



-37- depression The effect of ELB139 was examned in the rat forced swm
test (FST). Depressive disorders, including major depression, are serious
and disabling. 5 Selective serotonin reuptake inhibitors (SSRIs) have

i mproved saf | erability of antidepressant treatnent. However,

conpl i ance Ig%%oﬁg@4§6ﬁamer ed by adverse drug effects, nahnV/SP2H048° t he
initial phases of treatnent. The anti depressant efficacy of the SSRIs,
particularly in severely depressed patignts, is not superior to that of
tricyclic antidepressants (about 10 30% of the patients show no i nprovenent)

(Anderson an , 1994 i nderson and Tonenson, 1994,
%EH%E{‘U?% o5) ‘Meuﬁg‘ .E‘:ﬁﬁolag%, B

Bur ke and Preskorn, . For iI's reas there is considerabl e interest
in new t herapeutic approaches in the treatnment of depression. is

Appr oxi mat el ypg; - Tala:1] ‘{f%% nti depressant agents are used
DRGSR AR schéhhg g8

(Cryan et at, The forced swmtest, used to
nmeasure non-specific resistance to stress, was descri bed and val i dated by

Porsolt apd gg%g( t L_t.he in t din

m ce (Po?sof% ogﬁ élﬁﬁgﬁ@gbc‘g g%’r%”t%@%%%%&d?t@ /&%a+vpgg°r grﬁpéppr oach
in 20 whi ch thysranyetwficellsldserpriod theexyeérimants.He estabieheldedreideshessant, on
(about 15 mqut Fol | .owi peri,od of forceful activity,a

begi nni ng, tﬁggrﬁl}éh{'ugﬁ%@ﬁt Ql%q%pcr‘ypb(gg Wp{h@a}'? &Fntﬁ%?gé:%‘ggi%i@% novi ng
only nini mal RBEGkeed0% 0B hg:lrb?fﬂ”clggﬁbéllmﬁseﬁ)l werel iclhded e Valldatd tie Of the
forced swimtest .é}l;g‘ﬁolt est) and its relationship to depression have

been revi ened &R’ HPSYREryan et al ., 2002; Wllner, 1984; Wl ner,
1990) andgit Alpafies walpe teReMH witlk VBRI B9 veRRle fRée %imésg.@.ﬁéﬂ@% thgent s.

Al t hough different |aboratories. have made technical nodifications in the
appar at us, t Habiyatereiassion §3nd andst heptiPhda testing.a. dugsomeigat el v,

the detect I ofdhiniBerBa orfy Wil 8h eBplicatiof RIS of AHRY. OF s (SSRIS), alt hougn
f s udnre In

clinically effective, i I ab he so conventional forced swimtest
(Borsini and Mel!, 1988; Detke at al., 1995; Cryan, 2002). A nodification

of the FST, : t.al nal ysis of the behaviour allows the
detection an?%'le%xcﬁrglhnrﬁenrg |@hhg®r§erot onergic and noradrenergic
anti depré%sants nore reliably (Lucid, 1997, Detke at al., 1995).

The animals were tested in a glass tank (23 x 30 cm, height 40 cm) filled to a
depth of 28 cm with water at 22°C (the animals couid not touch the bottom).
The glass tank was illuminated indirectly and was surrounded by dark brown
shading walls (distance from the fank 20 cm} fo prevent the view on the

20  experimenter. The experiments were performed beiween 14:00 and 17:00
hours and the method was in general performed as described (Porsoli et al.,
1979; Lucki, 1297). ' '

On the first experimental day, rais were gently placed in the water for a2 15
25 min period of habituaiion. On removal from the water, they were placed ina
standard plexiglass box, the floor covered with paper fowels, under an
infrared heater for 30 min fo dry. The next day, they were once more placed
genily in the glass tank and observed for 5 min. The behaviour cf the
animals was video-taped. |
20
At the end of the 5 min period, the rats were transferred to the infrared
heated box and allowed to dry.



35 WD 2005/ 004867 PCT/ EP2004/ 006989 -38- 5.1. Material and Methods Aninmals
5 Male Wstar rats (Shoe: Wst, D ned Schonwal de GrbH, Gernany) of 180- 220
g body wei ght were used. They were group-housed, 5 per cage (45x60x25 cnm),

at room t egpey re,(22 2 C and with a 12 h |ight-dar | ght on at
06. 00 hours) |0ﬁﬁild3‘r‘n5%%at ed with 170 |ux. Standard pell et gg%%d(‘&?({(glrdom n 1326)

and water were freely avail able. To ensure adaptation to the 10 new
environnment the rats were housed in thgdepartnental animal unit for two
weeks before testing. The rats were assigned randonmly to the treatnent

roups on ' ; ?gag'n i ght |
igl I uﬁi nat e?é‘%ﬁ%é@v&é‘?}%é%%\mgﬁﬁ@%iﬁ ho%ljre sgﬁq@%&%ﬂggﬁigﬂqe@%l gorrpgund:
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i m dazo- 2- : [ : : 0) . el bi AG
5202 ) el oo i o B e,
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.8 30 Vehigle 1. Tyl.ose em. cal X t .Bat ch:
S22341 943 TR D ARG A EIBED T T SISO RV T FTBBRRS B Bat ch:
Lot 5361643 3anbRad #é 0aks 7 uSally HigafReIROGIRY

5.3. Statistics

10 Data are presented as mean * S.E.M. and the group size was 10.rats.
Comparisons between groups were catried out with a One Way ANOVA
followed by intergroup comparisons using the Holm-Sidak method. Results
were considered as significant for values of P<0.05. All statistical
procedures were carried out using SigmaStat version 3.0. Individual data are

15 shown in Table 2-4.

