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USE OF DOPAMINE STABILIZERS

Background
Dopamine stabilizers is a class of compounds which have the ability to

reverse both hypo as well as hyperdopaminergia in vivo. This class may be
exemplified by the phenylpiperidines (-)-OSU6162 and ACR16.

The compound (-)-OSU6162 (S-(-)-3-[3-methylsulfonylphenyl]-1-
propylpiperidine) belongs to a group of phenylpiperidines developed in the
Department of Pharmacology, University of Gothenburg, Sweden, in collabo-
ration with The Upjohn Company, Kalamazoo, Michigan, USA (Sonesson et
al. 1994). When characterized in animal in-vivo models this group of agents
showed a profile similar to the partial dopamine D2/Ds receptor agonist (-)-3-
PPP (S-(-)-3-[3-hydroxyphenyl]-1-propylpiperidine). This was especially true
in regard to behaviour, in that not only inhibitory but also weakly stimulatory
actions could be demonstrated, depending on the baseline activity level.
Clearly the tendency to immobility ("catalepsy”) even after high doses is weak
(Natesan et al 2006), and extrapyramidal side effects did not occur in clinical
studies demonstrating an antipsychotic action (Gefvert et al 2000, L. Lind-
strom, unpublished data, Carlsson and Carlsson 2006). In these respects
these agents are similar to (-)-3-PPP. Moreover, they show albeit moderate
affinity for dopamine D, receptors, when studied in vitro, and their binding to
these receptors is clearly documented in animal ex-vivo experiments. How-
ever, (-)-OSU6162 and its congeners did not show any signs of intrinsic activ-
ity on dopamine receptors in in-vivo or ex-vivo models (Sonesson et al 1994).
These compounds, like (-)-3-PPP, are phenylpiperidines, but they differ from
this agent in having electron-drawing substituents in 3-position on the phenyl
ring rather than the OH group of (-)-3-PPP. The OH group has been assumed
to be important for the partial and nearly full dopamine D,/Ds-receptor agonist
properties of (-)-3-PPP and (+)-3PPP, respectively.

In the absence of partial agonism the somewhat similar behavioural
profile of (-)-OSU6162 and its congeners to (-)-3-PPP calls for an explanation.
So far, attempts to clarify this issue have been based on the assumption of
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heterogeneity of dopamine D2 receptors (see Carlsson et al 2004, Carlsson
and Carlsson 2006).

The substance (-)-OSU6162, or S-(-)-3-[3-methylsulfonylphenyl]-1-
propylpiperidine), has so far been used in clinical dosages of at least 25 mg
per day, and often higher. One major disadvantage is that it has been found
that such high dosages may be connected to QTc values higher than normal,
cardiac arrhythmia, or heart rhythm abnormalities, such as torsades de
pointes.

Summary of the invention

The present invention is based on the finding of the stimulating and in-
hibitory effects of the dopamine “stabilizer” (-)-OSU6162 on dopamine D, re-
ceptor function in vitro. The present invention is defined in the appended

claims.

Brief description of the drawings

Figure 1. Incorporation of GTPgammaS35 in CHO-hD2 membranes in
the presence of various concentrations of dopamine and (-)-OSU 6162.
Overview of the entire experiment. For statistics, see legends to Figures 2
and 3.

Figure 2. Incorporation of GTPgammaS35 in CHO-hD2 membranes
following exposure to various concentrations of (-)-OSU 6162 in the absence
of dopamine.

Data are means and SD, expressed as cpm (zero values N=6, other
groups N=3). ANOVA shows significant differences among treatment groups
(F4, 12=4.76, P=0.0156). Zero values differ from 100 (P=0.0361), 1,000
(P=0.0067), and 10,000 nM (P=0.0032) concentrations of (-)-OSU 6162 . Dif-
ferences between other groups are not significant.

Figure 3. Incorporation of GTPgammaS35 in CHO-hD2 membranes in
the presence of two concentrations of dopamine (10 nM, Fig 3a, and 100 nM,
Fig 3b) and various concentrations of (-)-OSU 6162.
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Data are means and SD of triplicates. They were obtained following
subtraction from blank values, recorded in the absence of dopamine and (-)-
OSU 6162. The blanks were 8,291+281 cpm (means+SD, n=6).

For either dopamine concentration (10 nM, in Fig 3a; 100 nM, in Fig
3b) ANOVA showed significant differences among the treatment groups,
F4.10=4.36 and 16.05, respectively. In the 10 nM dopamine concentration
series 10 nM (-)-OSU 6162 differed from zero (P=0.0246) and 10 nM (-)-
0OSU6162 differed from 1000 nM (p=0.0176 and 10000 nM (p=0.0033) (Fig
3a). In the 100 nM dopamine concentration series 100 nM (-)-OSU 6162
yielded values significantly greater than all the 4 other treatment groups
(P=<0.003 in each case) (Fig. 3b), confirming a biphasic concentration-
response curve.

Figure 4. Effects of (a) OSU6162 (i.p., N=5; s.c. N=5), (b) ACR16 (i.p.,
N=5), (c) haloperidol (i.p., N=5-21; s.c., N=4), (d) amisulpride (i.p., N=4-9), (e)
aripiprazole (i.p., N=4-5) and (f) (-)-3-PPP (s.c., N=5-6) on motor activity of
active rats. Activity was measured as velocity in the video tracking setting.
Drugs were administered 30 minutes prior to the 30 minute tracking period.
Statistical comparisons were made versus control with univariate general lin-
ear model, followed by Dunnet’s post hoc test. * p<0.05; ** p<0.01; ***

p<0.001 (i.p. injections). *##

p<0.001 (s.c. injections).

Figure 5. Effects of test drugs on motor activity of habituated rats in ac-
tivity boxes during t=0-30 minutes and t=30-60 minutes after s.c. injection. (a)
0OSU6162 (N=7-10), (b) ACR16 (N=9-10), (c) haloperidol (N=4-5), (d) amisul-
pride (N=6-14), (e) aripiprazole (N=5-6), (f) (-)-3-PPP (N=4-5). Activity was
measured as accumulated unrepeated beam breaks. Rats were allowed to
habituate for 65 minutes and then injected with test drugs. This was followed
by 60 minutes of registration. Statistically significant effects were established
with Kruskal-Wallis one-way analysis of variance by ranks, and comparisons
versus control were performed as described by Siegel and Castellan (1988). *
p<0.05; ** p<0.01; *** p<0.001 (t=0-30 min). * p<0.05, ** p<0.01, *##
p<0.001 (t=30-60 min).

Figure 6. Effects of low doses of apomorphine (s.c.) on motor activity
of active rats in the dose ranges (a) 0.04-0.16 pmol/kg (N=5) and (b) 0.16-
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0.64 pymol/kg (N=5). Motor activity was measured as velocity in the video
tracking setting. Apomorphine was administered 5 minutes prior to registra-
tion and the rats were studied for 30 minutes. Statistical comparisons were
made versus control with univariate general linear model, followed by Dun-
net’'s post hoc test. ** p<0.01; *** p<0.001.

Figure 7. Effects of (a) OSU6162 (i.p., N=5-15), (b) ACR16 (i.p.,
N=10), (c) ACR16 (i.p., N=5), (d) haloperidol (i.p., N=5-15) and (e) amisul-
pride (i.p., N=5) on apomorphine induced hypomotility in rats. Apomorphine
was administered s.c. 5 minutes prior to registration at the doses 0.16
pumol/kg (a-b, d-e) or 0.08 umol/kg (c). Test drugs were administered 30 min-
utes prior to registration. Motor activity was measured for 30 minutes as ve-
locity in the video tracking setting. Statistical comparisons were made versus
the apomorphine group with univariate general linear model, followed by
Dunnet’s post hoc test. * p<0.05; * p<0.01; *** p<0.001.

Figure 8. Effect of OSU6162 in a mouse model of Parkinsonism.
Animals were pretreated with reserpine (10 mg/kg i.p.) and alpha-methyl-
para-tyrosine (500 mg/kg i.p.) 18 and 4 hours before the experiment,
respectively, and were then treated with various i.p. doses of OSU6162,
expressed in ymol/kg, or saline (“ctr”). Immediately following injection the
animals were placed in individual cages and video-taped from above for 60
min. Shown are the distances moved, means and S.E.M. N=5-6 per
treatment group. Statistics: * P<0.05, **p<0.01, as compared with the
controls.

Detailed description of the invention

As already explained above, attempts to clarify the somewhat similar
behavioural profile of (-)-OSU6162 and its congeners to (-)-3-PPP in the ab-
sence of partial agonism have so far been based on the assumption of het-
erogeneity of dopamine D2 receptors. The inventors of the present invention
have now found an additional, but not necessarily alternative, explanation.
This is further explained below, i.a. by the in-vitro experiments on cloned do-
pamine D, receptors.
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The inventors have found that low concentrations of a dopamine stabi-
lizing compound such as (-)-OSU6162 enhances the stimulating action of do-
pamine, suggesting a weak partial agonism. However, this enhancing effect is
reversed by higher concentrations of the dopamine stabilizing compound
such (-)-OSU6162 in a complex biphasic manner. The dopamine-enhancing
action is proposed to be mediated by binding to an allosteric site with high
affinity and the inhibitory component by a low-affinity binding to the orthosteric
site of the dopamine receptor.

The present invention relates to the medicinal use of a dopamine stabi-
lizing substance, also called dopaminergic stabilizer or dopamine stabilizer, in
a low dose, such as 1-20 mg.

The dopamine stabilizing substance may be a compound of formula |

(N

wherein:

R' and R? are independently selected from the group consisting of H
(provided that not more than one of R' and R? is H), CONH,, OH, CN,
CH2CN, OSO2CHj3, OSO,CF3, SSO,CF3, COR, SOCHs (where x is
0-2), SO«CF3, O(CH2)CF3, OSO2:N(R)2, CH=NOR, COCOOR, CO-
COON(R)g2, Cs.s cycloalkyl, NRSO2CF3, phenyl at position 2, 3 or 4,
thienyl, furyl, pyrrolyl, oxazolyl, thiazolyl, N-pyrrolinyl, triazolyl, tetra-
zolyl of pyridinyl;

R? is hydrogen, CFs, CH2CF3, C-Cg alkyl, Cs-Cs cycloalkyl, C4-Co
cycloalkyl-methyl, C»-Cg alkenyl, C2-Cs alkynyl, 3,3,3-trifluoropropyl,
4,4 4-trifluorobutyl, or CH2SCHs,

R* and R are independently selected from hydrogen, CFsCH2CF3, Ci-Cg
alkyl, Cs-Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C,-Cg alkenyl, C2-Csg
alkynyl, 3,3,3-trifluoropropyl, 4,4,4-trifluorobutyl or —(CH2)m—R® where
m is 1-8;

R® is phenyl, phenyl substituted with CN, CF3, CH2CF3, C4 -Cg alkyl, Cs -
Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C2-Cg alkenyl or C2-Cg alkynyl
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and
R® and R are independently H, C4-Cg alkyl, Cs-Cs cycloalkyl, C4-Co
cycloalkyl-methyl, C»-Cg alkenyl or C2-Cg alkynyl,

Dopamine stabilizing substances of formula | and pharmaceutically ac-
ceptable salts thereof have been described in US 5,462,947, the teachings of
which are hereby incorporated by reference. US 5,462,947 discloses the
compounds belonging to this group and also gives the definitions for the dif-
ferent terms used — see in particular column 4. line 54 — column 6, line 25. US
5,462,947 also discloses how these compounds may be obtained — see in
particular column 7, lines 26-28 and the Examples.

