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TREATMENT OF DISORDERS RELATING TO THE SEROTONERGIé
SYSTEM

FIELD OF THE INVENTION

The present inventicn is directed to deramciclane, (1R,2S,4R)(-)-2-[N,N-
(dimethylaminoethoxy))-2-phenyl-1,7,7-trimethyl-bicyclo[2.2.1}heptane, and its uae
in the treatment of disorders relating to the serotonergic system. Specifically, the '
present invention is directed to the use of deramciclane in the treatment of

depression.

Further, the present invention is directed to the use of deramciclane in the
treatment of anxiety, specifically chronic anxiety including GAD, in an oral daily
doaage of about 30 mg in humans. The daily dosage may be given as a once-a-day
formulation or it may be divided. For example, a once-a-day formulation may be
used, and may lead to greater patient compliance than a multiple-dose daily
formulation. .

BACKGROUND

The preparation of deramciclane as a free base and as a fumarate salt has been
described in Hungarian Patent No. 212,547. Other pharmaceutically acceptable acid
addition salts of deramciclane may be formed with inorganic (e.g., hydrochloric acid,
sulfuric acid) or organic acids (e.g., acetic acid, tartaric acid). The fomarate sait is an
example of such a pharmaceutically acceptable acid addition salt.

Deramciclane has shown anxiolytic-like effects in some conventional animal
models with various routes of administration, and in receptor binding studies in vitro
deramciclane has shown to bind with high affinity to serotonin SHT2,- and 5-HTac~
receptor subtypes, being & potent antagonist of these receptors (Gacsalyi, L et al.,
Drug Dv Res (1997) 40:333-348). In punished drinking test in rats (Vogel, J.R. et al,,
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Psychopharmacologia (1971) 21:1-7) deramciclane was active, after single aral
administration at doses of 1 mg/kg and 10 mg/kg. In social interaction test in rats
(File, S.E. J. Neurosci Methods (1980) 2:219-238) deramciclane enhanced the social
interaction time in some extend, the minimum effective dose after single
intraperitoneal administration was 0.7 mg/kg. In two compartment test in mice
(Crawley, J. and F.X. Goodwin, Pharmacol Biochem Behav. (1980)13, 167-170. &
Crawley, J.N., Pharmacol. Biochem. and Behav, (1981) 15, 695-699) deramciclane
was active after single subcutaneous administration at dose of 3 mg/kg. In marble-
burying test in mice (Broekkamp, C.L. et al., Eur J. Pharmacol. (1986) 126:223-229)
the effective doses were 10 mg/kg and 30 mg/kg orally. Nevertheless, deramciclane
was totally inaffective in elevated plus maze test in rats (Handley, S.L. and S.
Mithani, 1984, Effects of Alpha-Adrenoceptor Agonists and Antagonists in a Maze-
Exploration Model of "Fear"-Motivated Behaviour, Naunyn-Schmiedeberg’s .
Archives of Pharmacology. 327, 1-5) after single intraperitoneal doses at range of 0.1
mg/kg — 5 mg/kg. However, deramciclane was able to attenuate the caerulein-
induced decrease in exploratory behavior at an intraperitoneal dose of 0.5 mg/kg in
the elevated plus maze test.

Also the possible antidepressant activity of deramciclanc has been evaluated in
various conventional animal models (Gacsalyi, L. et al., Drug Dv Res (1997) 40:333-
348). In leamned helplessness test in rat (Giral et al. Reversal of helpless behaviour in
rats by putative 5-HT1A agonists. Biol. psychiatry 23: 237- 242), deramciclane dose
dependently attenuated helpless behaviour induced by inescapable electric foot
shocks, when given intraperitoneally 1 or 10 mg/kg, repeatedly 8 times, twice a day,
before the test. The effect of deramciclane was found to-be negligible, even at
rolatively high oral doses, 48-160 mg/kg, when evaluated for tetrabenazine-induced
plosis in mice according to the method of Howard et al. (Howard, J.L. et al., (1981)
Empirical behavioral models of depression with emphasis on tetrabenazine
antagonism. In Enna S.J., Malick J.B., Richelson E. (eds.): Antidepressants:
Neurochemical, Behavioral, and Clinical Perpectives. New York: Raven Press, p
107). In the forced swimming test in rats (Porsolt R.D. et al., Eur. J. Pharmacol.
(1978) 47:379-391) deramciclane was clearly ineffective at oral doses of 25 and 100

mg/kg.
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Thus, deramcilanc has been effective in some animal models of anxiety after oral
doses at range from 1 mg/kg 10 30 mg/kg in mice and rats. Further, deramciclane has
showed negligible effects in animal models of depression even after high peroral
doses in mice and ats, which is in line with the resuits reporting that 5-HTzc -
receptor agonists are effective in animal models of depreasion (Moreau J-L. et al.
European Neuropsychopharmacology 6:169-175, 1996).

In a whole body autoradiography distribution study with tritium labelled
deramciclane in rats (Hazai, I, et al. J. Pharm. Pharmacol. 51: 165-174, 1999) ata
dose of 3 mg/kg, it was found that after intravenous administration there was high
radioactivity (reflecting amount of deramciclane) in several organs including blood
and the brain, but after oral administration the amount was substantially lower, .
especially in the brain.

A comparative pharmacokinetic study of orally adrhinistered deramciclane in
rats, dogs, rabbits and humans (Klebovich et al Pharm. Pharmacol. Commun., 4:
129-136, 1998), it was shown that the plasma concentration curves obtained after
the administration of a single 3 mg/kg oral dose of derameiclane to rats (dogs,
rabbits) and human show considerable species specific differences. In the peak
plasma concentration (Cmax ) values there were significant differences: Cimax was
5.4 ng/ml in rat and 217.5 ng/ml in human after the same 3 mg/kg oral dose. Thus 2
40-times lower ord! dose of derameiclane could be used in man to result in the same
maximal plasma concentration as in rat. Furthermore, total amount of deramcilane
absorbed into blood, calculated as Area Under Curve values (AUC 0 - o) from
phmumncmﬁénsulﬁm;:ﬁon of time, showed more considerable species
difference. The mean AUC 0 - ® values after single oral administration of
deramciclane were 11.9 ng h/ml and 3737.8 ng h /m! in rat and human, respectively.
Thus over 300 times Jower oral doses should result in equal exposure in humans than
in rats. Basing only the Cmax difference between rat and man, it can be predicted
that considerably lower doses should be centraily active in humans then in rat. The
minimum oral effective anti-anxiety dose in rats was 1 mg/kg (1-30 mg/kg the full
range; see above), i.e. in a 70 kg-man this would mean 70 mg dose. To reach the
same pharmacologically active plasma concentration in humen as was shown to be
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efficacious in rat, one should divide the rat dose by 40. This would result in 70
mg/40=1.75 mg (i.c. 0.025 mg/kg) as an effective dose in man. '

The binding of deramciclane to serotonin 5-HT2,-receptors in frontal cortex of -
healthy male volunteers after a single oral dose of 20, 50 and 150 mg of
deramciclane is discussed in Kanerva, H., et al., Psychopharmacology (1999)
145:76-81. The determination of the brain 5SHT;, -receptor occupancy of
deramciclane in humans has shown that 90% and 50% receptor occupancie-l were
reached at dersmciclene plasms concentration of about 70 ng/m! end 21 ng/mi,
respectively. The pharmacokinetics of single dose of deramciclane and during oral .
dosing of 10 mg, 30mg and 60mg twice a day for seven days are discussed in
Kanerva, H., Pharmacokinetic studies on deramciclane. Kuopio University
Publications A. Pharmaceutical Sciences 39.1999. After a single oral administration
of 20 mg and 30 mg doses of deramciclane, the Cmax-values were 24+9.4 ng/ml and
2746.1 ng/ml, respectively. During repeated administration of derameiclane for one
week the Cmin and Cmax for 60 mg and 20 mg daily doses were shown to range
between 48-91 ng/ml and 16-33 ng/ml, respectively.

As the above experimental animal and human data does not disclose repeated
administration of deramciclane rendering steady state plasma concentrations in a
treated patient, it was impossible to foresee the exact oral doses of deramciclane
effective in treating amxiety in humans, Furthermore, it was totally unexpected that
deramciclane was effective in treating depressive symptoms.

Anxiety is a normal emotional feehngrel:tedmdxﬁ'amtsltuauonsofwor
fear. Ertemalthreatlsexpmencedasnfurwhmobummdumdmuﬁedfeehng
of threat may be experienced as anxicty. When anxiety persists it can develop into a
pathological disorder. Anxiety disorders are divided more specifically in diagnostic
disorders o.g., panic disorder, phobias, and generulised anxiety disorder (GAD).
GAD is & chronic illness associated with excessive anxiety and worry lasting for at
least six months. In addition, the anxiety and worry are associated with restlesaness,
fatigue, difficultics in concentrating or mind going blank, irritability, muscle tension,
and sleeping disturbances. The symptoms may be triggered by different events of
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life, and the control of anxiety is very difficult to the patieat.

Anxiety is currently treated with benzodiazepines, SSRI's and buspirt;ne, which
are not optimal treatments regarding the adverse drug reaction and efficacy profiles;
Moreover, relapse of the discase, different kinds of withdrawal effects, development
of tolerance as well as relapse and recurrence often happen, when traditional
anxiolytics are used. For example, to avoid withdrawal effects, the doctors usually
gradually taper the dosage of the medicine (i.c. gradually diminish its daily dosage)
before the treatment may be stopped. Patients tend to develop tolerance to those
traditional compounds as well. Development of tolerance occurs when, for example,
a patient requires greater quantities of a compound over time to achieve the same
therapeutic effect,

In the treatment of psychiatric disorders with a chronic course, such as anxiety, it
is important to prevent the relapse and recurrence of the disease. After the acute
treatment phase, the improved condition can be maintained, and relapses can thus be
prevented by continuing the treatment in those who have responded to the treatment
or who have reached remission during it. After said continuation treatment phase,
when recovery has been reached, the discase can be prevented by continuing the
treatment further by the so called maintenance treatment, during which the daily
dosage may be decreased, for example to a half from the original.

There has thus been s long felt need to obtain an anxiolytic medicament, which is
void of withdrawal and discontinuation effects and does not cause development of
tolerance in the patients, Furthermore, sufficient efficacy in relapse and recurrence
prevention are important qualities of a well functioning anxiolytic drug. It is believed
by the inventors that deramciclane satisfies this need in the art.

Additional objects and advantages of the invention will be set forth in part in the
description which follows, and in part will be obvious from the description, or may
be learned by practice of the invention. The objects and advantages of the invention
will be realised and attained by means of the elements and combinations particularly
pointed out in the appended claims.
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1t is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the
invention, as claimed. -

BRIEF DESCRIPTION OF THE DRAWINGS
Figure'] shows the number of responders (at least 50 % reduction in HAM-A scale).
DETAILED DESCRIPTION OF THE INVENTION

An object of the present invention is to provide an oral daily dosage of sbout 20 to
about 30 mg of deramciclane for the treatment of disorders of serotonergic systems
in humans. One disorder of the serotonergic system treatable according to the present
invention is anxiety, for example chronic anxiety. The present invention also
includes the treatment of GAD. Another object of the present invention is directed to
the treatment of chronic anxiety where the patient does not experience relapse of the

anxiety.

Another object of the present invention is directed to the method of treating
depresgion in a human.

1t is still a further object of the invention to provide a treatment regimen of

deramciclane that does not require, to avoid withdrawal effects, diminishing the
_ treatment dosage before terminating the treatment. In other words, in this embodiment,
25 the patient may continue receiving the full treatment dosage up to the point of
termination of the treatment, and will not suffer withdrawal cffects that would have
otherwise followed using other conventional treatments. In the regimen of the invention
a standard daily dosage of deramciclane is given to the patient for a period long enough,
e.g. for from three weeks to ten years, e.g. for from two months to five years, e.g for

30 from cight months to two years, to cause relief of the symptoms, whereafter the

treatment is abruptly terminated. By the term “abruptly terminated™ it is meant that the
dose is decreased within 24 hours from the standard dosage to less than a fourth of the
standard dose, preferably to zero.
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A dosage of about 30 mg of deramciclane may be used, for example in a
conventional relativcly fast release formulation. When the corresponding slow
release formulation is used, the dosage may be aiso lower, for example about 20 mg.

In the present invention it has been discovered that when treating disorders
relating to anxiety in humans with derameiclane the most effective clinical response
was obtained with an oral daily dosage of about 30 mg. When deramciclane was
used in the treatment of anxiety, specifically GAD, the oral daily dossge of 30 mg
was found to express the best response on Hamilton Anxiety Scale (HAM-A).
Further, in the pairwise comparison of the responder criterion (at least 50 %
reduction in HAM-A gcale) between the deramciclane dosage and placebo, the oral
daily dosage of 30 mg was statistically better than placebo.

In addition, in the present invention it has been discovered that deramciclane is
effective in treating depressive disorders in humans. Specifically, the same oral daily
deramciclane dosage of 30 mg, which was effective in the treatment of anxiety was

found to be effective on the depressive symptoms in theMontgnmcyAlbers
Depression Rating Scale (MADRS).

The use of the term “about” with respect to the dosage amounts includés the
natural industry variation in dosage amounts of drugs administered to patients. For
example, a variation of = 5 % in a given dosage amount in the methods of the
present invention would be included by the term “about” in the present invention.
For example, a dosage 30 mg+ 5 % is included within the phrase “abouit 30 mg” in
an embodiment of the present invention.

EXAMPLE

The efficacy of deramciclane in the treatment of anxiety, specifically GAD, was
studied in a randomised placebo-controlled double-blind study. In addition, the
dosage dependency of the effects of deramciclane was evaluated. Total of 208
patients were included in the study. The subjects were randomly assigned to four
parallel groups to receive one tablet twice daily (b.i.d) of a placebo, Smg
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(=10mg/day), 15mg (=30mg/day), or 30mg (=60mg/day) deramciclane. The study
started with a one-week placebo run-in period, followed by an eight-week placebo-
controlled active treatment and a two-week placebo washout period.

The cfficacy of deramciclane on anxiety symptoms was studied by the efficacy
variable Hamilton Anxiety Scale (HAM-A), analyzing the change in the score and
using responder criterion (at least 50 % reduction in HAM-A total score).

The cfficacy of deramciclane on depressive symptoms was studied using
Montgomery Asberg Depression Rating Scale (MADRS).

RESULTS

Anxiety

The HAM-A score decreased 14.5 points from bazeline in groups receiving either
15 mg b.i.d or 30 mg b.i.d. dose. However, only the 15 mg b.i.d group differed
statistically significantly from placebo (p=0.006). No difference was found between
the S mg b.i.d and placebo. Accordingly, increasing the dose over 15mg b.i.d did not
increase the efficacy any more.

Number of responders (at least 50 % reduction in HAM-A scale) is presented in
Figure 1. The responder criterion was reached by 54 % (0=27), 57% (n=31), 76%
(n=39) and 70% (n=37) of patients on placebo, 5 mg, 15 mg and 30 mg b.i.d. dosing,
respectively. In comparison between the derameiclane dose levels and placebo, only
15 mg b.i.d. was statistically better than placebo (p=0.020).

f wi wal
After stopping the above described 8-week treatment period no discontinuation
effects were seen (measured by the Physician’s Withdrawal Checklist, PWC). This is
different and surprising from the experiences with the most other efficaceous drugs
used for the treatment of anxiety.
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Table 1. The PWC values at 8 weeks (when the treatment was stopped) and at 10
weeks (afler a two week wash out period)

dosage after 8 week treatment after two-week wash-out
placebo 12(10) 20D

5 mg b.i.d deramciclane 9(7) 9(8)

15 mg b.i.d deramciclane 7(8) 8(N

30 mg b.1.d deramciclane 8(8) 8(7)

Mean (SD)

In conclusion, deramciclane did not cause any withdrawal symptoms after abrupt
discontinuation of the treatment, Therefore, it may be used as a treatment for
serotonergic diseases without any withdrawal effects.

Depression

MADRS scores decreased similarly and statistically significantly in both 15 mg
b.i.d and 30 mg b.i.d groups (7.7 and 8.0 points, p= 0.028 and 0.016, respectively). 5
mg b.i.d dose was ineffective. Thus, both the oral daily dosages of 30 mg and 60 mg
of deramciclane were found to be effective on the depressive symptoms.

Although the invention has been illustrated by the preceding example, it is not to
be construed as being limited to the materials employed therein; rather, the invention
is directed to the generic area as herein disclosed. Various modifications and
embodiments thereof can be made without departing from the spirit or scope thereof.
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CLAIMS:

1. Use of deramciclane in the manufacture of a medicament for the treatment of
disorders relating to the serotonergic system in humans in an oral daily dosage of
about 20 to 30 mg.

2. The use according to claim 1, wherein the disorder is anxiety.

3 The use according to claim 2, wherein the anxiety disorder is chronic.

4. The use according to claim 3, wherein the patient does not experience relapse
of the disorder.

5. °  The use according to claim 4, wherein the disorder is generalised anxiety
disorder.

6. The use according to claim 5, wherein the daily dosage is about 30 mg.

7. ' Use of deramciclane in the manufacture of a medicament for the treatment of
disorders relating to depression in humans.

8. The use according to claim 7, wherein deramciclane is administeréd orally.

9. The use according to claim 8, wherein an oral daily dosage of about 30 mg is
used.

10. The use according to any of claims 1 to 9, wherein a once-a-day formulation
is used.

1.  Manufacture of deramciclane for the treatment of disorders relating to the
serotonergic system, to be administered to 8 human in standard daily dosage fora
long enough period to cause relief of the symptoms, followed by an abrupt
termination of the administration.

10
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12, Manufacture acording to claim 11, wherein the standard daily dosage is
given to the patient for at least three weeks. -

13. Manufacture according to claim 11 or 12, wherein the standard daily dosage
§ isabout 20 to 30 mg.

11
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Continuation of Box 1.2
Claims Nos.: 1-13 (in part)

The term “disorders relating to the serotonergic system®" in present
ctaims 1-6 and 11-13 are unclear within the meaning of Article 6 PCT. It
is not clear which diseases are encompassed by said term, apart from
those mentioned in the description, i.e. depression and anxiety (p. 6, 1.
11-20). The same applies to the term "disorders relating to depression”
in cTaims 7-10. Consequently, the search has been carried out for those
parts of the application which do appear to be clear, namely for the use
of deramciclane in connection with the treatment of anxiety and
dapression for present claims 1-6 and 11-13 and with the treatment of
depression for present claims 7-10.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCY). The applicant
1s advised that the EPO policy when acting as an International
Preliminary Examining Authority 1s normally not to carry out a
preliminary examination on matter which has not been searched. This 1s
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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IB8N: 0272-4391. .

Article

English

The present series of experiments was done to characterize the
properties of deramciclane, a new antiserotonergi¢ drug, in both
receptor binding studies in vitro and in a number of anxiolytic,
antidepressant, and antidopaminergic tests in rodents. A striking
property of deramciclane was its high affinity to both 5-HT-2A and
5-HT-2C receptors (K-i=8.,7-27 nM/l). Deramciclane had also a
moderate affinity to dopamine D-2 and sigma receptors but did not
interact with any of the adrenergic receptors. Deramciclane was
active in several animal models predicting anxiolytic efficacy in
humans. The active dose range of deramciclane was narrow in some
tests, but generally the active dose range extended from 0.5 mg/kg
(1.2 mu-mol/kg) to 10 mg/kg (23.9 mu-mol/kg) . Statistically
significant results were cbtained in Vogel's test (1 wg/kg; 2.4
mi-wol/kg), social interaction (0.7 mg/kg; 1.7 mu-mol/kg),
two-compartment box (3 mg/kg; 7.2 mu-mol/kg), and marble-burying
tests (10 mg/kg; 23.9 mu-mol/kg). Although deramciclane as such war
not active in the elevated plus maze, it antagonized the anxiogenic
effect of the CCK agonist caerulein in this test, although
pignificantly only at one dose (0.5 mg/kg; 1.2 mu-mol/kg).
Deramciclane (1.4 and 14 mg/kg; 3.3 and 32.5 mu-mol/kg) was active
in the learned helplessness paradigm. However, it had no
antidepressant activity in tetrabenazine-induced ptosis or forced-
swimming test at ltoreq 150 mg/kg (359 mu-mol/kg). Deramciclane
elevated serum prolactin levels and brain dopamine meatabolites
(DOPAC, HVA) only at 20-40 mg/kg (48-96 mu-mol/kg). Deramciclane u
to 40-100 mg/kg (96-239 mu-mol/kg) Aid not modify
apomorphine-induced climbing, amphetamine-induced hyperlocomotion,
or the conditioned avoidance reaction. Swimming-induced grooming wi
inhibited only by 50 mg/kg (112 mu-mol/kg) of deramciclane.
Deramciclane reduced the motor activity at doses well above the
established anxiolytic doses: ED-50 18 mg/kg; 43 mu-mol/kg (rats)
and 31.5. mg/kg; 75 mu-mol/kg (mice). Based on these results the
anxiolytic-type selectivity of deramciclane appears satisfactory a
to have a psychopharmacological profile of its own.

- Pharmacology - General 22002
- Suidae 85740

Caviidae 86300

Muridae *86375

Major Concepts
Pharmacol

_Chemicals & Biochemicals ’

DERAMCICLANE; SEROTONIN; DOPAMINE
Miscellaneous Descriptors
ANIMAL MODEL; ANXIOLYTIC-DRUG; DERAMCICLANE; DOPAMINR D-2



RECEPTORS; MALE; PHARMACOLOGY; RECEPTOR BINDING PROFILE;
SEROTONIN 5-HT-2A RECEPTOR; SEROTONIN 5-HT-2C
ORGN- Super Taxa
Caviidae: Rodentia, Mammalia, Vertebrata, Chordata, Animalia;
Muridae: Rodentia, Mammalia, Vertebrata, Chordata, Animalia; .
Suidae: Artiodactyla, Mammalia, Vertebrata, Chordata, Animalia .
Organiem Name
guinea pig (Caviidae); wmice (Muridae); pig (Suidae); Wistar rat
(Muridae) ) :
ORGN- Organism Superterms
animals; artiodactyls; chordates; mammals; nonhuman mammals;
nonhuman vertebrates; rodents; vertebrates
RN - 120444-71-5 (DERAMCICLANE)
50-67-9 (SEROTONIN)
51-61-6 (DOPAMINE)

BNBOCCID: «XP_ S185890A__L»
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- Article

English

- The present series of experiments was done to characterize the

properties of deramciclane, a new antiserotonergic drug, in both
receptor binding studies in vitro and in a number of anxiolytiec,
antidepressant, and antidopaminergic tests in rodents. A striking
property of deramciclane was its high affinity to both 5-HT-2A and
5-HT-2C receptors (K-i=8.7-27 nM/l). Deramciclane had als a
moderate affinity to dopamine D-2 and gigma receptors but did not
interact with any of the adrenergic raceptors. Deramciclane was
active in several animal models predicting anxiolytic efficacy in
humans. The active dose range of deramciclane was narrow in some
tests, but generally the active dose range extended from 0.5 mg/kg
(1.2 mu-mol/kg) to 10 mg/kg (23.9 mu-mol/kqg). Statistically
gignificant results were aobtained in Vogel's test (1 mg/kg: 2.4
mi-mol/kg), social interaction (0.7 mg/kg; 1.7 mu-mol/kg),
two-compartment box (3 mg/kg;' 7.2 mu-mol/kg), and marble-burying
tests (10 mg/kg; 23.9 wu-mol/kg) . Although deramciclane as such was
not active in the elevated plus maze, it antagonized the anxiogenic
effect of the CCK agonist caerulein in thig test, although
significantly only at ome dose (0.5 mg/kg; 1.2 mu-mol/kg).
Deramciclane (1.4 and 14 wg/kg; 3.3 and 32.5 mu-mol/kg) was active
in the learned helplessness paradigm. However, it had no
antidepregsant activity in tetrabenazine-induced ptoeis or forced
swimming test at ltoreq 150 mg/kg (359 mu-mol/kg). Deramciclane
elevated serum prolactin levels and brain dopamine metabolites
{DOPAC, HVA) cnly at 20-40 mg/kg (48-96 mu-mol/kg) . Deramciclane up
to 40-100 mg/kg (96-239 mu-mol/kg) did not modify
apomorphine-induced climbing, amphetamine-induced hyperlocomotiomn,
or the conditioned avoidance reaction. Swimming-induced grooming wat
inhibited only by 50 mg/kg (112 mu-mol/kg) of deramciclane.

_ Deramciclane reduced the motor activity at doses well above the

established anxiolytic doses: ED-50 18 mg/kg; 43 mu-mol/kg (rats)
and 31.5. mg/kg; 75 mu-mol/kg (mice). Based on these rasults the
anxiolytic-type selectivity of deramciclane appears satisfact ry anc
to have a psychopharmacological profile of its own.
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Abstract Rationale: Deramciclane fumarate is 2 new
5-HT2a and 5-HTc receptor antagonist with putative
anxiolytic effects. In the present study the binding of
deramciclane to serotonin 5-HT24 receptors in frontal
cortex of healthy mzale volunteers was studied using
[''C}-N-methyl spiperone (I'*C}-NMSP) and positron
emission tomography. Methods: The receptor occu-
pancy percentage was assessed by the means of inhi-
bition of ['CI-NMSP from the 5-HT,, receptors in
the frontal cortex. Single oral doses of 20, 50 and
150 mg deramciclane were given to three subjects at
each dose level (total n = 9). The receptor occupancy
was measured before deramciclane and at 3 and 6 h
post-dosing except at the 20 mg dose level where only
the 3-h measurement was done. The occupancy per-
centage was calculated with the ratio method using
cerebellum as a reference area. Resudts: Deramciclane
inhibited [!'C}-NMSP binding dose and concentration
dependently. However, deramasciclane inhibited max-
imally only 52% of the ("'C}NMSP binding in the
frontal cortex, indicating a non-5-HT 32, receptor bind-
ing component of this radioligand in [rontal cortex.
On average, specific [''C}-NMSP binding cerebellum
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ratios below 0.355 were not possible to achieve in

population. The 52% inhibition was regarded to |
resent near 100% 5-HT34 receptor occupancy. The
and 90% receptor occupancies were reached at der:
ciclane plasma concentrations. of 21 ng/ml :
70 ng/ml, respectively. Conclusions: Deramciclane ¢
etrates the blood-bruin barrier in humans. Deran
clane binds to the “S-HTa2a receptors in the fror

- cortex in 2 saturable manner in vivo, Consequently,

increase in derameiclane concentration in plasma ab.
70 ng/mi will not result in major incresse in the
HTaa receptor occupancy in the brain.