5.4. Resulis

ELB139 had no effect on the fime spent immobile during the forced swim test

20  but increased the duration of swimming in the dose of 30 mg/kg p. 0., while
the climbing behaviour was not changed {(Fig.6). Subjective observations
suggest a moderate hypoactivity following the return to the homecage at 30
mg/kg p.o.

25  The established antidepressant, fluoxetine reduced the time spent immobile
and Increased the swimming time at 10 and 30 mg/kg, while the climbing
behaviour was not changed (Fig. 7).

5.5. Discussion
In our study ELB139 showed an effect in the forced swim test. To enquire

more information about the puiative aniidepressani-like effects, the
pehaviour during the forced swim test was analysed in the more complex



-39 Manufacturer: Merck Eurolab GrbH Drug admi nistration schedul e/ dosage 5
ELB139 (10, 30 ng/kg) was freshly suspended in 10% PEG + 90% 0. 5%
hydroxyethylcellulose prior t he experinents. The established anti depressant,

t he SSRI H@éﬁ £10, 30 ng/kg) and the vehicle treat (10%
PEG + 90% O iy[@roxyet hyl cel | ul ose) were included to V%@@g@éfoﬁé@
experinental procedures. 10 All animals were treated with verumor vehicle

three tines: shortly after the habituajgion session (23h), 5 and 1 h prior
to testing. Al drugs were admnistered orally with an application vol une

of 1m/k 5 a r%g%} | r e n a

gl ass tagk (rzné%tho@(p%ﬂb\ﬁﬁ h.hep #ﬁtm?’ ggﬁ?%a ng%ﬁ?%gaoﬁ le%%é%mdovﬂ th water
at 22C (the awide@rgﬁaa@tnan (topeRubalcans w@od) LuckfhéO@DasislcklarmS%s

i1l um nated he I'ls

(di stance frbaﬁ%iﬁﬁﬁ n g% Y:}%% ?"Qa%sgﬁgn%'ﬁ“’g % B@W%@gggémﬁbl ment er .
The exper i neflucxetise eboeatedr swidrhiagweetravislirO@ithout intrédsing oiives cimbinghe met hod
was in generg%@%zﬂrormed as described (Porsolt et at., 1979; Lucid, 1997).

On the fi°rst hental day, rats were gently placed in the water for a 15
25 mn period of habituation. On renoval fromthe water, they were placed in
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gently in thgregbigfiar teostnef ﬂb@@t?ﬁ@@aft@t%hén%%mﬁhﬁ@%\hﬂé' dingfeshe
ani ml s was %ézleota ped. 30 perio the rats were

transferred @t e duradien ﬁfam%df“%‘@?ﬁ)‘ﬁfrld‘r'éﬁqmgtmﬁedp degiprarains/ 004867
onal yood ang L ges, i nirblify'ehl diBrIRPEKTELIHL I brégsds TnbRRGD, 5e
recorded: | nﬂmﬂg:mamg that| thataalign A ELB139 may involve the serotonergic system.
Decreased serotonergic neurotransmission has been proposed to play a key
role in the aetiology of depression. This has been established mainly by the
clinical efficacy of the third generation antidepressants, the SSRls, which
16  enhance serotonergic fransmission (Beique et al., 2000; Blier, 2001).

ELB139 was well tolerated at both doses of 10 and 30 mg/kg.

During the test session, the rats having received 10 or 30 mg/kg ELB139 did
not show an increase of immobility time but at 30 mg/kg a slight but nof

20  significant decrease of climbing time could be detected. This may be due to
a reducing effect of ELB139 on locomotor activity. There was also a slight
reduction of the activity of the rats to be seen after returning them to the
homecage. However, this decline in the climbing time goes along with a
concurrent significant increase of swimming time so that the iolal aciivity of

2 ithe rats seems fo be constani. Thus, ELB132 did not show a significant
reduction of locomotor activity in the open field fest and in different animal
models of anxiety (Langen, 2002; Langen, 2003a+b). Yet, in confrast fo
fluoxetine ELB139 did not increase total activity of the rats.

s0 In summary, considering the significant increase in swimming behaviour at
the dose of 30 mg/kg p. 0., ELB139 can be considered as a candidate for
antidepressive treatment.



maki ng only those novenents necessary to0 Keep thne nose apove-tie—water.

Swi mmi ng: when an ani mal exhibits active notions, i.e. noving around the 5
tank including diving. Cinbing: when rats strongl y nove their forepaws in
and out of the water, usually against the walls. 5.3. Statistics 10 Data are
pr esent ed aswmafoo&ﬁ M and the group size was 10, rat {;%Hﬁ r48§ons

bet ween groups were carried out with a One Wy ANOVA foF y 1 htergroup
conpari sons using the Hol m Sidak nmethod. Results were considered as
significant for values of P<0.05. Al s4atistical procedures were carried
out using SignmaStat version 3.0. Individual data are 15 shown in Table 2-4.
5.4. Resultsg @% had no effect on the time spent imobile during the
forced swmtest 20 but increased the duration of swnmng in the dose of
30 ng/ kg p. 0., while the clinbing behaviour was not changed (Fig.6).