According to one embodiment, a compound of formula | in the form of
a pure enantiomer or a pharmaceutically acceptable salt thereof is used.

According to one embodiment a compound of formula | wherein R is
CN, OSO2CF3, or SO2CHs or a pharmaceutically acceptable salt thereof is
used. It may then be preferable that R? is H and R® is C1.g alkyl, and further
that R® is n-propyl, and moreover that R* is H.

According to one embodiment a compound of formula | wherein R is
3-OH, R?is H, R®is n-propyl and R* is C..g alkyl or a pharmaceutically ac-
ceptable salt thereof is used.

According to one embodiment the compound of formula I is S-(-)-3-[3-
methylsulfonylphenyl]-1-propylpiperidine).

The dopamine stabilizing substance may also be a compound of for-

mula Il
R1

‘“ (I
wherein
R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs3,
SO2R3, COCH3, and COCH2CHs, wherein Rs is as defined below;
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Rz is selected from the group consisting of C»>-C4 branched or unbranched
alkyls, terminal allyl, CH,CH>OCH3, CH>.CH>CH2F, CH2CF3, 3,3,3-
trifluoropropyl, and 4,4,4-trifluorobutyl,

Rs is selected from the group consisting of C1-Cs alkyls, CFs, and

5 N(CHs)a;.

wherein the compound of formula Il does not have a high binding affinity
to sigma receptors

Dopamine stabilizing substances of formula Il and pharmaceutically ac-

ceptable salts thereof, have been described in US 6,903,120, the teachings of
10  which are hereby incorporated by reference.

According to one embodiment a compound of formula |l wherein Ry is
selected from the group consisting of OSO2CF3, OSO.CHs, SO2CH3, SO2CFs3,
COCHs3, and SO2N(CHs)2 or a pharmaceutically acceptable salt thereof is
used. It may then be preferable that R, is selected from the group consisting

15  of SO,CF3, SO,CH3, and COCHs.

According to one embodiment a compound of formula Il wherein Rz is
selected from the group consisting of n-propyl and ethyl or a pharmaceutically
acceptable salt thereof is used.

According to one embodiment the compound of formula Il is 4-(3-

20 methanesulfonylphenyl)-1-propyl-piperidine.
The dopamine stabilizing substance may also be a compound of for-

mula Ill
R1
@ &
L/\/N\R
2
R4 (1
25 wherein:

X is selected from the group consisting of N, CH, and C, however X may
only be C when the compound comprises a double bond at the dotted
line;

R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs3,

30 SO2R3, COR3, NO,2, and CONHR3, wherein Rs is as defined below,
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and when X is CH or C Ry may also be selected from the group con-
sisting of CF3, CN, F, CI, Br, and I,

R2 is selected from the group consisting of C4-C4 alkyls, allyls, CH2SCHs,
CH>CH>OCHs;, CH.CH2CH2F, CHoCF3, 3,3,3-trifluoropropyl, 4,4,4-
trifluorobutyl, and -(CH2)-R4, wherein R4 is as defined below;

Rs is selected from the group consisting of C4-Cs alkyls, CF3, and N(Rg)2,
wherein Ry is as defined above; and

R4 is selected from the group consisting of Cs-Cs cyclo-
alkyls, 2-tetrahydrofurane and 3-tetra-hydrofurane.

Dopamine stabilizing substances of formula Il and pharmaceutically
acceptable salts thereof, have been described in WO 01/46145, the teachings
of which are hereby incorporated by reference.

According to one embodiment a compound of formula Il wherein. X is
CH or C. or a pharmaceutically acceptable salt thereof is used. It may then be
preferable that X is CH

According to one embodiment a compound of formula Il wherein Ry is
selected from the group consisting of OSO2CF3, OSO.CHs, SO2CH3, SO.CFs3,
COCHs3, CF3, CN, CON(CHs)2, and SO2N(CHs)2 or a pharmaceutically ac-
ceptable salt thereof is used. When X is CH it may be preferable that Ry is
selected from the group consisting of SO.CF3, SO,CH3, COCHs;, CF3, and CN

According to one embodiment a compound of formula Il wherein Rz is
selected from the group consisting of n-propyl and ethyl or a pharmaceutically
acceptable salt thereof is used.

According to one embodiment a compound of formula Ill wherein X is
CH, R¢ is SO-CHs, and Rz is n-propyl or a pharmaceutically acceptable salt
thereof is used.

According to one embodiment the compound of formula Il is 4-(3-
methanesulfonyl-phenyl)-1-propyl-piperidine. The dopamine stabilizing sub-
stance may also be a pharmaceutically acceptable salts of a compound of
formula I, 1l and/or IlI.

Furthermore, it is possible to use a combination of two or more of the
dopamine stabilizing substances according to the invention, provided that the



WO 2008/155357 PCT/EP2008/057707

10

15

20

25

30

9

total dosage is still within the limits of the low dosage according to the inven-
tion.

The clinical implications of the invention are at least twofold.

First, the discovery that the dopamine stabilizers described in the in-
vention, can bind with high affinity to a putative allosteric site on the dopamine
D2 receptor, leading to a stimulation of dopamine function, opens up new
possibilities for treatment of a variety of neurological and psychiatric disorders
characterized by a hypofunction of the dopamine system. In such cases the
dosage of the stabilizer should be kept low to match the approximately 50
nanomolar concentrations needed for an adequate response, as further
shown below. Although it is not possible to translate in-vitro data precisely to
in-vivo dosages, it is reasonable to assume that the doses used so far, which
were intended to match the micromolar affinities of the stabilizers to the or-
thosteric site of the same receptor, are severalfold higher than those needed
to stimulate dopamine function via binding to the allosteric site. The oral
doses used so far have been in the order of 25 to 150 mg per day. The doses
needed for a stimulation of the dopamine system by binding to the allosteric
site might then be at least 10 times lower, that is 2.5 to 15 mg per day. A
general appropriate oral dosage according to the invention is from 1 to 20 mg
per day, given once daily or divided in two equal doses. Suitable subcutane-
ous or intramuscular doses are only slightly lower, whereas intravenous
doses are approximately 10 times less than the oral dosage.

Examples of disorders treatable according to the invention are:

Parkinson’s disease in early stages, before introducing L-dopa or di-
rectly acting dopamine receptor agonists, or together with low doses of the
same. Restless legs, again either monotherapy or combinations as above.
Akathisia. Dystonias. Mental fatigue, associated with high age, stroke, pos-
tencephalitic and posttraumatic conditions. Attention-deficit disorders (ADHD).
Autism spectrum disorders. Lapses of consciousness, e g narcolepsy and
petit mal epilepsy, syncope. Sleeping disorders, e g hypersomnia, sleep ap-
nea, attacks of sleep induced e g by dopamine receptor agonists. Emesis and
nausea, induced by dopamine agonists, other drugs, motion sickness and
other causes. Dopamine hypofuction induced by antipsychotic drugs, e g ex-
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trapyramidal symptoms, depression, loss of initiative, cognitive deficits (com-
bined treatment).

However, the present invention has important additional clinical impli-
cations. In addition to the above-mentioned disorders, which are character-
ized by a hypofunction of dopamine, a large number of disorders rather seem
to be due to a lack of stability of complex neural circuits controlled by dopa-
mine neurons. In such circuits a dopamine stabilizer appears to be able to
restore the stability even in cases where the primary cause of instability is
located outside the dopamine system. A typical example is Huntington’s dis-
ease, which is primarily due to degeneration of gabaergic neurons in the
basal ganglia. Nevertheless, as shown in clinical trials using both (-)-
OSU6162 and ACR16, these stabilizers can improve both signs of overactiv-
ity, € g chorea, and underfunctions, e g cognitive failure and depression. Such
a stabilizing action is assumed to be due to blockade of mutually antagonistic
subpopulations of the dopamine D2 receptor, such as the autoreceptors and
the postsynaptic heteroreceptor. It has been assumed that autoreceptor is
more readily blocked by a dopamine stabilizer than the postsynaptic receptor,
and there is some evidence for that. However, the present invention intro-
duces a new player, that is the allosteric site, on which the stabilizers can act
in much lower concentrations than in the case of the orthosteric sites to coun-
terbalance the hypofunction caused by blockade of the postsynaptic het-
eroreceptor. Obviously this should lead to the existence of a therapeutic win-
dow, where the optimum dosage should lie between those needed for a func-
tionally relevant degree of binding to the allosteric and orthosteric sites, re-
spectively. The consequence should then be that the optimum dosage for
stabilization should lie between those needed for binding to the two sites, and
thus lower than those previously assumed, which were based only on the
data obtained from studies of the orthosteric sites. Thus it does not seem
unlikely that the doses tried so far have been to high in relation to the thera-
peutic window, and thus that the benefit of the treatment has been underesti-
mated. Thus the invention leads to the conclusion that future clinical trials in
disorders characterized by instability of neural circuits must avoid too high
doses by taking into account the probable existence of a therapeutic window.



WO 2008/155357 PCT/EP2008/057707

10

15

20

25

30

11

A proposed average dose intended for stabilization could be 25 — 50 mg per
day, given once or preferably divided in two equal doses.

Examples of disorders, where an instability of neural circuits appear to
be of crucial importance and where dopamine stabilizers in adequate dosage
would be expected to be beneficial, are:

Schizophrenia, with positive or negative/cognitive deficit symptoms, or
both. Other psychoses and paranoid conditions. Manic-depressive disorder.
Huntington'’s disease (both chorea and mental symptoms, e g cognitive defi-
cits). Tics, Tourette’s disease, hiccup. Dyskinesias induced by L-dopa and
other dopamine-receptor agonists. Tardive dyskinesias, induced by long-term
treatment with dopamine receptor antagonists. Drug abuse and addiction
(central stimulants, central depressants, alcohol, cannabis, opiates, nicotine).
Addiction to gambling, certain foodstuffs etc. Emotional disorders, aggres-
siveness, pathological impulsiveness. Emotional disturbances induced by se-
vere pain(treatment combined with analgesics). Anxiety disorders, panic dis-
orders, generalized anxiety disorder, obsessive-compulsive disorder. Com-
bined treatment with antipsychotic drugs, serving to alleviate their adverse
effects (extrapyramidal, executive, cognitive, emotional).

The above subdivision into two categories of disorders which would be
expected to benefit from the present invention, aims to guide the search for
an optimal dosage. However, it should be kept in mind that there is no clear
demarcation line between the two categories.

One could consider a third category of disorders, which would be char-
acterized by a pure hyperfunction of the dopamine system. However, the ex-
istence of such conditions may be questioned. Even if, for example, abuse of
central stimulants initially leads to dopamine hyperfunction, addicts at the time
of asking for medical help also suffer from instability and/or overt weakness of
the dopamine system. As to spontaneous disorders, schizophrenia with pre-
dominantly positive symptoms, indicating dopamine hyperfunction will also
almost invariably be accompanied by signs of dopamine hypofunction (nega-
tive symptoms and cognitive deficits). The same thing is true of mania, and so
forth.
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The pharmaceutical composition according to the invention, used ac-
cording to the invention or produced according to the invention may also
comprise other substances, such as an inert vehicle, or pharmaceutical ac-
ceptable adjuvants, carriers, preservatives etc., which are well known to per-
sons skilled in the art.