Key words Deramciclane fumarate
Positron emission tomography * [''C}-NMSP~
Serotonin '

lntroduction

Serotonin (5-hydroxytryptamine, 5-HT) interacts wi
multiple brain 5-HT receptar subtypes to influence
wide range of behaviours. Several main families
5-HT receptors have been described which have be:
subdivided into further subtypes. These receptors dift
in their binding affinity for selective ligands, their rece
tor-eflector coupling mechanisms, and in the involv
ment in various behavioural processes (Glennon 199
Antagonism of the two subtypes of 5-HT; receptc
family, 5-HTa 2nd S-HTic, produces anxiolyt
actions in animal models (Critchley and Handle
1986). In addition, a preferential 5-HTac receptor (fo.
merly 5-HT jc-receptor) agonist, m-CPP, produces an:
iogenic-like effects in rodents and in humans (Hoy
1988; Cruzon and Kennett 1990). Ritanserin, ketar
serin and spiperone are S5-HT; antagonists (Leyse
et al. 1985; Hoyer 1988), of which at least ritanseri
may have clinical anxiolytic and antidepressant prof
ertics (Reyntjens et al. 1986; Bersani et al. 1991).



Deramciclane (Fig. 1) is a novel non-benzodiazepine
" type agent which shows activity in several experimen-
tal tests suggested to predict anxiolytic activity in
humans. The profile of deramciclane in these tests is
clearly distinet from classical anxiolytic agents
(Gacsalyi et al. 1997). In vitro receptor binding stud-
ies indicate that deramciclane has no affinity for the
GADBA ,-benzodiazepine receptor complex, o-, G-
receptors, B-receptors, histamine H; receptors, 5-HTa
und 5-HT)g receptors. In sddition, it has a relatively
low affinity for dopamine D or'D; receptors (1590 and
13 nM, respectively), NMDA receptors (2600 nM)
and a moderzte affinity for sigma receptors (52 aM)
{Gacsalyi et al. 1997). Insiead, deramciclane binds with
a high affinity to serotonin 5-HTa and S-HTac recep-
tor subtypes (11 and 9-27 nM, respectively) (Gucsalyi
et al. 1997). These serotonin receptor sublypes have
shown anxiolytic and possibly also antidepressive
actions in experimental preclinical as well as in some
clinical studies (Nutt et al. 1990; Hoyer et al. 1994),
Therefore, it has been suggested that the mechanism of
action of deramciclane fies in interaction with those
receptors belonging to the 5-HT> receptor subfamily
(Gacsalyi et al. 1997). Deramciclane has been shown
to be an antagonist with an inverse agonist propertics
at the 5-HTac receplor with no direct stimulatory ago-
nistic effects (Pllvimiki et al. 1998).

The above mentioned receptor interactions of der-
amgciclane have been described in vitro in animal tis-
sies. Positron emission tomography (PET) represents
an in vivo quantilative autoradiography technique
which makes it possible to study pharmacodynamic
aspects directly in man. PET has been used success-
fully to explore the serotonergic system in the living
human brain. Currently, there are no 5-HTc receptor
PET tracers that could be used in humans, but 5-HT34
receptors ¢an readily be labelied in vivo with several
tracers, of which {!!Cl-N-methyl-spiperone (NMSP)
has been used extensively in humans (Wong et al. 1984:
Nordstrdm et al. 1993; Nyberg et al. 1993) [11C]-NMSP
has subnanomolar affinities for Dy receptors and
5-HT2a receptors (Lyon et al. 1986). As there are very
few dopamine Dj receptors in the neocortex, the
specific binding of [''Cl-NMSP in these areas is gen-
erally considered to reflect 5-HTa, receptor binding
{Frost et al. 1987; Nordstrém et al. 1993; Nyberg et al.
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Fig. 1A,B The molecular siructures of deramciclone {A) and its
metabolite M-desmathy) dernmeiclane (B)

1993). In addition, despite the pharmacological simi-
larities of 5-HT34 and 5-HTa¢ nwﬁt_lgn. the spiperone
derivative NMSP does not label S-HTac receptors (Ki; -
1540 nM versus *H-mesulergine, unpublished data).
During the past few years, [ C)-NMSP has been suc-
cessfully used in
(Nordstrdm et al. 1993; Nyberg et al. 1993).
Deramciclane has been found to be safe and well
tolerated after single oral dosing in the dose range of
0.2-150 mg (Kanerva et al,, submitted). Only a few
adverse events have been reported, of which dizziness
seems 1o be related to treatment at the maxima) toler-
ated dose (MTD) of 150 mg. In the present study, bind-
ing of deramciclane 1o the human 5-HTa, rs in
the [rontal cortex was evaluated at three different dose
levels, including the MTD in vivo. The receptor occu-
pancy was determined using [''C}-NMSP and positron
emission tomography. The study was conducted in
order to help dose finding procedures for the further
clinical development of the drug by producing a

5-HT24 receptor occupancy percentage versus plasma
concentration curve.

Materials and methods .

This study was performed according to Good Clinical Practice
Guidelines of the European Community. The studies followed the
recommendations for biomedical research involving humans (cur-
rent revision of the Declaration of Helsinki of the World Medical

biy).
The study urc was approved by The Joimt Ethics
Committee of the Turkv University Centra) Hospital sand the
University of Turku, ] .

Chemicals

Derameiciane 10 mg and 20 mg 1ablets were provided by EGIS
Pharmaceuticals {Budapest, Hungary). These formulations were
\;;dlnsusi.fl&mbimdomwldmwuﬂmdm
snd 130 mg. . .
("'Cl-N-methylspiperone (NMSP} was prepared from [1'C)
methy! triflace a1 recently reporied (Nigren and Halldin l”l)..
Efremov 103-cm isochronaus cyckstron was used to produce {''C)-
curbon dioxide. A ane-pot procedure (Lioguriom et al. 1985
Nigren ¢t al. 1991) from [''Cl-carban dioxide was used in the prepa-
ration of {"'Cl-methyl jodide, which was converted online 10 {''C}-
methy! Lrillate by passage through a silver triflate-graphitived carbon
column al 1 50-200°C (Jewell I”!i Nargen et al. 1999). ['C}-NMSP
was prepared by reaction of [' 3
desmethyl precursor (spiperone, Sigma Chemics
Louis, Mo., USA), and the reaction solution was purified on an
HPLC column (u-Bondapak C-18, 7.8 x 300 mm, Waiers) using a
mixture of 10 mM ic acid/acetonitrile, 63/35 at a fiow of
6 ml/min. The volume of the formulated (physlological 0.1 M phos-
phate buffer) [''C1-NMSP solution was determined by welght before
and alter steriie filtration. The concentration of [*'C}-NMSP in the
formulated solution was determined by reverse- HPLC using
a mixture of 10 mM phosphoric acid / acelonl 65/35 ata flow
of 2 mi/min. UY absorbance was measured at 250 am. Samples of
[**C}-NMSP were analyzed in triplicate, and coacentrations were
determined from calibration curves made injection of thee
known concautralions of NMSP (RBI, Natick, Mats., USA) on the
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same day as the ' C-synthesis, with standard deviation <2%. The
radiochemicat purity of {''C}-NMSP was 98-99%, and the specific
radioactivity at injection was 5551485 Ci/mmol.

Subjects

Nine healthy mule subjects were recruited. All the subjects gave
their writien conseni prior 10 the initistion of the siudy, They were
healthy, caucasian male volunteers, whose mean (SD) age, weight.
and body mass index were 26.3 (3.4), 73.5 (7.0) und 2.2 (}.4). respec-
lively, They were non-smakers, withoul clinically significant sbnor-
malities in the physical exsmination or in the safety lnboratory
variables. In uddition, onc female 30-yeur-old schizophrenic
patient {DSM-1V) on stuble risperidone treatment (6 mg/day) was
recruited.

Siudy design

An open, uncontrolled study design with three consecutive groups
was used. There were Uhree subjects in euch group. The first group
received 20 mg, the second 50 mg and the third 150 mg single oral
doac of deramciclane (Egin Pharmacenticals, Budapest, Hungary).
The study medication wes adminisiered in o fasting state.
Dernameiciane was iaken onally in upright position with 200 mi water
immediately after the baseline PET measurement (see below). The
second and third boluses of {''C}-NMSP were given at 3 h and &
h after derameiclane intake, respectively, The 6-h measurements
weve not done st the 20 mg dose jevel.

Positron emission lomography measurements

Radioactivity in the brain was measured with a whole-body PET
scanner (ECAT 931-8712, Computer Technology and Imaging,
Knozxville, Tenn., USA) with 15 slices and spatial and axial reso-
lutions of &.] mm and 6.73 mm, respectively.

A vacuum head-holder was prepured for each subject and used
in e}l PET sessions. Jdentical positioning of the heod in both seans
was ensured with laser beams and marks on the skin. Before exch
PET scan, a transmission scan was performed with germanium
68-filled removable ring sysiem. [*'C}-NMSP 4~3 mCi (high specific
activily) was given a8 » rapid bolut injection and Aushed with saline.
Radioactivity in the brain was measured for 51 min using 19 time
{rames covering almost the entire brain. The regions of interest
{ROI1) were defined on integrated baseline PET images in the frontal
cortex {five slices) and cercbeilum (two slices). Subsequentiy,
regional radicactivity was caiculated, decay-correcied and plotied
against tlime. The RO definilion sand caiculaiion were identical in
the second and the third (after deramciclanc) PET scuns (ROls from
the baseline scon were copied 10 the other scuns).

The froma! coricn} ROIs represented preferentinl binding of
["CI-NMSP 10 5-HT3a receptors. The cerebeliar slices defined the
“reference area” or non-specific [''C-NMSP binding (Nyberg et sl
1993), ua the density of 5-HTaa, receptors is negligibie or low in thia
brain area (Paxos and Prlucios 1987). The raiio (R) between frontal
cortical Lo cerebellar uptake of {!'C|-NMSP is considered 1o be an
index lq,l; %-HT;.\ ‘receplor density {Lyon e al. 1985; Nordstrdm
et al. .

Rudicactivity representing lpnﬁ:mdmg {Cs) 10 5-HTy,, recep-

tors at u given time (t) can be described:

Cult) = Cr{t) - Clt)

where Cg, is binding in fronial conex und C,,, is binding in the
cerebellum (nonspecific binding).

The rutio {R) is calkeulated from lime-radiowelivily curves by inte-
grating from % to 45 min ufter tracer injection: -

- armid | -

R=) (4] Contir

The percentage of inhibition of [''C-NMSP binding was calcular:
s follows: .

Rnaein—R
Inhibition % = _.._.._._.::.‘_M;. x 100%

R bl
As the study progressed, it became evidemt that derameiclan
wus not able compleiely 10 inhibit the [ CLNMSP binding in th
feontal conex. Therefore, & correciion was applied to ealculaie th
entimated S-HTx, receptor occupancy as follows:

Inhibidon %
Occupancy % = x 100%

Masimum inhibition %

Plusma concentrutions of derameiclane and
N-desmethyl derumciclane

line)and ax 0.5, 1, 1.5,2,25,3,3.5,4, 5.8, and 24 h sfter the 20 mg
dose. The blood samples for 50 and 130 mg. doscs were taken at
I:lr..line and 0205, [, 1.5, 2,25, 3,1.54,6,65, 7, and 24 h pont-
dosing. The plasma samples were analysed using 8 liquid chro-
matography-tandem mats spectrometey and a selected reaction
monitoring technique. The method has been described in detail else-
whera (Kanerva et al. 1998). The calibration curves for deramci-
clane and N-desmethyl derameiclane were linear over the calfbration
mnge of 0.02-100 ng/ml. Semples which had corcentrations that
exeeeded the upper limit were diluted with drug free human plasma
and reanalysed. The aasay precision was 7.5 and 12% for derameci-
clane and N-desmethyt deramnciciane, respectively, at the lower limit
of quaniification.

Roeults

The plasma concentrations of deramciclane and N-
desmethy! deramciclane increased with the dose. The
mean concentration of deramciclane in plasma versus
time curves arp presented in Figs 2a and b. Deramcic-
lane decreased specific {''C)-NMSP binding in the fro-
ntel ‘cortex in a concentration dependent manner. An
example of [!Cldecay corrected time-radioactivity
curves is presented in Fig. 3. Dernmciclane was, how-
ever, able to inhibit only 52% of the maximally bound
['C}-NMSP (95% confidence limits 41-63%). In con-
trast, the reference compound, risPeridone. inhibited
ajmost completely the binding of ['1C}-NMSP (Fig. 4).
The calculated 5-HT24 receptor oecqucy was 98%.

Figure 5 shows a plot of specific [''C}-NMSP bind-
ing in frontal cortex and deramciclane concentration
{pooled from all nine subjects). The data fits well with
a one-phase exponential function (two-phase expo-
nential did not fit significantly better) concordant with
classical receptor binding to a single population of
receptors. The data indicates that, on everage, B/F
(specific binding) ratios below 0.355 couid not be
achieved in this population with deramciclane.
According to calculations presented above, receplor
inhibition of aboul 52% is maximal and corresponds
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Fig. 2A,B The mesn plagma concentration versus time curves of
derumnciclans (A) and N-desmethy! deramciciane (B) up to 24 h
post-doging after single oral dases ol 20 (O), 50 (®) and 150
(V) deramciclane. The wrrical dotted fines indicate the tiracs of P
messurements. N = 3 at each dose jevel

8 1 »® N H w0
Time {min)
Fig. 3 Regional decay- comrected time-radioactivity curves of [''C}
NMSP in the fronial cortex and the cerebellum in one subject befiore
(bamiine measurement) and after the 150 mg dose of derameiclape.

Radioactivity is normalised to 4 mCi. B Fronial corex bascline,
¥ frontal cortex 3 b, A corebelium baseline, @ cerebellum 3 h
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Fig.4 Regional decay corrected radioactivity of [ C-NMSP ih the
frontal cortex (@) and the cerebellum (4) in » femnale schizophrenic
patient on # siable § mg/day rispevidone medication

Fig. S Relationship he:wguﬂ“q-nmr binding (B/F) 10 $-HT3a
receplors and plasma deramciciane concentralion in nine healthy
male volunteers. Recepror occupancies of S0%’ and 50% were
reached at derwmciclane concentrations of 21.1 and mulml.

respectively

to a near complete occupancy of 5-HTa, receplors.
Therelore, the estimated S-HTa4 receptor occupancies
were calculated using 52% as maximal inhibition.
Consequently, the 50% and 90% receptor occupancies
were estimated to be reached at plasma concentrations
of 21 and 70 ng/m), respectively.

One subject experienced dizziness after 150 mg
intake of deramciclane. This subject had deramciclane
5-HT34 receptor occupancm 38-58%.

Tuble | presents the [''C}NMSP inhibition dats
and the calculated 5-HT34 receptor occupancies of
deramciclane,

Discasalon

In this open exploratory study, we verified the interac-
tion of deramciclane with cortical serotonin S-HT;A
receptors in nine healthy male voluntem using positron
emission tomography (PET) and [''C}-NMSP. Deram-
ciclane caused a dose- and concentration-dependent
displacement of ['' CI-NMSP binding in frontal cortex.
h?a dy, the lowest dose caused an average inhibition
("q- -NMSP which exceeded the test-retest varisbil-

lty of the method in our laboratory (test]/test2 ratios
range 0.99-1.08, unpublished data). According to the
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Table 1 5-HTaa receptor i -
Subject CENMSP $-HTa A : Average
ml P".‘WI ""' N-desmethyl no. !nhlbilion occupancy de:.nﬁdun . N-des methyt.
deramciciane concentrations % % ?“{q"'“'“ deramciclane
after three deses of uring coneentration
derameiciane i healthy male PET measurement®  during PET -
volunteers tng/mi) measurement’
(ng/ml)
ih 6h 3h 6h 3h 6h. 3h 6h
20 mg ’
0i 17 - 33 - 5.1 - 4.5 ‘-
7] ? - ‘- 121 - 5, -
03 (ko - 26 - 335 - 16
0 mg
10 “ k3 85 0 70.0 45.5 10.1 133 .
n 1] 6 47 4 636 - 384 &3 1.8
12 1 19 33 N 21.6 21.5 2.6 Tal
150 mg
20 54 43 100 82 160 65.0 16.0 2)
| 3 20 58 38 205 1y 34.1 45.1
2 49 56 94 100 189 120 0 7 98

*Baseline study failed; inhibition value was calculated by using a population B/F average 0.692 a3

bascline value (n 2 8) -

)
*Maximum inhibition of ['*C}-NMSP binding {52%) corresponds to 100% $HT occupa
*The average plasma concentration was éalkculated from the three samples aken 33"-1.. lhenlfél' mea-

primary way of analysis, the [''C]-NMSP inhibition
percentage varied from 7 to 54% (lowest and highest
doses, respectively). It was evident that deramciclane
was maximally able to inhibit on average 52% of
["'C}-NMSP binding in frontal cortex (95% confidence
limits 41-63%). Considering the selectivity of deramci-
clane for the 5-HT2-Jike receptors, this could indicate
a non-5-HTas receptor component in [*'C}-NMSP
binding in the human frontal cortex. [*'C}-NMSP has
previously beep suggested to label 5-HT 34 receptorsin
the frontal cortex (Wong et al. 1984; Lyon et al. 1986;
Nyberg et al. 1993). Antipsychotic drugs, like clozap-
ine and risperidone have a high sffinity for the 5-HT24
recepior inhibiting up to 94% of [!'CI-NMSP binding
in these areas (Nordstrom et al. 1993, 1995; Farde et
al. 1994). This is in a good agreement with our own
results indicating almost complete (about 98%) inhi-
bition of frontal cortical [''C]-NMSP binding in a
risperidone-treated schizophrenic patient. However,
clozapine and risperidone are not only selective for 5-
HT,-like receptors, and have high affinity for many neu-
rotransmitter receptor systems.

Despite pharmacological similarities between the
5-HT3a and 5-HTsc receptor subtypes, NMSP has a
low affinity for the 5-HT2c receptor. The Ki value for
rat cloned 5-HTac receptor was determined to be
1540 nM, indicating over 1000-fold selectivity for the
5-HT 34 subtype (Pilvimiki and Hietala, unpublished).
In addition, the 5-HT24 receptors clearly outnumber
the 5-HTac receptors in human frontal cortex, making
a 5-HT;c receptor binding unlikely (Hoyer et al, 1986).
[''C}]-NMSP is known 1o have high affinity for the

ENS0O0ID: OF___ S3T78IA_ ), >
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dopamine Dj-like receptor subtypes, but the density of
these in frontal cortex are algo outaumbered many-fold
by 5-HTaa receptors. However, NMSP, clozapine and
risperidone share a common feature of having & rela-
tively high affinity for oy-adrenergic receptors
Deramciclane, in turn, has practically no affinity for
the a; receptor, which makes an a-adrenergic compo-
nent of NMSP binding in cortex possible, although this
needs to be proven. Nevertheless, this property of [''C)-
NMSP does not invalidate the use df this tracer for
5-HTza receptor occupancy studies for selective drugs,
as indicated below. The 52% maximal inhibition can
be regarded to represent near 100% occupancy in
5-HT3a receptors. This appears also to be the case for
a selective 5-HT34 receptor antagonist, MDL 100 907,
which similarly inhibits only 60-~70% of frontal corti-
cal [""C}-NMSP binding in healthy volunteers
(Grunder et al. 1997). It is, however, also clear that the
relatively small number of subjects in the present study
decreases the power of the statistical analysis
Correlation between plasma levels and 5-HTaa
receptor availability followed a classical receptor satu-
ration isotherm to a single population of receptors. It
should be noted that the reference area, cerebellum, is
not totally devoid of 5-HTa4 receptors (Pazos and
Palacios 1987) but contains up 10 10-fold lower 5-HT2a
density compared to frontal cortex. This phenomenon
may introduce a small (5%) uaderestimation in the cal-
culated estimates for receptor occupancy (see Nyberg
et al. 1993). However, the possible underestimation
does not dramatically affect the receptor occupancy
values It may aiso be that the ratio method used have

— e ———



underestimated the percentage inhibition relative to the
kinetic method (Grunder et al. 1997),

The results suggeat that 5-HT 24 receptor occupancy
(antagonism) is likely to contribute to the clinical effects
of deramgiclane at least in the upper end of tested doses.
Likewise, it may be assumed that 5-HTac receptors are
occupied to the same extent as the affinity of deram-
ciclane for these two receptor sublypes is aboui the
same (Gacsalyi el al. 1997). The data provide relevant
concentration ranges to test the efficacy of combined
5-HT3a and 5-HTjc receptor blockade, e.g. in anxiety
disorders. The relationship between 5-HT;-like recep-
tor occupancy (antagonism) and clinical effects are cur-
rently not known. In this study, we did not observe any
marked subjective effects. Dizziness was the only
adverse drug reaction that could have been related to
deramciclane and it was observed only in one subject.
High 5-HT24 occupancy was not specifically related to
this effect. In fact, il anything, this subject had rela-
tively low S-HTa. receptor occupancies in frontal
cortex at 3 h as well as 6 h after deramciclane admini-
stration but also a relatively low baseline specific [''C}-
NMSP binding. It may be that individusl sensitivity in
terms ol “baseline” 5-HTja receptor binding sites is
important in determining the responses to 5-HT; recep-
tor antagonism, but due to the small number of sub-
jects any firm conclusions about this cannot be made.

It is concluded that deramciclane penetrates the

blood-bmin barrier in humans. Moreover, the maximal
displacement of the total ['*C}-NMSP from the frontal
cortex by deramciclane was aboul 52%. Deramciclane
binds 1o 5-HT24 receptors in human brain in a sat-
urable manner. The calculated 5-HT3, receptor occu-
pancy of 50% and 90% were reached at plasma
deramciclane concentrations of about 21 and 70 ng/ml,
respectively.
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Pharmacokinetics and safety of deramciclane
during multiple oral dosing
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Clinical Pharmacology, Universlly of Turku, Turku, Finland, *Egis Phermaceuticals,
Budapest, Hungary, and *Department of Pharmaceutics, University of Kuopio,

Kuoplo, Finland

Abstract. Deramciclane is a new putafive
non-benzodiazepine-type anxiolytic com-
pound. It is a selective serotonin 5-HT,,, and
5-HTy¢ receptor antagonist and has also in-
verse agonist properties. The aim of this study
was 10 reveal the pharmacokioctics and
tolecability of deramciclane during repeated
oral dosing in healthy male volunteers. Suh-
jects. materisl and methads; A mndomized
double-blind, placebo-controlled design was
used. The study had three consecutive groups
that received first a single oral dose of 10, 30
and 60 mg of deramciclane followed by twice
2 day administration foc seven days. The total
number of subjects was 28. The pharmacoki-
netic parameters were calculated for a single
dose and after repeated administration.
Tolesability was assessed by monitoring
safety laboratory varizbles, electrocardio-
gram, heart rate, blood pressure and adverse
events. Rezults: The steady-siate was reached
during the seven-day administration. The
pharmacokinetics of dersmciclane was
dose-proportionat at steady-state ateach dose
level. Deramciclane accumuiaed aboul
three-fold during repeated administration.
The relative bioavailability of derameiclane
increased abgut 1.4-fold compared to thatof &
single dose at each dose level. The mean elim-
ination half-life of deramciclane for 10, 30
and 60 mg doses prolonged from 24.3, 20.9
and 22.9 h after a single dose 10 30,5, 25.6 and
28.7 h at steady-state, respectively. Only few
adverse events were reported, all mild and
transient in nawre. The most frequently re-
ported adverse drug resctions were tiredness
sand headache. There were no deram-
ciclane-induced changes in the clinical chem-
istry orhematology variables, blood pressure,
heart rate or in electrocardiogram. Conclu-
sinns: In conclusion, the pharmacokinetics of
deramciclane is linear over the dose range of
10 -~ 60 mg st sieady-state. The slight
non-linenrity within the dose levels during re-
peated administration of seven days was re-

.garded as clinicaily irrelevant. Deramciclane
was safe and well tolerated up to doses of 60
mg b.i.d. for seven days.

introduction.-

The Involvement of central serotonin
{5-HT) receptors in different psychiatric dis-
orders has been widely studied since the early
1980s. Introduction of ‘fluoxetine and other
sclective serotonin re-uptake inhibitors has
helped us 1o understand the neurobiological
correlates of depression and anxiety. Conse-~
quently, attempts 10 find anxiglyiic agents to
replace benzodiazepines has resulted in the
discovery of promising new agents, such as
the seclective 5-HT), panial agonists
buspirone, ipsapirone and gepirone, and the
S-HT; antagonists ritanserin and ketanserin
{Kastenholz and Crismon 1984, Leysen et al.
1985, Reyntjens et al. 1986, Traber and
Glaser 1987]. However, buspirone is the only
serotonergic compound which has been ap-
proved for the clinical treatment of anxiety
(Feighner 1987].