Subj ective o i S nﬁ% ackl ol nget he
return to thgé oﬁrérgtacggqg? %gg /rﬁg&iﬂﬁ{ L%ﬁéé)‘ges%?a legﬁgd dasﬂ'\’q depressant,
fl uoxetine rb@nzmﬁazepmetantag@petrﬂummamﬂl le and increased the swimming tine
at 10 and 30 ng/ kg, while the clinbing behaviour was not changed (Fig. 7).
5.6. Discussion 30 In our study ELB139 showed an effect in the forced swm
test. To end6ilc MatermleandMetheds on about the putative antidepressant-like
effects, the, behaviour during the forced swmtest was analysed in the nore
conpl ex WO 2‘665(73 4867 PCTI EP2004/ 006989 -41- nethod all owi ng the

di fferenti atMale Pbtae eats (@ri: QUH) Blmiﬂ@le@waaﬂtSLdﬁErdﬁﬁéﬂﬁénﬁgﬂéi Ring

(Lopez- Rubal i, 200 Consi stent wi t revi ous
St o5 the 28 d L G ciiei, HERC oG RaIGPRRIERE. Doy Mot Tuushd Wit e
swi mi ng,obehgahasid auﬁdwfs |hf‘§1ﬁ@?§'o?$véfb?x ﬁ"l'znﬁ"hﬂﬁt/dﬁrk%@’p@%i onlgte effects
of ELB139 on_t he neasured paraneters in forced swm

0600 h) with ad libltum access to food (Pellets, ssniff M/R 15, Spezialdi&t

GmbH, Soest/Westfalen) and water.

Chemicals
15 ELB139 (1-(p-chlorphenyi)-4-piperidin-1-yl-1,5-dihydro-imidazo-2-on, MW
277.75) was manufactured by elbion AG. Flumazenil (8-Fluoro-5-methyl-6-
o0x0-5,6-dihydro-4H-2,5,10b-friaza-benzo[e]azulene-3-
carboxylicacidethylester) was obtained by Tocris, distribuied by Biotrend
- Chemikalien GmbH, Koin, Germany. All other chemicals used were obtained
20 from Sigma-Aldrich Chemie GmbH, Germany or from Merck, Germany.

Drug administration schedule and dosage

Route of application: i.p.
Applied volume: 0.5 mi/100g
2% .
substance Dosage pre-treatment time num_ber' of
[mg/kg] [rnin] application
[r]
flumazenil 10 40 min post ELB139 1
administration

ELB139 30 0 1

6.2. Preparation of compounds

ELB139 was freshly suspended in 90% 0.5%-hydroxyethylcsliuiose and 10%



are simlar to those of fluoxetine (alteration in swinmmng while having | ess
effect on the duration of the immobility), instead of those of desipram ne
10 (changes in immbility and clinbing) (Rex at al., in press). Therefore,

it is imaginable that the action of EL8139 nay involve the serotonergic
system DedYQHWELP48Er ot oner gi ¢ neurotransni ssi on has beREI/prpuwesst o pl ay
a key role in the aetiology of depression. This has been established nmainly
by the clinical efficacy of the third gﬁnerat i on antidepressants, the
SSRI's, which 15 enhance serotonergic tTansm ssion (Beique et al., 2000;
Blier, 2001) %5139 was wel | tolerated at both doses of 10 and 30 ng/kg.
During the t BEG 364 spdhat amadmimistratian vejumecli 6 anli9tg V5 Tagched Fors139 di d
not show an } [ had t ' Ui ke g if not 20
signi ficant gg‘(ﬁ:}? ?gggtagtfe cﬁ@rrgtl)én% I%ilaﬁr?g&'gcéﬁl @j@ogéﬁdﬁ{@d@%ﬁlgﬂ%ﬁa g‘te due to
a reduci ng ef@liig sef timt BB RdpHnistationwwiume tofv 0By MINKEr @ was tgacbed. sl i ght
reduction of gfpe. achivid W t : : 1e [N emto the
honecage. Hoﬁlever ) ﬁzlh‘ﬁg g‘é‘%%fjr@ﬂ} %Qih}eggI“F%bﬁgapﬁﬁ%ﬁégtb@s{’gpgiﬁggfwét a
concurrent smifiif@icwas reacheash Siheoolatiérmand dhe isuepansiorh aters ndadent ah aact i vity

educti on of "ROREREEURS oG AT Alifing, doHRa procelites S hve S RgRs ene ™
ani mal  nodeWss dissatveiddh distitiecgaiter. 2002; Langen, 2003a+b). Yet, in contrast

to fluoxetine ELB139 did not increase total activity of the rats. 30 In
summary, considering the significant increase in swi mmng behaviour at the

dose of 30 g/ ExperidentaFbBtéduean be considered as a candidate for
ant i depr essi ée treatment. WD 20051004867 PCTI EP2004/ 006989 -42- Exanple 6

Rever sal 1%of PHEI®AY f ect on serotonine levels of ELB139 using the

benzodi azepi ne antagoni st flumazenil 5 6.1. Materials and Methods Animals
Male Wstar rats (Cr]: (W) BR Charles R ver, Sulzfeld, Gerngn&% wei ghi ng
200 to 260 glherdayuefarg tie eneerimerdr maleratsTwerp araestimdiseddwitihgsloral

hydrate (3.6%, 1mi/100 g i.p.) and placed in a stereotaxic frame to implant a
microdialysis guide cannula (CMA/12, Carnegie Medicine, Sweden). Scalp

15 was incised in the median anterior-posterior direction between tambda and
bregma and a small hole was drilled into the skull. The stereotaxic
cocrdinates were AP = +1.0 mm, L = -3.0 mm from bregma and 1.5 mm from
the skull surface for the siriatum according to the atlas of Paxinos and
Watson, (1986) (1). Dental cement (Sinfony(2)) was used fo fix the guide

=0 cannula and anchor screws to the cranium. During the surgery rectal
temperature was mainiained at 37 °C using a heating blanket.