Examples
The effect of (-)-OSU6162 on the incorporation of GTPgammaS*’ in

the membranes of hDy-transfected CHO cells was investigated. In the ab-
sence of dopamine the compound exerted a slight but significant stimulating
action, suggesting a weak partial agonism. In the presence of dopamine, low
concentrations (10 to 100 nM) enhanced the stimulating action of dopamine.
This enhancing effect was reversed by higher concentrations of (-)-OSU6162
in a complex biphasic manner. The dopamine-enhancing action is proposed
to be mediated by binding to an allosteric site with high affinity and the inhibi-
tory component by a low-affinity binding to the orthosteric site of the dopa-
mine receptor.

Methods

Materials. (-)-OSU 6162 was obtained from Dr. Clas Sonesson (Uni-
versity of Gothenburg, Gothenburg, Sweden). Dopamine and GDP were pur-
chased from Sigma Chemical Co. (St Louis MO). Unlabeled GTPgamma$S
was purchased from Roche (Indianapolis ,IN). All drugs were dissolved in
deionized water and prepared daily. GTPgammaS®>° (1250 Ci/mmol) was pur-
chased from NEN Life Science Products (Boston MA).

CHO-hDg cells were grown to near confluence in T-150 flasks, and
cells harvested, and membranes prepared as previously described (Lahti et al
1992). Membranes were stored at —80° C at a concentration of 1 mg pro-
tein/ml buffer.

Dopamine-stimulated GTPgammaS>? incorporation was determined
using the following procedure: in a buffer containing 20 mM HEPES, 5 mM
Mg CI2, 100 mM NaCl, at pH 7.5, membranes (60 ug/ml) were incubated with
vehicle, drugs and 3 uM GDP for 30 min at 30° C, total volume was 1.1 ml.
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Then were added 30 microliter of GTPgammaS> (160 pM) and the incubation
continued for another 30 min as before. The reaction was stopped by filtering
the samples with a Brandel harvester on Whatmann GF/B filters. Filters were
placed in liquid scintillation vials containing 10 ml of BCS scintillation fluid
and counted the next day. All samples were run in triplicate.

Results

Figure 1 presents an overview of the effect of various concentrations of
dopamine and (-)-OSU6162 on the incorporation of GTPgammaS>°. Following
addition of dopamine alone a sigmoid-shaped curve is apparent, with a ceiling
effect between 1,000 and 10,000 nM dopamine concentrations. A similar re-
sult was obtained in another experiment under the same experimental condi-
tions.

In the absence of dopamine, 100 to 10,000 nM concentrations of (-)-
OSUB162 increased the incorporation of GTPgammaS* by 8 to 11 percent
(Figure 2, data extracted from Figure 1).

When dopamine and (-)-OSU6162 concentrations were varied simulta-
neously, the two agents showed a complex interaction on GTPgammaS>? in-
corporation (Figure 3, data extracted from Figure 1). At low concentrations of
dopamine (10 to 100 nM), low concentrations of (-)-OSU6162 (10 to 100 nM)
caused an increased incorporation of GTPgammaS>. However, this increase
was no longer seen after higher concentrations of (-)-OSU6162 (1,000 to
10,000 nM). At higher dopamine concentrations (1,000 and 10,000 nM) varia-
tions in (-)-OSU6162 levels yielded similar, though flatter activity curves.

Discussion

The data above demonstrate both stimulating and inhibitory effects of
(-)-OSU6162 on the activity of dopamine Dz receptors, expressed as
GTPgammaS>® incorporation. When given alone, (-)-OSU6162 was found to
exert a weak stimulating effect on GTPgammaS® incorporation, suggesting
that this agent is a partial agonist on dopamine D- receptors. In support of this
hypothesis this compound is chemically closely related to 3PPP, whose enan-
tiomers possess agonist properties on dopamine D2/Ds receptors. In addition
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(-)-OSU6162 has a behavioural profile fitting in with a weak partial agonism
on dopamine D, receptors. Seeman and Guan (2006) also showed the mild
agonist effect of (-}-OSU6162 on GTPgammaS>’ incorporation into cloned
CHO cells with the Dolong dopamine receptor, but failed to demonstrate the
complex interaction of varied concentrations of (-)- OSU6162 on the agonist
effects. So far, however, direct in-vivo testing of (-)-OSU6162 has failed to
demonstrate any dopamine receptor agonism (Natesan et al. 2006). The
most likely explanation of the available data appears to be that (-)-OSU6162
is an albeit weak partial agonist on dopamine D2 receptors. Probably such
weak agonism is more easily detectable under in-vitro conditions, because a
complete absence of dopamine can hardly be reached under in-vivo condi-
tions.

When various concentrations of dopamine and (-)-OSU6162 were
studied in combination, (-)-OSU6162 was found to have a biphasic effect on
dopamine D2 receptor activity. A stimulating action, enhancing the effect of
dopamine, showed up after low concentrations of (-)-OSU6162, but this en-
hancing effect was reversed by higher concentrations, which thus seemed to
antagonize the effect of dopamine.

The following interpretation would probably best fit in with previous
knowledge about (-)-OSU6162. Both in-vitro binding and in-vivo data support
the view that (-)-OSU6162 is an antagonist on dopamine D receptors, albeit
with a weak intrinsic activity, so far detectable only under in-vitro conditions.
The antidopaminergic component induced by high concentrations of
(-)-OSU6G162 under the present conditions may be explained accordingly.
This fits in with the fairly high Ki of the compound (in the micromolar region) in
the previous in-vitro binding experiments (Sonesson et al. 1994).

The stimulation induced by low (-)-OSU6162 concentrations could then
be due to binding to an allosteric site, leading to an enhanced action of do-
pamine, and possibly to the weak stimulation of the receptor observed even in
the absence of dopamine. The binding of this compound to an allosteric site
might lead to a conformational change of the receptor molecule, and this in
turn could have a number of different consequences: a) an increased affinity
to dopamine, b) an increased responsiveness to dopamine by some other
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mechanism, ¢) an increased constitutive activity of the receptor, or d) any
combination between these possibilities. Alternative explanations may need
to be considered, involving for example, binding to some adjacent protein
which in one way or another might influence the dopamine receptor.

The complex mechanisms proposed above could perhaps be looked
upon as a model for receptor stabilization: simultaneous occupancies by one
and the same agent on allosteric and orthosteric sites, counterbalancing each
other without necessarily disturbing the baseline receptor activity, should lead
to a stabilizing action, because the amplitude of responses to endogenous
dopamine release would be dampened, due to a reduced availability of bind-
ing sites. However, the extrapolation of data obtained in an artificial in-vitro
system to in-vivo conditions must be regarded as tentative only.

The present experiments were performed on the long splice variant of
the human Dz receptor. It remains to be seen how the short variant will be-
have in this experimental model. There is a functional difference between the
two variants at least in so far as auto- versus hetero-receptors are concerned:
the former seem to belong predominantly to the short variant, whereas the
latter are mixed (Khan et al 1998, Centonze et al 2002). The heteroreceptors
are either synaptic or extrasynaptic. An attractive hypothesis would be that
the short variant is predominantly extrasynaptic, regardless of whether it is an
auto- or heteroreceptor, whereas the long variant would be primarily located
to the synaptic cleft. The two variants would then be geared to different neu-
rotransmitter concentrations. There is good evidence that the autoreceptors
are more responsive to low transmitter concentrations than the heteroreceptor
(Carlsson and Carlsson 2006). Moreover, postsynaptic dopamine receptors
rendered extrasynaptic following degeneration of dopamine neurons become
supersensitive. It would be interesting to compare the two splice variants in
the present experimental model. In general, in-vitro binding experiments
have so far shown them to behave equally, using a large number of anti-
dopaminergic agents (Leysen et al 1993). However, one study has reported
somewhat higher affinities of atypical antipsychotics to the short variant
(Malmberg et al 1993).
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The possible existence of an endogenous ligand for the proposed al-
losteric site could be a matter for speculation. Such a ligand could be re-
leased along with dopamine as a co-transmitter or from an adjacent cell. It
could either enhance or dampen the function of dopamine and thus serve as
an amplifier or stabilizer. The simultaneous existence of both amplifying and
stabilizing allosteric ligands may also be considered.

In-vivo data supporting the invention

Summary

Dopaminergic stabilizers can be defined as drugs that stimulate or in-
hibit dopaminergic signalling depending on dopaminergic tone. (-)-OSU6162
and ACR16 appear to possess such a profile. They have been proposed to
act as partial dopamine receptor agonists or as antagonists with preferential
action on dopaminergic autoreceptors. Previous studies have shown either
stimulation or inhibition of behaviour in response to OSU6162 and ACR16,
which has been suggested to reflect their dual effects on dopaminergic signal-
ling. The aims of the present work are to (1) examine the relation between
behavioural response to these drugs and activity baseline, and (2) test the
suggested mechanisms of action by means of close comparisons with the
known partial D2-receptor agonists (-)-3-PPP and aripiprazole, and the D2
autoreceptor preferring antagonist amisulpride with respect to effects on be-
haviour. From the results of these experiments it can be concluded that: 1)
The direction of the response to (-)-OSU6162 and ACR16 is dependent on
activity baseline, which in turn, under physiological conditions, is determined
primarily by test arena size of and degree of habituation to the environment.
2) The effects of (-)-OSU6162 and ACR16 cannot be explained on the basis
of either partial dopamine receptor agonism or preferential dopamine autore-
ceptor antagonism. Nevertheless, the current data suggests at least two dif-
ferent D2-receptor-associated targets which mediate opposite effects on ac-
tivity. This result fit in with a mechanism proposed from a recent in vitro study,
according to which (-)-OSU6162 has a dual action on dopamine D2 receptors,
a) an allosteric effect causing an enhanced response to dopamine, and b) the
previously proposed orthosteric effect antagonizing the action of dopamine.
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The dosage reqiured for inducing the former effect is distinctly lower than that
required for the latter.

Introduction

Dopaminergic stabilizers constitute a novel principle for treating
schizophrenia and other disorders involving dopaminergic circuits of the brain.
Conceptually, these drugs act normalizing on dopaminergic signalling de-
pending on dopaminergic tone. In case of an elevated dopamine function,
these drugs cause dopaminergic inhibition. In case of a low dopaminergic
tone, they enhance dopaminergic signalling. Thus, these drugs constitute po-
tential treatments for a variety of conditions involving dopaminergic pathways.
Focusing on schizophrenia, an appropriate degree of dopaminergic inhibition
may alleviate positive symptoms without inducing the extrapyramidal and
mental side effects associated with excessive D2-receptor blockade. Any
negative symptoms caused by low dopaminergic tone could also improve,
owing to the stimulating effect of these drugs.