Devamciclane (Figure 1} is a new putative
non-benzodiazepine-type anxiolytic com-
pound. In receptor-binding studies in viuo
derameiciane has shown selective affinity to
5-HT3, and 5-HT;c receptors [Gacsalyietal.
1997, Palvimiki et al. 1998}, Deramciclane is
an antagonist of these receptors, and has also
been reported to be an inverse agonistin some
assays [Plvimiki et al. 1998]. The psycho-
pharmacology of deramciclane has been stud-
ied in a number of animnal models, which have
shown anxiolytic sclivity of demmciclane at

e ——————————
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Figure 1. The molecuier sbuchures of demm-
ciciane (u) and Bs matabolia N-desmathyl deram-
ciclane (b).

dose levels 0.5 — 10.0 mp/kg [Gacsalyi et al.
1997].

Deramciclane is rapidly absorbed from
the gastro-intestinal tract in rats and dogs
(Kanerva et al. 19980.b, Lengyel et al. 1998).
The absotute bicavailability in rats and dogs
is only about 4 and 50%, regpectively [Balogh
Nemes et al. 1996, Kanerva et a. 1998a.b). In
addition, substantinl interspecies variation
was observed in the extent of metabolism of
deramciclane [Klebovichetal. 1998). The re-
sukts, of the dog studies asugpest that
deramciclane has non-linear pharmacokinet-
ics caused by a decrease in total body cleas-
ance at doses higher then 1 mg/kg [Kanervaet
al, 1998a). However, in man decamciclane
has shown only slight if any non-linearity
over the single oral dose range of 3 - 150 mg
[Kenerva et al. 1999). In man the elimination
hatf-life of deramciclane has some dose de-
pendency varying between 20 and 32 h
(Kanerva et al. 1999). In our earlicr studies
deramciclane was found to be safe and well
tolerated after a single oral dosz up to 150 mg.
‘There were no changes in hematology or in
clinical chemistry. The reported adverse
events were mild and transient in nature, The
most frequently reporied adverse events were
headache and dizziness at the highest single
dosc used (150 mg).

The present study was the first multiple
administration of derameiclone in man. The
aim of this study was to evaluate the safety of
deramciclane in man during repeated admin-
istration and to clarily the steady-state phar-
macokinetics and possible accumulation of
deramgciclane and its mein metabolite N-des-
methyl deramciclane. Moreover, the effect of
mulliple administration on the lincarity of
derameiclane pharmacokinetics was evalu-

ated,

580

Subjects, m_aterlqll and
methods

This siudy was performed accarding to
Good Clinica) Practice Guidelines of the Eu-
ropean Community, It followed the recom-
mendations for biomedical ressarch involv-
ing humans (cumrent rovision of the
Declaration of Helsinki of the World Medical
Assembly).

The study protocol was sccepied by the
Jjoint Ethics Committes of Turku University
Ceniral Hospital and the Universily of Turku,
The Finnish National Agency for Medicines
was notified of the study in advance in accor-
dance with national regulations.

Madication

Conventional film-coated deramciciane
10 mg and 20 mj \ablets, and matching pla-
cebo ablets were used (EGIS Pharmaceuri-
cals, L., Budapest, Hungary). The number
of the placebo and derameiclane 1ablets were
equal areachdose level; ie. 2x 1 (10 mg) tab-
let, 2% 3 (10 mg)tablets and 2% 3 (20 mg) tab-
lets for the 10, 30 and 60 mg dose groups, re-
spectively, in onder to ensure blinding.

Subjecis

The subjects were recruited using adver-
tisements placed at the University of Turku
Medical School. Altogether 28 healthy Cau-

‘ casisn male voluntecrs were recruited. All

subjects gave their written informed consent
prior to the initiation of the studies. They were
nan-smokers and without clinically signifi-
cont abnormalities in the physical examina-
tion or in the safety labortory varigbles.
Their demographic characteristics are sum-
marized in Table 1.

Study design

A randomized, placebo-controlled, dou-
ble-blind study design was applied. The study
had threc consecutive groups. The first group
received 10 mg, the second 30 mg and the
third 60 mg of dersmciclane twice a day. The
study subjects were randomly assigned to re-
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ceive either derameiclane or placebo. At the
10 mg and 30 mg dose levels the group size
was 8, with 6 subjects on deramciclane and 2
on placebo, In the group receiving 60 mg. the
number of subjects was 12; 9 on deramciclane
and 3 on placeba. The toial number of sub-
jects receiving placebo was 7.

Administration of the dmg._e

Each subject first recelved a asingle oral
dose whereafier plasma samples were drewn
up to 72 h. Subsequently, on day 4, the twice
daily sdministration was stacted. The first
dose was administered afier an overnight fast.
The subjecis received lunch 4 hours after the
first dose. The twice daily: administuration
started on the fourth morning and lasted for 7
days until the morning of the 11th study day
when the last dose was given. The tablers
were given at 8,00 a.m. and 8.00 p.m. The
medication was taken 2 hours before or after
meals. Fasting was started at 8.00 p.m. in the
evening prior to the last dose and blood sam-
ples were then collected ns after the first sin-
gle dose on day one.

Clinical measuraments

The subjects were asked to report any
symptoms to the study personnel during the
study. No leading questions were asked. The
severity of all adverse events reporied by the
subject or observed by the investigator was
recorded.

Safety was monitored with laboratory .

measurements, 12-lead ECG, blood pressure
und heart rate measurements and close obser-
vation of symptoms. The safety laboratory
variobles included hematology, serum liver
function tesis (alanine and aspartate amino-

transferase, y-glutamyltransferase, total and
free bilirabin, alkaline phosphatase), plasma
electroiytes (potassium, sodium, caleium),
serum glucose and serum creatinine determi-
nations. In addition, level serum lipids were
determined at the highest dose.

Blood and urine samples for assessment
of safety were taken before the first drug in-
take, 24 h thereafter and 24 h after the lest

drug administration. Moreover, samples for.

hepatic safety, assessmenits were taken in the

. mornings of the Tth and 10th study day. Su-

pine blood pressure and heast rate were mea-
sured and 12-lead ECQ was recorded before
the drug intake and 3 hours after each drug in-
take,

Blood sampling

Blood samples for singie-dose pharmaco-
Kkinetic analysis were taken before drug intake
(zere sample) and 20 min, 40 min, 1, 1.5, 2,3,
4,6, 8, 12, 16, 24, 36, 48, and 72 b after the
first administration. Single blood samples
were taken prior to drug intake in the evening
of the 9th day end in the moming and evening
of the 10th study day to determine the trough
plasme concentrations. To determine the
steady-state pharmacokinetics, samples were
drawn prior to the last dose and 20 min, 40
min, 1, 1.5,2,3,4,6,8, 12, 16, 24, 36,48, 72
and 96 h thereafter.

Bloanalytics

The plasma samples were analyzed for
deramciciane snd N-desmethyl derameiclane
concentrations using a liquid chromatogra-
phy-tandem mass specirometry and selected
ion monitoring technique. The method has
been described in detail elsewhere {Kanerva
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et al. 1998b). The calibration curves for
deramciclane and N-desmethy) derameiclane
were linoar over the calibeation range of 0.1 -
100 ng/ml and 0.2 - 100 ng/m], respectively.
Samples with concentrations exceeding the
upper limit of the calibration mnge were di-
luted with drug-free human plasma and
reanalyzed. The assay precision was 6.1 and
12% for deramciclane wnd N-desmethyl
derymciclane, respectively, at the lower limit
of quantitetion.

Pharmacokinetic calculations

The pharmacokinetic parameters were
calculatod vsing Siphar/Win for Mec 1.2b
pogram (Simed Biostatistics and Data Pro-
cessing, Creteil, France).- Plasme deram-
ciclane concentration daia after the first dose
were fitted to & two-compartmental model.
The superiosity of the two-comparimental
mode) was assessed by using the Akaike cri-
tedion. The pharmacokinetic parameters for
deramciclane at steady staic and for N-des-
methyl-deramciclane were calculated using a
model-independent method,

The peak (Crgx) 3nd trough (Crym)
pissmaconcentration of deramciclane and the
time to reach the peak (iy,,) were read di-
rectly from the observed individual plasma
concentration-time data for 4 singlc dose and
at steady-state. The average concentration at
steady state {(C™,,) was calculated by

AUCx
W et
T

Ca

The sreas under the concentration-time
curves (AUC) were calculated using the trap-
czoidal rule after both single and maliiple
dosing. The arez beyond the last measured
time point was estimated by dividing the last
concentration with the elimination phase rate
constant (A,).

The elimination half-life was calculated
by
lyp = E‘.’:

A,
The percentage of peak trough fMuctuation
by
Co ~Ca
T ey
SPTF o

estimated accumulation index by
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where ), is the elimination rete for the sin-
gle dose, The observed eccumulation index
was calculated by

R.' - AU¢
L] AU(:

Stetistical analysis

The pharmacoldnetic parameters are pre-
sented as means (+ SD).. Statistical analysis of
the pharmacokinetic paramelers was per-
formed applying Student's t-test for paired
dat, A risk level less than 5% (p < 0.05) was
considered as statistically significant.

Results -

Pharmacokinetics of
deramciclane

The pharmacokinetic parameters of
deramciclane and N-deamnethyl deramciclane
afier the single dose and during repeated ad-
ministration are presented in Tables 2and 3.~
The mean plasma concentration vs. time
curves are presenied io Figures 2 and 3, 18-
spectively.

The mean peak deramciclane plasma con-
centrations after the first dose (Cropy) and at
steady-state (C3 ) ranged from 12.7 to 73.6
ng/ml and from 33 to 160.8 ng/mi, respec-
tively, Both parameters incressed with doss,
Al each dose level the last 5 consecutive
trough values (CJ.) remained comparable
(Figure 2), Fluctuation in the peak and trough
plasma concentrations at  steady-stale
{PTF%) was sbout 70% (the mean values
ranged from 66 to 76%). It was nat affected
by the dose.

Time to peak concentration after the first
dose (Lmgy) renged from 1.9 to 3.3 h and wes
not affected by the dose (1=, =2.7 - 3.3 h).
The dose-normalized AUCY values after a
single dose decreased slightly but signifi-
cantly as the dose was increased assessed us-
ing linear regression analysis (p = 0.0487),
but aot significant when sssessed uging
ANOVA. A non-significant trend was ob-
served for the doze normalized steady-state
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values (AUC™). In contrast, within cach
dose level the AUC™ values were signifi-
cantly greater than AUCY. The relative
bioavailability of deramciclane was about 1.4
times higher at steady-state than after a single
dose. Comparison of the AUCSY and the
AUC? for 10,30 and 60 mg b.i.d. dose levels
resulted in p-values of 0.0007, 0.0314 and
0.0003, respectively (Swdent's  t-test).
Compared with the single dose values, the
mean elimination half-life t;5, was pro-
longed in repeated administration by 6.3, 4.7
and 5.8 h for 10, 30 and 60 mg dose levels, re-
spectively. The retardation in the ¢limination
was swtistically significant for 10 mg (p =
0.049) and 60 mg b.i.d. (p=0.012) dose levels
and approached statistical significance forthe
30 mg b.i.d. (p = 0.052) dose level.

Deramciclane accumnulation was about
three-fold after repeated administration
AUCY* for 7 days compared to the single
dose administration (AUCY ). The theoretical

accumularion index, Ry, did not differ from
the observed accumulation RS,

Pharmacokinetics of
N-desmethyl deramciclane

The Cppay of the metabolite was reached at
5.1 - 7.0 b post-dosing, and it increased lin-
carly with the dose. The multiple administra-
tion increased the peak concentrations about
four-fold. Similar to Cyyy values the AUC,
increased dote-propartionally at each dose
level after o single and multiple dosing.

The accumulation of N-desmethyl
deramciclone was highest during the deram-
ciclane 10 mg b.i.d. regimen, and it had a ten-
dency to decrense with increasing dose. The
metabolite accumulated more than the parent
compound at the two Jowest dose levels but
the accumulation was similar at the highest
dose level.
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Figure 2. The megn plasma concentration va. ime curves ol deramciciana aher aingle oral dosing of 10
(open squares), 30 {filled rangles), and 60 mg {opan sphares) and al sleady stete sfter 7-day bi.d. adminly-
tration. The standand deviations ar not shown for clarity.

Figure J. The mean plasma conceniration ve. ime curves of N-desmethy! deramciciana after single oral
dosing of 10 (opan squares), 30 {fiisd triangles), and 80 mg (opsn spheres) of deramciciane and at steady
staia afier T-dey b.\.d. adminisiralion. The sisnderd deviations are not shown for ciadly.

Safety and tolerability

Deramciclane was well tolerated over the
whole dose range studied. There were no seri-
ous adverse avents during the study. All of the
adverse ovents were transient and mild or
modenale in severity. Tiredness was reported
once in the 30 mg and twice in the 60 mg
group, In the 60 mg b.i.d. group tiredness oc-
curred during the firat study day and was re-
solved during the second study day; one sub-
ject belonging to the 30 mg bld. group

INBDOCIE: €XP___ GITTDAA_) >

reported tiredness only afier ths last dose.
Feelings of palpitations and chest pain were
reporied by one subject in the 60 mp group on
the 5th and &th study days, respectively. The
ECQ was recorded and found to be normal,
and the cansality with treatment was assessed
as unlikely. Both symptoms resolved sponta-
neously without specific treatment.

There were o treatment-related changes
in hematology or clinical chemistry variables.
Morcover, there were no dose-dependent
changes or trends in the individual safety lab-
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oratory variebles. There were, however, two
subjects in the placebo group, one in the 10
mg group and two in the 60 mg group who had
lime-dependent elevations in the individual
S-GPT values which exceeded the higher ref-
erence limit of 60 U/, It should be noted thas
the highest clevaiion from 40 to 245 U/] was
seen in the placebo group. In the analyais of
mean S-GPT activities, no drug-related dif-
ferences in changes were seen between the
derameiclane and placebo groups,

Fasting serum total cholesterol, HDL cho-
Jesterol, LDL cholesterol and triglycerides
were measured only in 3 control subjects and
in 9 subjects receiving derameiciane 60 mg
b.i.d. No clear drug-related changes were
seen in these parameters,

There were no changes or drug-related
differences between deramciclane and pla-
cebo groups in the mean systolic and diastolic
blood pressure, heart rate or ECG in the over-
oll onalysis or when the dosage levels were
analyzed separately.

Discussion

The objectives of the present study were
to examine the pharmacokinetics and
tolerability of deramciclane when given as a
single dose and repentedly for 7 days at doses
of 10, 30 and 60 mg twice daily 10 healthy
young male volunteers. A placebo group was
included into the study for comparison.

The pharmacokinetic parameters of the
single'doses were similar to those observed in
previous single dose studies in man [Kanerva
et al. 1999)-although the Cp,y and AUC val-
ues of deramciclane had a tendency to in-
crease less than propontionately 10 the dose. In
our earlier studics, the pharmacokinetics of
deramciclane after single oral administration
wes linear over the dose range of 3 - 50 mg.
However, a slight non-linearity was sug-
gested over the dose range of 3 — 150 mg be-
ceuse the AUCh o increased more than ex-
pected from the dose increment [Kanerva &t
al. 19991. In the present study, linear regres-
sion analysis suggests a significant decrease
in the dose-normalized AUC values. How-
ever, this could be a false-positive finding
since in ANOVA model no difference was
found. This was not a crossover study, but all
3 groups of subjects received different dose.

SaTIMA_.>

Therefore, interindividual varistion, rather
than increased elimination or decreased ab-
sorption, might have resulted in the slight de-
crease in the dose-normalized AUC values
with Increasing doses of deramciclane. In
conclusion, the pharmacokinetics of
deramciclane is probably lineer over the dose
range of 10~ 60 mg after a single oral admin-
istration.

Since CJ, remained consmnt, ‘the
steady-state was reached with twice daily

doging regimen during the 7 days of adminis- -

tration. At each dose level the increase in the
AUC™ wvalues was lineor and dose-
proportional. The accumulation of deram-
ciclane during multiple dosing was about
3-fold over the 7-day dosing period. Substan-
tial accumuiation was expected because the
dosing interval was about hulf of the elimina-
ton helf-life of deramciclane. The AUC™
values were significantly greater than AUCT
values at esch dose level. Multiple dosing
caused prolongation in the elimination
half-life of deramciclane: the change in ty g
was significant at 10 and 60 mg b.i.d. but not
at 30 mg b.i.d. dose levels, also suggesting
non-linearity during multiple administration.
Higher AUCY™ values than expected could
indicate either decrensed total body clear-
ance, increated volume of distribution of
derameiclane or incrensed bioavailability. In
dogs the non-linearity of deramciclane was
ceused by decrcased total body clearance
{Kanerva et al. 19980]. In opposite, the ob-
served accumulation (RZ*) did not differ
from the theoretical accumulation (Rye) ‘at
any dose level, suggesting linear pharmacoki-
nctics. The conflicting results are probably
caused by the ingccuracy of the parameters
used to calculare the Ry, because
deramciclane obeyed the two-comparunenta)
model. The terminal elimination rate constant
A, docs not take into ltcoum‘climinnion of
deramciclanc during the distribution phase.
Therefore, it is possible. that Ry is overesti-
mated. In order to obtain more accurate esti-
mation for Ry an effective elimination cate
constant should be used. Unfortunately, this
Is not possible without intravenous asdminis-
tration. Thus, accumuiation index ray not be
a reliable paramexer in this study.

‘These data indicate that deramciclane ac-
cumututes more than expected during a 7-day
dosing. Therefore, more information on the

(O
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sccumuiation of deramciclane and N-des-
methyl deramciclane duriag repeated admin-
istration should be obtained to exclude con-
tinuing cumulation during longer treatmen
periods and to evaluate the relevance of this
phenomenon during therapeutic use of
deramciciane. Nevertheless, the changes in
the relative bioavailebility of this magnitude
does not bave any clinical retevance,

Deramciclane was well tolerted in the
dosage range studied. The cardiovascular
safety of derameiclane was good. In the provi-
ous single dose study a slight decrease in
blood pressure (about 7 mmHyg) was observed
approximately at the 1y,, of N-desmethy!
deramciclane (6 h) [Kanerva et al. 1999].
However, in this study there were no signs of
decreased blood pressure even though Uy,
was reached somewhst earlier during re-
peated sdministration of deramciclane than
afier single dosing.

The subjective sdverse effects reported by
the volunteers or sten in the lnborntory pa-
remeters were mild and unspecific. No unto-
ward effects were seen in the hemaiology pa-
rameters which would have been clearly
relsied to deramciclane treatment. The only
exception was elevation of liver transaminase
activity (about 2-fold over the upper refer-
ence 1imit) in one volunieer receiving 60 mp
deramciclane b.i.d. This elevation, however,
was not associated with high concentrations
of deremciclane in plasma. Morcover, an-
other voluntcer receiving placebo had aneven
more pronounced elevation in liver
aminotransferase activity (elmost 3-fold the
upper reference limit). In both subjects the
change was completely reversible after the

termination of the study, Among others, some

dsugs and viral infections may cause elevs-
tion of S-GPT sctivity, which is considered 58
a fairly specific indicator of damage to liver
parenchymal cells. S-GPT activities exceed-
ing 10-fold the upper reference limit can be
seen after drug- or virus-induced liver toxic-
ity. Slight to moderate increases of serum
slanine aminotransferase sclivities have been
reported in healthy volunieers during haspi-
tlization for clinical studies without any
teatment ¢ during placebo treatment
[Kanamaru e1 al. 1989, Kobshaghi et al.
1993]. In some studies the elevated enzyme
activity has been related to the diet, especially
when the carbohydrate content of the diet is
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high [Porikos and ven liallie 1983). Indeed, it
was observed that in the present study the
subjects who had elevated 5-GPT activities
ate mors than the others and gained weight.
Therefore, the elevated S-GPT activity was
net regarded to be telated to deramciclane
treatment.

Derameiclane was found to be sefe and
well tolerated up 10 doses of 60 mg b.id. for
seven days. Since higher doses have not been
administered to human af this stage, 50 mg is
regarded as the maximal tolerated dose in re-
peated administration.

The pharmacokinetics of deramciclane
was linear between the dose levels for a single
dose and at steady-state. In iwice daily dosing
for 7 days, deramciclane accumulated about
3-fold. After 7-day administration, the reta-
tive bioavailability of derameiclane increased
about 1.4-fold compared to that of a zingle
dose.

[ 4

Ackndwletg_;ements

The suthors wish 1o thank Ms. Annamari
Sauramo, CRA, for her valuable help in col-
lecting the data. Ms. Taina Lehti and Elina
Kahra are acknowledged for theirexpert tech-™
nical aasisiance.

References

Balogh Nemes K, Kisbovich ). Aberman M, Grezal G,
8aji E 1996 Pharmacokinetic study of derameieiane
{EG13-32886) & new snxlolylic compaund in razs. Con-
gress Pharmaceuticus Hungaricus X. Budapest, Han-
gary.p 20

Feighner JP 1987 Busplrane in long-term wearment of
generalined snxiety disorden. § Clin Paychiavy 48
{Suppl 12): 36

Gacsalyl I, Schmidt E, Gyertyan I, Vasar E, Lang A,
Haapolinne A, Fekeie M, Micula J, Sywiloht E,
Tuowinen P. MExnissd PT 997 Recepior binding
profile and amxlolytic activity of deramciclane
(EGIS-I886) in animal models, Drug Dev Res 40
333-)48

Konmoru M, Nogashima A, Uemaisu T, Nagashima M
1939 Influcnce of 7-day bospilalixation for pbase |

study on the biochemical lsboratory teats of healthy .

voluntears. Jpn ) Clin Pharmacol Ther 20- 493-503

Konerva N, Huwiskonen H, Alhonen-Roowsalmi A,
Nevalainen T, Urtl A 1998 Pharmecokinetics of
deramciclane in dogs aficr single aral ond inkrmvenaus
dosing and muliiple oral dosing. Biopharm Drug
Dispos 19: 331-539

.



Pharmacokinetics and safety of deramciclane during multiple oral dosing

Kanerva H, Klebivich I, Droban1 S, Uil A, Nevaiainen T
1958 Differem shsorption profite of devamciclane In
man and [n dog. J Pharm Phucvnacal 30 1087-1093

Kanerva H, Kilki O, Heinanen E. Helminen A, Rourv ],
Tarpila S, Scheinin M, Huupponen R, Kiebovich I,
Drabaxt S, Uriri A 1999 The single dose of
demmciclane la healthy make volunteers, Biopharm
Drug Dispoz, in press

Kastunkaly KV. Crizmon ML 1984 Bugpirooe, s novel

. agnbenzadiazepine anxiolyue. Clin Pharmocy 3:
600-607

Klebovich I, Kenerva H, Bojil E. Uritl A, Drabont § 1993
Comparstive phannacokinedcs of derametclane inrl,
dog, cabbit snd man after the administtation of a single
oral duse of 3 mg/kg. Pharm Pharmaco! Commun 4:
129-166

Kobahashi M, Yamnda N, Shibaia M, Nishikawa T 1993
Elevated scrum transaminase values in veluntyvers af-
ter adminlstration of placebo in 2 phase [ study. Jpm J
Clin Phymacol ‘Ther 24: 493496

Lengyel ], Bolchovaty A, Klasbovich I, Aberman M, Meg-
yar K 1998 Absorption of deramciclane o s, dogs
and mbbitn, Anneimivelforschung/Drug Res 48:
455460

Leyzen JE, Gommeren W, Van Gompel P, Wijnons J,
Janssen PFM, Laduron PM 1985 Receptor binding
propertics In vitro and in vivo of ritanserin. A very po- .
st and long acting serctonin-S2 anmgonist. Mol -
Pharmacol 27: 600-611 . )

Perikas K, van /tallis T 1983 Dict-induced changes in se-
rum tarsaminase and iglyceride levels in bealthy
afult tneg. Am J Med 73; 624-630

PiileinZl E-P, Majarvo H, Kuoppamiki M, MEnnisd P,
Sywiiahil E, flyrala J 1958 Derameiclane, & putstive
anaiotytic drug, in s serotonin 5-HTye receptor inverse
agonin Bt falls w induce 3-HTye receptor
down-regulstion when sdministered chronically.
Paychopharmacology /36: 99-104

Reynijens A, Gelders YG, Hoppenbousrs M-LJA, van den
Bussche G 1986 Thymosthenic effects of ritanserin (R
3566T), u eeninlly scing seroronin-52 receplor
blocker. Drug Dev Res 8; 208311

Traber J, Glaser T 1987 5-HT, , receptor-related anxio-
Iytics. Trends Pharmacol Sci 8: 432-437

ANBDOGID: <XP____GITIA | »



RyYsV

Pharm. Pharmacol. Commun. 1998, 4: 129-136

Received September 72, 1997
Actepted October 9, 1997

PD.._L

XP-000937507

e

Comparative Pharmacokinetics of Deramciclane in Rat, Dog,
Rabbit and Man After the Administration of a Single Oral Dose
' of 3mgkg™! :

IMRE KLEBOVICH, HARRI KANERVA®, ERZSEBET BOJTI, ARTO URTTI+
AND SANDOR DRABANT!

Deparmment of Phannacokinetics, EGIS Pharmaceuticals Lid, Budapest, Himgary,
*Clinical R&D, Orion Corporation, Orion Pharma, Espoo, Finland,

tDeparmment of Pharmaceurtics. University of Kuopio. Kuopin, Finland and
{Departmen: of Clinical Pharmacology. EGIS Pharmaceuticals Lid, Budapest, Hungary

Abstracit

A comparative pharmacokinetic study of deramciclane fumarate (EGIS-3886), a new 5-
HT; antagonist with anxiolytic activity. was performed in rats, dogs, rabbits and healthy
volunteers after the administeation of a single oral dose of 3mgkg™'.