Microdialysis

25 The day before the experiment the micradialysis probe (CMA/12, membrane
lsngth 4mm, Camnegie Medicin, Sweden) was inserted into the siriatum
through the guide cannula. On the day of experiment the probe was
perfused with Ringer solution (148 mi NaCl, 4 mM KCl, 2,4 mM CaClg, pH =
6,0). The flow rate (1 pl/min} allowed fo collect 20 pl samples every 20

s minutes into microvials. Microvials were stored in a fraction collector
(CMA/170) at a temperature of 8°C until analysed. Using a swivel joint the
perfusion arrangement allowed the animal to move freely within a
hemispherical bowl. After an adjusting iime of one hour 3 consecutive 20~



10 standard conditions in groups of five on a 12 h light/dark cycle (light
on at 0600 h) with ad libitumaccess to food (Pellets, ssniff MR 15,

Spezi al diat GvbH, Soest/Wstfalen) and water. Chemicals 15 ELB139

(1- (p-chl orph A-piperidin-1-yl-1,5-di hydro-i m dazo- 2- 77.75)
was manuf act u?‘?diogs)';&é%i on AG Flumazenil (8-Fl uoro-5-net h%][/%@%:tm%@w
0Xx0-5, 6-di hydro-4H 2,5, 1 ob-tri aza-benzo[ e] azul ene- 3-

car boxyl i caci det hyl ester) was obtai ned hyg4locris, distributed by Biotrend
Chem kal l en GrbH, I<oln, Germany. Ail other chem cals used were obtained 20
from Si gma- Al dri € ' r e Y.

adm ni strati ogﬂsrﬁﬁae ul'e :\ﬁ%g&éﬁg‘é{%ﬁ&t&eﬁﬁt&g%ﬂ ?%a? f%gg]e IBH%Q A!B\p’)ﬁrg%

vol ume: 0.5 ninewpolandsiticnsieasece Dosage pre-treatnent tinme nunber of

[ M11(g) [m n] application n flumazenil 10 40 m n post ELB139 |

adm nistration ELB139 30 0 1 6.2. Preparation of conpounds ELS139 was
freshly su/spenﬂmehﬂeﬁfb% fhofike Ey.&ﬂeﬁyelt layi eguil-albn eolmte 1:@9?.513%2%?5%@04867
PCTI EP2004/ 006989 -43- PEG 300.sq t an adm ni stratjon vol u 0 .5
100 g wis r@BRRLYEl Wa% BRI TEEN oHUA SRRl AT GOTTRTLE on
sol ution was datjgssid20 mthutsal i ne so that an adm nistration volunme of 0.5
m /100 g was reached. Flumazenil was diluted with saline so that an

adm nistration volune of 0.5 s m /100 g was reached. The solution and the
suspensi on ver gnill,§i6 of dpilysttegTgnetic stirrer before and during dosing
procedures, Hydrokxyethylcellul ose was dissolved in distilled water. 6. 3.
Experinental procedure 10 Surgery

10 Dialysates were directly analysed by reverse-phase high-performance liquid
chromatography with electrochemical detection (HPLC-EC). The samples
were separated by a ZORBAX SB-Ag 2.1 mm ID x 100 mm column (Agilent
Technologies). 1 yl 1% perchloric acid were added to the 20-minutes-
fraction and 10 pt of this-mixture were injected into the HPLC-system.

15

The mobile phase contained:

KHzPO, 50mM
Octan-1-sulfonsdure Natriumsalz (NOS) 2,2mM
EDTA 0.086mM
20  2MHsPO. Smi
Methanol (MeOH) 83ml
Acetonitril 10ml
atpH 3.5

a5
The method (serotonin) runs at a flow of 0.23 ml/min and a column
temperaiure of 38°C,sample tharmostat §°C.

At night flow was reduced fo a flow of 0.1 mi/min. Catecholamines were

a0 oxidized at 500 mV (Model 5014 B microdialysis cell, esa). Dopac was
measured at 200 nA, dopamine at 2 nA, HIAA at 100 nA, HVA at 2 nA, and
serotonin at 500 pA.

in order to calibrate the system external standards with 5 concentrations
s  each were run regularly: _
DOPAC (3, 4- dihydroxyphenylacetic acid) 1000, 500, 250, 125, 62.5nM



The day before the experinment, nmale rats were anaesthetised with chl oral
hydrate (3.6% 1m /100 g i.p.) and placed in a stereotaxic frame to inplant
a mcrodialysis guide cannula (CVA/ 12, Carnegi e Medicine, Sweden). Scalp 15
was i ncised | ian anterior-posterior direction between |anbda and

br egma and alvgbrr%c{a?mﬂgﬁd’e was drilled into the skull. The ste&lMERRP4YY0EISS
coordinates were AP = +1.0 mm L = -3.0 mmfrombregna and 1.5 mmfrom the
skul | surface for the striatumaccordingg4o the atlas of Paxinos and