One type of dopaminergic stabilizers are the partial D2-receptor ago-
nists and include compounds like aripiprazole (Jordan et al., 2002a; Jordan et
al., 2002b) and (-)-3-PPP (Carlsson, 1983). A partial agonist is per definition
stabilizing on transmission at the level of the receptor, acting towards a de-
gree of activation lower than that of the endogenous agonist. It will stabilize
the average receptor activity towards a level that reflects its intrinsic activity,
i.e. the relative preference for the active and inactive states of the receptor
(see Buxton, 2005). Aripiprazole is among the partial D2-receptor agonists
with the lowest known intrinsic activity (Jordan et al., 2007; Jordan et al.,
2006; Tadori et al., 2005). Among the established partial D2-receptor ago-
nists, only aripiprazole is on the market and is used in the treatment of psy-
chosis and mania.

Another type of dopaminergic stabilizers appear to be pure D2 receptor
antagonists and include the structurally related molecules (-)-OSU6162
(OSU6162) (compound no. 16, Sonesson et al., 1994) and ACR16 (Pontén et
al., 2002; Waters et al., 2002) . OSU6162 and ACR16 have been suggested
to be D2 receptor antagonists with preferential action on autoreceptors
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(Carlsson et al., 2004 )(see Carlsson et al., 2004). OSU6162, however, was
recently claimed to be a partial dopamine receptor agonist with minor intrinsic
activity (Seeman and Guan, 2006). OSU6162 and ACR16 have been investi-
gated in early clinical studies and have been found therapeutically active in
5 schizophrenia, Parkinson’s disease with L-dopa induced dyskinesias, and in
Huntington’s disease (Gefvert et al., 2000; Lundberg et al., 2002; Tedroff et
al., 1999, unpublished data; Information from Neurosearch A/S, Denmark,
published in an International Offering Circular September 22, 2006). In this
context the atypical antipsychotic amisulpride should be mentioned; it has
10 been characterized as a preferential dopaminergic autoreceptor antagonist
(Perrault et al., 1997; Schoemaker et al., 1997) but is usually not labelled a
dopaminergic stabilizer.
Previously, in a test for social interactions, we observed inhibition of
motor activity in response to OSU6162 and ACR16 in MK-801 treated rats but
15 also in previously untreated rats (Rung et al., 2005a). The latter result con-
trasts with other studies, in which OSU6162 and ACR16 caused little or no
activation in drug naive rats placed in a new environment, or a clear-cut acti-
vation in animals habituated to the same environment (Natesan et al., 2006;
Sonesson et al., 1994). We hypothesize that the main cause for these differ-
20 entoutcomes is a difference in baseline activity. Behavioural inhibition was
induced in rats with a high activity level; the high activity had been induced
either by a new environment the rats found stimulating (Rung et al, 2005) or
by treatment with dopaminergic enhancers, whereas activation was seen in
inactive rats, previously habituated to a poorly stimulating environment (Son-
25 esson et al, 1994; Natesan et al, 2006). Presumably, environmentally induced
variations in motor activity level and in dopaminergic tone are closely interre-
lated. OSU6162 and ACR16 have been shown to reverse amphetamine-
induced hyperactivity in rats (Natesan et al., 2006), indicating dopaminergic
inhibition in a hyperdopaminergic state.
30 The aims of the present study were to (1) examine the influence of ac-
tivity baseline on the behavioural response to OSU6162 and ACR16 and (2)
test the previously presented hypotheses regarding the mode of action of
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these drugs by close comparisons with the well characterized compounds
aripiprazole, (-)-3PPP and amisulpride in different behavioural settings.

Materials and Methods

Animals

Male Sprague—Dawley rats (Scanbur BK AB, Sollentuna, Sweden),
weighing 255-340 g, were used in these experiments. Prior to testing, the rats
were housed for approximately 1 week with free access to food and water, in
groups of four or five in Macrolon type Ill cages in the animal facility of the
Sahlgrenska Academy at Goteborg University. The experiments were ap-
proved by the animal ethics committee in Goteborg.

Drugs
(-)-OSU6162 hydrochloride (MW=317.9), under the synonym PNU-96391A,
was a gift from Pfizer Inc. (Groton, Connecticut, USA). Amisulpride
(MW=369.5) was a gift from Sanofi-Aventis (Bagneux, France). ACR16 tar-
trate (MW=431.5) and aripiprazole (MW=448.4) were provided by Lilly Re-
search Laboratories (Indianapolis, U.S.A). R-(-)-Apomorphine hydrochloride
hemihydrate (MW=312.8), haloperidol (MW=375.9) and (-)-3-PPP hydrochlo-
ride (MW=255.8) were purchased from Sigma-Aldrich Sweden AB (Stock-
holm, Sweden).

OSU6162, ACR16, apomorphine and (-)-3-PPP were dissolved in 0.9
% saline. A few grains of ascorbic acid were added to apomorphine solutions
to prevent oxidation of the drug. Haloperidol and amisulpride were dissolved
in @ minimum amount of acetic acid and diluted with 5.5% glucose. The solu-
tions were adjusted to pH 5-7 with sodium bicarbonate. Aripiprazole was dis-
solved in a minimum amount of heated acetic acid, diluted in warm 5.5% glu-
cose and adjusted to pH 4-5. All drugs were administered intraperitoneally
(i.p.) or subcutaneously (s.c.) in volumes of 5 ml/kg. Control treatments con-
sisted of the appropriate vehicle administered in accordance with the drug
treatment at issue.

Video tracking

This method was modified from a setting used previously for social in-
teraction experiments (Rung et al., 2005b). The rats were housed in reverse
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daylight cycle and all handling of the animals was performed in dim light.
Apomorphine was administered s.c. 5 minutes prior to testing, while all other
drugs were injected i.p. or s.c. 30 minutes before testing. Single rats were
introduced into rectangular arenas (I/w/h: 150x100x40 cm) illuminated indi-
rectly by one infrared lamp (Neocom, South Korea). The rats’ movements
were recorded to digital (MPEG2) video files using an IR sensitive video cam-
era (Panasonic WV-CPR480, lens: Panasonic LA-408C3) connected to a PC
equipped with a MPEG-encoder (MVR1OOOSX, Canopus Co.). The video files
were then analyzed with the video tracking software EthoVision 3.1 Color Pro
(Noldus Information Technology, Wageningen, The Netherlands) using a
sample frequency of 12.5 samples per second. Behavioural variables were
extracted from the tracks in MatLab (The MathWorks, Inc., USA) with func-
tions developed in this laboratory. Mean velocity was used to measure motor
activity. Prior to calculation of velocity the tracks were subjected to a running
mean filter, i.e. each sample was replaced by the mean of fifteen consecutive
samples.

Motor activity in activity boxes

These experiments were designed to resemble those of Sonesson et al
(1994). Rats were housed in a normal daylight cycle and testing was per-
formed during daytime. Animals were introduced into sound attenuated, illu-
minated activity boxes (lI/w/h: 40x40x20 cm) and were allowed to habituate in
the new environment for 65 minutes. During the following 5 minutes test
drugs were injected s.c., after which the rats were returned to the boxes for
another 60 minutes. Five by five rows of photocell beams at floor level al-
lowed a computer based-system to register horizontal activity. Motor activity
is presented as accumulated number of unrepeated beam breaks, i.e. several
consecutive breakings of one beam is counted as one beam break. The soft-
ware was set to register behaviour from the rat’s first introduction into the
arena until it was finally removed from the box, i.e. for 130 minutes. Activity is
presented separately for t=0-30 min and t=30-60 min after injection.

Statistics

In several cases data from two or more experiments have been pooled.
Suspected outliers were evaluated one at the time with Grubbs' test for out-
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liers (De Muth, 1999; Grubbs, 1969). Confirmed outlying values (N=0-3 per
experiment) were excluded from statistical analyses and graphical presenta-
tions. Data from the video tracking setting was analyzed with univariate gen-
eral linear model (GLM). Following GLM analysis, comparisons versus the
appropriate control groups were performed with Dunnet’s post hoc test. GLM
analyses showed no statistically significant inter-experiment differences in
pooled data with respect to drug effects on motor activity. “Experiment” was
therefore not included as a factor in the GLM analyses. Data obtained from
activity boxes was analyzed with Kruskal-Wallis one-way analysis of variance
by ranks. Comparisons were made versus control as described by Siegel and
Castellan (1988). All statistical tests were two sided and p<0.05 was consid-
ered statistically significant.

Results

Effects on motor activity in active rats

In the video tracking setting, control rats had a high initial activity level,
and activity decreased markedly, but did not level out, during the 30 minutes
of behavioural testing.

Both OSU6162 and ACR16 (30-120 umol/kg, i.p.) caused a dose-
dependent and statistically significant reduction of motor activity (Figure 4a-
b). When administered subcutaneously OSU6162 (50-200 umol, s.c.) induced
a similar dose dependent behavioural inhibition (Figure 4a). The classical
neuroleptic haloperidol (0.067-0.53 umol/kg) caused statistically significant
inhibition at the highest dose (Figure 4c). However, rats receiving the highest
dose of haloperidol may be divided into one group (N=4) not responding to
the treatment and one group (N=6) with a marked reduction in motor activity.
This indicates that this dose may be on the threshold between response and
no response with respect to activity. When administered subcutaneously at a
higher dose, haloperidol (0.8 umol/kg, s.c.) inhibited motor activity to ap-
proximately 7 % of control level (Figure 4c). Amisulpride (4-270 umol/kg, i.p.),
an autoreceptor preferring D2/D3-receptor antagonist, inhibited motor activity
slightly at the highest dose tested (Figure 4d). The partial D2-receptor ago-
nists aripiprazole (0.4-10 pymol/kg, i.p.) (Figure 4e) and (-)-3-PPP (2.5 and 10
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pumol/kg, s.c.) (Figure 4f) induced marked and dose-dependent inhibition on
motor activity, that was statistically significant at all doses tested.

Effects on motor activity in inactive rats

The rats were allowed to habituate in the boxes for 65 minutes before
injections of test drugs. During the habituation period there was a steep de-
cline in motor activity. After approximately 30 minutes, motor activity had
reached a baseline that was close to zero. Following injection, the rats dis-
played a moderate but unmistakable motor activation. Control animals typi-
cally became stationary within 10 minutes after injections, and remained so
until removed from the boxes.

All doses of OSU6162 (25-200 umol/kg, s.c.) induced a marked loco-
motor activation during the first 30 minutes following drug injection. During the
final 30 minutes of registration, the three highest doses significantly stimu-
lated locomotion (Figure 5a). ACR16 (25-200 pmol/kg, s.c.) also caused an
activation, although smaller than that of OSU6162. During the first 30 minutes
after injection this effect increased dose-dependently. During the final 30 min-
utes of observation, the effect appeared to peak at the dose 50 pmol/kg (Fig-
ure 5b). Although OSU6162 and ACR16 clearly stimulated activity of habitu-
ated rats, the resulting activity level was low compared the activity before ha-
bituation. Neither haloperidol (0.1-0.8 umol/kg) nor amisulpride (33-300
pumol/kg) had any significant effects on motor activity (Figure 5c-d). Aripipra-
zole (0.4-10 ymol/kg, s.c.) caused a dose-dependent inhibition during the first
30 minutes after injection, which was statistically significant at the highest
dose, but did not affect locomotor activity during the final 30 minutes of regis-
tration (Figure 5e). (-)-3-PPP did not have any statistically significant effects
on motor activity in either time interval (Figure 5f).