Considerable inter-species differences were revealed, particularly with respect to C,.
AUCo_oo and tfz values. Deramciclane showed rapid absorption in all cases (tmay: 0-3—
2:6h), whereas its elimination differed in different species (tf: 4.05-12:00h in animals
and 31-61h in man). After the administration of a single 3mgkg™' oml dose of
deramciclane, the AUCy_o, value of the parent compound showed a significant species
difference. The AUC,. ; in rats, rabbits and dogs were 0-3, 13 and 21%, respectively, of
that in man. The percentile ratio of unchanged deramciclane and total radioactivity
(RDPAM) appeared to be extremely low and varied between 0-2 and 4-6%. The Vd
kg™ values suggested strong tissue binding in all the species studied.

The plasma levels and pharmacokinetic parameters of N-desmethyl-deramciclane meta-
bolite (EGIS-7056) were also studied and determined in the above species. The compara-
tive pharmacokinetic study of derameiclane indicated an intensive biotransformation in all

species although the rate of biotransformation appeared to be species-dependent.

Deramciclane fumnarate (EGIS-3886; (1R. 1S, 4R)-
(=)-N,N-dimethyl-2-[(1,7,7-trimethyl-2-phenylbi-
cyclo-[2,2,1]-hept-2-yh)oxy }-ethanamine-2-(E)-bu-
tendioate (1:1)); Figure 1) is a new, non-
benzodiazepine type of anxiolytic compound
(Budai et al 1980; Gacsdlyi et al 1988; Mezei et al
1995), synthesized at EGIS Pharmaceuticals Lid
(Budapest, Hungary).

Deramciclane possesses high affinity for 5-HT34
and 5-HT>c receptors, where it exerts antagonistic
effects. It has a8 moderate affinity for sigma recep-
tors and a weak affinity for Dy receptors. The
antiserotonergic effect of the compound is much
more pronounced centrally than peripherally
(Gacsdlyi et al 1996a, 1998). Deramciclane has
shown anxiolytic effects in animal models aver the

dose range 0-5-10mgkg™".

Correspondence: L. Klebovich, EGIS Pharmaceuticals Ltd,
Daunmml of Pharmacokinetics, H— 1475 Budapest. P.O. Box
Hu
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In animal models derameciclane, unlike benzo-
diazepines, does not induce muscle relaxation or
sedation. Moreover, deramciclane does not
potentiate the effects of alcohol even if it is
administered in extremly high doses in animals
(Kovics et al 1989; Berényi et al 1990; Gacsilyi et
al 1998). ]

Radiolabelled deramciclane containing either *H
or '*C at different positions (Szammer et al 1996,
1997) was not absorbed from the isolated ral, rabbit

HC CHa

“ O\AN:CHB HOOC—CH
HC

CHy HC—CO H

Figure 1. Chemical structure of dernmciclane fumarate.
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or dog stomoch. However, the absorption of the
compound was very fast and complete from various
isolated small-intestine sections (duodenum, jeju-
num. ileum} {Lengyel et al 1998a). In rats treated
with radiolabelled derumciclane, the mdioactivity
distributed very rapidly between various organs and
tissues. underwent o relatively ropid elimination
and did not appear in the foetus (Hazai et ol 1997;
Hazai. unpublished results). Within 16h after
treatment with a Amgkg™ oral dose, 47 and 16%
of the administered radioactivity were excreied
with bile in rats and dogs, respectively (Lengyel et
al 1998a). A significant enterohepatic recirculation
was observed in the rat (Pitfalusi et al 1997).

The administered radioactivity readily penetrated
through the blood-brain barrier of the central ner-
vous system and showed o very rapid distribution
between various cerebral regions (Mogyar, unpub-
lished results).

The absolute bioavailability {F) of deramciclane
amounted to 3-4% in rats receiving a 10mgkg™'
dose (Balogh Nemes et al 1996a), to 45-61% in
dogs treated with [-6mgkg™ (Kanerva et al
1997a) and to 43% in rabbits given 3mgkg™"
(Lengyel et al 1998b). Deramciclane was highly
(95-98%) bound to plasma proteins (x,-AGP.
albumin. or both) in all the species studied (mouse.
rat. dog. rabbit. man) (Visy et al 1996).

In-vitro metabolism studies using rat, canine and
human hepatic microsomal fraction demonstrated
that deramciclane was intensively metabolized
(Monostory et al 1994; Klebovich et al 1995). The
in-vivo metabolism swudies in rats and dogs
reveated species-specific metabolite patterns (Hazai
et9 ;l 1995: Klebovich & Urmés 1996; Luddnyi et al
19971,

In the present study, we compared the pharma-
cokinetic curves and the calculated pharmacoki-
netic parameters obtained after the administration
of a single 3mgkg™' oral dose of deramciclane
fumarate 1o rats. dogs, rabbits and healthy volun-
teers (2-76 mgkg™"). In nddition, pharmacokinetic
properties and the respective species differences of
the phormacologically active metabolite, N-des-
methyl-deramciclane (EGIS-7056; Gacsdlyi et al
1996b}. were investigated.

IMRE KLEBOVICH ET AL

Materials and Methods

Standard chemicals

Derameiclane fumarate (Figure 1), N-desmethyl-

deramciclane fumarate (EGIS-7056) metabolite

standard, as well as bencyclane fumarate used as

internal standard for the bicanalytical work with

rat, dog and rubbit plasma, were synthesized by

EGIS Pharmaceuticals Ltd (Budapest, Hungary).
"C-phenyl-deramciclane was obtained from the

Central Research Institute for Chemistry of the

Hungarion Academy of Sciences (Budapest. Hun- .
gory). The specific activity and radiochemical
purity of the compound were §-35 Gbq mmol™" and
> 98-5%, respectively. The deuierated deramci-
clane, used as imtemal standard in the HPLC-MS-
MS bioanalytical method elaborated for the deter-
mination of the parent compound and its metabolite
in human plasma, was synthesized by Orion
Pharma (Espoo, Finland).

Study design for the treatment of various species
Treatment of rats and rabbirs. Afer five days of
acclimatization, healthy male Wistar rats and
female white New Zealand rabbits kept in a2 stan-
dardized environment received a single oral dose of
3mgkg™' after fasting. The rats received unla-
belled deramciclane and the rabbits received "C-
phenyl-deramciclane. The test compound was
applied through o gastric wbe as a 04-0-5% sus-
pension in methylcellulose in a volume of J-5 or
SmLkg™', respectively (Klebovich et al 1996;
Lengye! et al 1998b). The animals had free access
to drinking water throughout the study,

The demographic data of the experimental ani-
mals are shown in Table 1.

For studying the pharmacokinetics of deramci-
clune in rats, five animals were treated for each
sampling time. Blood samples (SmlL from each
wnimal) were supplemented with 0-5mL of 3%
Nay-EDTA solution applied as anticoagulant. The
study in rabbits was of self-control design in which
150 L of 2% Na-EDTA was added as anti-
coagulant to 1-5mL blood.

For both species, the plasma samples separated
by centrifugation were kept below ~18°C until
sample processing.

Table |. Data relating to the animals used and human subjects participating in the

compartlive study.

Parameter Ra Dog Rahbit Healthy volunieens
Dotz (mgkg™', p-o.) 30 30 30 276

Sex Male Male Female Male

Age (years) 0-2 03 03 3-8

Body weight (kg) 0-19£00! 12210 2:6£03 76:1 %68
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Treatment of dogs. After 19 days of acclimatiza-
tion, male Beagle dogs kept in a stondardized
environment were treated with 3mgkg™' deram-
ciclane (Kanerva et al 1997a, b). The animals
received the appropriate amount of the active sub-
stance calculated on the basis of their body weight
in @ hard gelatine capsule after 12h of fasting.
Water was freely available. The dnta of the
experimental animals are shown in Table 1. Blood
samples were collected with EDTA-treated 10-mL
vacutainers (Venoject, Leuven, Belgium). The
plasma samples sequestraled by centrifugation of
blood were kept at —70°C.

Human pharmacokinetic study. In a clinical trial,
healthy male volunteers ingested deramciclane
fumarate in tablets containing 208-3mg of the
active substance (150 mg deramciclape base). By
using the mean body weight of the subjects in
the present study the relative dose was
276+0-24mgkg™ (in deramciclane fumarate),
The tablets were produced by EGIS Pharmaceuti-
cals Ltd (Budapest, Hungary).

The dose calculated for a mean body weight of
76-1kg was almost identical with the 3mgkg™*
oral dose administered in animal experiments.
Accordingly, the dose applied in the present series
of investigations was independent of the species
and did not require extrapolation, whereby it
allowed a direci comparison of the single dose
pharmacokinetics of derameiclane across the four
species.

Healthy volunteers ingested the tablet with
250 mL water afier overnight fasting and they were
not allowed to eat for 4h after trentment. The
demographic data of the subjects participating in
the clinical trial are shown in Table 1. Blood
samples were collected through an indwelling
catheter. The Nay,-EDTA-conteining plasima sam-
ples separated from blood were kept below —70°C
until processing.

Bioanalytical methods

The bioanalytical method applied for the simulta-
neous determination of deramciclane and N-des-
methyl-deramciclane metabolite in rat and rabbit
plasma was a gas chromalographic method using
mass selective detection (GC-MSD) (Hewlett-
Packard HP 5890 Series II-HP 5971, Palo Alto,
CA) (Lengyel et al 1998b). Before chromato-
graphic analysis, the plasma samples were pro-
cessed with solid-phase extraction (SPE) (RP-18)
optimized with "C-deramciclane due to the extre-
mely low plasma levels (Balogh Nemes et al
1996b). The ions followed by selective ion mon-
itoring (SIM) were 58, 162 and B6m/z for the
parent compound, the metabolite and the bency-
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clane internal standard, respectively. The sensitiv-
ity (LLOQ) of the validaied GC-MSD method was
100 pg/0-5 L for deramciclane and 300 pg/)-SmL
for N-desmethyl-deramciclane (Lengyel et al
1998b).

In dog plasma, the compounds of interest were
determined after automatized SPE (RP-18) sample
processing with a gas chromatographic method
using nitrogen selective detection (GC-NPD)
(Hewlett-Packard HP 5890 Series II). Bencyclane -
was used as an internal standard (Klebovich et al
1994). The sensitivity (LLOQ) of the validated
bioanalytical method was 2-SngmL™~' for. both
solutes (Kanerva, unpublished results).

For the determination of deramciclane and N-
desmethyl-deramciclane in human plasma, denter-
ated deramciclane was applied as internal standard.
Following liquid-liquid extraction with diethyl
ether, the solutes were determined with high-per-
formance liquid chromatography-tandem mass
spectrometry (HPLC-API-MS-MS) (Sciex API 111,
Perkin Elmer. Thornhill, Ontario, Canada) using
selected reaction monitoring technique (SRMT).
The sensitivity (LLOQ) of the method was
20pgmL ™! for derainciclane and 100 pgmL™"' for
the metebolite (Heikkinen 19951, b).

Pharmacokineric and statistical analysis
Pharmacokinetic parameters were calculated from
the plasma concentration-time data with SIPHAR/
WIN ver. 1:2b, or SIPHAR/WIN for Mac 1.2
(SIMED SA.. Biostatistics and Data Processing,
Creteil Cedex. Prance) validated pharmacokinetic
software.

In the case of maximum plasma concentration
(Caax) and time to reach maximum plasma con-
centration (tmae). measured and observed values are
presented. The area under the plasma concentra-
tion~lime curve was determined by a non-com-
partmental method applying the trapezoidal rule
(AUCq_,) and extrapolation to infinity (AUCs. oc)-
The AUCgey values denote the percentile ratio, the
extrapolated area (AUC,..;) represents in the total
AUC (AUCy.)- The terminal elimination rate
constant () was calculated by linear regression
using the least-squares method, which fitted a
straight line to terminal phase of the semi-log-
arithmic plot of the plasme concentration-time
data. Half-life of elimination (t{;) was obtained
from the formula of 0-693/8. The values of total
body clearance (CLt,) and those of the apparent
volume of distribution (Vd) were calculated as
Dose/AUCqy._c and as Dose/f AUCg o, respec-
tively. The formula of AUMC/AUCp. .. was

applied to determine the mean residence time
(MRT) values. ’
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The approximate percentage (Rpogpam) ©Of
unchanged parent compound in the systemic cir-
culation in rabbits was determined according to
AUCq- - noameivtane/ AUCh 0. Total mdionctivity:

These AUC values were determined from the
same plasmn samples by different bioanalytical
methods (GC-MSD: liquid scintillztion counting).

The percentile ratio (Rperan) of N-dexmethyl-
deramciclane. the pharmacologically sctive meta-
bolite {(Monostory et al 1994; Gacsilyi et al 1996b)
and the parent compound in the systemic circula-
tion was calculated with the (ollowing (ormula:

AUC@-;\-_ .\Iel.llmlile/ AUcll-:n-.-. Derameielnne

Staristical analvsis

The results of the pharmacokinetic calculations are
given as mean % s.d. values. Statistical evaluation
was made with Statistica for Windows ver. 4.5
software (StatSoft In¢., Tulsa, OK), Excel ver. 5.0
software (Microsott Corp.. USA), and with SAS
ver. 6.11. software (SAS Institute Inc., Cary, NC).

Results

The course of the plasma concentration curves
obtained after the administration of a single
Imgkg™" oral dose of deramciclane fumarate to

IMRE KLEBOVICH ET AL

rats, dogs, rabbits and healthy volunteers showed
considerable species-specific differences (Figure
2). The time to reach maximun plasma concentra-
tion (tmay) was different in the four species studied
and varied between the extremely fast absorption
{0-3h) in the rat and the somewhat slower absorp-
tion (2-6h) in man. The maximum plasma con-
centration (Cp,,y) values also showed significunt
differences. The peak plasma levels detected in
rats, dogs and rabbits were 2, 43 and 92%,
respectively, of that measured in man (Table 2).

The AUCo. values showed n similar tendency;

the values calculated in rats, dogs and rabbits were

0-3, 21 and 13%, respeclively, of that observed in -

man.

The elimination heif-life (if2) appeared to be
significantly lower in rats (4-05h); and rabbits
(5-7TTh), than in dogs (12.00h) or man (31-61h)
(Table 2). Accordingly, plasma levels of deramci-
clane could be followed up to 12 h after dosing in
rats, and for more than 96 h after drug ingestion in
healthy volunieers (Figure 2). .

There was a reversed tendency concerning total
body clearance (CLyukg™!) values (rats:
251-6Lh™'kg™"; men: 0-9L h~'kg™"), The values
of the apparent volume of distribution (Vdkg™')
indicated n strong tissue binding in all the species
studied, although the extent varied from species to

T
12 18 24 36

0~

™1
0246

! L T

48 72 86
Time {h)

Figure 2. Comparison of the pharmacokinetic curves of deramciclane sdministered ingle -
(n=5);, Odogtn=5); W rnbbilt’lzn=5): (m] ml:n (:- 12). Data m;:uem m:l:a:!:s.d. ks single Imgke” oml dose o @ i
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Table 2. Comparison of the pharmacokinetic parameters of deramciclane in various
specics treated with 8 single 3mgkg™' oral dose.
Pharmacokinetic Rat Dog Rabbit Heaithy volunteers
parameter {n=5) (n=3) (n=5) (n=12)
Crnan (ngmL™") 54 1053£292 199421856 217-5%539
Lmau (M) 03 1807 l4£28 26+09
AUCgp, (nghmL"") 119 802242168 350382866 37178110179
a 405 1200247 577199 3161+8.58
CLr, (th"ks") 2516 3810 137+ 164 09304
Vd/!;; (Lkg™ 1469-1 652193 111-2x1244 3.0+ 129
MRT ¢h) 4-1 156+ 57 50420 33.5+86
AUCp o (%) 152 NA 54 94
Rpgram (%) 0.2* 04t 46 NA
NA =no data: * From Pdtfalusi et al (1997); t Dose: | mgkg™': { From Hazai (unpub-
lished results).
species. The MRT values ranged between 4-1 and  metabolite was three magnitudes r in man

33.5h in the four species investigated (Table 2).

In rabbits the mtio of the AUC, ., of the
unchanged deramciclane and the AUC, ., of the
total radioactivity (parent compound and metabo-
lites) was 4-6% (Rperam)-

The most important pharmacokinetic parameters
of deramciclane determined in the four species after
the administration of a single 3 mg kg™" oral dose of
the compound are compared in Figure 3.

The peak concentration (Cp,,) of N-desmethyl-
deramciclane metabolite (Gacsélyi et al 1996b)
measured in plasma samples of different species,
appeared between 0-33 and 5.5 h (t.,.,},) and
amounted 1o 1-2ngmL~!, 569ngmL~", 21.1
ngmL~! and 56-1ngmL™" in the rat, dog, rabbit
and man, respectively. The AUCy_ . value of the

]
4501 100004 50+
400 4- 1 i
40
380 10001 ‘
£ 3001 3 5
e 1 = 30+
o 2504 1 =
£ Z £ 1005
¥ 200 B 2- A
S K $ 201
150- = 4
J <
100- 1 10+ 10-
4
504 1
0- 0 1. o

than in the rat (1921-1 vs 3-TnghmL™") (Table 3).
The elimination half-life (t§,3) of the N-desmethyl-
metabolite showed great species differences (rat:-
2.68 h; man: 27.06h) (Table.3). The pharmacoki-
netic profile of the metabolife is shown in Figure 4,
The plasma levels of N-desmethyl-deramciclane
could be followed for 12h in rats and for & mini-
mum of 96h in man.

The N-desmethyl-metabolite/derameciclane ratio
(Rmerasn) showed a great variation from species 1o
species (Table 3; Figure 5).

Discussion .
The comparative pharmacokinetic study of orally
administered deramciclane in rats, dogs, rabbits and’

Figure 3. Comparison of the main pharmacokinetic rmmem of deramciclane administered a3 a single 3mg kg™ oral dose to O
n=

rat (n=5); & dog (ne=15); B2 rabbit (n=15); W man

_OTHTA ) >

12). Dats represent means .4
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Table 3. Comparison of the pharmacokinetic parameters of ALdennahy_l_-ldnméichne

metabolile in different species after the adminlstrazion of a single 3mgkg™" orsl doss of

derameiclane.

Pharmacokinelic Rat Dog Rabbit Healthy volunteery

pargmeter tnm3) n=5) (nw5) {(nw=12)

Coms (ngmL™") 12 569143 2).[+148 56.1 = 18-6

Toma (D) 033 2:1£06 01x0:1 55+1§
UCh-ou (nghmL™" 37 888-7+44.7 3221153 1921-1 & 225-1

tl= th) 268 9941073 442+279 2106 +492

Ryieras (%) 314 1108 85 514

4

N-Desmethyl-deramciciane conen (ng mL™")

01 LIt I D R AR |
024868 12 16 24 36

! I

: -+ —>
48 72 98

Tima (h)

Figure 4. Comparison of plasma concentration curves of N-desmethyl-deramciclane afier the administration of & single 3 mg kg™
oral dose of deramciclane to @ cat (n=5); O dog (n = 5): W mbbit (n="5); O man (n=12). Dam represent means 5.4,

man treated with a single 3mgkg™' dose revealed
significant species differences concerning the main
pharmacokinetic parameters (Figure 3). Species
differences appeared to be the most prominent with
respect to the pharmacokinetic parameters of Cry,
AUCo.» and tfn. Demmciclane was rapidly
absorbed (lnas: 0-3-2-6 h) in all the species studied.
The elimination of the compound was highly spe-
cies dependent (tff3: 4-05-31-61h).

Absorption studies with radiolabelled deramci-
clane (*H and '4C) unequivocelly demonstrated that
the compound was completely absorbed from various
sections of the smal) intestine (Lengyel et al 1998a),
therefore the different systemic exposure (AUCp_oo)
to the unchanged parent drug should be ascribed to
species differences in the rate and extent of the

BMBDOGID: «XP, _93TR7A__L »

metabolism of deramciclane. The- value of the
apparent volume of distribution indicated strong tis-
sue binding in all the species studied.

Comparing the AUCy_,, values of unchanged
derameiclane to that of the total radioactivity in
7abbits with those previously reported in rats
(Pétfelusi et al 1997) and dogs (Hazai, unpublished
results) it was apparent that due to the intensive
metabolism only a negligible portion of the biood
level of total radioactivity could be ascribed to
unchanged deramciclane (Rparam=0-2-4-6%)
{Table 2).

The N-desmethyl-deramciclane metabolite ap-
peared in the plasma samples of each species.
Although the levels of metaholite were different in
various species, the plasma level of N-desmethyl-
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Figure 5. Cormparison of N-desmethyl-metabolite/deramci-
clane ratios (Ryurran) in O) rat: K dog; B rabbit; M man.

deramciclane was always significant as compared
with that of the parent compound. The preliminary
metabolism studies in rats and dogs indicated that
only 2 small portion (1-3%) of the administered
dose was excreted as unchanged deramciclane
(Hazai et al 1995; Klebovich & Urmés 1996).
Similarly, only about 5% of the administered
deramciclane dose was excreted as N-desmethyl
metabolite (Klebovich et al 1995; Klebovich &
Urmbs 1996). This finding indicated a multistep
biotransformation, as more than 90% of the dose
was excreated as other metabolites.
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‘The Single Dose Pharmacokinetics and Safety of Deramciclane
in Healthy Male Volunteers
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ABSTRACT: The pharmacokinetics and tolerability of a new putative non-benzodiazepine type anxdolytic
compound deramciclane was studied in two consecutive studles. An oper: doje-escalation design wes
used to study doses from 0.2 to 50 mg in 18 healthy male volunteers. In the second study doses from 50 .
ko 150 mg were investigated in 14 healthy males (n a double-blind, trolied, dose escalation
study. Deramciclane was rapidly absorbed from the Gl-tract nnd T onsn WaS 24 h. The elimination half-life
inereased from about 20 h 10 about 32 h with the dose. Nevertheless, the AUC,_ ;- value
increased linearly within the studies over the dose ranges of 3-50 and 50-130 mg. However, the incresse
was more than the ratio of the dose over the totel dose tange of 3-150 mg. Therefore. nom-linear
pharmacokinetics of deramciclane st high doses cannot be excluded. N-desmethy] ‘derameiciane, which ls
the active metabolite of deramciciane, was determined In plasma. C,.., was reached st about 6 h. The
AUC,. 4 u for the N-desmethyl metabolite was about one third of the AUC,_ . of the parent compound
and the ratio remained constant at each dose level. Deramciclane was safe, and was well tolerated at each
dose level. Copyright © 1999 John Wiley & Sons, Lud.

Key words: deramciclane furmarate; pharmacokinetics; tolerablilty; first administration

Introduction

The prevalence of anxiety disorders is approxi-
mately 20% in the adult population [1,2]. The patho-
physiological basis of anxiety disorders is stil]
largely unknown, but major theories centre around
brain neurotransmitter dysfunction [3-5]. Benzodi-
azepines are still the primary drugs for anxiety
disorders despite their disadvantages, such as seda-
tion, tolerance, addiction and withdrawal symptoms
[6]. Therefore, new strategies for the treatment of
anxiety disorders have been sought.

Over the past decade there has been growing
interest in the brain serotonin system and its role in
psychiatric disorders. Several 5-HT receptors and
their subtypes have been described [7]. These recep-
tors differ in their binding affinities, their receptor—
effector coupling mechanisms, and the behavioural
processes they mediate 8], Drugs acting at several
different 5-HT receptor subtypes and selective sero-
tonin re-uptake inhibitors (SSRIs) produce anxi-
olytic effects [9-12]. Antagonism of the two

*Correspondence  tx Orlon  Corporstion. Orien Pharma, Product
Deveiopment, PO. Box &5 FIN-Q210t  Espoo, Finland.
E-mail; harrl.kanerva@orion.maiinet.fl

Copyright © 1999 John Wiley & Sora, Ld.
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receptor subtypes of the 5-HT, family, 5-HT,, and
5-HT;c, produces anxiolytic-like effects in animal
models and in clinical practice [13-18],
Deramciclane fumarate, (1R2S54R) ~)-NN-
dimethyl-2-{(1,7,7 - trimethyl - 2phenylbicyclo[2.2.1]-
hept-2-yl)oxylethanamine 2<(E)-butenedioate (1:1),
was synthesized and developed by Egis Pharmaceu-
ticals Ltd., Budapest, Hungary (Figure 1). In recep-
tor binding studies in titro deramciclane has shown
high affinity to 5-HT,, and 5-HT,c receptors [19,20).
Deramciclane is an antagonist of these receptors,
and has also been reported to be an inverse agonist
in some assays [20]. The psychopharmacology of
deramciclane has been studied in a number of

A
II,C H,

]
H,E, ,CH,
0\/\"/!:", \/\"/:“’
] \cn, ~

Figure 1. The malscular structures of desamciclane (A) and i
metabolite N-desmethyl deramciclane (B)
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PHARMACOKINETICS OF DERAMCICLANE IN MAN

Blood samples of 10 mL were taken before drug
intake (zero sample) and 20 min, 40 min, 1, 15, 2,
3,4. 6,8, 12, 16, 24, 36, 48, 72 and 96 h thereafter.

Clinical Measuremenis

The subjects were asked to spontaneously report
any symptoms to the study personnel during the
study. No leading questions were asked. The
severity of all adverse events—reported by the
subject or observed by the investigator—was
recorded.

The safety of the subjects was monitored with
"safety laboratory variables, 12-lead ECG, blood
pressure and heart rate measurements and close
cbservation of symptoms. Blood and urine sam-
ples were taken In order to determine the safety
variables before the drug Intake and 24 h after it.
The safety laboratory variables included haematol-
ogy (blood counts, erythrocyte sedimentation rate,
‘prothrombin time), serum liver function tests (ala-
nine and aspartate aminotransferase, gamma glu-
tamyltransferase, total and free bilirubin, alkaline
phosphatase), . plasma electrolytes (potassium,
sodium, caiclum), setum glucose and serum crea-
tinine. The supine blood pressure, heart rate and
12-lead ECG were recorded before the drug intake
and 1, 2, 3, 4, 6, 8, 12, and 24 h thereafter to
assess possible cardiovascular changes during the
study.