Wat son, (1986) (1). Dental cenent (Sinfony(2)) was used to fix the guide 20

cannul a and i i t he surge re I

t enperat ure ms@ﬁﬁa{\{"ﬁ% nﬁgbgﬁoscg@r%‘@girﬁg}og%%?ng bl an t‘?’%‘/ﬂtﬁ%ﬁ?“ﬂl ysi s
|||rrb 25 TheI dawme(w@ydrmcyexaeﬂmﬁeacm@gmiggro;ji a|m,soormz§25.m

menbr ane en neqgi.e. Medi cin, en i I pnto the
striatum thr%&&{ﬁ%vﬁ;l@e& nula. On the day ggagx‘ﬂ@ﬁlzbgnf'b@'@ B‘{Aobe was
perfused w t h\SEROIDNMO{ShidroxdtivplariMeNaehtiniAsafdikel15, 8.0v50h 03612, pH
6,0). The flowrate (1 pi/mn) allowed to collect” 20 pi_ sanples every 20 30
mnutes i to nmicrovials. Mcrovials were stored i n%”f&@c@%@%@l“%ct or
(CVA/ 170) at a tenperature of 8C until analysed. Using a swivel joint the

perfusion arrangenent allowed the animal to nove freely within a
heni spheri cal B implaatng and afipusmaoving thesmisfodialysis qupbs adepevaryiiase 20 WO

20051004867 PCIL : = A4 N ' cqhl.ggt stablish
a stable basa&hgé)é%) é?lﬁpgg%?%t{ornaﬁosﬁr%fta{ﬁg Qgéeq @Q’EQ@@% ggf'ﬁ\gr&%ﬁ%‘%kg
ELB139 or an i nk HAAV2000eMHVA andOt8 hivkserotdnin.cEipe cécovely rateast

adm ni st er ed. . CO ctin anpl was continued for at |east 220

m nut es. ’B\nalwgirbjo%%iﬂk’j?e&ggg%?%ﬁ%‘ysat es were directly anal ysed by
rever se- phase hi gh-performance liquid .chromatography with el ectrochem cal
detection (lehi%{‘g%ﬂ The sanples were separated by a ZORBAX SB-Aq 2.1 nmID
X 100 nm col u | ent Technologies). 1 pl 1% perchloric acid were added
to the 20-m nutes- fraction and 10 pi of this mxture were injected into the

HPLC- syst em . ] .
After completion of the experiment the brain of the rats was removed and

15 postfixed in formalin (10%) for approximately 10 days. The brains were cut
using vibroslice (TSE) and stained with toloidin blue to prove probes right
position. '

6.4. Statistics
20
Basal level of 5-HT release showed interindividual differences. Thersfore
data of each animal were expressed as percentages. Datg from dialysates
before administering the substancés wére averaged, and the meén set as
100 %; all individual values were calculated accordingly.
26
Raesulis wers analysed by two way analysis of variance (ANOVA) with time
and drug as the two factors. Tuckey test was used for individual comparison.
P < 0.05 was regarded as significant.
6.5. Results
PN
ELB139 induces a marked increase of extraceliular serotonin in the striatum
of rats compared o mean basal level, When giving flumazenil at 10 mg/kg i.
p. 40 minutes after the administration of ELB139 at 30 mgkg i. p. the



15 The nobil e phase contai ned: KH2PO4 50nmM Cct an-1-suifons5ure Natriunsal z
(NOS) 2, 2nmM EDTA 0. 086mM 20 2WVH3PO4 5m1 Met hanol (MeOH) 63n({ Acetonitril
10m at pH 3.5 25 The nmethod (serotonin) runs at a flow of 0.23 mInmn and
a colum _it ten&grature of 38C, sanple thernostat 3C. At ni %ht fl ow was
reduced t8PPBRLf 0.1 nilnin. Catechol anines were PSHFEEXOUPYSEE at 500 nv
(Model 5014 B mcrodialysis call, esa). Dopac was neasured at 200 nA,
dopam ne at 2 nA, H AA at 100 nA Q]Bat 2 nA, and serotonin at 500 pA In
order to calibrate the system external” standards with 5 concentrations ss

each were e AC (3. 4- d roxyphenyl acetic acid) 1000, 500,
250, 125, ih¢8gs %%l‘!\ﬁ%[rﬁé%ﬁ%'oi%@g" *z@é'g! bt busersisnin ?@(3 -
hydroxytyrmmckaaheedimlmmtlf&meén bésalaevél, APthe énd offthébeédrdmghies oxy - 3 -

i ndol eacet ?L%@ac%g% 0, ,100, 50, 25, 12 HVA (honovani | I i c acid) 800,
400, 200, niflevetiRivbng W f('%aWQﬁ%i@ﬂﬁﬁﬁlﬂm ne- kreatininsulfat) 0.15,
0.075, 0,0375, 5 0.01875, 0.009375 nM Before inplanting and after renoving
t he m'crogi al ysis probe a recovery was carried out with a solution

cont ai hin AM DOPAC, 40 nM dopami ne, 1000 nM H AA, 2000 nM HVA and 0.8
nM serotonin. The recovery rate of 10 the probes lay between 5 and 20 %

Hi stol ogy After conpletion of the experinment the brain of the rats was
renoved ariteversal of the anti-psychotic effect of ELB139 using the benzodiazepine

antagonist flumazenil
10 7.1. Materials and Methods
Animals

Female Wistar rats (Crl: (WI) BR, Charles River, Sulzfeld,Germany)

15 weighing 168 to 217 g were used for the experiment. They were housed
under standard conditions in groups of five on a 12 h light/dark cycle (light
on at 0600 h) with ad libltum access to food (Peflets, ssniff M/R 15,
Spezialdiat GmbH, Soest/Westfalen) and water.