In a later experiment the data showed in Figure 5a were extended to
include two lower doses of OSUG162, i e 6.25 and 12.5 pmol/kg, s.c.(see Fig-
ure 5a extended, showing data from all doses). A significant effect shows up
already in a dose of 12.5 umol/kg that is, a dose severalfold lower than that
required for inducing behavioural inhibition (see Fig. 4a).
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Effects on apomorphine-induced hypoactivity

Apomorphine had a dose dependent inhibiting effect on locomotor ac-
tivity at the doses 0.04-0.16 umol/kg (s.c.), when tested in the video tracking
setting (Figure 6a). When a higher dose-interval (0.16-64 umol/kg) was tested
it was apparent that motor activity began to return towards a level similar to
that observed in controls (Figure 6b). Maximal inhibition of apomorphine oc-
curred at the dose 0.16 umol/kg, which also appears to be a standard dose
for this type of experiments (e.g. Stahle and Ungerstedt, 1986; Svensson et
al., 1986).

Several drugs were tested regarding their effects on apomorphine
(0.16 pmol/kg, s.c.) induced hypomotility. OSU6162 (30-120 umol/kg, i.p.)
caused a modest but apparently dose dependent reversal of apomorphine-
induced hypomotility up to a dose of 60 pmol/kg. A higher dose (120
KMmol/kg), however, seemed to cause a marked drop in motor activity (Figure
7a). ACR16 (30, 60 umol/kg, i.p.) did not have any noticeable effect on apo-
morphine-induced hypoactivity (Figure 7b). When tested with a lower dose of
apomorphine (0.08 pmol/kg, s.c.), the higher dose of ACR16 tended to inhibit
activity further (Figure 7c). Haloperidol (0.13-0.53 umol/kg, i.p.) had no statis-
tically significant effects on motor activity when added to apomorphine (0.16
umol/kg, s.c.) (Figure 7d). Amisulpride (20-100 pmol/kg, i.p.) effectively coun-
teracted apomorphine-induced hypoactivity (Figure 7e). When tested at a
higher dose (270 umol/kg, s.c.), amisulpride induced a mere tendency to-
wards reversal of apomorphine-induced hypoactivity (data not shown).

Discussion

This study shows that the dopaminergic stabilizers OSU6162 and
ACR16 inhibit motor activity in drug naive rats with a high activity level but
have the opposite effect in rats with a low activity level, i.e. there is a stabiliza-
tion towards an intermediate level of behavioural activity. To our knowledge,
this has not previously been shown within the same study.

Already in an earlier study we observed behavioural inhibition in re-
sponse to OSU6162 and ACR16 in drug naive rats (Rung et al., 2005a). Inhi-
bition in response to these drugs has also been observed in rats treated with
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amphetamine and apomorphine (unpublished data, Dept. of Pharmacology,
Goéteborg University, summary graph published in Carlsson, 2001; Natesan et
al., 2006). In previous studies on drug naive rats these drugs were reported to
influence behaviour differently depending on baseline activity. In animals acti-
vated after being introduced into a new environment the effect was slight and
variable (Sonesson et al., 1994), whereas it was clearly stimulating in animals
with low activity following habituation to the environment (Natesan et al.,
2006; Sonesson et al., 1994). The latter response was also observed in the
current investigation using a similar setting.

The question arises why an inhibitory effect was not seen in the earlier
studies in drug naive rats, apart from that by Rung et al (2005a). In this con-
text many factors should be considered, e g area of the test arena, degree of
habituation, drug pre-treatment time, drug administration route, day-light cycle
and illumination. We have reached the conclusion that test arena size and
degree of habituation to the environment are most important in determining
the behavioural responses to OSU6162 and ACR16. The surface area of the
arenas was almost an order of magnitude larger in experiments by Rung et al,
including the present study. It is reasonable to assume that the larger arenas
are more stimulating. In studies where OSU6162 and ACR16 fail to reduce
activity, rats are studied in small activity boxes and injections are made im-
mediately before the rats are introduced into the equipment. By observing the
recordings from the habituation period in the current study, we find that the
rats habituate almost fully to these small activity boxes within the first 15 min-
utes of registration. Thus, when the drugs are administered immediately be-
fore registration of behaviour, the rats will be partly habituated before the
drugs have reached full effect. In a preliminary experiment ACR16 indeed
caused marked reduction in motor activity in small activity boxes; in this ex-
periment, we used a pre-treatment time of 30 minutes and the rats were stud-
ied during the dark hours, with the light inside the boxes turned off.

The administration routes were often not the same in the different pro-
cedures and studies. Therefore, we performed two additional experiments to
study the importance of administration route. OSU6162 and haloperidol were
selected to be administered s.c. in the video tracking setting. The outcome
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after s.c. administration corresponded well with the response to i.p. injections
of the drugs. Thus, at least for these two compounds, administration route
does not seem to be of major importance for the behavioural response.

As to the issues of illumination and daylight cycle, behavioural inhibi-
tion has been observed in ultraviolet (Rung et al., 2005b) or infrared light (cur-
rent study) during the dark hours of the rats’ diurnal rhythm. Based on how
the light is perceived by humans, we presume that the ultraviolet and infrared
light used in these studies is perceived by the rats as dim light and darkness
respectively. In one preliminary experiment, rats studied during daytime in
large illuminated arenas responded to OSU6162 with a behavioural inhibition
similar to that observed in darkness. Preliminary data also showed that rats
habituated to this environment did not respond with any change in activity fol-
lowing treatment with OSU6162.

In summary, our observations show that whether OSU6162 and
ACR16 will have stimulatory or inhibitory effects on behaviour is dependent
on the rats’ activity and arousal level. This, in turn, is under physiological con-
ditions determined primarily by (1) the size of the arena and (2) the degree of
habituation to the environment. These two are strongly interconnected since
the habituation rate is greatly affected by arena size. Administration route,
light conditions and daylight cycle generally seem to be factors of minor im-
portance. Our observation that an inhibitory influence of OSU6162 and
ACR16 on behaviour can be demonstrated without pre-treatment with any
stimulants, i.e. under physiological conditions, is of course important and fur-
ther underscores the stabilizing behavioural profile of these agents.

The data reported in the present invention, where we have made close
comparisons between OSU6162 and ACR16 on one hand and established
dopamine partial agonists and a D2 autoreceptor selective antagonist on the
other, permit certain conclusions to be drawn regarding the mechanisms un-
derlying the stabilizing profile of the former drugs:

As mentioned in the Introduction, partial dopamine agonists can be
characterized as stabilizers, because they can serve as mixed ago-
nists/antagonists. A partial agonist is more likely to behave as an agonist
when the endogenous ligand is of low abundance, while the antagonist prop-
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erties show up more easily when the endogenous agonist concentrations are
high. At the receptor level, a partial dopaminergic agonist affects dopaminer-
gic transmission towards a level reflecting its intrinsic activity; this is influ-
enced by the receptor responsiveness, which in turn is affected by the degree
of previous long-term stimulation of the receptor (see Carlsson, 1983). Re-
cently it was reported that OSU6162 has a minor agonist effect at D2-
receptors in vitro (Lahti et al., 2007; Seeman and Guan, 2006). According to
another study, ACR16 does not seem to have this effect (Tadori et al., 2007).
In spite of their higher intrinsic activity at D2-receptors, neither aripiprazole
nor (-)-3-PPP induced activation in inactive rats. Thus, the present data show
convincingly that the behaviourally stimulating action of OSU6162 and ACR16
cannot be explained by partial dopamine receptor agonism in the classical
sense. Further compelling evidence for the lack of even partial agonism by
OSU6162 or ACR16 in the classical sense under in-vivo conditions has been
summarized by Natesan et al. (2006; see page 816).

In the present study, rats with high activity level as a result of the intro-
duction to a novel stimulating environment react to OSU6162 and ACR16
treatment with marked inhibition of behaviour. This is probably due to an ele-
vated dopamine activity. In support of this assumption, it has been shown
that, when rats are placed in a new environment, extracellular dopamine lev-
els increase in the nucleus accumbens (Rebec, 1998). We are currently ana-
lysing brains from active and inactive rats for any biochemical dopamine-
related differences. Preliminary data indicates that active rats, compared to
inactive rats, have higher concentrations of homovanillic acid in the striatum,
indicating a higher dopaminergic activity. Furthermore, OSU6162 and ACR16
have been shown to reverse the activating effect of amphetamine in rats
(Natesan et al., 2006) and sub-human primates (Brandt-Christensen et al.,
2006). It is reasonable to assume that the inhibitory effect seen in this study is
due to a reversal of a physiologically induced increase in dopaminergic tone
and due to blockade of postsynaptic receptors. Thus, it seems that OSU6162
and ACR16 act on at least two different targets with opposite effects on activ-
ity and dopaminergic signalling.
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The behavioural activity level of animals can be influenced by dopa-
mine receptors in both directions: stimulation of autoreceptors and heterore-
ceptors leads to behavioural inhibition and activation, respectively, and block-
ade of either of these receptors has the opposite effect. As mentioned,
OSU6162, ACR16 and their congeners are for all practical purposes to be
looked upon as dopamine D2/D3 receptor antagonists, because in the in vivo
situation we can disregard the minimal intrinsic activities that may show up in
vitro (Lahti et al., 2007; Seeman and Guan, 2006; Sonesson et al., 1994). We
have previously considered the possibility that the ability of these agents to
stimulate or inhibit behaviour could be the result of shifting the balance be-
tween the two opposing actions, namely blockade of autoreceptors and het-
eroreceptors respectively. In other words, their stimulating action could be
due to a preferential autoreceptor antagonism.

For detecting autoreceptor preference of OSU6162 and ACR16 we
tested these drugs for reversal of apomorphine-induced hypoactivity. We
used the dose 0.16 pmol/kg (0.05 mg/kg) of apomorphine, since it was shown
to be the most effective in inhibiting activity in this setting. OSU6162 induced
a partial reversal of apomorphine-induced hypoactivity, which indicates a
modest preference for D2 autoreceptors versus synaptic receptors. ACR16,
however, had no such effect in this model. Since ACR16 has a lower affinity
than OSUG162 for D2-receptors, it may be argued that this drug may not be
capable of competing with apomorphine for the binding sites of D2 autorecep-
tors. Therefore, we also tested ACR16 along with a lower dose (0.08 umol/kg)
of apomorphine. Under these conditions ACR16 again did not counteract
apomorphine-induced hypomotility but rather tended to further inhibit behav-
iour, an effect that was probably due to blockade of D2 heteroreceptors.

Previously amisulpride has been convincingly characterized as a pref-
erential dopamine autoreceptor antagonist (Perrault et al., 1997). We thus
considered it of great interest to compare the behavioural action of this agent
closely with OSU6162 and ACR16. The outcome of this comparison was very
clear. The preferential action of amisulpride on dopaminergic autoreceptors
could be readily confirmed by demonstrating its reversal of apomorphine-
induced hypomotility. Despite the superiority of amisulpride over OSU6162
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and ACR16 in this autoreceptor preference model, it turned out to be unable
to stimulate the behaviour of habituated animals. Thus one can exclude the
kind of preferential autoreceptor antagonistic action caused by amisulpride as
the sole or even a major mechanism underlying behavioural activation in-
duced by OSU6162 and ACR16. This would be true of both D2 and D3 auto-
receptors, because amisulpride seems to act equally strongly on these two
receptor subtypes (Schoemaker et al., 1997).