Chemical Analyses

The plaama samples were analysed using a liquid
chromatography-tandem mass spectrometry and a
selected reaction moni CH,)>
deramciclane was used as an internal standard for
both analyses. The liquid chromatographic system
consisted of a HP Model 1090 Series I HPLC
pump and It was equipped with Sciex API m
triple, quadrupole mass spectrometer with a stan-
dard atmospheric pressure lonization source. The
method has been described in detail elsewhere
(23]. The calibration curves for deramciclane and
N-desmethyl deramciclane were linear over the
calibration range of (L1-100 ng/mL. Samples, with
concentrations exceeding the upper Umit of the
calibration range were diluted with drug free hu-
man plasma and reanalysed. The assay precision
for deramciclane and N-desmethyl deramciclane
varied between 25-72 and 3.6-12%, respectively,
over the whole calibration range. The lower limit
of quantitation was 0.1 ng/mL.

Pharmacokinetic Cdcuhtians

The parameters were calculated
using the SuphlrMm program (Simed Blostatistics
and Data Processing, Creteil, France). Plasma der-
amciclane concentration data were fitted for a

Copyright © 1999 john Wiley & Sorw, Lad.
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two-compartmental model the peeling al-
gorithm, Powell's minimization algorithm was-

used to determine elither all of the fitting parame-
ters or at least the slope of the elimination

(4;). The plasma concéntration data for N- - °

desmethyl-deramciclane were calculated model-
mdependently

area under the concentration-time cwrve
(AUC) was calculated using the linear trapezoidal
rule. The area beyond the lapt measured tme
point (C, ..} Was extrapolated to infinity by divid-
mgC,...bytheslopeofhtemlmlphne(lﬂ.
The dose-normalized AUC values were calculated
using the equation:

- Amg
AUC o = AUC(D mg) Dmg

where AUC(D mg) is the AUC,_ . for doses (D).
The mean residence time (MRT) was calculated
using:
AUMC
AUC

where AUMC is the area under’ the first moment
curve [24].

The peak plasma concentration (C,,,) of deram-
ciclane and the time to reach It (T,.) were read
directly from the observed individual plasma con-
centration-time data.

MRT = -~

Statistical Analysis

The dose-dependency of the of deram-
ciclane and the formation of N-desmethyl ‘deram-
ciclane were estmated on the basis of the
AUG, ., for both compounds. Relations (linear
and/or quadratic effect) of these paramaters to the
dose were assessed using non-linear regression
analysis (power function) for the original values.
Statistical comparisons between the dose levels
by analysis of variance (ANOVA)
followed by Tukey’'s comparison of means if nec-

Kruskall-Wallis and Wilcoxon's rank sum tests
were used for T,,.. A risk level less than 5% (p <
0.05) was considered as statistically significant.

Results

Seventeen subjects completed the trial
to the protocol in the first study. However, one
subject was withdrawn after taking the 40
dose because the AUC value increased four times
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animal models, which have shown anxiolytic activ-
ity of deramciclane at dose levels of 0.5-10.0 mg/kg
19]-

Deramciclane is readily and compietely absorbed
from the gastrointestinal tract in rat and dog [21].
The absolute bioavailabllity of deramciclane is only
about 50% in dogs due to the first-pass metabolism
[{22]. Furthermore, the AUC,_ . values of deramci-
clane increase more than proportionally to the dose
in dogs [22]. The non-linearity was observed at
doses higher than 1 mg/kg after intravenous and
oral administration, and it was thought to be caused
by a decrease in the clearance of deramciclane.

In the present study, the safety and tolerability of
deramciclane was evaluated by giving escalating
single oral doses to healthy male volunteers. More-
over, the linearity of the pharmacokinetics of der-
amciclane in man was studied and its maximal
tolerated dose level determined.

Materials and Methods

These studies were performed according to the
Good Clinical Practice Guidelines of the European
Community. The studies followed the recommenda-
tions for biomedical research involving humans
(current revision of the Declaration of Helsinki of
the World Medical Assembly).

The study procedures were accepted by the Ethics
committee of the Helsinki Deaconess Hospital
(study 1) and by The Joint Ethics Committee of the
Turku Univarsity Central Hospital and the Univer-
sity of Turku (study 2). The Finnish National
Agency for Medicine was notified in advance, in
accordance with national regulations.

Subjects

The subjects were recruited from the healthy volun-
teers interested in clinical trials. In addition, adver-
tisements were placed at the University of Helsinkl
Medical School, School of , School of
Chemistry and University of Turku Medical School.
Eighteen subjects were recruited for study 1 and 14
for study 2. All subjects gave their signed informed
consent prior to the initiation of the studies. They
were healthy, Caucasian males, whose menn (range)
age was 24.6 (19.6-30.8) years, the mean (range)
weight was 76.1 (66.0~88.0) kg and the mean
(range) body mass index was 233 (21.0-26.0) kg/

- m2. They were non-smokers, without clinically sig-

nificant abnormalities in the physical examination
or in the safety laboratory variables.
Study Designs

Study 1. This study was conducted in the Helsinki
Deaconess Hospital. Open within subject rising

Copyright © 1999 John Wiley & Sorw, Lid.
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dose design with overlapping groups was used.
Four groups received an escalating single aral dose
of deramciclane with at least one-week washout
periods between dose levels. In each group the first
subject, a leader, received the increased dose first.
After the safety parameters of the leader were
known the next subject was administered the same
dose. The first group (n = 3) received 0.2, 04, 0.7,
14, 3 and 6 mg doses of deramciclane. The second
group (m =3} received doses of 3, 6, 9, 12, and 15
mg. In the third group (n=6) the deramcidane
doses were 9,12, 15, 17, and 20 mg, and in the fourth
group {n=6) 20, 30, 40 and 50 mg. Deramciclane
was administered in conventional hard gelatine cap-
sules at the strengths of 0.2, 0.4, 14, 3, 6 and 14 mg
and were prepared by Egis Pharmaceuticals. Com-
binations of these formulations were taken with 200
mL water. Dosing was preceded by an over-night
fast. The subjects were supine until four hours post
dosing at which time lunch was served. Thereafter,
they were allowed to walk but not to leave the
ward. Caffeine-containing beverages were not al-
lowed during the first 24 h post dosing. The subjects
were kept in the hospital until 48 h post dosing.

Blood samples of 10 mL were taken before drug
Intake (zero sample) and 20 min, 40 min, 1,157 2, 3,
4, 6, 8,12, 16, 24, 36 and 48 h thereafter. In addition,
one blood sample was taken one week after the 50
mg dose.

Study 2. The study was conducted in the laboratory,
of Clinical Research Services Turku (University
of Turku, Turku, Finland). A placebo-controlled
double-blindd dose escalation design with two
groups was used. The placebo was randomly added
within each subject’s treatment sequence. In the first
group each subject received single oral doses of 50,.
100, 150 mg and one dose of placebo with wash-out
periods of three weeks between each dose. At each
dose escalation level, there were six subjects on
active medication and two on placebo making a
total of eight subjects.

‘The maxima)l dose was set at 150 mg on the basis
of the available toxicological data. After reaching
this dose level, a new group of six subjects was
recruited to increase the sample size. In this group
four subjects were allocated on active treatment and
two on placebo.

Ten and 20 mg film-coated conventional tablets
(Egis Pharmaceuticals) were used in combinations
to make up 50, 100 and 150 mg doses. The
tablet (Egis Pharmaceuticals) was identical in ap-
pearance to the deramciclane tablets and the num-
ber of placebo tablets administered corresponded to
that of the active medication at each dose level, The
tablets were given after an overnight fasting with
200 mL water. Fasting was maintained until 4 h
post dosing. Caffeine-containing were not
allowed during the 48 h that the subjects stayed at
the study site.

Biophtre. Drug Dispes. 20: 327-3M (1999)
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Pharmacokinetics of Deramciclane

Deramciclane was rapidly absorbed and was detected
in, plasma 20 min after dosing. The plasma profile
showed a biphasic decline and thus an open two-
compartmental model was used in the pharmacoki-
netic calculations (Figure 2). The means ( £ 5.D.) of
pharmacokinetic parameters for the parentcompound
and the desmethylated metabolite are presented in
Tables 1 and 2, respectively. The pharmacokinetic
parameters were not affected by the formulation at
the 50 mg dose level. Thus, the parameters for capsules
and tablets are not separated in the tables,

The peak plasma concentration of deramciclane was
reached at about 2.5-3 h. T,,,, was not affected by
the dose. The peak plasma concentration of deramci-
clane increased slightly but significantly more than
in proportion to the dose (p < 0.0023) as asseased by

function. The distribution phase was followed
by relatively slow elimination of deramciclane from
plasma. The mean terminal 1, ; values Increased with
dose from 21.5 h at the dose of 3 mg 10 32.8 h at the
100 mg dosé (p=0.0007, ANOVA). However, no
significant differences were found in the doses in
pairwise comparisons using Tukey's post-hoc analy-
sis. The MRT tended to increase with the dose, but
this was not statistically significant. .

The AUC,_ .. increased more than in proportion to
the dose (p = 0.048, non-linear regression) (Figure 3)
over the whole dose range from 3 to 150 mg. Moreover,
the dose normalized AUC values (AUC ...} increased
significantly (p = 0.017, ANOVA) which suggested
disproportionality to the dose. The only significant
differences in the Tukey’'s post-hoc analysis were
found between 3 and 150 mg, and 6 and 150 mg dose
levels. However, there were no quadratic effects
within the two studies, i.e. over the dose ranges from
3 to 50 mg and 50 to 150 mg, because the pawer
function did not differ from unity.
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Piiarmacokinetics of N-Desmethyl Deramciclane '

The maximum plasma concentration of the N-
desmethyl metabolite was reached at about 6-9 h.
Cone for the metubolite increased linearly and propor- .
tionally with increasing doses of deramciclane. The
linear and non-linear anslysis for the
AUC,_, i values against thedosesre plotted in Figure
4. AUC,_, 1 values increased more than in relation
to the dose (p = 0.025). However, linear regression
resulted in a slightly better fit than non-
linear regression (r*=0.9¢ and r*= (088, respec-
tively). The AUC of N-deamethyl deramciclane in
plasma was two times smaller than the AUC of
deramciclane and this ratio remained constant at
different dose levels suggesting linearity of this
metabolic pathway over the dose range studied.

Cardigoascular Effects

Deramciclane did not cause changes in blood pressure
or in the heart rate over the dose range of 0.2 and 50
mg. The changes in blood pressure and heart rate in
study 2 are presented in Figure 5.

After dosing of 150 mg the diastolic blood pressure
(DBP) increased significantly (p =0.0486) from the
baseline when compared with the piacebo at the time
of deramciclane peak plasma concentration (2-3 h).
In contrast, at 6 and 12 h blood pressure agsessments
both DBP and SBP were 5-10 mmHg lower for the
50-150 mg deramciciane doses than for the placebd.
At the 6 h time point DBP ( — 82 mmHg) and SBP
{ —7.6 mmHg) were significantly lower for 100 mg
dase than for the placebo (p =0.0216 and 0.0377,
respectively). '

During the first 4 h after administration, when the
subjects were lying supine, heart rates were lower -
than at the baseline. The changes in the heart rate
during the study were similar for all deramciclane

¢
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Figure . The mean plasma concentration versus time curves of deramcilane and N-desmethy] decameiclane for # {open spheses), 50
{solld spheres), 100 {(open triangles) and 150 mg (solid triangles) single oral doses. The standard deviations are not shown fac darity
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Teble 1. Pharmacokinetic parameters of deramciclane after » single oral administration to healthy male voluntesrs

Dose N Conan Tonae AUCy AUC e haf MY
(mg) {nghml) (h {ng:h/mlL) {ng-h/mlL) h) - M

3 6 24 £06 32308 409 1 185 40.9 2 165 nsx2? WD +AS
6 6 15+11 35105 nrns »isrns 199 +£3.1 82+39
9 9 12£106 27x11 M 110 67.1 £ 56.6 243 T8+55
12 9 13157 24108 121 295 5534236 20340 21138
15 9 16£59 3xid 282 + 154 564 & 30.7 22144 U5+65
17 6 1 +112 18104 36+ 230 61.1 +40.7 254 458 N1+70
y 1] 12 U194 32114 428 +170 642+ 256 B2x72 304 3 160
X 6 7161 ABi2 584 1 160 584 1160 %5169 "MI+A
@ 6 36180 37305 524 405 618 3304 283 +11.1 3641148
50 1 L 31 27%09 1099 £ M8 6351191 2Z0+60 CWB8+7A
100 3 124+ 44 33zx07 D275 W0z N3 38+ 100 M0+90
150 1 1B £54 26109 3738 + 1018 748 + 204 16485

NI 188

* The mean ( =5.0.) parameters from both sturdtes.

Table 2. Pharmacokinetic parameters of N-desmethyl deramciclane after a single aml administration to

healthy male volunteers

- Daze N Coan Taun AUC, ., AUC e Taf

(mg) (ng/mL) ) (ngh/mL) (ng-hrml) )

3 & 0.6+ 02 77+23 149452 169+52 574103
[ 6 13103 7011 328+43 164421 s ' 1BTL73
9 9 221+08 - 69111 617 +268 09489 294165
12 9 30+10 . 84122 789+ 258 19.7 65 71x89
15 9 17+14 76134 88.1 +333 196+ 67 198+34
17 [ 48117 70x28 128 1 430 2264485 854189
20 12 5215 98 +3.2 137 £ 396 206459 51273
30 [ 65+24 9.0+ 24 1904734 190473 B2267
0 6 96145 80433 282 3 133 212499 B3I+96
50 n 161 4.0 69423 452 + 166 14100 51474
100 8 3M+83 59414 835 4+ 126 250138 .7 4143
150 12 56 +1% 55414 1339 + 205 B8 +48 Z1+49

*The mean { 3 5D.) parameteys from bath shadiss.

FEREUE

AUCq p(ng /i)
T

o0 *c

Deramciciane
Power function: AUC, ~13.06*Dose"?

Dose (mg)

Linear regression: AUC, _»~-98.75+25.07*Dose

Figure 3. The power funciion (dashed) and linear regression
(sclid) lines for AUGC,., of deramciclane against the dose over
the dose range 3~150 mg in healthy male volunteers. Statistical
snalysis resulted In p = 0.048 for power effect and r? = 0.88 for

both lines

Copyright © 1999 john Wiley & Sona, Lrd.
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AUCq_4gp (ng Wml)

0 15 3040 %

100 150

Dose (mg)

N-desmethyl deramciclane e
Power function: AUC, 4=5.30°Dose™
Linear regression : AUC, n=-37.77+9.09°Dose

Figure 4. The power function {(dashed) snd Unesr regression
(solid) Lines for AUC,_,, , of N-desmathyl daramcidane sgainst
the dase over the dose range 3-150 mg In heslthy male volun-
teers. Statistical avalysis resulted tn p= 0025 for power effect
r? =088 and r? = 0.94 for the power function and linear regres-

sion, reypectively
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Figure 5. Changes In the systolic (open spheres) and dlasiolic (solid spheres) blood pressure, and heast rute (rectangles) over the first
24 h after a single oral dose of plocebo, 50, 100, and 150 mg of deramciclane in eight healthy male volunteers

doses and they did not differ from placebo. There
were no dosedependent or clinically relevant
changes in the conduction times of the ECG.

Safety and Tolerability

Deramciclane was well tolerated over the whole dose
range studied. There were no serious adverse events
during the study. Moreover, all of the adverse events
were transient, and mild or moderate in severity. The
adverse events reported within five elimination half
lives from the time of the drug intake are p-~cnted
below without causality assessments. None o1 the
adverse events were reported more than once by the
same subject. However, 8 dose dependency in the
frequency of the reported adverse events can be seen
for the 150 mg deramciclane dose.

Common cold and related symptoms, such as
pharyngitis, rhinitis and fever were reported to the
same extent for placebo and active treatment groups.
Moreover, some isolated adverse events such as
diarthoea, dyspepsia, flushing and urticaria was
reported but these symptoms did not recur when a
higher dose was given to the same subjects. At the
highest dase of 150 mg the most frequently reported
adverse event for deramciclane was headache which
was not reparted at all for placebo. However, two of

Copyright © 1999 Jahn Wiley & Sors. L.
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three reported headaches appeared on the day fol-
lowing the drug intake. Dizziness was once
for placebo and twice at 150 mg dose level 3-6 h
after dosing.

There were no statistically significant changes in
any of the routine safety laboratory variables, More-
over, there were no dose-dependent changes or
trends in the individual safety laboratory variables.

Discussion

The pharmacokinetics and safety of deramciclane, a
new putative anxiolytic compound was studied after
single oral administration over a dose range of
0.2-150 mg. The absorption of deramciclane was
rapid and the kinetic profile was fitted with open
two-compartmental - model. The pharmacokinetic
parameters for 50 mg capsules and tablets did not
differ from each other. Thus, the of the
formulation from a conventional hard gelatine cap-
sule to a conventional film coated tablet did not
affect the dissolution andjor the absorption of the
drug in vivo.

In our earlier studies in dogs the reduction in the
elimination rate of deramciclane with
dosage resulted in non-linear pharmacokinetics (22].

Blopharm. Drug Dispes. 20 327-334 (1999)

L]
L



PHARMACOKINETICS OF DERAMCICLANE IN MAN

44

33

This is possibly due to saturation of metabolism in
the dose range of 1-6 mg/kg. Similarly, in man a

for prolongation of the elimination half-
life from 21 to 33 h with an increasing dose was
seen. Unfortunately, it is impossible to determine
the mechanism causing the prolongation in man
without administering deramciclane intravenously.
However, these results could indicate saturation of
some metabolic pathway(s) at higher deramciclane
doses. uently, the dose normalized AUC-
values incressed slightly, but yet significantly with
dase. It should be noted, however, that the increase
in the AUC,_,, values was linear within the two
studies over the dose ranges from 3 to 50 mg and
from 50 to 150 mg. In addition, in man there were
no differences in the kinetic parameters within the
groups of subjects receiving the same doses. This
could be due to the relatively narrow dose ranges
within the groups. On the other hand, the number
«<of subjects was small and the inter-individual
variabilities of AUG,., and .. values were rela-
tively high. By taking into consideration the inter-
individual variation and small number of subjects
definite conclusions on the linearity or non-linearity
cannot be drawn. Nevertheless, these resulis sug-
gest slight non-linearity for deramciclane over the
dose range from 3 to 150 mg.

Similar non-linearity was observed also for N-
desmethyl deramciclane. However, in the case of
the metabolite the linear regression model gave
better fit assessed using the mean square of regres-
sion (r?) as a criterion. From Figure 2 it seems that
the concentration of the metabolite in plasma de-
clines with a similar rate as the parent compound.
Therefore, it is suggested, that the elimination of
metabolite might be formation rate limited.

Substantial inter-individual variations in the
pharmacokinetic parameters are common for many
psychiatric drugs [25]. In the case of deramciclane
the coefficients of variation were in the range of 30
and 60% for AUC,_.. Variation in absorption, dis-
tribution and elimination (both excreton and
metabolism} depend on the physico-chemical prop-
erties of the compound itself [24]. In addition, the
variations in kinetic parameters of many psychiatric
drugs are due to genetic polymorphism of cy-
tochrome P450 isoenzymes [25,26]. In the case of
fluoxetine and tricyclic antidepressants, polymor-
phism of CYP2D6 results in substantial variation in
kinetic parameters [27]. However, CYP2D6 does not
seem to be responsible for the variation in the
kinetic parameters of deramciclane because all the
subjects in study 1 were extensive debrisoquine
hydroxylators (Orion Pharma, data on file). How-
ever, the involvement of other CYP450 isoenzymes,
and the role of their genetic polymorphisms in the
metabolism of deramciclane remains unknown.

There were no observable changes in the con-
duction times in the ECG measurements. A slight

Copyright © 1999 John Wiley & Sons, Lad,
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(5-10 mmHg) reduction in the systolic and DBP
values were observed for the active treatment
groups at the dose levels of 50, 100 and 150 mg
when compared with placebo. The hypotensive ef-
fect could be caused by a decrease In resistance in
the peripheral blood vessels because the heart rate
did not change during the study. Interestingly, the
significant reductions in blood pressure were ob-
served at the peak plasma concentration (6 h) of
N-desmethyl deramciclane. The metabolite has high
affinity to 5-HTyc receptors. Stimulaton of 5-HT, °
receptors In smeoth muscle cells produces vasocon-
striction of most vessels [28), Moreovez, it has been
shown, that a 5-HT, antagonist, ketanserin, blocks
the receptor responsible for 5-HT-induced contrac-
tion of most vascular smooth muscle. It should be
noted that ketanserin also possesses a,-receptor
affinity, which makes the interpretation of that re-
sult more difficult. Actually, both serotonin and
o;-receptor actions may be necessary to produce the
antihypertensive effect of ketanserin [29]. Therefore,
it is possible that the decrease in blood pressure was
related to' the metabolite or it was caused by a
synergistic action with the parent compound. The
effect did not, however, reach dinical relevance and
a dose response to this effect was not observed.

No deramciclane related changes in the haematol-
ogy or clinical chemistry variables were observed.
Deramciclane was well tolerated up to a 150 mg
single oral dose. All the gubjective adverse events
were either mild or moderate and transient. The
most frequently reported adverse effects of deramci-
clane were headache and dizziness. The other re-
ported adverse effects occurred randomly and their
frequency was not dose-dependent. 5-HT, antago-
nists, such as ketanserin and ritanserin, have similar
adverse effect profiles and the most frequently
reported adverse effects of ketanserin are diz-
ziness, orthostatic hypotension, fatigue and QTc-
prolongation [30-32]. Therefore, it Is possible that
dizziness is a pharmacological effect of deramdi-
clane and is mediated via the 5-HT, receptors in the
cerebral vascular bed or in the brain.

In conclusion, deramciclane, a new putative anxi-
olytic compound was safe and well tolerated up to
a single oral dose of 150 mg. This dose level was
considered to be the maximal tolerated dose, since
higher doses have not been studied. The pharma-
cokinetics of deramciclane was slightly non-linear.
However, the clinical relevance of this finding is
probably negligible.
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Abstract: Central nervous system {CNS) selective amino acid transporters
provide an important function in maintaining tonic extraceliular levels of amino
acids that act as neurotransmitters, synaptic modulators or neurotransmitter
precursors. Small molecule inhibitors of these transporiers have been
postulated and in some cases demonstrated tq be useful in the treatment of
a range of CNS driven disorders such as epilepsy, anxiety, psychosis, depre-

ssion, pain and neurodegenerative disease. Although much of the research to date in this field
has focussed on inhibition of the y-amino butyric acid (GABA) transporters more recent reports
have also generated interest in modulation of glycine, glutamate and proline transporters. This
article will review the curent medicinal chemistry literature and structure activity relationships
known for mammalian CNS selective amino acid transportars.

Introduction

The uptake of amino acids into mammalian ceils is
mediated by energy dependent and passive
transporters. These transporters are characterised by
their general ability to transport amino acids in a
stereoselective fashion with broad substrate spaecificity.
Amino acid transporters in the central nervous system
(CNS) maintain tonic extracellular levels of amino acids
that act as neourctransmitters (or precursors to
aeurotransmitters) or synaptic modulators. Their role in
maintaining intra and extra cellular CNS amino acid
homeostasis is critical in preventing neurotoxicity by
removing neurotransmitter- amino acids from synaptic
clefts and also by providing a supply ol precursors in
ithe CNS.

Recent advances in the molecular biological aspects
of plasma mambrane amino acid transporters have
been extensively reviewed [1, 2]. Mare informalion
about their structure, tunction and tissue distribution is
discovered on a regular basis. Breakthrough's in the
identification of subtypes of classes ot CNS amino acid
ransporters has fuelled lurther medicinal chemistry
research to find saleclive inhibitors as potential new
medicines for a range of CNS driven diseases such as
epilepsy, anxiety, psychosis, depression, pain and
nedrodegenerative disease.
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The aim of this review is to provide the reader with

an overview of key medicinal chemistry advances In the
development of CNS amind acid transport inhibitors.
Each class of transporier will be reviewed in tum
covering those that are expressed in CNS lissue — y-
Lmino butyric acid (GABA) transporters, glutamate
transporters, glycine transporters, proline transportar,
taurine transponter and the brain specific cationic amino
acid transporter.

v-Amino butyric acid

(GABA)
Transporters

The GABA transporters form part of the superfamily
of sodium and chloride dependent neurotransmitter
transporters. The rat and human brain GABA
transponter (GAT-1) was one of the first transporters of
this family to be cloned in 1990 and was the starting
paint for the isclation of related ¢cDNA constituling this
superfamily {1]. The GABA transporters, like all
transporters of this superfamily, are proteins with a 12-
membrane spanning domain lopology. Four
mammalian GABA transporters have been cloned to
date from mouse, rat and human brain [2]. They
possess a high level of sequence homology but vary in
their tissue distribution and pharmacoiogical properties.
The murine clonas are referred to as mGAT-1, mGAT-2,
mGAT-3 and mGAT-4, however, they correspond to
the human (and ral) homolgues hGAT-1, hBGT-1,
hGAT-2 and hGAT-3 respectively in nomenclature
terms [3]. mGAT-1 (hGAT-1) and mGAT-4 (hGAT-3) are
high affinity neuronal GABA transporters and are found
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specifically in the CNS. mGAT-3 (hGAT-2) is a moderate
affinity GABA transporter with primarlly a glial
distribution In the brain but is also expreseed In liver
and kidney. mGAT-2 (hBGT-1) is a low atfinity GABA
transporter that also transports the ogmolyte betaine,
mGAT-2 (hBGT-1) has primarily a gfial distribution in the
brain but is also expressed in liver end kidney [11.