20 Chemicals

ELB139 (1-(p-chlorphenyl)-4-piperidin-1-yl-1,5-dihydro-imidazo-2-on, MW
277.75) was manufactured by elbion AG.- Haloperidol (4-(4-[4-chlorophenyl]-
A-hydroxy-1-piperidinyl)}-1-(4-fluorophenyl)-1-nutanone, MW 275,9) was
25 obtained by ratiopharm GmbH, Ulm, Germany, MK-801 (dizocilpine, MW
337.37) and flumazenil (8-Fluoro-5-methyi-G-oxo-5,6-dihydro-4H-2,5,10b-
triaza-benzo[s]azulene-3-carboxylicacidethylester) were obiained by Tocris,
distributed by Biotrend Chemikalien GmbHM, K&in, Germany. All other
chemicals used were obtained from Sigma-Aldrich Chemie GmbH, Germany
so  orfrom Merck, Germany,
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returns to ﬁSfﬁag%| N%W@?r a{:a'f%ﬁqge e MR OF sl (ﬁ‘mitﬁéﬁ
anti - psychdt ic effect| offEL B139 usi ﬁ@aﬁ"ﬁgﬁtﬁeﬁﬁﬂlﬁ@%pl medmigistratiomi st
flumazeni|l [10 7.1. Mat&HMAlSd and Mt hods. Animals Fengle Wstar r s (CO -
(W) BR, CHarI es River, Bl Z{mgdgber nBA] (15 wei ghing 168 to 217 g were
used for tHe_experinent _They were lhoused jundeltistandard conditions in
groups of fM‘é‘&Qﬂ a 12 h6lidhtAdar K cyt®e (lightl on fat 060p.h) wilth ad
l'i bitum acc&dB8188 food (el liet S0 sshi f80M R 15, 1 Spez| al di pto.GrbH,
Soest / West t{&@AL&1B9aind Wwat er . 30 60 1 p.o.

flumazenil 5 20 1 L.p.

haloperidol 9 0.5 30 1 i.p.

haloperidol 4 0.5 60 1 Lp.

+ , 5 20 1 i.p.

flumazenil

7.3. Preparation of compounds:

ELB139 was freshly suspended in 90% 0.5%-hydroxyethyiceliulose and 10%

PEG 300 so that an administration volume of 0.5 mi/100 g was reached for
10 each substance and dose. Haloperidol injection solution was diluted with

saline so that an administration volume of 0.5 ml/100 g was reached.

Flumazenil and MIK-801 were diluted with saline so that an administration

volume of 0.5 mli/100 g was reached. The solutions and the suspension were

placed on a magnetic stirer before and during dosing procedurss.
15 Hydroxysethylcellulose was solved in distilled water,

Apart from the haloperidol rats which received haloperidol 30 minutes and

MK-801 10 minutes prior io the test, the other test groups received

haloperidol, ELB139 or vehicle 60 minutes prior to test, saline or flumazenil
20 20 minutes prior to test and MK-801 10 minutes prior to test.

7.4. Experimental pracedure

The behaviour induced by the NMDA aniagonist MK—BO“! is generally
25  accepted as a rat model of psychosis. MK-801 induces stereotypies,



20 Chem cal s ELB139
(1- (p-chl orphenyl) - 4-pi peridin-1-yl -1, 5-di hydro-i m dazo-2-on, MN 277.75)
was manufactured by el bion AG Hal operidol (4-(4-[4-chlorophenyl]-

4- hydr oxey- Jgd Lnyi)-1-(4-fluorophenyl)-1-nutanone, s 25
obt ai ned by ratOF%(%?\%rm GoH, U m Germany, M-801 (di zomm éﬂafoﬁ;iﬁﬁ'\’g?)? 37)

and flumazeni| (8-Fl uoro-5-nethyl-6-o0xo0-5,6-di hydro-4H 2,5, 10b-
triaza-benzo[ e] azul ene- 3-car boxyl i caci.ggthyl ester) were obt ai ned by Tocris,
di stributed by Biotrend Chem kalien GrbH, KSIn, Germany. Al other

From ver ok, TBeERS g shate LHAR A daibiryciBlbeesat, o7 oy =0
agm)glrs'g)g;l on schedul e andf dosage f Appl :ce;j \e/ol une: g 5 mll OOg subst ance
adri ni st rat %ﬂﬁ@&?ﬁéﬁg\%‘* trerdea tereded B D TOITSRAIRE\TSE.  ciaaag

6 30 60 1 P 6 | l o dol
S 5 530 1 IF i O%e(r‘:‘:leggflg’tﬁ/ “'Phété%t@rea Ebh%!@lé@rﬂfa %I?é}e& drerlPa srag’zlgm perido