The inability of amisulpride to inhibit behaviour in active rats over a
large dose range, as shown in the present study (cf Perrault et al., 1997), is
remarkable and may suggest a low ability of this compound to reach synaptic
receptors. This would fit well with the observations that amisulpride shows
poor penetration of biological membranes (Hartter et al., 2003). Amisulpride
has previously been shown to reverse behavioural activation induced by am-
phetamine and apomorphine (Perrault et al., 1997), which indicates that
heightened arousal in response to stimulating drugs is qualitatively different
from that occurring under physiological conditions and may result from block-
ade of extrasynaptic receptors (see Carlsson et al, 2004). Since also the
autoreceptors are extrasynaptic it would thus appear that amisulpride is a
compound with selectivity for extrasynaptic receptors, possibly due to phar-
macokinetic factors.

To summarize, our present results have shown that neither partial do-
pamine receptor agonism nor preferential dopamine autoreceptor antagonism
can be the main mechanism underlying the unique behavioural profiles of
OSU6162 and ACR16 and, hence, we had to search for a third mechanism:

In a recent study OSU6162 was found to possess both stimulating and
inhibitory effects on D2-receptor activity in an in vitro assay measuring
GTPyS incorporation in membranes from CHO-cells transfected with human
D2I receptors. Low concentrations of OSU6162 potentiated the effect of do-
pamine while higher concentrations inhibited receptor activity, resulting in a
biphasic concentration-response curve. In the absence of dopamine
OSU6162 had a minor stimulating effect, suggesting that the compound has
weak intrinsic activity. The interpretation of these data is that OSU6162 en-
hances D2-receptor activation via an allosteric site at the receptor whereas
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inhibition is attributed to blockade of the binding site for dopamine, i.e. the
“orthosteric” site (Lahti et al., 2007, see above pp. 12-16). These mechanisms
provide strong and welcome candidates for the two targets for OSU6162 and
ACR16 suggested by the current data. The allosteric and orthosteric sites of
the D2-receptor would then be responsible for behavioural activation and in-
hibition, respectively.

The phenylpiperidine derivatives OSU6162 and ACR16 with dopamine-
stabilizing properties discussed in this paper have in general a higher affinity
to dopamine D3 than D2 receptors, judging by in-vitro data (Sonesson et al.,
1994). The question arises whether the inhibiting effects of these drugs could
be due to a preferential binding to D3 receptors. At one time the latter subtype
was believed to be behaviourally inhibitory and thus antagonistic to the former
subtype (Waters et al., 1994). More recently, however, the weight of evidence
indicates that both D2 and D3 heteroreceptors (that is, postsynaptic recep-
tors) are behaviourally activating (see Sokoloff et al., 2003). When consider-
ing partial agonists, (-)-3-PPP has been found to be a partial agonist also on
dopamine D3 receptors (Malmberg et al., 1998), and thus the argument put
forward above against partial agonism underlying the behavioural activation
by OSU6162 and it congeners would be equally valid also for D3 receptors. In
the case of autoreceptor antagonism involving D3 receptors the same argu-
ment can be applied, because amisulpride has about the same affinity for D2
and D3 receptors, as observed in vitro (Schoemaker et al., 1997).

In this context it is interesting to mention the fairly strongly D3- versus
D2-preferring compound U99194A, which led to the suggestion that postsy-
naptic D3 heteroreceptors had a behaviourally inhibitory function. This drug
was shown to induce an unusually strong behavioural activation, but also to
potentiate the stimulating effects of amphetamine and apomorphine on be-
haviour (Waters et al., 1994; Waters et al., 1993). These are effects that could
be expected from a drug with a pronounced preference for the proposed al-
losteric site at the D2-receptor. In light of recent observations, and the results
of the current investigation, the data presented in these papers would appear
to fit in best with the hypothesis that this compound binds to both the allos-
teric and orthosteric sites of dopamine D2 receptors. This can be looked upon
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as an example of the necessity to revisit earlier pharmacological data in light
of recent findings.

In conclusion, this study has shown that the dopaminergic stabilizers
OSU6162 and ACR16 inhibit motor activity in drug naive rats with a high ac-
tivity level but have the opposite effect in rats with a low activity level. This
suggests that these drugs stabilize dopaminergic signalling even under
physiological conditions. The effects of (-)-OSU6162 and ACR16 cannot be
explained on the basis of either partial dopamine receptor agonism or prefer-
ential dopamine autoreceptor antagonism. Nevertheless, our results suggest
that (-)-OSU6162 and ACR16 act via at least two D2-receptor associated tar-
gets which have opposing actions on dopaminergic transmission. This would
fit in with a mechanism proposed from the in vitro study referred to above,
according to which (-)-OSU6162 has a dual action on dopamine D2 receptors,
a) an allosteric effect causing an enhanced response to dopamine, and b) the
previously proposed orthosteric effect antagonizing the action of dopamine.

The present study makes it possible, for the first time, to compare the
dose requirements for the two mutually antagonistic actions of a dopamine
stabilizer such as OSU6162. The dose required for inducing a stimulatory
effect on behaviour was found to be distinclly lower than that required for in-
ducing inhibition (compare Figure 4a with Figure 5a, extended).

Additional data, using a mouse model of Parkinsonism.

In these experiments we used male NMRI mice weighting 25-30 g at
the time of testing. The mice were pretreated with reserpine, 10 mg/kg i.p., 18
hours, and alpha-methyl-para-tyrosine HCI, 500 mg/kg i.p. 2 hours,
respectively, before the experiment. This treatment has been found to induce
virtually complete immobility and also to block the stimulating action of
dopamine-releasing agents such as amphetamine.

The actual experiment was started by injecting either OSU6162 in
doses of 5, 25 or 125 pmol/kg i.p.or placebo (a physiological saline solution).
Each dosage group consisted of 5-6 mice. Immediately after injection the
mice were placed in individual cages and video taped from above for 60 min.
Various aspects of motility were analysed from the video tapes.
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As shown in figure 8, the controls as well as the animals treated with
the lowest dose of OSU6162 (5 umol /kg), showed only minimal signs of
motility. The two higher doses showed a significant, dose dependent increase
in motility, with a pattern hardly distinguishable from normal.

Statistical calculations were performed with the non parametric Mann-Whitney
U-test, and asterisks in the graph indicate significant differences compared to
control group (*p<0.05; **p<0.01).

It is surprising that this impressive, potentially "therapeutic” action of
OSU6162 in an animal Parkinson model has not previously been detected.
Similar data from rat experiments have been published (Sonesson et al.
1994), and they have generally been interpreted as indicating lack of activity.
However, a closer examination of these data, in light of the present
observations, call for some caution regarding the interpretation. Obviously
more studies are needed in order to reach definite conclusions regarding the
anti-Parkinson activity of OSU6162 in rat models.

Summary of in-vitro and in-vivo data supporting the invention

In the in-vitro experiments OSU6162, a prototypic dopamine stabilizer
belonging to a class of phenylpiperidines, was found to exert a biphasic action
on the activity of human D2| receptors, with a stimulating component in lower
concentrations (10 to 100 nM) and an inhibitory component in higher
concentrations.

In the in-vivo experiments on rats OSU6162 and ACR16 were found to
stimulate the low activity of animals with low wakefulness, induced by
habituation to an environment in small cages. This stimulation occurred
already in low dosage, a finding reported for the first time in the present
invention. On the other hand, these drugs exerted an inhibitory effect on
animals with a high wakefulness, induced by the novelty of a stimulating
environment. This inhibition required distinctly higher doses than the
stimulation of habituated animals.

This pattern of behaviour was different from those found in the
established partial dopamine-receptor agonists (-)-3PPP and aripiprazole,
which proved unable to stimulate the behaviour of habituated animals. It also
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differed from the preferential dopamine autoreceptor antagonist amisulpride,
which likewise proved unable to stimulate the behaviour of habituated
animals.

The in-vitro and in-vivo data summarized above argue for a unique
mechanism of action of OSU6162, ACR 16 and its congeners, with a
stimulating component in lower concentrations/doses and an inhibitory
component after higher concentrations/doses. It is suggested that the
mechanism involved is more complicated than that of typical partial dopamine
receptor agonists, in that not only the orthosteric but, in addition, an allosteric
site on the dopamine D2 receptor takes part in the effect.

Finally, our studies revealed a previously unknown and surprising
property of OSU6162, that is, a clearcut stimulating action in a classical
animal Parkinson model (mice pretreated with reserpine and alpha-methyl-
para-tyrosine).

Taken together, these data indicate a unique stabilizer profile of the
phenylpiperidines of the present invention, that is, an activating effect in both
moderate and severe dopaminergic hypofunction, showing up already in low
dosage, and at the same time an ability to dampen a physiological or
inappropriate degree of dopaminergic hyperactivity. Such a profile shows
great promise in a variety of neurological and psychiatric disorders, in which a
stabilization of dopamine function towards a normal level may prove
beneficial.
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Claims

1. Use of a dopamine stabilizing substance selected from the group

consisting of:
compounds of formula |

(1

wherein:

R" and R? are independently selected from the group consisting of H
(provided that not more than one of R" and R? is H), CONH_, OH, CN,
CH2CN, OSO,CH3s, OSO,CF3, SSO,CF3, COR, SOCH3s (where x is
0-2), SO\CF3, O(CH2)CF3, OSO2N(R)2, CH=NOR, COCOOR, CO-
COON(R)z2, Cs cycloalkyl, NRSO2CF3, phenyl at position 2, 3 or 4,
thienyl, furyl, pyrrolyl, oxazolyl, thiazolyl, N-pyrrolinyl, triazolyl, tetra-
zolyl of pyridinyl;

R? is hydrogen, CFs, CH2CF3, C-Cg alkyl, Cs-Cs cycloalkyl, C4-Co
cycloalkyl-methyl, C»-Cg alkenyl, C2-Cs alkynyl, 3,3,3-trifluoropropyl,
4,4 4-trifluorobutyl, or CH2SCHs,

R* and R are independently selected from hydrogen, CFsCH2CF3, Ci-Cg
alkyl, Cs-Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C,-Cg alkenyl, C2-Csg
alkynyl, 3,3,3-trifluoropropyl, 4,4,4-trifluorobutyl or —(CH2)m—R® where
m is 1-8;

R® is phenyl, phenyl substituted with CN, CF3, CH2CF3, C4 -Cg alkyl, Cs -
Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C2-Cg alkenyl or C2-Cg alkynyl
substituent, 2-thiophenyl, 3-thiophenyl, -NR®CONR®R’ or -CONR°R’
; and

R® and R are independently H, C4-Cg alkyl, Cs-Cs cycloalkyl, C4-Co
cycloalkyl-methyl, C»-Cg alkenyl or C2-Cg alkynyl,

compounds of formula Il
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R1

‘“ (I
wherein:
R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs3,
SO2R3, COCHs, and COCH2CHs, wherein Rs is as defined below;

5 R: is selected from the group consisting of C»-C4 branched or unbranched
alkyls, terminal allyl, CH,CH>OCH3, CH>.CH>CH2F, CH2CF3, 3,3,3-
trifluoropropyl, and 4,4,4-trifluorobutyl,

Rs is selected from the group consisting of C1-Cs alkyls, CFs, and
N(CHs)s;.
10 wherein the compound of formula Il does not have a high binding affinity
to sigma receptors; and

R1
Q.