Inhibition ol GABA transporters has been a
successiul strategy in the treatment of epilepsy as
demonstrated with the launch of Tiagabine (14) {Navo
Nordisk) in 1996. GABA trangporter inhibitors have aiso
been Implicated for use as anaigesica, gnxiolytics, and
hypnotics and in the treatment of muscle movement
disorders, depression and psychosis [4, 5, 6]. Recent
studies have also indicated their potential as anti-
tussive agents [7).

Medicinal chemistry research into GABA
transporters is the most established of all the amino
acid transporter classes and has perlodically been
covered in general GABA maedicinal chemistry review
articles (8, 9, 10]. The first major breakthrough in GABA
transport research came when it was found that the
heterocyclic amino acids, nlpecotic acid (1) and
guvacine (2) were potent inhibitors of GABA uptake
(ICso = 9 and 8 uM respectively) whiist the simple N-
methyl analogue of guvacine, arecaidine (3), was
considerably less potent (ICgq = 122 uM) [11]. Nipecotic
acid and guvacine have subsequently been shown to
be Inhibitors of both neuronal and glial GABA uptake
with some selectivity for the glial system (8] and no
affinity for GABA raceplors. Whilst (1) and (2) are
inhibitors of GABA transport they are also substrates
which can complicate interpretation of pharmacologicat

data [10].
H H
- ]
SAR ‘studies with simpie acyciic analogues of GABA

1 2

fead to inhibitors of GABA uptake in rat brain slices,
however, they showad litle selectivity for transport
inhibition over inhibition of GABA binding in rat brain
{12]. The GABA analogues DABA (4) and ACHC (5) are
selective inhibitors of neuronal GABA uptake and there

i:sasloma evidence that they aiso acts as a substrates [8,
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SAR studies have also been carried out basaed on
variation of the heterocyclic ring structure found in (1)
and (2). Attampts wera made to produce imeversible
transpart inhibitors to further probe biochemical
function by introducing thiol and epoxide functionality
to the haterocyclic ring, howevaer, this led 1o only very
weak inhibitors [14]. Attempts to improve inhibitor
potency by decreasing or increasing heterocyclic dn'
size ware unsuccessiul, as was the introduction o
amino, methyl or phenyl groups onto {1) (8, 15, 16, 17,
18]. Transposing the carboxylic acid moiety from C-3 to
C-4 of tha heterocyclic ring alse proved to be an
unsuccessful strategy .(9, 15, 16, 17}, however,
appending an acetic acid group to pyrolidine to give
homo-B-proline (6) yielded a potent inhibitor of GABA .
uptake (ICsp =2.5 uM) which also had significant affinity
for GABA, receptors {9, 18). One compound worthy of
mention {rom this series is cis-4-hydroxypiperidine-3-
carboxylic acid (7). This compound retains potent
inhibitory properties (ICsp = 11 uM) [17] of GABA
uptake and has been shown to be selective for the glial
system [S]. Inerestingly, the related cis-S-hydroxy
analogue {8) and the trans-4-hydroxy analogue (9)
were inactive. X-ray crystallography and NMR studies
subsequently showed that (7) possessas an essential
axial hydroxyl group whilst (8) and (9) have equatorially
aligned hydroxyl groups [9, 19).
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Bioisosteric replacements for the carboxylic acid
lunctionality In (1) have recently been reportad [20]

- with the phosphinic acid analogue (10) retaining

uptake inhibitory activity (ICsq = 24 pM). Bioisosteric
carboxylic acid replacements have also been used to
address the pharmacokinetic problems associated with
(1) and (2). Nipecotic acid {1) and guvacine (2) both
suffer from poor blood brain barrier penatration upon
systemic administration due to the fact that at
physiological pH they exist in fully zwitterionic forms [8,
10]. The bicisosteric analogue THPO (11) overcomes
this problem o some extent as it penetrates the brain
upon systemic administration [8]. THPO (11) is highly
selective glial uptake inhibitar (ICsg = 160 uM) that has
been shown riot to act as a substrate at the transporteg
(8, 13, 21]. The corresponding isothiazole to (11} is
less active as are regigisomeric analogues of {11) (21].
Classical approaches to improve blood brain barrier
penetratlon using lipophilic ester prodrugs of (1) met
with limited success. The ethyl and pivaloyloxymethyl
esters of (1) demonstrated in vivo activity in seizure
models upon sysiemic administration, however, the
weak cholinergic side-effects saen with the athyl aster
of (1) seem to have gprecluded their further
development [6, 8).

[

i
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Exciting advances in medicinal chemistry GABA
transport research were made in the early 1980°s whan
workers at Smith Kline and French discoverad that
appending bulky lipophilic side chains to the nitrogen
aloms of known GABA uptake inhibitors such as (1)
and {2) led to markead increases in inhibitory potency in
vitro [22]. SKF 89976-A {12) has an inhibitory ICgq of
02 uM in a brain synaptosome assay and does not act
as a substrate at the transporter or have alffinity for
GABA receptors {10, 22]). It has improved
pharmmacokinetic properties by virtue of increased
lipophilicity (log D 1.14 compared to -2.66 for (1)) and
appears to roadily efiter the CNS &s It protects rodents
from bicuculline induced seizures when dosed orally
[22). SAR studies on (12) indicated that varying the
side chain length or removing the double bond led to
losses in Inhibitory activity {22).

Subsequently, several groups have appended
lipophilic side chains to known GABA uptake inhibitors
to try and improve potency and pharmacokinetic

BNSDOCID: <XP.___S3TERA_)_>
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parameters. Ths 4,4-diphenyl-3-butenyl (DPB)
substituted THPO derivatives showed improved
potency over THPO (ICso = 7 uM compared to 160 uM
for THPO) {13] and whilst DPB substituted GABA (ICso
= 16.5 uM) is waaker as an inhibitor than GABA [22] this
potency can be regained by subsequent N-msthylation
of OPB GABA (ICgg = 4 M) (23]

~
U
U

Workers at Parke-Davis reported on a series of N-
{benzhydryl ethyl ether) derivatives of (1) and (2) {24].
Extensive SAR studies wera carried out to probe chain
length, spacer groups and aromalic substitution
pattems. This work led ultimately to the discovery of the
potent lipophilic inhibitor C1-866 {13) (ICsg = 0.34 uM)
which like (12) also inhibitad seizures in vivo upon oral
dosing [24, 25). The compound was progressed to the
clinic where unfortunately it demonstrated severe
adverse CNS symptoms such as memory deficits,
myoclonus and tremors, unresponsiveness and
subsequent severe psychological disturbances [22,
26). For these reasons clinical trials with CI-966 (13)
were leminated.
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The most successful compound o come out of
GABA transport research to date arose from work
carried out at Novo Nordisk. Once again lipophilic N-
substituents were added to nipecotic acid (1) to give a
range of 4.,4-diaryl or 4,4-diheteroarylbutenyi
derivatives (27]. One of the most potent analogues,
Tiagabina (NQ-328) (14) (ICsq = 0.067 uM),
demonstrated anticonvulsant activity in mice following
L.p. administration at low doses. One key observation
from the SAR study camiad out at Novo Nordisk was the
requirement for an octho or pseudo ortho substituant in
the aryl or heteroaryl rings to give potent levels of
Inhibition [27). Tlagabine (14) has subsequently baen
progressed through the clinic and was launched In
1996 tor the treatment of specific types of epliepsy.
Tiagabine has been shown to be 90% orally
bioavailable in man with a hall-life of 3.8-9 hours
requiring- 2-4 times daily administration [28]. Novo
Nordisk have aiso recently patented a range of
lipophillc N-substituted ethers [29] and oxime ethers
[30] of (1) and (2) and N-substituted fipophilic carboiine
derivatives ol 4-phenyl piperidines [31] as GABA
uptake inhibitors, some of which are believed to be in
praclinical developmsnt. The oxime sther NNC-711
{(15) is one of the most potent known inhibitors to date
(ICsp = 0.047 uM) and demonstrates protactive efficacy
against seizures in vivo [32].

WCOpH

Inspired by the advances made in alMinity for
lipophilic N-substiluted derivatives of (1) and (2),
saveral groups investigated the effects of appending
lipophilic functionality to other positions on the
heterocyclic amino acid core. A range of S-substituted
derivatives of (3) have been reported [5, 33] with the 5-
benzhydrylidede analogue (16) retaining reasonable
inhibitory activity (K) = 13 pM). interestingly the N-
demethylated version of (18) was considerably less
active (K; = 104uM) [6]. The 6-(1,1-diphenylpropyl)
substiluted guvacine analogue (17) was synthesised
after a pharmacophore model based on all known
GABA inhibitors at that time had predicted it would be a

NBOOCIE: «XP___ S3T00A_L_»
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potent inhibitor of GABA transport [34]. The mode)
proved successful as (17) is a potent inhibitor (ICsp =
0.1 uM), however, it lacks any in vivo activity in seizurg
models. This lack of in vivo activity has been attributed
to the inabliity of (17) to cross the blood brain barrier
due !o its increased hydrogen bending capability
compared to tertiary amino analogues [34]. Attempts to
improve potency by appending lipophilic ethers at the
6 position of {(2) were unsuccessful [35). Workers at
Synaplic reported on a series of conformationally
restricted analogues of (1), which were designed using
the previously described pharmacophaore model [34,
36). The quinolizidine compounds such as (18) were
shown to only be weak inhibitors indicating that the
lipophilic side chains present in (12-14) may bind to
the transporter in thelr fully extanded conformation
[36]. Spirocyclic analogues of (1) retain moderate
affinity as GABA transport inhibitors with (19) having an
ICs0 = 42 uM [37].

Several non-heterocyclic amino acid_derivatives
have been reported to be inhibitors of GABA transport.
The anticonvulsant, stiripentol (20) is a moderate .
potency Inhibitor (ICgq = 50 uM) [38] as are the
quinolizine derivatives exempiified by (21) (ICsp = 8.5
uM) [39]. The bicycloheptane derivative EGYT 3886
(22) acts as an anticonvulsant in vivo and displays
moderate non-compalitive inhibition of GABA transport
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(ICso = 19-44 uM) [40]. EGYT 3886 is apparently in
phase lii trials.

Recent advances in GABA transport inhibilion have
focussed on the search for selective inhibitors of the
cloned mammalian transporters in an attempt to further
unravel their potential as therapaeutic targets. Workers
at Synaptic have described the patency of many known
inhibitors at cloned mammaiian, GABA transporters [41,
42] (Table 1). The lipophillc derivatives, (12, 13, 14),
are all highly selective for hGAT-1 suggesting that their
anticonvuisant activity is mediated via inhibition of this
transporter. The Synaptic team went on to discaver {5)-
SNAP-5114 (23), a selective inhibiior of hGAT-3 (Table
1), from a sat of compounds dasigned around (22),
and SNAP-5294 (24), a selective inhibitor of rGAT-2
(Table 1) [41,42). Workers at Novo Nordisk have
raported a selective mGAT-2 (hBGT-1) inhibitor, NNC
05-2080 (25) [3), and have patented a series of mGAT-

4 (hGAT-3) inhibitors based on gimilar structures to (25)
[31]. NNC 05-2090 (25) has a K| = 1.4 uM at mGAT-2
and is 10-30 fold selective over the other GABA
transporters [3]. Future in vivo studies utilising subtype
seiective GAT inhibitors will allow their pharmacological
and physiological role to be probed further.

Glycine Transporters

The glycine trarisportiers also- form part of the,
superfamily of sodium and chloride dependent
naurotransmitter transporters. Two giycine transporter
genes have been identified to date which give rlse to
two transporters with approximately 50% amino acid
sequence homology. GLYT1 has three variants (1a, 1b,
1¢) arising from alternative splicing and human GLYT2
exists only in one form [1]. GLYT1 and GLYT2
transporters are distinct from the classical system A,

Table 1. Potency of Compounds at Cloned GABA Transporters {ICgp pM) [41, 42)
Compound hGAT-1 ( nﬁ}\?—za , hBGT-1

Casaa | s
(R. 8)-(1) 8 » 106 250
(R-(1) 8 19 51 <) 0]
15)-i1) 116 = 230 ()
@ . “ 2 19 . 1810
{12) . a13 50 . 1990 . 7210
113 026 1280 m 0
(149 007 1410 a0z 1670
{2) 3 X &8 k-
{23) k. 2 5 140
(24) &<} S 142 27% at 100 M
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ASC and 'iming' transparters which have broad
substrate affinity and seleclivity whereas GLYT
transporters are more specific and are expressed in
differant reglons of the body [2]-GLYT1 is expressed
centrally and peripherally whilst GLYT2 has a CNS
specific distribution {1]. The expreasion of GLYTZ Is
consiatent with the distribution of the inhibitory glycine
receptor and neurones of high glycine content {spinal
cord, auditory system). GLYT2 is located axonally at
presynaptic terminals whereas GLYT1 bhas
pradominantly a glia! distribution [1]. GLYT1 is not only
expressed in areas corresponding to strychnine-
sensitive and strychning-insensitive glycine receptors
but aiso outwith these areas. The role of GLYT1 in
these areas has been postulated to involve modulation
of NMDA recaptor function or non-strychnine-sensitive
giycine receptors [1]. Inhibltion of the glycine
transporter has been hypothesised to be useful in the
treatment of epilepsy and pain directly and of
schizophrenia and damentia via modulation of NMDA
recaptor function [43, 44).

Thera are only a faw reports of giycine transport
inhibitors in the Jiterature. Simple substrate specificity
and potency has bean reparted by severa! groups and
has been summarised {1}, Glycine acts as a moderate
affinity substrate at both GLYT1 and GLYT2 (Kpy = =20~
50 pM). GLYT? is inhibited by sarcosine {N-methyl
giycine) (i; <100 uM) but alanine, GABA, serine,
glycine esters, glutamate and proline have no affinity
(1. 45]. In contrast GLYTZ Ia not Inhibited by sarcosine,
alanine, B-alanine, serine, cysteine, glycine esters or A-
methylaminoisobutyric acid [1, 46).

Trophix phamaceuticals have recently patented two
serles of glycine transport inhibitors based on lipophilic
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analogues ol sarcosine and lipophilc piperidine N-
acetic acid derivatives [43, 44]. The lipophilic sarcosine
derivativa (26) has reported to be a potent (K| = 0.005
1M) and selective GLYT1 inhibitor [47].

~

Proline Transporter

The proline transporter (PROT) is another member
of the superfamily of sodium and chloride dependent
neurotransmitter transporters. It has a CNS specific
tissue distribution being found in the olfactory buib,
cerebral cortex and hippocampus {1]. The PROT
transporter is distinct from the classical system ‘Imino’
transporters which have broad substrate affinity and,
gelectivity. it has approximately 45% sequence
homology to the related glycine transporters [1].

Only simple inhibitors and substrates for PROT have
been reported to date. L-Proline is a high affinity
substrate {Km = ~10 uM) whilst L-pipecolic acid (27) (i
= 14 pM), sarcosine (K; = 30 uM) and 3.4-
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dehydroproline (28) (K; = 31 pM) act as Inhibitors (48],
Other moderately potent inhibitors of PROT include
norleucine, phenylalanine, histidine and cystaine, but
many other amino acids show no affinity [48].
Intarestingly, N-mathyl and N-acetyl derivatives of
proline are Inactive as are the carboxylic aester
derivatives [48,48). More racently enkaphalind and
their analogues have been shown to be potent
inhibitors of PROT with des-Tyr-Leu-enkephalin having
ari ICgg = 0.26 uM [50]. It Is still unclear as to the role of
PROT in the CNS, however, circumstantial evidence
implicates L-proline as a putative synaptic regulatory
molecule [1]).

Taurine Transporter

The final member of the superfamily of sodium and
chioride dapendent neurolransmitter transporters
worthy of mentlon is the Taurine transporter, TAUT,
Although the expression of TAUT is widespraad
throughout the body it is found in the brain along with
an abundance of taurine which may suggest a specific
tunction of TAUT in the CNS [1, 2). TAUT has & high
sequence homology (~60-70%) with BGT-1 and has &
high affinity for the transport of taurine (29) (Km = <10
uM). TAUT has moderate affinity for the transport of -
alanine {Ky = 60 uM) and is inhlbited by hypotaurine
(30) (K; = <10 uM). GABA, alanine, glycine and proline
have all been shown to Jack affinity for TAUT [1, 51].

Cationic Amino Acid Transporters

Four mammalian genes defining a family of cationic
amino acid transportess (CAT-1, -2, -3, -4) have been

identified. CAT-1, CAT-2a, CAT-2b and CAT-4 have
been reported to have a widely expressed tissue
distribution, however, the remaining transpaorter CAT-3
has been shown to have a brain specific axpression in
rat and mouse [1]. CAT-3 exhibits a 53-58% amino acid
sequence homology with CAT-1, CAT-2a and CAT-2b.

it is related to the common cationlc amino acid .
. transporter group y* and is believed to exist structurally

in a similar fashion to mCAT-1 that has baen postulated
to exist with a 12 or 14 trans-membrane topology [1].
CAT-3 transports L-arginine (Km = ~100 uM) as a
substrate in a sodium and chloride independent
manner. [t also transports L-lysine (Kq = ~150 uM) and
L-omithine (Kn = ~150 gM) [1, 52).. Although the
spacific role of CAT-3 in the CNS is as yet undefined, it
is known that cationic amino -acids are required for
protein and urea synthesia {arginins) and as precursors
for'the synthesis of bioactive molecules auch as nitric
oxide, urea and polyamines (arginine and omithine
respectively} [1]. Henca, CAT-3 may have a CNS
spacific role in the provision of these key biochemical
entities. .

No CAT-3 specific {phibitors have been reported to
date, however, moderately potent general inhibitors of
arginine transport such as the guanylhyrazone (31)
(ICso = 10-50 uM) have been disclosed [53].

Glutamate Transporters

CNS glutamate transporters, their substrates and
competitive inhibitors have recently been raviewed in
detail {54]. Gilutamate transportars {orm part of the
superfamily of sodium dependent transporters for
anionic and zwitterionic amino acids which have been

N
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postulated to have a substrate {amino acid and
sodium)-gated chioride channel mode of action in
addition to their transport role [1]. Five glutamate or
anionic amino acid transporters have been identified
and labelled excitatory amino acid transporters {(EAAT
1-5) (1, 54]. EAATs 1-5 show a sodium and potassium
dependent transport and are likely to be neural and
nonneural variants of the anionic amine acid transport
systam X'ag. With the possible exception of EAAT-5
the transport mechanism has been shown to be
electrogenic with glutamate being co-transported with
2 or 3 sodium ions and an optional proton with counter-
transport of & potassium ion and an optional hydroxyl
anion [1]). Their topology is not fully definad with
models suggesting 6-10 lransmembrane domains
consisting ot a-helices and f§-sheets. EAAT 1-5 show
36-65% amino acid homology with each other and have
varying tissue distributions. Human EAAT-1, 3 and 4
are expressed in the brain and other tissues, EAAT-2 is
brain specific whilst EAAT-S is expressed in tha retina.
EAAT-1 and 2 are preseril in astrogiial cells whareas
EAAT-3 Is present' in neurons. {1). in terms ot
application to tha treatment of CNS disease, inhibition
of glutamate transport may prove useful in the
treatment of schizophrenia by improving glutamatergic
function {55], however the excitotoxic potential in
raising glutamate levels is always present {54].

Simple substratas lor EAATs 1-5 are the anionic
amino acids L-glutamate and L- or D-aspartate. EAATS
1, 2, 3, and 5 have moderate affinity (Km = 10-64 pM)
and EAAT-4 has a high affinity for these substrates (Kq
= 2-3 uM) [1). Simple structure activity relationships
indicated that a-amino acids with a second acidic group
2-4 carbons away from the a-carboxyl moiely were
competitive inhibitors {54]. The nature of the second
acidic group has been varied and led to some selective
inhibitors being identified. L-aspartale-B-hydroxamate
{32) has some selectivity for neuronal EAAT-3 (K;=
133 uM compared to 369 and 184 pM for EAAT 1 and 2

Richard E, Ay

respectively), L-serine-O-sulfate (33) has some
selectivity for EAAT-1 (K;= 107 pM compared to 1157
and 150 uM for EAAT 2 and 3 respectively) and L-o-
aminoadipic acid (34) has good selectivity for EAAT-4
as a substrate (K, = 168 uM at EAAT-4 and >1mM at
EAAT 1-3) {S4]. The addition of substituant groups to
tha B and 7 positions of the side chain in aspartate and
glutamate has ylalded soms interesting analogues. L--
Threo-hydroxyaspartate (35) (and the corresponding
D- Isomer) are substrates for EAAT-1-4 but act as an
inhibitor at EAAT-S (K; ~ 1 uM). Hydroxy ester and ether
derivatives of (35) have been reported which vary in
their pharmacological prafile [S6, 57]. Alkyl substituted
hydroxy esters of {35) act as substrates whereas.the
benzoate and 1-naphthoate esters are moderately
potent inhibitors of EAAT-1. The benzyl ether
derivative (36) is a potent inhibitor of EAAT-1 and 2 (K;
= 9 and 0.1 uM respectively) that also has some w:
affinity for NMDA and kainate receptors (54, 56, 57].
The B-methyl derivative L-thrao-3-methyl glutamate
(37) shows no aifinity for EAAT-1 but acts as an
inhibitor at EAAT-2 (K;= 18 uM) whereas the
corresponding erythro isomer has no affinity for aither
transporter [S4, 58). The y-methyl derivative (2S, 4R)-
4-methylgiutamate (38) acts as a substrate at EAAT-1
but as an inhibitor at EAAT with K; = 3.4 uM, however, R
is also a potent kainate receptor agonist [54, 59].

Conformationally constrained cyclic glutamate
derivativas have also been investigated as potential
inhibitors of glutamate transport. The cyclopropyl
analogue (39) is a potent inhibitor of giulamate
transport (EAAT-1 K;= 7.5 uM, EAAT-2 K; = 2.5 pM,
EAAT-3 K; = 10 uM) whilst related steracisomers tend
to be lass potent (54, 53]. The efs-cyclobutyl analogue
(40) shows moderate inhibitory action (EAAT-1 K;=
120 pM, EAAT-2 K; = 660 pM, EAAT-1 K;= 244 uM)
whilst the corresponding trans isomer is inactive (54].
Pyrrolidine dicarboxylate derivative medicinal chemistry
research has yielded some of the most interesting
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compounds to date. Kainic acid (41) and the reduced
analogue dihydrokainate (42) act as specific inhibitors
(K; ~ 10-80 uM) of EAAT-2 with no appreciable affinity
for other EAATs and mara interestingly (42) has
reducad affinity for AMPA and kainate receptors
compared to {41} [1, 54]. The 2,4 dicarboxylate
derivative, L.-trans-2,4-PDC (43) acts as a substrate at
EAAT-1-4 with similar potency to L-glutamate,
however, it acts as & potent inhibitor of EAAT-5 (K;=
6.2 uM) IS4, 60]. In an attempt to constrain the
somewhat fiexibie pyrrolidine ring in {43), the bicyclic
analogues (44) and (45) were synthesised [54, 61).
Both (44) and (45) show promise as potant modulatars
of giutamate transport with (44) showing potent
inhibition of EAAT-2 (K; = 1.6 uM) whereas {45) acts as
a moderately potent substrate for EAAT-2 (Kn = 45
MM). The related. 2,3 pyrrolidine dicarboxylate analogue
(46) is a potent inhibitor of EAAT-2 {K; ~ 10 uM]) but has
little activity at EAAT-1 or 3; however the use of (4€) as
a pharmacological tool may be hampered by its
excitotoxic side eflects mediated though excitatory
amino ackl ionotropic receptors [54).

Conclusions

The use of amino acid transport inhibitors as
effective medicines has now been demonstrated by
Tiagabine (14). With the recent advances in molecular
biclogy, medicinal chemists will be abla to target
transporter subtypes to generate potent and selective
chemical entities 1o probe pharmacological and
physiological function of CNS specific amino acid
transporters. Improvements in pharmacokinatic
sarameterg will in turn hopslully provide suitable
sandidates to progress into the clinic with the aim of

BNSDCCH: <XP_. . SSTEOBA _i»

".._ ST~COoH o, ATSCOpH
Q\ K H
H €O H 0
41 42

treating a wide range of psychiatric, neurodagenerative
and CNS driven disorders.
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Deramciciane, a putative anxiolytic drug, is a serotonin 5-HTz¢ receptor
inverse agonist but fails to induce 5HT,¢ receptor down-regulation
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Abstract Deramciclane (EGIS-3886) is a novel anxio-
lytic agent that binds with high affinity to 5-HTaanc
receptors. The interactions of deramciclane with the
serotonin 5-HTac receptor were characterized further
using receptor phosphoinositide hydrolysis assays and
receptor autoradiography Deramciclane antagonized
5-HT;c receptor mediated 5-HT-stimulated phospho-
inositide hydrolysis with an ICs valué of 168 nM.
Deramciclane also decreased basal phosphoinositide
hydrolysis by up to 33% (ECsq = 93 nM) in a physio-
logical system in the choroid plexus, suggesting that
derameiclane possesses inverse agonist properties at
this receptor. Administration of single doses of
0:5 mg/kgand 10 mg/kg resulted in a maximal 5-HTac
receptor occupancy of up 10 45% and 79%, respec-
tively, in the choroid plexus. Chronic (14 days) treat-
ment with 0.5 mg/kg or 10 mslkg deramciclane did
not alter ['25I)DOI (agonist) or [*H)mesulergine (antag-
onist) binding to 5-HT;¢ receptors in the choroid
plexus compared to saline-treated controls, as deter-
mined by quantitative receptor autoradiography. In
comparison, the effects of deramciclane on 5-HTa,
binding characteristics and receptor occupancy were
also studied. Deramciclane treaiment resulted in §-
HTaa receptor occupancy of ‘up to 78%, but no
significant effect of chronic treatmenit on 5-HT.4 recep-
tor agonist binding levels was found. In conclusion,
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these data indicate that deramciclane is a 5-HT;¢ recep-
tor inverse agonist and occupies S-HTac receptors dur-
ing treatment, and that chronic treatment with
deramciclane does not lead to 5-HT3e receptor down-
regulation. .