7. 30 Pr epar a45 om)omtrcprmectn@spleagmsguav@s(m wm&h@gbq)ma rats ool
0oy YA S, oo obBenfEAL Rl ) a2 el b ager vl o
i nj ection scararigad abagcli‘lbLbcﬁhbnwiof leashlviaile ol the hatnaarV/eaticdl nneVeraemten vol une
of 0.5 m 110@e§:ngs§ were ?'gc?oq'ded by a horizontal row of 32 infrared photocells 12 cm
above the floor. The following parameters were measured by the computer
10 program “ActiMot” (TSE, Bad Homburg, Germany):
1. active time [s]
2. total distance travelled [m]
Stereotypies, divided into stereotyped sniffing and other stereotypies, and
ataxia are scored by the experimenter every five minutes for one hour (12
15 intervals) according to the method described by Andiné et al. (1999). The
scores of the 12 intervals are added for each parameter.

score stereotyped other stereotypies ataxia
shiffing '
0 no stereotyped | no other stereotypies normal body control
sniffing '
1 discontinuous discontinuous falling tendency upon
sniffing (free stereotypies (free movement
interval > 5 s) interval > 5 s)
2 continuous conitinuous falling upon movement
snifiing stereotypiss
3 - - almost unable lo move

The day of experiment ihe female rats are placed in the laboratory and
20 receive the fest compound, the reference substance or vehicle at the

appropriate time prior to fest. MK-801 0.2 mglkg is intraperitoneally

administered 10 minutes prior to test.

At the beginning of the test the rats are placed in the centre of the squared

arena of the MotiTest apparatus. Behaviour of the rats is recorded for one
25  hour. After each run animals are removed and the boxes thoroughly cleaned

and dried.



Fuumazeni| and MK-801 were diluted with saline so that an adm nistration
volunme of 0.5 nl/ 100 g was reached. The solutions and the suspension were
pl aced on a magnetic stirrer before and during dosing procedures. 15

Hydr oxyet hy was solved in distilled water. Apart fromthe
hal operi dol %%@%ﬂ%?@h recei ved hal operidol 30 minutes ahdU/ERAR/BEPE 10

mnutes prior to the test, the other test groups received haloperidol,
ELS139 or vehicle 60 minutes prior to tgast, saline or flumazenil 20 20
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procedure The behavi our induced by the NVDA antagoni st MK-801 is generally
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2005/ 004867 PETSEMBOCs/ 006989 -48- hyperactivity and ataxia in rats after

i ntraperitoneal admnistration. Loconotor activity of the rats is recorded
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Haloperidol at 0.5 mg/kg i.p. significantly reversed the increased activity, the
increased distance travelied and the sniffing (stereotypies) induced by MK-
15 801 (figure 1). The other stereotypies induced by MK-801 were slightly
reduced by haloperidol at 0.5 mg/kg. These effects of haloperidol were not
affected by flumazenil at 5 mg/kg. The MK-801-induced ataxia was only
marginally reduced by haloperidol but was significantly reversed by the
administration of the combination of haloperidol and flumazenil (Figurs 8).
20
The data of ELB139 were gained in two separated trials performed by two
different laboratory assistants (Nov 2003 and Jan 2004). The two separated
trials and the sum of both irials are described and shown in Figures 9 and
i0a and b.
25
At 30 mglkg p.o. ELB130 significantly reversed the siereotyped sniffing in
the discrete trials and when adding up the data of both irials. The effect of
ELB139 was distinclly antagonised by flumazenil in the second irial and
significantly reversed in the first trial and in the sum of both trials (Figure 9).
o]
The other stereotypies induced by MK-801 were slightly reduced in the first
and significantly reversed in the second frial and when summing up the data
of both trials by ELB139 at 30 mg/kg p.o.. This effect of ELB139 was rather
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intraperitoneally admnistered 10 mnutes prior to test. At the begi nning
of the test the rats are placed in thg @gntre of the squared arena of the
Mot i Test apparatus. Behaviour of the rais is recorded for one 25 hour.

After each r ank apl e ed,and th xes thotroughly cleaped and

ari o0, “vo 20BIEs B eRRel S Fandonshe TR Ml atd Mty fabrieli 1 < 01

sniffing, otteesesdmt izl ygu &Etaﬂﬁbrﬁhddlhg ther gatangd bhgﬂgib)bf%é R 390 aga| yIS![ S
i vi dua coppari son. Results

f A, Tuke d f
gf \altg{: \elllntci &ﬁ%%/% HT"G%?E‘M% 4 Pg ﬁﬂ\sﬁﬁgﬁgﬂ‘wor EI Sﬂﬁﬁ?ﬁé’@tfﬁyem{ e§l{F anal ysis
of vari ancevkﬁé\lﬁpﬁﬁabﬂf@ﬁugem%y@ﬂ Irﬁﬁ)ecns@tdéiﬁlﬂian DEYSTREr KRpedtypiest innas _used

for individyal son. 0.05 was regarded as significant. 10 7.6.
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activity, the increased distance travel | ed and the sniffing (stereotypies)
i nduced by MK- 15 801 (figure 1). The other stereotypies induced by M-801
were sl ght Ay 3Pemakedp By ERB180drardiy affectesl thenafaxia intiioee byf MKe30d iof
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trials perfor
ELB139 on ataxia seen in the second frial was reversed by flumazenil at

Bmg /kg i.p.. When summing the data of both trials the reversing effect of
flumazenil was marginal (Figure 9).