LN
",

compounds of formula Il

(1)

wherein:

15 X is selected from the group consisting of N, CH, and C, however X may
only be C when the compound comprises a double bond at the dotted
line;

R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs,
SO2Rs5, CORs, CN, NO2, CONHRs, CF3, 3-thiophene, 2-thiophene, 3-

20 furane, 2-furane, F, CI, Br, and |, wherein Rsis as defined below;

R2 is selected from the group consisting of C1-C4 alkyls, allyls, CH>SCHs,
CH>CH>OCHs;, CH.CH2CH2F, CHoCF3, 3,3,3-trifluoropropyl, 4,4,4-
trifluorobutyl, and -(CH2)-Rs, wherein Rs is as defined below;

Rs and R4 are independently selected from the group consisting of H and

25 C1-C4 alkyls, however both Rs and R4 cannot be H at the same time;

Rs is selected from the group consisting of C4-Cs alkyls, CF3, and N(Rg)2,
wherein Ry is as defined above; and
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Rs is selected from the group consisting of C3-Cg cyclo-
alkyls, 2-tetrahydrofurane, and 3-tetra-hydrofurane

and pharmaceutically acceptable salts thereof
for the manufacture of a medicament or a pharmaceutical composition for
treatment of a neurological or psychiatric disorder characterized by a hypo-
function of the dopamine system, wherein said substance is to be adminis-
tered in an oral, subcutaneous or intramuscular daily dose of 1-20 mg or in an
intravenous daily dose of 0.1-2 mg.

2. Use according to claim 1, wherein said neurological or psychiatric
disorder characterized by a hypofunction of the dopamine system is selected
from the group consisting of Parkinson’s disease in early stages; restless
legs; akathisia; dystonias; mental fatigue associated with high age, stroke,
postencephalitic or posttraumatic conditions; attention-deficit disorders
(ADHD); autism spectrum disorders; lapses of consciousness including nar-
colepsy, petit mal epilepsy and syncope; sleeping disorders including hyper-
somnia, sleep apnea, and attacks of sleep induced by dopamine receptor
agonists; emesis and nausea; dopamine hypofuction induced by antipsychotic
drugs.

3. Use according to claim 1 or 2, wherein the oral, subcutaneous or in-
tramuscular daily dose is 2.5 to 15 mg.

4. Use of a dopamine stabilizing substance selected from the group
consisting of:
compounds of formula |

(1

wherein:

R" and R? are independently selected from the group consisting of H
(provided that not more than one of R" and R? is H), CONH_, OH, CN,
CH2CN, OSO,CHj3, OSO,CF3, SSO,CF3, COR, SO« CHj3 (where x is
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0-2), SOxCF3, O(CH2)xCF3, OSO2N(R)2, CH=NOR, COCOOR, CO-
COON(R)g2, Cs.s cycloalkyl, NRSO2CF3, phenyl at position 2, 3 or 4,
thienyl, furyl, pyrrolyl, oxazolyl, thiazolyl, N-pyrrolinyl, triazolyl, tetra-
zolyl of pyridinyl;
5 R? is hydrogen, CFs, CH2CF3, C-Cg alkyl, Cs-Cs cycloalkyl, C4-Co
cycloalkyl-methyl, C»-Cg alkenyl, C2-Cs alkynyl, 3,3,3-trifluoropropyl,
4,4 4-trifluorobutyl, or CH2SCHs,
R* and R are independently selected from hydrogen, CFsCH2CF3, Ci-Cg
alkyl, Cs-Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C,-Cg alkenyl, C2-Csg
10 alkynyl, 3,3,3-trifluoropropyl, 4,4,4-trifluorobutyl or —(CH2)m—R® where
m is 1-8;
R® is phenyl, phenyl substituted with CN, CF3, CH2CF3, C4 -Cg alkyl, Cs -
Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C2-Cg alkenyl or C2-Cg alkynyl
substituent, 2-thiophenyl, 3-thiophenyl, -NR®CONR®R’ or -CONR°R’
15 ; and
R® and R are independently H, C4-Cg alkyl, Cs-Cs cycloalkyl, C4-Co
cycloalkyl-methyl, C»-Cg alkenyl or C2-Cg alkynyl,

compounds of formula Il
R1

2

20 K (1))
wherein:
R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs3,
SO2R3, COCHs, and COCH2CHs, wherein Rs is as defined below;
Rz is selected from the group consisting of C»>-C4 branched or unbranched
25 alkyls, terminal allyl, CH,CH>OCH3, CH>.CH>CH2F, CH2CF3, 3,3,3-
trifluoropropyl, and 4,4,4-trifluorobutyl,
Rs is selected from the group consisting of C1-Cs alkyls, CFs, and
N(CHs)a;.
wherein the compound of formula Il does not have a high binding affinity
30 to sigma receptors; and
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compounds of formula Il

(1)

wherein:

X is selected from the group consisting of N, CH, and C, however X may
only be C when the compound comprises a double bond at the dotted
line;

R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs,
SO2Rs5, CORs, CN, NO2, CONHRs, CF3, 3-thiophene, 2-thiophene, 3-
furane, 2-furane, F, CI, Br, and |, wherein Rsis as defined below;

R2 is selected from the group consisting of C1-C4 alkyls, allyls, CH>SCHs,
CH>CH>OCHs;, CH.CH2CH2F, CHoCF3, 3,3,3-trifluoropropyl, 4,4,4-
trifluorobutyl, and -(CH2)-Rs, wherein Rs is as defined below;

Rs and R4 are independently selected from the group consisting of H and
C+-C4 alkyls, however both R; and R4 cannot be H at the same time;

Rs is selected from the group consisting of C1-Cs alkyls, CF3, and N(Rz)2,
wherein Ry is as defined above; and

Rs is selected from the group consisting of C3-Cg cyclo-
alkyls, 2-tetrahydrofurane, and 3-tetra-hydrofurane

and pharmaceutically acceptable salts thereof

for the manufacture of a medicament or a pharmaceutical composition for
treatment of a disorder caused by instability of neural circuits, wherein said
substance is to be administered in an oral, subcutaneous or intramuscular
daily dose of 25-50 mg.

5. Use according to claim 4, wherein said disorder caused by instability
of neural circuits is selected from the group consisting of schizophrenia; other
psychoses and paranoid conditions; manic-depressive disorder; Huntington’s
disease; Tics; Tourette’s disease; hiccup; dyskinesias induced by L-dopa and
other dopamine-receptor agonists; tardive dyskinesias induced by long-term
treatment with dopamine receptor antagonists; drug abuse and addiction; ad-
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diction to gambling; addiction to certain foodstuffs etc; emotional disorders
including aggressiveness and pathological impulsiveness; emotional distur-
bances induced by severe pain; anxiety disorders including panic disorders,
generalized anxiety disorder and obsessive-compulsive disorder; and adverse

5 effects, including extrapyramidal, executive, cognitive and emotional caused
by antipsychotic drugs.

6. Use according to any one of the preceding claims, wherein a com-
pound of formula | or a pharmaceutically acceptable salt thereof is used in the
10 form of a pure enantiomer.

7. Use according to any one of the preceding claims, wherein a com-
pound of formula | or a pharmaceutically acceptalbe salt thereof is used,
wherein R' is CN, OSO,CF3, or SO,CHs.

15

8. Use according to any one of the preceding claims, wherein R? is H

and R®is Cy.g alkyl.

9. Use according to any one of the preceding claims, wherein R? is H
20 and R®is n-propyl.

10. Use according to any one of the preceding claims, wherein R* is H.

11. Use according to any one of the preceding claims, wherein a com-
25 pound of formula | or a pharmaceutically acceptalbe salt thereof is used,
wherein R" is 3-OH, R?is H, R*is n-propyl and R* is C..s alkyl.

12. Use according to any one of the preceding claims, wherein said
substance is S-(-)-3-[3-methylsulfonylphenyl]-1-propylpiperidine).
30
13. Use according to any one of claims 1-5, wherein a compound of
formula Il or a pharmaceutically acceptalbe salt thereof is used, wherein Ry is
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selected from the group consisting of OSO2CF3, OSO.CHs, SO2CH3, SO2CFs3,
COCH3, and SOzN(CHg)z.

14. Use according to claim 13, wherein Ry is selected from the group
consisting of SO.CF3, SO2CHs, and COCHs.

15. Use according to any one of claims 1-5, 13 or 14, wherein a com-
pound of formula Il or a pharmaceutically acceptalbe salt thereof is used,
wherein Ry is selected from the group consisting of n-propyl and ethyl.

16. Use according to any one of claims 1-5 or 13-15, wherein a com-
pound of formula Il or a pharmaceutically acceptalbe salt thereof is used and
said compound is 4-(3-methanesulfonylphenyl)-1-propyl-piperidine.

17. Use according to any one of claims 1-5, wherein a compound of
formula Il or a pharmaceutically acceptalbe salt thereof is used, wherein X is
CHorC.

18. Use according to claim any one of claims 1-5 or 17, wherein a com-
pound of formula lll or a pharmaceutically acceptalbe salt thereof is used
wherein Ry is selected from the group consisting of OSO2CF3, OSO2CHs,
SO:Me, SO,CF3, COCHs, CN, CF3, CON(CH3)2 and SO2N(CHs)o.

19. Use according to any one of claims 1-5, 17 or 18, wherein a com-
pound of formula Il or a pharmaceutically acceptalbe salt thereof is used,
wherein Rs and R4 both are CHs.

20. Use according to any one of claims 1-5 or 17-19, wherein a com-
pound of formula Il or a pharmaceutically acceptalbe salt thereof is used
wherein R is selected from the group consisting of SO2CF3, SO2CHs,
COCHgs, CF3, and CN, and X is CH.
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21. Use according to any one of claims 1-5 or 17-20, wherein a com-
pound of formula Il or a pharmaceutically acceptalbe salt thereof is used
wherein Ry is selected from the group consisting of n-propyl and ethyl.

5 22. Use according to any one of the preceding claims, wherein the
daily does is given as one dose a day.