Key words Deramciclane - Anxiolytic drug -
5HT;c - 5HT2a - Serotonin feceptor -
Receptor regulation - Inverse agonist

Introduction

The 5-HTz receptor subfamily has recently attracted
interest as a possible target for new anxiolytic drug
development. This approach is based on observations
that drugs acting at these receptors have anxiogenic or
anxiolytic properties. For instance, the anxiogenic
properties of mi-chlorophenylpiperazine (mCPP) in rats
(Kennett et al. 1989), pigeons (Gleeson et al. 1989) and
humans (see Kahn et al. 1988; Handley and McBlane
1993; Kennett 1993) have been attributed to its agonist
activity ot 5-HTs-like receptors, mainly the S-HT:c¢
(Kennett 1992; Gibson et al. 1994). One of the novel
putative anxiolytic drugs with antiserotonergic prop-
erties is deramciclane (Gacsilyi et al. 1988, 1996). It
has relatively high affinity for 5-HT3 and 5-HT;¢
receptors, intermediate affinity for sigma receptors and
low or very low affinity for many other neurotrans-
mitter receptors, including other serotonin receptors
subtypes as well as dopamine, adrenergic, GABA,
CCK, benzodiazepine, histamine and NMDA recep-
tors. Deramciclane demonstrates anxiolytic-like activ-
ity in Vogel’s test, social interaction, two-compartment
box and marble burying tests and does not reduce
motor activity at the established anxiolytic doses
{Gacsilyi et al. 1988, submitted). In the present study,
we investigated the interactions of deramciclane
with the 5-HTsc receptors to characterize further the



interactions of deramciclane with the receptor, 1o find
out if deramciclane occupies 5-HTzc receptors after
single-dose administration and whether chronic treat-
ment with deramciclane alters the quantity of 5-HTac
agonist or antagonist binding siles in the rat brain.
Clozapine, known to induce 5-HTyc down-regulation,
was included as & positive control (Hietala et al.
1992).

Materlals and methods
Animals

Mule Sprague-Dawicy mus (Harlan Spraguc-Duwley. Ind.. USA)
weighing 200-250 g were used. Ruis were housed under atandurd
Inboratery conditions {(temperature 21*C; humidity 35 £ 5% lights
on {rom 6.00 a.m. to 6.00 p.m.). Standard peileted foor and tap
water were avpilable ad libilum, Experiments were conducted
according to the European Convention for the Protection of
Vertebruate Animnals Used for Experimental and Other Scientific
Purposes (Finnish Statute Book 1360/90).

Drug trestments

Derameiclane (EGIS Pharmaceuticals. Hungary) was diluted in
0.9% miline and the solution was emulsified with a drop of
Tween 80. Clozapine (Leponex, 25 mg/ml; Sandoz Pharma AG,
Bagle, Switzerland) was used sz commercially avuilable ampoules.
In the chroaic treatment experiment. faur groups of rets {n = 6 in
each group) received SC injections of clompine (25 mg/ky),
deramciclane (0.5 or 10 mg/kg) or an equa! volume (! ml/kg) of
saline (with Tween 80 added) once a day for 14 days. In the recep-
tor occupancy experiment, rats werc given a single dose of ders-
meiclane (0.3 or 10 mg/kg), clompine (25 mg/kg), or an equal
:olume (1 mi/kg) of saline. Doscs refer to the frec base of a given
rug.

Rats were decapliated 68 b (chronic treatmnent experiment) or [ k,
2h. 4h, Bh and 24 h (occupancy experiment) afier the last drug
injection, and the brains were immediately dissecied, frozen on dry
ice and stored at = §0°C for later use. Coronal brain sections were
£t on & cryostal (— 16°C) at 13 ym thickness and thaw-mounted
onto gelatin-cosied glass siides. The thawed sections were then dried
at room \emperature for several heurs and subsequently stored ar
=30°C until used for recepior autoradiography,

5-HYx reteplor mediated phosphoinositide bydrolysis assoy

5-HT-induced phosphoinositide hydrolysis was mcasured in rui
¢horoid plexus a3 previougly described (Kuoppamiki el al. 1993).
Charoid plexi were rupidly dissecied out afier decapitation and a
single choroid plexus {ubout 0.5-1.0 mg wel weight) was placed into
5 ml Krebs-bicarbonate (KRB) buffer {118 mM NaCl, 5.0 mM KCi,
l.3mM CaCl, 1.2mM MgSO,, 1.2mM KH:PO,, 15mM
NaHCOj) conteining 10 mM glucose. KRB buficr was chunged
once before incubation for | h at 37°C in 2 shaking water bath with
two intermedinte changes of buffer. The samples were subscquently
lubeked with | uCi of ["Hmyo-inosital (New England Nucleur,
Boston. Mnxs., USA} for 90 min in the presence of Oy/COx95:5).
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10 tM pargyline and 10 mM lithium wero added and the incuba-
tion was continued for 15 min. The antagonists, il present, were
added at the same time with pargyline and lithium. Thorealter,
S-HT or an equal volume of buller was added to give a finsl vol
ume of 300 i and the samples were Incubated for 30 min. The reac-
tion was stopped by addition of 9401 chloroform/methanol
{1:2 v/v). Alier vortexing und sianding for 15 min, 300 pi ehlorg-
form and 300 11 deionized HyO were ndded and the 1ubes were vor-
texed and centrifuged. A portion (750 ul) of the upper uqueous
phuse conwining water soluble inositol phospheies wus removed
und applied (o a column of Dowex-1 anidn-exchange vesin in the
Jformate form. Free inositol was eluted with 10 m! of 10 mM myo-
inositol, followed by 10 ml of S mM sodium terraborace/50 mM
ammonium formate to clulc glyccroinositol phosphate. Inositol
monophosphate ([P) was eluted with 10 m! of 200 mM emmonium
formaie/0.1 M formic ncid. The first $ ml of inositol monophes-
phate was cluted direclly into scintillution vials. while the additional
Sml was discurded. OptiPhase “Misafe™ 3 (LKB Wallsc, .’
Loughborough. UK) wns used us a scintillution fluid and the ICyo
values were calculuted with the software GruphPad InPlot 4.1
{GraphPad Software, Sun Dicgo, Calif.. USA). .

Receptor autoradiography

For determination of 5-HT3c uniagonist binding (chronic treatment
experimenis), slides were first preincubsted in 170 mM TRIS-HCI
buficr at room temperature for 15 min, then incubaied in 170 mM
TRIS-HCl plus 5 nM [’H]muulergine {Amersham. Little Chalfont.
UK} and 100 nM spipcrone at rgori temperature for 120 min. Non-
specific binding was determimed in the presence of 5 pM methy-
scrgide. Slides were subsequently washed in 0°C 170 mM TRIS-HC)
(2 % 10 min) and dipped in ice-cold deionized water. For determi-
nation of 5-HTye receptor agonist binding, dried, room-tempern-
ture slides were first preincubated in 4 30 mM TRIS-HC! buffer
containing 10 mM MgSQy and 0.1% (wiv) bovine serum atbumin
{BSA) at room wemperature for 10 min to remove endogeaous
serotonin. Slides were then incubated in a similar buffer plus
200 pM ()-1-(2,5-dimethoxy-4{'*IJiodophenyl)-2-aminopropane
(**%)DOI, New England Nuclear, Boston. Mass. USA) and
100 nM spiperone (to block 5-HT21a receptors) at room tempers-
ture for 60 min, Non-specific binding was defined in the presence
of 1 uM methysergide. ARer incubarion, the slided were rinsed in
a similar ice-cold bufler (2 % 10 min) and dipped in ice-cold deion-
ized water to remove sult. For determination of 5-HTy, receplor
binding, the 5-HTyc agonist binding protocol was employed with
the following exceptions: spiperone was excluded from the incy-
bation buffer, and non-specific binding was determined in the pres-
ence of | uM ketanserin instead of § pM methysergide. Thoroughly
dried slides and standards were apposed to X-ray film for 0 h
(('"*1)DO! autoradiography) or 21 days (*H]mesulergine autoradi-
ography) at +4°C in an X-ray film cassette wrapped in plastic for
protection from humidity.

Anelysis of autoradiogruphic imeges

Autorsdiographic images were analyzed on a compuler-assisted
image analyzer (camcra, Humamaisu C3077, Hamamatsu
Photonics, K.K.. Hamemautsu City. Jupun; sofiwure. MCID.
Imaging Rescarch, St Catharines. OI:IIHI'IO. Canuda). For each sam-
plc, analysis began by digitizing an imags of the total ligand bind-
ing. Image densities were then lincarized by calibration against the
densliies produced by the known radivactivities in the siandards
(American Radiolabeled Chemicals, S1 Louis. Miss.. USA). In the
5-HTac receptor autorudiogram. total binding was considered
specific. us aon-specific binding produced n negligible signal on the
film. In the 3-HT:a awordivgrams, the non-specific signul was
subtrucied from the wotal signal an adjacent sections,



Receptor gccupancy measurement

For 5-HT;c receplor occupancy experiments, the above-described
autoradiography protocol was used with the following execptions
to achieve oplimal conditions for 1his type of assay: preincubation
was omitted to maintain the in vivo drug concentrations, the slides
were incubated for 13 min and subsequently wiped off into scintil
Istion vials. For 5-HTa4 reccptor accupancy experiments, 4 nM
PHjketanserin (New Engiand Nuclear, Boston, Mass., USA) was
used as antagonist radioligand and the assays were earried out sim-
ilasly to the S-HTac occupancy experiments, with the exeeption of
the incubation time which, in the 5-HTjs assay, was 20 min. In
* both recepior occupancy assays, for each section, non-specific bind-
ing wes determined for an adjacent scction and then subtracted
from total dinding. The radioactivity in the scintillation vials was
measured by beta-counting (Wallac LKB 1219 Rackbew, Finland)
using OptiFluor-O (Packard. Zurich, Switzerland) scintillation Auid
at 50% efficiency, except in the 5-HT3, receptor binding assay where
OptiPhase “Hisele™ 3 (LKB Wallac. Loughborough, UK) scintil-
lation Buid was used. Computer processing of the binding data
(EBDA {equilibrium binding daia analysis)/LIGAND] was per-
formed as previgusly described (Hietala et al. 1990).

Statistical analysis

Statistical analysis of the data was eurried out by one-way analy-
sis of variance followed by Tukey's 1est for post-hoc analyses. P
value lower than 0.05 was considered signilicant,

Results
5-HT-stimulated phosphoinositide hydrolysis

Results of phosphoinositide hydrolysis studies in
choroid plexus are summarized in Fig. 1a and b
100 nM 5-HT stimulated the sccumulation of inositol
monophosphate (IP) 4- 1o 5-foid over basal values of
about 5000 DPM. Deramciclane antagonized S-HT
(100 nM)-stimulated phosphoinositide hydrolysis, with
an ICyo value of 168 nM (Fig. 1a). Deramciclane did
not stimulate phosphoinositide hydrolysis itself, but
inhibited basal PI hydrolysis by up to 33% with an ECs
value of 90 nM, indicating that deramciclane is a
5-HT;c receptor inverse agonist (Fig. 1b).

EHfect of chronic treatment with deramciclane
on 5-HTaasa2c receptors

The results of autoradiography are summarized in
Fig. 2. Chronic tremtment with either dose (10 or
0.5 mg/kg) of derameiclane did not alter ['*1JDOI or
{*H}mesulergine binding to 5-HTac receptors in the
choroid plexus. In comparison, clozapine treatment
decreased ['P*1JDOI binding to 5-HTac receptors in
the choroid plexus by 32% (P = 0.012) and [’H}mesu-
Ier;ine binding by 53% (P <0.001). The binding of
('*31)DOT 10 5-HT 24 receptors in layer IV of the cere-
bral cortex was not significantly altered by chronic
treatment with either dose regimen of deramciclane,
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Fig. 1 a Inhibition of maximal 5-HT stimulated [H]inositol
monophosphate (["H}TP) accumulation in the rat choroid plexus by
deramciclane. Points represent mean & SEM of one to three inds-
vidua! experiments. b Effctt of derameiclane on basal [PH)IP pro-
duction in the rat choroid plexus. Poinis represent mean £ SEM of
five to cight individua! experiments

whereas clozapine treatment elicited a 71% decrease in
['*[DOI binding to 5-HTaa receptors (P < 0.001).
However, a trend towards reduced S-HTa, binding
following deramciclane treatment was observed; bind-
ing was decreased by 21% (P = 0.074) and 16%
(P = 0.23) by treatment with 0.5 mg/kg and 10 mg/kg,
respectively.

(Buspou) Bupana 1000 )

Fig. 2 Effects of chronic treatments (14 days) with derameiclane
{DER, 10 mg/kp and 0.5 mp/kg SC once daily) and clompine
(CLOZ, 25 mpy/kg SC once daily) on the binding of (*H)mesulergine
and ['*1)DOL to 5-HTac receptors in rat choroid plexus {(apen
and dotred bars, respectively), and of ['P(]JDOI to $-HTaa recep-
tors in rat frontal conex (solid bars). *P < 0.05 compared to the
controf group (CTRL)
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Fig. 3 a 5-HTyc receptor occupancy by dersmciclane and clozap-
ine: a time-course plot of the effects of 0.5 mg/kg (A} and 10 my/ky
(') derameiclane and 25 my/kg clozapine (W) on {*Hjmesulergine
binding to rut charaid plexus 5-HT3¢ receptors. b 5-HTaa receptor
occupancy by deramexcions: s time-course plot of the eficcs of
0.5 mg/kg (A) and 10 mp/kg (W) deramciciane on ["Hjketanserin
binding 1o ral frontal cortex $HT1 receptors

5-HT;c receptor occupancy alter single-dose »
administration of deramciclane and clozapine,
and 5-HT24 receptor occupancy alier single-dose
administration of deramciclane

Total binding per slide (three sections) in the 5-HTac
assay was 1500-2000 DPM, oul of which approxi-
mately 75% was displaceable by 5 uM methysergide.
Total binding in the 5-HT,. assey was 4000-6000
DPM/slide, out of which about §0% was displaceable
by 1uM ketanserin, 5-HTa2a and 5-HTac receptor
occupancy by deramciclane is demonstrated in Fig. 3a
and b. Administration of 0.5 mg/kg and 10 mg/kg der-
amciclane caused a maximal 5-HT;c occupancy of 45%
and 79%, respectively, and the effect was dose-related.
The same doses caused a maximal 5-HT3a receplor
occupuncy of 40% and 78%, respectively. The effect
was dose-related. The reference drug clozapine
(25 mg/kg) elicited a marked and persistent occupancy
of 5-HTac receptors.

Discussion

Derameiclane is a predicted anxiolytic drug under-
going (urther research in early human studies.
Deramciclane binds to the rat 5-HT;c receptor with a
Ki value of 27 M for inhibition of [*H]mesulergine
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binding, and to the rat 5-HT2a receptor, with a K; value -
of 11 nM for inhibition of [H]ketanserin binding
{Gacsdlyi et al., submitted). The present results demon-
state that deramciclane is a 5-HTjc receptor antago-’
nist with an ICsy value of 168 nM for inhibition
of S5-HT stimulated phosphoinositide hydrolysis.
Deramciclane also inhibited basal PI hydrolysis in the
choroid plexus, indicating that it possesses inverse ago-
nist properties at this receptor. Other inverse agonists
of the 5-HTac receptor include the atypicel antipsy-
chotic clozapine (Kuoppam&ki et al. 1994), spiperone,
mesulergine, ketanserin  and the antidepressant
mianserin (Barker et al. 1994). The significance of
inverse agonism is unclear (for review, see Milligan
et al. 1995), but reduction of constitutive activity by *
inverse agonists may contribute to their effects when,
for instance, increased constitutive activity results in
disease (e.z. Shenker £t al. 1993), Consistent with our
previous studies on other 5-HTyc receptor antagonists
(Kuoppamiki et al. 1995, Palvimiki et al. 1996), the
efficacy of deramciclane in displacing antagonist radio-
ligand was 5- to 10-fold higher than its inhibition
potency of PI hydrolysis .

The fact that a compound has high affinity for its
receptor in vitro is not alone indicative of the func-
tional significance of this interaction in vivo upon treat-
ment. The ligand must pass through the blood-brain
barrier and reach-its target in sufficient concentrations
to intersct directly with its receptor. In the present
study, we treated rats with two different doses of der-
amciclane and determined the consequent in vivo
5-HT2a and 5-HT3c receptor occupancies in cortical
and choroid plexus coronal sections, respectively, at
various time points .. .

Deramciclane caused marked occupancy of both
5-HT24 and 5-HTc receptors in vivo after adminis-
tration of doses that are active in anxiolytic tests in
rodents (0.5 and 10 mg/kg), suggesting that antago-
nism at these receptors may be involved in its anxi-
olytic-like properties. The behavioral effects of mCPP
have been suggested to be mediated by a combination
of its agonist activity at 5-HTxc receptors and antag-
onist activity at 5-HTaa receptors (Fiorells et al. 1995).
Moreover, selective 5-HT ;4 receptor antagonists have
been reported not to have an anxiolytic effect nor to
block the anxiogenic action of mCPP (Gardner 1986;
Kennett 1992: Gibson et al. i994). Therefore, the 5-
HT3c receptor seems a likely candidate for mediating
the anxiolytic activity of deramciclane. On the other
hand, as the anti-anxiety models are not categorically
selective of drugs targetting 5-HTa, 5*HT34 or -HTac
receplors (for review, sce Griebel 1995), the 5-HT;,
receptor cannot be ruled out in this context.

As a rule, chronic treatment with agonists or antag-
onists of the 5-HTaa/c receptors leads to receptor
down-regulation (Peroutka and Snyder 1980; Sanders-
Bush and Breeding 1988,1990; Pranzatelli 1991; Hietala
et al. 1992; Barker and Sanders-Bush 1993: Pranzatelli



et al. 1993). However, many potent antagonists fail to
elicit this eflect (e.g. Kuoppamaki et al. 1994) and some
have an opposite effect (Rinaldi-Carmona et al. 1993;
Rocha et al. 1994). Furthermore, the regulation of 5-
HT3c receptors can be region-specific (e.g. Rocha et al.
1994) and may be brought ubout by indirect drug eflects
(Laakso et al. 1996). In the present study, we found
that chronic treatment with deramciclane did not alter
5-HT3a or 5-HT;c receptor agonist or antagonist bind-
ing characteristics in the rat brain. whereas the refer-
ence drug clozapine elicited a marked decrease of both
agonist and antagonist binding to 5-HT ;4 and 5-HTac
receptors. The effects of clozapine are in accordance
with previous studies, and thus validate the methods
used in the present investigution (Kuoppamiki et al.
1994),

Altered receptor gene expression is apparently not
involved in drug-induced 5-HTac receptor regulation
(Roth et al. 1990; Barker and Sanders-Bush 1993), but
phosphorylation of the 5-HTac receptor may be nec-
essary for receptor desensitization. Increased basal
phosphorylation leads to 5-HT 3¢ receptor desensitiza-
tion (Westphal et al. 1995) and dephosphorylation of
the receptor may counteract protein kinase C-mediated
desensitization {Boddeke et al. 1993). Therefore, direct
effects on receptor phosphorylation might account for
the ability of certain drugs to induce 3-HTc receptor
down-regulation. However, mianserin has no effect on
5-HT3¢ receptor phosphorylation on its own, although
it does block the serotonin-induced increase (Westphal
et al. 1995). Whether clozapine has direct effects on
5-HT3c receptor phosphorylation is unknown. Since
the inverse agonists clozapine and mianserin induce
5-HTac receptor down-regulation in vivo (Roth et al.
1991; Kuoppamaki et al. 1994: Rocha et al. 1995), it
might be suggested that inverse agonism is prediclive
of 5-HTac receptor down-regulation, However,
Labrecque et al. (1995), using 5-HTac receptor - tran-
fected cells, found that inverse agonism is not predic-
tive of the ability of a compound to cause 5-HTyc
receptor down-regulation. Furthermore, the present
data provide evidence that marked receptor occupancy
in vivo during chronic treatment by an inverse agonist
is not sufficient to induce 5-HTac receptor down-reg-
ulation in the choroid plexus.

Since the occupancy of 5-HT,¢ receptors by deram-
ciclane is relatively short-lived. it might be conceived
thal in order 1o see down-regulation. a more sustained
occupancy should be acquired. Indeed. the present data
show that the 5-HTac occupancy after administration
of 25 mg/kg clozapine is more persistent compared to
that after deramciclane administration. Clozapine
25 mg/kg was, however, included solely as a potitive
control in this study, and no attempt was made to find
doses resulting in similar recepior occupancy. In a pre-
vious study, we found that the |10 mg/kg clozapine dose
udministered once daily for 14 days was sufficient 10
cause a 49% down-regulation of the 5-HTac receptor,
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as measured by methods identical to those used in .
the present investigation (Kuoppamiki et al. 1994).
Baldessarini et al. (1993) found that the elimination
half-life of clozapine in the rat brain is 1.5 b, and that
12 h after administration of a single dose of 10 mg/kg
IP, neither clozapine nor its main metabolites were
detectable in rat brain. This suggests that after 10 mg/kg
clozapine, the receptor occupancy may be shorter-lived.
We propose that the diflerential regulation of the
5-HT3c receptor by clozapine and deramciclane is
unlikely to be explained by pharmacokinetics, but
further occupancy determinations and perhaps more
frequent administration of deramciciane upon chronic
treatment are needed to conclude on this matter.

In summary, the principle findings of the present
investigation are the following: 1) The putative anxio-
lytic deramciclane is a 5-HT;¢ réceptor antagonist with
inverse agonist properties; 2) single-dose administra-
tion of deramciclane at anxiolytic doses results in
marked in vivo occupancy of 5-HTac (and 5-HT3a)
receptors in the rat brain; 3) chronic treatment (14-days,
once daily, SC) with deramciclane (10 mg/kg and
0.5 mg/kg) does not alter the quantity of 5-HT;¢ recep-
tor agonist or antagonist radioligand binding in the rat
choroid plexus. . .

.
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Abstract: Central nervous systeam (CNS) selective amino acid transporters
provide an important function in maintaining tonic extraceliular levels of amino
acids that act as neurotransmitters, synaptic modulators or neurotransmitter
pracursors. Small molecule inhibitors of these transporters have been
postulated and in some cases demonstrated \q be useful in the treatment of
a mnge of CNS driven disarders such as epilepsy, anxiety, psychosis, depre-

ssion, pain and neurodegenerative disease. Although much of the research to date in this field
has focussed on inhibition of the y-amino butyric acid (GABA) transporters more recent repoits
have also ganerated intarast in modulation of glycine, glutamate and prolina transporters. This
article will review the current medicinal chemistry literature and structure activity relallonsh:ps
known for mammalian CNS selective amino acid transporters.

Introduction

The uptake of amino acids into mammalian cells is
mediated by energy dependent and passive
transporters. These transporters dre characterised by
their general ability to transport amino acids in a
stereoselective fashion with broad substrate specificity.
Amino acid transporters in the cantral nervous system
{CNS) malntain tonic extracellular leve!s of amino acids
that act as neourotransmitters (or precursors to
neurctransmitters) or synaptic modulators. Thair role In
maintaining intra and extra cellular CNS amino acid
homeostasis is critical In preventing neurotoxicity by

ving neurolransmitter-amino acids from synaptic
5 and also by providing a supply of precursors in
the CNS.

Recent advances in the molecular biological aspects
of plasma membrane amino acld transporters have
been extensively reviewed [1, 2]. More informalion

about their structure, function and lissue distribution is .

discovered on a ragular basis. Breakthrough's in the
identification of subtypes of classes of CNS amino acid
transporters has fuelled further medicinal chemistry
research to find selective inhibitors as potential new
maedicines lor a range of CNS driven diseases such as
epilepsy, anxiety, psychosis, depression, pain and
neurodegenerative disease.
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The aim of this review is to provide the reader with
an overview of key medicinal chemistry advances in the
development of CNS amino acid transport inhibitors.
Each class of transporter will be reviewed in tum
covering those that are expressad in CNS tissue — y-

«~Amino butyric acid (GABA) transporters, glutamate
transportars, glycine transporters, proline transporter,
laurine transporter and the brain specific cationic amino
acid transporter.

vy-Amino butyric acid

(GABA)
Transporters

The GABA transporters lorm part of the superfamily
of sodium and chioride dependent neurstransmitter
transporters. The rat and human brain GABA
transporter (GAT-1) was one of the first transporters of
this family to be cloned in 1990 and was the starting
point tor the isolation of related cONA constituting this
supertamily {1]. The GABA transporters, like all
transporters of this superfamily, are proteins with a 12-
membrane spanning domain topology. Four
mammalian GABA transporters have bean cloned to
date from mouse, rat and human brain [2]. They
possess a high level of sequence homology but vary in
their tissue distribution and pharmacological properties.
The murine clones are referred to as mGAT-1, MGAT-2,
mGAT-3 and mGAT-4, however, they-correspond to
the human (and rat) homoigues hGAT-1, hBGT-1,
hGAT-2 and hGAT-3 respectively in nomenclature
terms {3]. mGAT-1 (hnGAT-1) and mGAT-4 (hGAT-3) are
high affinity neuronal GABA transporters and are found

© 2000 Bentham Science Publishers B.V.
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specifically in tha CNS, mGAT-3 (hGAT-2) Is a moderate
affinity GABA transporter with primarily a gilal
distribution in the brain but Is also expressed in liver
and kidney. mGAT-2 (hBGT-1) is a low affinity GABA
transporter that also transporis the osmoiyte betaine,
mGAT-2 (hBGT-1) has primarily a glial distribution in the
brain but is also axpressed in liver and kidney [1).