15 MK-801-induced hyperactivity was recorded as activity and distance
travelled and described in 5-minute-intervalls. When considering the whole
time curves ELB139 at 30 mg/kg p.o. distinclly reduced the activity induced
by MK-~801 in the second trial and significantly reduced it in the first trial and
when summing the data of both tests (two way ANOVA, Figure 10a). In both

20 tests and in the sum of both tesis the effect of ELB139 on activity was
significantly reversed by flumazenil at 5 mg/kg i.p. (Figure 10a).

The MK-801induced increase of the distance travelled was significantly
reduced by ELB132 in both tesis and the sum of both iesis when

25 contemplating the whole time curve (two way ANOVA, Figure 10a). This
effect was significantly reversed by flumazenil in all trials and when summing
up the data of both irials (Figure 10a).

When contemplating the single time points the effect of ELB139 on activity and
s0 distance travelled was more pronounced during the first half of an hour (Figure
10 b).
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1- (4- met hoxy) - 4- pi peri di noi m dazol i n-@4 one or

1- (4- chl orophenyl) - 4- pi peri di noi m dazol i n-2-one for the manufacture of a
medi canment ;i § (R)i I td Y j ders,
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epi sode or 188434118 di sorder or episode of anxiety by administering to a
patient in need thereof. 2. Use according to claim1l, wherein

1- (4- chl orophenyl ) - 4- pi peri di noi m dazolin-2-one is wused. 3, Use according
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epi sode, 6. Use according to claimb5, wherein the nood di sorder or nood
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prenenstrual dysphoric disorder, mnor depressive disorder, post traumatic,
acute stress disorder, obsessive-conpul sive disorder and patients with
eating disorders. 7. Use according to anyone of clainsl to 4, wherein the
central nervous systemdisorder is an anxiety disorder or episode of
anxiety. 8. Use according to claim?7, wherein the anxiety disorder or

epi sode is chronic anxiety disorder, panic disorder, agoraphobia, specific
phobi a, social phobia and generalized anxiety disorder. 9. Pharnaceutical
conposition for use in a nethod for the treatnent or prevention of



central nervous system di sorders wherein the central nervous system disorder
Is a nood disorder or nood episode or an anxi ety di sorder or episode of
anxiety containing an effective anount of

1- (4- et hoxy) - 4- pi peri di noi m dazol i n-@2ene or _ 63- _
1- (4-chl or ophenyl ) - 4- pi peri di noi m dazol i n-2-one, practised on a patient in
need thereof. 10. Pharnaceuti cal conp05|t|on according to claim9, wherein
t he conpound is 1-(4-chlorophenyl)- qaﬁFper|d|n0|rn|dazol i n-2-one. 11.

Phar maceuti cal conposition according to anyone of clalns 9 to 10 wherein it
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4. Use according to any one of claims 1 to 3 wherein the compound is provided for
administration in an amount of 1-100 mg/kg of the body weight of the patient.

5. Use according to anyone of claims 1 to 4 wherein the central nervous system disorder
is a mood disorder or mood episode.

6. Use according to claim §, wherein the mood disorder or mood episode is a2 major
depressive disorder or episode, manic, mixed and hypomanic mood episodes,
depressive episodes with aiypical catatonic or melancholic fealures, depressive
episodes with postpartum onset premenstrual dysphoric disorder, minor depressive
disorder, post traumatic, acute stress disorder, obsessive-compulsive disorder and
patients with eating disorders.

7. Use according to anyone of claims1 to 4, wherein the central nervous system disorder
is an anxiety disorder or episode of anxiety.

8. Use according to claim 7, wherein the anxiety disorder or episode is chronic anxiety
disorder, panic disorder, agoraphobia, specific phobia, social phobia and generalized

anxiety disorder,

9. Pharmaceutical composition for use in 2 method far the treatment or prevention of
central nervous system disorders wherein the central nervous system disorder is a
mood disorder or mood episode or an anxiety disorder or episode of anxety
containing an effective amount of 1-(4-methoxy)<4-piperidinoimidazolin-2-one or



- 63%-

1-(4-chlorophenyt)-4-pipsaridincimidazolin-2-one, practised on a patient in need
thereof.

10. Pharmaceutical composition according to claim 8, whersin the compound is
1-(4—chlorophenyl)-4-piperidigpimidazolin-z-one.

11. Pharmaceutical composition according to anyone of claims @ to 10 wherein it contains
further excipients or auxiliaries.

12. Pharmaceutical composition according to any one of claims 9 to 11 for parenteral or
oral administration.

13. Pharmaceutical composition according to claim 9, wherein it contains 1-100 mg/kg
body weight of the patient of the compound.

*14. Pharmaceutical compasition according to anyone of claims 9 to 13, wherein the
central nervous system disorder is a mood disorder or mood episode.

15. Pharmaceutical composition according to claim 14, wherein the mood disorder or
mood episode is 2 major depressive disorder or episode, manic, mixed and
hypomanic mood episodes, depressive episodes with atypical, catatonic or
melancholic features, depressive episodes with postpartum onset premenstrual
dysphoric disorder, minor depressive disorder, post traumatic, acuts stress disorder,
obsessive-compulsive disorder and patients with eating disorders,

16. Pharmaceutical composition according to anyone of claims 9 fo 13, wherein the
central nervous system disorder is an anxiefy disorder or episede of anxiety.

17. Pharmaceutical composition according to claim 16, wherein the anxiety disorder or
episode is chronic anxiety disorder, panic disorder, agoraphobia, specific phobia,

social phobia and generalized anxiety disorder.