23. Use according to any one of claims 1-21, wherein the daily does is
divided into two equal doses.
10
24. A method for treating a neurological or psychiatric disorder charac-
terized by a hypofunction of the dopamine system comprising administering to
a patient in need thereof a dopamine stabilizing substance selected from the
group consisting of:
15  compounds of formula |

(1
wherein:
R" and R? are independently selected from the group consisting of H
(provided that not more than one of R" and R? is H), CONH_, OH, CN,
20 CH2CN, OSO2CHj3, OSO,CF3, SSO,CF3, COR, SOCHs (where x is
0-2), SO«CF3, O(CH2)CF3, OSO2:N(R)2, CH=NOR, COCOOR, CO-
COON(R)g2, Cs.s cycloalkyl, NRSO2CF3, phenyl at position 2, 3 or 4,
thienyl, furyl, pyrrolyl, oxazolyl, thiazolyl, N-pyrrolinyl, triazolyl, tetra-
zolyl of pyridinyl;
25 R? is hydrogen, CFs, CH2CF3, C-Cg alkyl, Cs-Cs cycloalkyl, C4-Co
cycloalkyl-methyl, C»-Cg alkenyl, C2-Cs alkynyl, 3,3,3-trifluoropropyl,
4,4 4-trifluorobutyl, or CH2SCHs,
R* and R are independently selected from hydrogen, CFsCH2CF3, Ci-Cg
alkyl, Cs-Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C,-Cg alkenyl, C2-Csg
30 alkynyl, 3,3,3-trifluoropropyl, 4,4,4-trifluorobutyl or —(CH2)m—R® where
m is 1-8;
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R® is phenyl, phenyl substituted with CN, CF3, CH2CF3, C4 -Cg alkyl, Cs -
Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C2-Cg alkenyl or C2-Cg alkynyl
substituent, 2-thiophenyl, 3-thiophenyl, -NR®CONR®R’ or -CONR°R’
; and
5 R® and R’ are independently H, C4-Cs alkyl, C3-Cs cycloalkyl, C4-Cg
cycloalkyl-methyl, C»-Cg alkenyl or C2-Cg alkynyl,

compounds of formula Il
R1

‘“ (I
10 wherein:
R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs3,
SO2R3, COCHs, and COCH2CHs, wherein Rs is as defined below;
Rz is selected from the group consisting of C»>-C4 branched or unbranched
alkyls, terminal allyl, CH,CH>OCH3, CH>.CH>CH2F, CH2CF3, 3,3,3-
15 trifluoropropyl, and 4,4,4-trifluorobutyl,
Rs is selected from the group consisting of C1-Cs alkyls, CF3, and
N(CHs)a;.
wherein the compound of formula Il does not have a high binding affinity
to sigma receptors; and

20 ; and
R1
@ L

compounds of formula Il
L N
R/‘/ R,

(1)

wherein:

X is selected from the group consisting of N, CH, and C, however X may

25 only be C when the compound comprises a double bond at the dotted
ling;
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R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs,
SO2Rs5, CORs, CN, NO2, CONHRs, CF3, 3-thiophene, 2-thiophene, 3-
furane, 2-furane, F, CI, Br, and |, wherein Rsis as defined below;

R2 is selected from the group consisting of C1-C4 alkyls, allyls, CH>SCHs,
CH>CH>OCHs;, CH.CH2CH2F, CHoCF3, 3,3,3-trifluoropropyl, 4,4,4-
trifluorobutyl, and -(CH2)-Rs, wherein Rs is as defined below;

Rs and R4 are independently selected from the group consisting of H and
C+-C4 alkyls, however both R; and R4 cannot be H at the same time;

Rs is selected from the group consisting of C1-Cs alkyls, CF3, and N(Rz)2,
wherein Ry is as defined above; and

Rs is selected from the group consisting of C3-Cg cyclo-
alkyls, 2-tetrahydrofurane, and 3-tetra-hydrofurane

and pharmaceutically acceptable salts thereof,
in an oral, subcutaneous or intramuscular daily dose of 1-20 mg or in an in-
travenous daily dose of 0.1-2 mg.

25. The method of claim 24, wherein said neurological or psychiatric
disorder characterized by a hypofunction of the dopamine system is selected
from the group consisting of Parkinson’s disease in early stages; restless
legs; akathisia; dystonias; mental fatigue associated with high age, stroke,
postencephalitic or posttraumatic conditions; attention-deficit disorders
(ADHD); autism spectrum disorders; lapses of consciousness including nar-
colepsy, petit mal epilepsy and syncope; sleeping disorders including hyper-
somnia, sleep apnea, and attacks of sleep induced by dopamine receptor
agonists; emesis and nausea; dopamine hypofuction induced by antipsychotic
drugs.

26. The method of claim 24, wherein the oral, subcutaneous or intra-
muscular daily dose is 2.5 to 15 mg.

27. A method for treating a disorder caused by instability of neural cir-
cuits comprising administering to a patient in need thereof a dopamine stabi-
lizing substance selected from the group consisting of:
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compounds of formula |

(1

wherein:

R" and R? are independently selected from the group consisting of H
(provided that not more than one of R" and R? is H), CONH_, OH, CN,
CH2CN, OSO,CH3s, OSO,CF3, SSO,CF3, COR, SOCH3s (where x is
0-2), SO«CF3, O(CH2)CF3, OSO2:N(R)2, CH=NOR, COCOOR, CO-
COON(R)g2, Cs.s cycloalkyl, NRSO2CF3, phenyl at position 2, 3 or 4,
thienyl, furyl, pyrrolyl, oxazolyl, thiazolyl, N-pyrrolinyl, triazolyl, tetra-
zolyl of pyridinyl;

R? is hydrogen, CFs, CH2CF3, C-Cg alkyl, Cs-Cs cycloalkyl, C4-Co
cycloalkyl-methyl, C»-Cg alkenyl, C2-Cs alkynyl, 3,3,3-trifluoropropyl,
4,4 4-trifluorobutyl, or CH2SCHs,

R* and R are independently selected from hydrogen, CFsCH2CF3, Ci-Cg
alkyl, Cs-Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C,-Cg alkenyl, C2-Csg
alkynyl, 3,3,3-trifluoropropyl, 4,4,4-trifluorobutyl or —(CH2)m—R® where
m is 1-8;

R® is phenyl, phenyl substituted with CN, CF3, CH2CF3, C4 -Cg alkyl, Cs -
Cs cycloalkyl, C4-Cg cycloalkyl-methyl, C2-Cg alkenyl or C2-Cg alkynyl
substituent, 2-thiophenyl, 3-thiophenyl, -NR®CONR®R’ or -CONR°R’
; and

R® and R are independently H, C4-Cg alkyl, Cs-Cs cycloalkyl, C4-Co
cycloalkyl-methyl, C»-Cg alkenyl or C2-Cg alkynyl,

compounds of formula Il
R1

R2 (”)

wherein:
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R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs3,
SO2R3, COCHs, and COCH2CHs, wherein Rs is as defined below;

Rz is selected from the group consisting of C»>-C4 branched or unbranched
alkyls, terminal allyl, CH,CH>OCH3, CH>.CH>CH2F, CH2CF3, 3,3,3-

5 trifluoropropyl, and 4,4,4-trifluorobutyl,

Rs is selected from the group consisting of C1-Cs alkyls, CFs, and
N(CHs)a;.

wherein the compound of formula Il does not have a high binding affinity

R1
Q.

LN
",

to sigma receptors;
10 ; and

compounds of formula Il

(1)
wherein:
X is selected from the group consisting of N, CH, and C, however X may

15 only be C when the compound comprises a double bond at the dotted
line;

R1 is selected from the group consisting of OSO2CF3;, OSO2CH3, SORs,
SO2Rs5, CORs, CN, NO2, CONHRs, CF3, 3-thiophene, 2-thiophene, 3-
furane, 2-furane, F, CI, Br, and |, wherein Rsis as defined below;

20 R2 is selected from the group consisting of C1-C4 alkyls, allyls, CH>SCHs,
CH>CH>OCHs;, CH.CH2CH2F, CHoCF3, 3,3,3-trifluoropropyl, 4,4,4-
trifluorobutyl, and -(CH2)-Rs, wherein Rs is as defined below;

Rs and R4 are independently selected from the group consisting of H and
C1-C4 alkyls, however both Rs and R4 cannot be H at the same time;
25 Rs is selected from the group consisting of C1-Cs alkyls, CF3, and N(Rz)2,
wherein Ry is as defined above; and
Rs is selected from the group consisting of C3-Cg cyclo-
alkyls, 2-tetrahydrofurane, and 3-tetra-hydrofurane
and pharmaceutically acceptable salts thereof,
30 in an oral, subcutaneous or intramuscular daily dose of 25-50 mg.
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28. The method of claim 27, wherein said disorder caused by instability
of neural circuits is selected from the group consisting of schizophrenia; other
psychoses and paranoid conditions; manic-depressive disorder; Huntington’s
disease; Tics; Tourette’s disease; hiccup; dyskinesias induced by L-dopa and
other dopamine-receptor agonists; tardive dyskinesias induced by long-term
treatment with dopamine receptor antagonists; drug abuse and addiction; ad-
diction to gambling; addiction to certain foodstuffs etc; emotional disorders
including aggressiveness and pathological impulsiveness; emotional distur-
bances induced by severe pain; anxiety disorders including panic disorders,
generalized anxiety disorder and obsessive-compulsive disorder; and adverse
effects, including extrapyramidal, executive, cognitive and emotional caused

by antipsychotic drugs.

29. The method of claim 24 or 27, wherein a compound of formula | or
a pharmaceutically acceptable salt thereof is used in the form of a pure enan-
tiomer.

30. The method of claim 24 or 27, wherein a compound of formula | or
a pharmaceutically acceptalbe salt thereof is used, wherein R'is CN,
OSO.CF3, or SO,CHs.

31. The method of claim 30, wherein R is H and R® is C1.5 alkyl.

32. The method of claim 31, wherein R?is H and R® is n-propyl.

33. The method of claim 30, wherein R* is H.

34. The method of claim 24 or 27, wherein a compound of formula | or

a pharmaceutically acceptalbe salt thereof is used, wherein R'is 3-OH, R?is
H, R®is n-propyl and R* is Co.g alkyl.
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35. The method of claim 24 or 27, wherein said substance is
S-(-)-3-[3-methylsulfonylphenyl]-1-propylpiperidine).

36. The method of claim 24 or 27, wherein a compound of formula Il or
a pharmaceutically acceptalbe salt thereof is used, wherein R4 is selected
from the group consisting of OSO,CF3, OSO,CH3s, SO,CH3s, SO>CF3, COCHs,
and SO;N(CHj3)..

37. The method of claim 36, wherein R is selected from the group
consisting of SO.CF3, SO2CHs, and COCHs.

38. The method of claim 24 or 27, wherein a compound of formula Il or
a pharmaceutically acceptalbe salt thereof is used, wherein Ry is selected
from the group consisting of n-propyl and ethyl.

39. The method of claim 24 or 27, wherein a compound of formula Il or
a pharmaceutically acceptalbe salt thereof is used and said compound is 4-
(3-methanesulfonylphenyl)-1-propyl-piperidine.

40. The method of claim 24 or 27, wherein a compound of formula IIl or
a pharmaceutically acceptalbe salt thereof is used, wherein X is CH or C.

41. The method of claim 24 or 27, wherein a compound of formula Il or
a pharmaceutically acceptalbe salt thereof is used wherein Ry is selected
from the group consisting of OSO.CF3, OSO.CHs, SO:Me, SO2CF3, COCHs,
CN, CF3, CON(CHs)2 and SO2N(CHs)s.

42. The method of claim 24 or 27, wherein a compound of formula Il or
a pharmaceutically acceptalbe salt thereof is used, wherein R; and R4 both
are CHs.

43. The method of claim 24 or 27, wherein a compound of formula Il or
a pharmaceutically acceptalbe salt thereof is used wherein Ry is selected
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from the group consisting of SO2CF3, SO,CHs, COCHs, CF3, and CN, and X
is CH.

44. The method of claim 24 or 27, wherein a compound of formula Il or
5 a pharmaceutically acceptalbe salt thereof is used wherein Rz is selected
from the group consisting of n-propyl and ethyl.

45. The method of claim 24 or 27, wherein the daily does is given as
one dose a day.
10
46. The method of claim 24 or 27, wherein the daily does is divided into
two equal doses.
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