Inhibltion of GABA transporters has been a
succassful strategy in the treatment of epilepsy as
demonstrated with the launch of Tiagabine (14) (Novo
Nordisk) in 1996. GABA transporter inhibitors have also
been Implicated for use as analgesics, anxiolytics, and
hypnatics and In the treatment of muscle movament
disorders, depression and psychosis {4, 5, 6]. Recenl
studies have also indicated their potantial as anti-
tussive agents (7).

Madicinal chemistry research into GABA
transporters is the most eslablished of all the aming
acid transponer classes and has periodically been
covered In general GABA medicinal chemistry raview
articles [8, 8, 10]. The first major breakthrough in GABA
transport research came when it was found that the
heterocyclic amino acids, nipecotic acid (1) and
guvacine (2) were potent inhibitors of GABA uptake
(ICsp = 9 and B8 uM respectively) whilst the simple N-
methyl analogue of guvacine, arecaldine (3), was
considerably less potent (ICsg = 122 uM) [11]. Nipecotic
acid and guvacine have subsequently been shown to
be Inhibitors of both neuronal and glial GABA uptake
with some selectivity for the glial system [8] and no
affinity for GABA receptors. Whilst (1) and {2) are
inhibitors of GABA transpori they are also substrates
which can complicate interpretation of pharmacological
data [10].

SMOA
H

d !

SAR studie$ with simple acyclic analogues of GABA
lead to Inhibitors of GABA uptake in rat brain sfices,
however, they showed little selectivity for transport
inhibltion over inhibition of GABA binding In rat brain
[12]. The GABA analogues DABA (4) and ACHC (5) are
selactive inhibitors of neuronal GABA uptake and there

is some evidence that they also acts as a substrates (8.
13].
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SAR studies have also been carried out based o
variation of the heterocyclic ring structura found in (1
and (2). Attempts were made to produce imeversibi
lransport inhibitors to further probe blochemics
tunction by introducing thiol and epoxide functigaalin
to the heteracyclic ring, however, this led to on‘n
weak inhibitors [14]. Attempts to Improve inhibito
potency by decreasing or increasing heterocyclic ring
size were unsuccessful, as wes the Introduction o
amino, Methyl ar phenyl groups onto (1) [9, 15, 16, 17
18]. Transposing the carboxylic acid molety from C-3 tc
C-4 of the hetarocyclic ring also proved to be ar
unsuccessful strategy .[8, 15, 16, 17], howaver,
appending an acelic acid group to pyrolidine to give
homo-f-proline (6) ylelded a potent inhibitor of QABA
uptake (ICsq =2.5 uM) which aleo had significant affinity
for GABA, receptors [9, 18). One compound worthy of
mention from this series !s cls-4-hydroxypiperidine-3-
carboxylic acid (7). This compound retains potent
inhibitory properties (ICsp = 11 uM) [17]) of GABA
uptake and has been shown to be selective for the glla)
system [9]. Interestingly, the related c/s-5-hydroxy
analogue (8) and the trans-4-hydroxy analogugaf9)
were inactive. X-ray crystallography and NMR s‘a‘
subsequently showed that (7) possesses an essentlal
axial hydroxyl group whilst (8) and (8) have equatorially
aligned hydroxy! groups [9, 19].

”~
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iohibitors of Amino Acid Transportars

Bloisosteric replacements for the carboxylic acid
functionality in (1) have racently bean reportad [20]

- with the phosphinic acid analogue (10} retaining

uptake inhibitory activity (ICGsg = 24 uM). Bioisosteric
carboxylic acid replacements have also bean used to
address the pharmacokinetic problems assoclated with
(1) and (2). Nipecotic acid (1) and guvacine (2) both
suffer from poor blood brain barrier penetration upon
systamic administration due to the fact that at
physiclogical pH they exist in fully zwitterlonic forms (8,
10]. The bioisosteric anaiogue THPO (11) overcomes
this problem to some extent as it penetrates the brain
upon systamic administration [8]). THPO (11) is highly
selective glial uptake inhibitor (ICsp = 160 uM) that has
been shown riot to act as a substrate at the transporteg
(8. 13, 21]. The corrasponding isothiazole to {11) is
less active as are regioisomeric analoguaes of (11) [21].
Classical approaches to improve blood brain barrier
panetration using lipophillc ester prodrugs of (1) met
with limited success. The ethyl and pivaloyloxymethyl
asters of (1) demonstrated in vivo activily in seizure
models upon systemic administration, however, the
weak cholinergic side-effects seen with the ethyl ester
of (1) seam to have precluded their further
deveiopment [6, 8].

Exciting advences in medicinal chamistry GABA
transport research were made in the sarly 1980°’s when
workers at Smith Kline and French discovered that
appending bulky lipophilic side chains to the nitrogen
atoms of known GABA uptake inhibitors such as (1)
and (2) led to marked increases in inhibitory potency in
vilro {22]. SKF 89976-A (12) has an inhibitory ICsq of
0.2 uM in a brain synaptosome assay and does not act
as a substrate at the transporfer or have affinity for
GABA receptors {10, 22]. It has improved
pharmacokinelic properties by virtue of increased
lipophilicity {log D 1.14 compared lo -2.66 for (1)) and
appears to readily efter the CNS as It protects rodents
from bicuculline induced seizures when dosed orally
[22). SAR studies on (12) indicaled that varying the
side chain length or removing the double bond led to
losses in inhibitory activity [22].

Subsequently, several groups have appendsd
lipophific side chains to known GABA uptake inhibitors
to iry and improve potency and pharmacokinelic
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parameters. The 4,4-diphenyl-3-butenyl * (DPB)
substituted THPO derivatives showed improved
potency over THPO (ICsq = 7 uM compared to 160 KM
for THPO) [13] and whilst DPB substituted GABA (ICsp
= 16.5 uM) is weaker as an inhibitar than GABA [22] this
potency can be regained by subsaquent N-methylation
of DPB GABA (ICsg = 4 uM) (23]

[

Workers at Parke-Davis reported on a series of N-
(benzhydryl ethyl ether) derivatives of (1} and (2) (24).
Extensive SAR studies were carried out to probe chain
length, spacer groups and aromatic substitution
pattems. This work led ultimately to the discovery of the
potent lipophllic Inhibitor CI-966 (13) (ICsq = 0.34 uM)
which like {12) also inhibited seizures in vivo upon oral
dosing [24, 25). The compound was progressed to- the
clinic where unfortunately it demonstrated severe
adverse CNS symptoms such as memory deficits,
myacionus and- tremors, unresponsivenass and
subsequent severe psychological disturbances [22,
26). For these reasons clinical trials with CI-96€ (13)
were terminated.
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The most successful compound to come out of
GABA transport research to date arose from work
carried out at Novo Nordisk. Once again lipophilic N-
substituants were addsd to nipecotic acld (1) to give a
range of 4.4-diaryl or 4,4-diheteroarylbuteny!
derivatives {27]. One of the most potaent analogues,
Tiagabine (NO-328) (14) (ICsq = 0.067 uM},
demonstrated anticonvulsant activity in mice following
i.p. administration at low doses. One key observation
from the SAR study carried out at Novo Nordisk was the
requirement for an ortho or pseudo ortho substituent in
the aryl or heteroaryl rings to glve potent levels of
Inhibition {27). Tlagabine (14) has subsaquently been
progressed through the clinic and was launched in
1996 for the treatment of specific types of epilepsy.
Tiagablne has been shown to be 80% orally
bioavallable In man with a haf-life of 3.8-9 hours
requiring 2-4 times daily administration {28). Novo
Nordisk have also recently patented a range of
lipophilic N-gubstituted ethers [29] and oxime ethers
[30] of (1) and (2) and N-substituted lipophllic carboline
derivatives of 4-phenyl piperidines [31]) as GABA
uptake inhibitors, some of which are believed lo be in
preclinical developmant. The oxime ether NNC-711
(15) Is one of the mast patent known inhibitors to date
(ICsq = 0.047 uM) and demonstrates protective efficacy
against seizures in vivo [32).

WCOgH

Inspired by the advances made In aHinity for
lipophilic N-substituted derivatives of (1) and (2),
several groups investigated the elfects of appending
lipophilic functionality to other” pasitions on the
heterocyclic amino acld core. A range of S-substituted
derivatives of (3) have been reported (6, 33] with the 5-
benzhydryiidede analogue (16) retaining reasonable
inhibitory activity (K) = 13 uM). Interestingly the N-
demethylated version of (16) was considerably less
active (K, = 104uM) (6]. The 6-(1,1-diphenylipropyl)
substiiuted guvacine analogue (17) was synthesised
after a pharmacophore model based on all known
GABA Inhibitors at that time had predicted it would be a
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potent inhibitor of GABA lransport (34]. The model
proved successful as (17) is a potent Inhibltor (ICgq =
0.1 uM), however, It lacks any /n vivo activity In selzure
models. This lack of in vivo activity has been attributed
to the inability of (17} 10 cross the blood brain barrer
due to its Increased hydrogen bending capability
compared to tertiary amino analogues [34). Attempts to
imprave potency by appending lipophillc ethers at the
6 position of (2) were unsuccessful [35), Workers at
Synaplic reported on a series of conformationally
restricted analogues of (1), which were designed using
the previously described pharmacophore model [34,
36]. The quinclizidine compounds such as (18) wera
shown lo anly be weak Inhibitors Indicating that the
lipophilic side chains present in (12-14) may bind to
the transporter in thelr fully extended conformation
[36). Spirocyclic analogues of (1) retain moderate
affinity as GABA transport inhibitors with (18} having a

ICxp = 42 uM {37). |.

Several non-heteracyclic amino acid_derlvatives
have been reparted to be inhibitors of GABA transport.
The anticonvulsant, stiripentol (20) Is a moderate -
potency Inhibitor (ICgq = 50 uM) [38] as are the
quinolizine derivatives exemplified by (21) {ICso = 8.5
M) [38]. The bicycloheptane derivative EGYT 3888
{22) acts as an anticonvulsant in vivo and dispiays
moderate non-compaetitive inhibition of GABA transport
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{iCsg = 19-44 pM) {40]). EGYT 3886 is apparently in
phase ll trials.

Recent advances in GABA transport inhibition have
focussed on the search for selective inhibitors of the
cloned mammalian transporters in an atiempt to further
unravel their potential as therapeutic targets. Workers
at Synaptic have described the potency of many known
inhibitors at cloned mammalian GABA transporters {41,
42) (Table 1). The lipophilic derivatives, (12, 13, 14),
are all highly selective for hGAT-1 suggesting that their
anticonvulsant activity is mediated via Inhibition of this
transporter. The Synaptic team went on to discover (S)-
SNAP-5114 (23), a selective inhibilor of hGAT-3 (Table
1), from a set of compounds designed around (22),
and SNAP-5294 (24), a selactive inhibitor of rGAT-2
(Table 1) [41,42). Workers at Novo Nordisk have
reported a selective mGAT-2 (hBGT-1) inhibitor, NNC
05-2090 (25) [3]}, and have patented a serles of mMGAT-

4 (hGAT-3) inhibitors based on similar structures to (25)
[31]. NNC 05-2090 (25) has a K; = 1.4 pM at mGAT-2
and is 10-30 fold selective over the other GABA
transporters {3]. Future in vivo studies titilising subtype
seloctive GAT inhibitors will atiow their pharmacological
and physiological role to be probed further.

Glycine Transporters

The glycine trarisporiers also- form part of the,
superfamily of sodium and chloride dependent
neurotransmitter transporters, Two glycine transporter
genes have been identified to date which give rise to
two transporters with approximately 50% amino acid
sequence homology. GLYT1 has thres variams (1a, 1b,
1¢) arising from alternative splicing and human GLYT2
exists only in one form [1]. GLYT1 and GLYT2 .
transporters are distinct from the classical system A,

Table 1, Potency of Compounds at Cloned GABA Transporters (ICsg pM) [41, 42]

careae e B s )

L]

(R. 8)-(1) 8 » 108 AT
(A1) B 1 51 00
1S 118 % 220 8410
@ . " 2 19 ) 1670
(12) ‘. a13 55 . 1990 . 7210
(13) Q26 1200 a0 0
(14) 007 1410 a7 - 1670
@) -] ] < . 2
(23) 88 2 B 5 10
(24) 133 51 142 27% at 100 pM
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ASC and 'imino' transporters which have broad
substrate affinity and seleclivity whareas GLYT
transportars are more specific and are expressed In
ditferent reglons of the body [2]. GLYT1 is expressed
centrally and peripherally whilst GLYT2 has a CNS
specific distribution [1). The expreasion of GLYT2 is
consigtant with the distribution of the inhibitory glycine
receptor and neurones ol high glycine content (spina!
cord, auditory asystem). GLYT2 is located axonally at
presynaplic terminais whereas GLYT1 has
predominantly a glial distribution [1]. GLYT1 I8 not only
expressed in areas corresponding to strychnine-
sensitive and sirychnine-insensitive glycine receptors
but also outwith these areas. The role of GLYT1 in
thess areas has been postulated to involve modulation
of NMDA recaptor function or non-strychnine-sensitive
glycine receptors [1]. Inhibition of the glycine
trangporter has been hypothesised to be useful in the
treatment ol epilepsy and pain directly and of
schizophrenia and dementia via modulation of NMDA
receptor tunction {43, 44].

There are only a few reports of glycine transpont
inhibitors in the literature. Simple substrate specificity
and potency has been reported by several groups and
has been summarised {1]. Giycine acls as a moderata
affinity substrate ai both GLYT1 and GLYT2 (K = ~20-
S0 pM). GLYT1 is Inhibited by sarcosine (N-methyl
glycine) (K; <100 puM) but alanine, GABA, serine,
glycine esters, glutamate and proline have no affinity
{1, 45). In contrast GLYT2 is not inhibited by sarcosine,
alanine, B-alanine, serine, cysteine, glycine esters or A-
methylaminoisobutyric acid [1, 46).

]'mphlx pl!armaceuticals have racently patented two
serias of glycine transpon inhibitors based on lipophilic
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angiogues o! sarcosine and lipophilic piperidine N-
acefic acid derivatives [43, 44). The lipophllic sarcosine
derivative (26) has reported to be a potent (K; = 0.005
BM) and selective GLYT1 inhibitor [47).

®

~

F
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Proline Transporter

The proline transportar (PROT) is another member
of the superfamily of sodium and chloride dependent
naurotransmitter transportars. It has a CNS specific
tissue distribution baing found In the oltactory bulb,
carebral cortex and hippocampus [1]. The PROT
transporter is distinct from the classical system ‘imino’
transportars which have broad subsirate affinity and
selectivity. It has approximately 45% sequence
homology to the related glycine transporters [1].

Only simple Inhibitors and substrates for PROT have
been reported to date. L-Proline is a high affinity
substrate (K, = ~10 xM) whilst L-pipecolic acid (27) (K
= 14 uM), sarcosine (K; = 30 pM) and 3.,4-
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dehydroproline {28) (K; = 31 uM) act as Inhibitors {48].
Other moderately potent inhibitors of PROT inctude
norleucine, phenylalanine, histidine and cysteine, but
many other amino acids show no affinity [48].
Interestingly, N-methyl and N-acetyl derivatives of
proline are inactive as are the carboxylic ester
derivatives (48,48]. More recently enkephalin$ and
their analogues have baen shown (o be potent
inhibitors of PROT with des-Tyr-Leu-enkephalin having
an ICsq = 0.26 uM [S0). It is still unclear as to the role of
PROT in the CNS, however, circumstantial svidence
implicates L-proline as a putative synaptic regulatory
molecule [1].

Taurine Transporter

The finel membar of the supsrfamily of sodium and
chloride dependant neurotransmitter transporters
worthy of mention is the Taurine tranaporter, TAUT.
Although the expression of TAUT is widespread
throughout the body it is found in the brain along with
an abundance of taurine which may suggest a specific
tunction of TAUT in the CNS {1, 2]. TAUT has a high
sequance homoiogy {~60-70%) with BGT-1 and has a
high affinity for the transport of taurine (29) (Kqy, = <10
uM). TAUT has moderate affinity for the transport of B-
alanine {Ky, = ~60 uM) and Is inhibited by hypotaurine
(30) (K= <10 xM). GABA, alanine, glycine and prolina

- have alt been shown to lack affinity for TAUT [1, 51].

- amino acid transporters (CAT-1,

Cationic Amino Acid Transporters

Four mammalian genes defining a family of cationic
2, -3, -4) have bean

identified. CAT-1, CAT-2a, CAT-2b and CAT-4 have
been reported to have a widely expressed lissue -
distribution, however, the remaining transporter CAT-3
has been shown to have a brain specific expression in
rat and mouse [1]. CAT-3 exhibils a 53-58% amino acid
sequence homology with CAT-1, CAT-2a and CAT-2b.
It is related to the common cationic amino acid °

. transporter group y* and is believed to exist stnicturally

in a simiar fashion to mCAT-1 that has been postulated
to exist with a 12 or 14 trans-membrane topology [1].
CAT-3 tvransports L-arginine {Kq; = ~100 uM) as a
substrate in a sodium and chloride indepandent
mannar. It also transpons L-lysine (K, = ~150 gM} and
L-ornithine (Kqm = -150 uM) [1, 52].. Although the
specific role of CAT-3 in the CNS Is as yet undefined, it
is known that cationic amino ‘acids are required for
protein and urea synthesis {arginine) and as precursors
for'the synthesls of bioactive molecules such as nitric
oxide, urea and polyamines {(arginine and omithine
respectwaly) [1]. Hence, CAT-3 may have a CNS
specific role in the provision of these key blochemlcal
entmes

No CAT-3 specilic {nhibitors have been reported to
date, however, moderately potent general inhibitors of
arginine transport such as the guanylhyrazone (31)
(ICsg = 10-50 uM) have been disclosed {53].

Glutamate Transporters

CNS giutamate transportars, their substrates and
compelitive inhibitors have recently been reviewad in
detail (54). Glutamate transporters form part of the
superlamily of sodium dependent tranaporters for
anionic and zwitterionic amino acids which have baen
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postulated to have a substrate (amino acid and
sodium}-gated chloride channe!l mode of action in
addition to their transport role (1]. Five giutamala or
anionic amino acid transporters have been identified
and labelled excitatory amino acld transporters (EAAT
1-5) {1, 54]. EAATs 1-5 show a sodium and potassium
dependent transport and are likely to be neural and
nonneural variants of the anionic amino acid transport
systam X'ag. With the possible exceplion of EAAT-5
the transport mechanism has been shown to be
slectrogenic with glutamate being co-transportad with
2 or 3 sodium ions and an optional proton with counter-
transport of a potassium ion and an optional hydroxyl
anion {1]. Their topology is not fully defined with
models suggesling 6-10 transmembrane domains
consisting of a-helices and f§-sheets. EAAT 1-5 show
36-65% amino acid homology with each other and have
varying lissue distributions. Human EAAT-1, 3 and 4
are exprassed in the brain and other lissues, EAAT-2 is
brain specific whilst EAAT-S is expressed in the retina.
EAAT-1 and 2 are present in astroglial cells wheraas
EAAT-3 is present in neurons. {1). In terms of
apptication to the treatment of CNS disease, inhibition
of Ylutamate transport may prove useful in the
treatment of schizophrania by improving giutamatergic
function {55], howaver the excitotoxic potential in
raising glutamate levels is always present [54).

Simple substrates for EAATs 1-5 are the anionic
amino acids L-giutamale and L- or D-aspartate. EAATS
1, 2, 3. and 5 have moderate alfinily (Ky, = 10-64 pM)
and EAAT-4 has a high affinily for these substrates (Km
= 2-3 uM) [1]. Simple structure aclivity relationships
indicated that c-amino acids with a second acidic group
2-4 carbons away lrom the a-carboxyl moiely ware
competitive inhibilors {S4). The nature of the second
acidic group has been varied and led to some selective
inhibitors being identified. L-aspartate-B-hydroxamate
(32) has some selectivity for neuronal EAAT-3 (K; =
133 uM compared lo 369 and 184 .M for EAAT 1 and 2

- . Richard .E.Ann.

respectively), L-serine-O-suitate (33) has some
selectivity for EAAT-1 (K; = 107 uM compared to 115;
and 150 uM for EAAT 2 and 3 respactively} and L-q-
aminoadipic acid {34) has good selectivity for EAAT-4
as a substrate (K, = 168 uM at EAAT-4 and >1mM ai
EAAT 1-3) [54]. The addition of substituent groups tg
the B and v positions of the side chain in aspartate and
glutamate has yielded some interesting analogues. {.-8-
Thrao-hydroxyaspariate (35) (and the corresponding
D- isomer) are substrates for EAAT-1-4 but act as an
inhibitor at EAAT-S (K; ~ 1 uM). Hydroxy ester and ether
derivatives of (35) have been reported which vary in
their pharmacological profile [56, 57]. Alkyl substituted
hydroxy esters of (35) act as substrates whereas.the
benzoate and 1-naphthoats esters are moderately
potent inhibitors of EAAT-1. The benzyl ether
derivalive (36) is a potent inhibitor of EAAT-1 and 2 (K;
= 9 and 0.1 uM respectively) that also has some weak
affinity for NMDA and kainate receptors [54, 56, 57).
The f-methyl derivative L-thrgeo-3-methyi glutama
(37) shows no afflnity far EAAT-1 but acis as
inhibitor at EAAT-2 (K;= 18 uM) whereas the
correspending erythro isomer has no affinity for sither
transporter (54, 58]. The y-mathyl derivative (2S, 4R)-
4-methylgiutamate (38) acts as a substrate at EAAT-1
but as an inhibitor at EAAT with K; = 3.4 uM, however, it
is also a potent kainate receptor agonist {54, 58].

Contormationally constrained cyclic glutamate
derivatives have also been invastigated as potential
inhibitors of glutamate transport. The cyclopropyl
analogue (38) is a potent inhibitor of glutamate
transport (EAAT-1 Ki= 7.5 uM, EAAT-2 K; = 2.5 uM,
EAAT-3 K; = 10 uM) whilst related stereclsomers tend
10 be less potent [S4, 58}. The cis-cyclobuty! analogue
(40) shows moderate inhibitory action (EAAT-1 K; =
120 uM, EAAT-2 K; = 6860 uM, EAAT-1 K= 244 uM)
whilst the corresponding trans isomer is inacllve [54
Pyrrolidine dicarboxylate darfvative medicinal chemlslrb
research has yielded some of the most interesting

—
NH, NH,
o\
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.lpounds to date. Kainic acid (41) and the reduced
analogue dihydrokainate {42) act as speciflc inhibitors
(K, ~ 10-80 uM) of EAAT-2 with no appreciable affinity
for other EAATs and more interestingly {(42) has
reduced affinily for AMPA and kainate receptors
compared to (41) [1, 54]. The 2.4 dicarboxylate
darivative, L-lrans-2,4-PDC (43) acts as a substrate at
EAAT-1-4 with similar potency to L-glutamate,
however, it acls as a potent inhibitor of EAAT-5 (K; =
6.2 uM) [S4, 60). In an attempt 1o constrain the
somewhat flexible pyrrolidine ring in (43), the bicyclic
analogues (44) and (45) were synthasised [54, 61).
Both (44) and (45) show promise as potent modulators
of glutamals iransport with (44) showing potent
inhibition of EAAT-2 (K, = 1.8 uM) whereas (45) acls as
@ moderately potent substrate for EAAT-2 (Ky = 45
uM). The relaled 2,3 pymolidine dicarboxylate analogue
(481 is a potent inhibitor of EAAT-2 (K; ~ 10 uM) but has
li ctivity at EAAT-1 or 3; however the use of (46) as
a pharmacologlcal tool may be hampered by its
excitotoxic side- effects mediated though excitatory
amino acid ionotropic receptors [54].

Conclusions

The use of amino acid transport inhlbitors as
effactive madicines has now been demonstrated by
Tiagabine (14). With the recent advances In malecular
biology, medicinal chemists will be able to target
transporter subtypes to generate potent and selective
chemical entities to probe pharmacological and
physiolagical function of CNS specific amino acid
ransporters. Improvements in pharmacokinetic
sarameters will in tum hopelully provide suitable
;andidales to progress into the clinic with the aim of

BNEDOCYY «XP , _O3700BA . |>

treating a wide rangs of psychiatric, neurodagenerahve
and CNS driven disorders.
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Como resultado del examen de forma, realizado con fundamento el articulo 38 de la Decisidn 486 de la
Comisién de la Comunidad Andina, articulo 27 del Tratado de Cooperacién en Materia de Patentes (PCT),
regla 51 bis del Reglamento y Circular Unica de la Superintendencia de Industia y Comercio, se le
comunica que:

¢ Deserelcaso, la solicitud debe contener la traduccion de los del reporis de examen preliminar
intemacional (Art. 36.2.b) del tratado PCT).

o La solicitud no contiene la copia del documento en que consta la cesion del derecho a la patente del
inventor al solicitante o a su causante. (Art. 26-k) Decision 486).

o El solicitante debe presentar un nuevo fitulo que permita identificar la materia de Ia cual trata Ia
solicitud, ya que el titulo relacionado no resulta lo suficientemente descriptive como para identificar
claramente el objeto de la solicitud de patente. (Regla 4.3 PCT, Art 26-27 D-486, Circular Unica 5.2.9).

En cumplimiento de lo dispuesto por el articulo 39 de la Decision 486, se le requiere para que dentro del
término de dos meses siguientes a la fecha de notificacién del presente oficio, complete los requisitos
anteriomente enunciados. En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerara abandonada y perdera su prelacion.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del capltulo quinto del
titulo primero de la Circular Unica N° 10 de 2001.
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El anterior requerimiento fue nofificado por fijacion en lista de fecha,
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