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Antidyskinetic Drug
5-HT,, Receptor Agonist
Dopamine D2 Receptor Ligand
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CAS: 351862-32-3 (as free base)
EN: 257398

Abstract

The treatment of Parkinson’s disease with levodopa
is associated with the development of dyskinesias, or
involuntary movements. The risk increases with increas-
ing duration of treatment. Sarizotan exhibits dual 5-HT, ,
receptor agonism and dopamine D2 receptor ligand
activity and is in development for the treatment of dyski-
nesia associated with Parkinson’s disease. In an animal
model of Parkinson’s disease, sarizotan reduced levo-
dopa-induced choreiform dyskinesias in monkeys by up
to 90% without diminishing the antiparkinsonian efficacy
of levodopa. In hemiparkinsonian rats, sarizotan effec-
tively reduced the abnormal involuntary movements,
dystonia and contralateral rotations associated with
chronic levodopa therapy. In an initial proof-of-concept
study in patients with moderate to advanced Parkinson’s
disease, sarizotan significantly reduced levodopa-
induced dyskinesias in a within-patient comparison. The
efficacy of sarizotan was further demonstrated in an
open-label study in which there was a significant
increase between baseline and the final treatment visit in
the percent “on” time without dyskinesia. This benefit
was maintained in a 1-year follow-up. Sarizotan has
been well tolerated in clinical studies to date.

Synthesis

Optical resolution of commercially available racemic
2-(aminomethyl)-3,4-dihydro-2H-1-benzopyran (1) through
the formation of the diastereomeric salt with N-tosyl-L-
proline (ll), followed by crystallization, yields the (R)-
enantiomer (lll) (1, 2). Alkylation of intermediate (lll) can
be performed either with 3-(chloromethyl)-5-(4-fluo-
rophenyl)pyridine (IV) in the presence of N-methylmor-
pholine in DMF (1) or alternatively through a reductive
alkylation with 5-(4-fluorophenyl)pyridine-3-carbaldehyde
(V) and NaBH, in H,O/EtOH (2). Scheme 1.

Background

Parkinson’s disease is a progressive neurodegenera-
tive disorder characterized by bradykinesia, resting
tremor, rigidity and postural instability. The clinical symp-
toms of Parkinson’s disease result from degenerative
changes in the substantia nigra and a resulting loss of
dopamine-producing cells in the brain. The loss of motor
control is mainly attributable to the loss of dopamine con-
tent in the nigrostriatal neurons, and the dopaminergic
agent levodopa is the mainstay of pharmacological treat-
ment for Parkinson’s disease (3, 4). However, treatment
with levodopa is associated with the development of
dyskinesias, or involuntary movements. Estimates from
the literature reveal that the risk of experiencing motor
complications and of developing dyskinesias was approx-
imately 40% in patients treated with levodopa therapy for
4-6 years (5), and dyskinesias may impact the quality of
life and increase healthcare costs in patients with
Parkinson’s disease (6).

Sarizotan (EMD-128130, EMR-62225) is a chromane
derivative that exhibits dual 5-HT, , receptor agonism and
dopamine receptor antagonism/partial agonism (7, 8).
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Scheme 1: Synthesis of Sarizotan
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The compound was initially developed for the treatment
of schizophrenia but is now in phase Il clinical trials for
the treatment of dyskinesia associated with Parkinson’s
disease (9).

Preclinical Pharmacology

In vitro, sarizotan demonstrated high binding affinity for
human dopamine D2, D3 and D4 receptors and 5-HT,,
receptors, with IC; values of < 6 nM. In functional stud-
ies in rat striatum, it stimulated dopamine accumulation
and inhibited 5-HTP accumulation with respective ED,,
values of 3 and 1 mg/kg p.o. Sarizotan also inhibited apo-
morphine-induced climbing in mice (ED,, = 5 mg/kg s.c.,
20 mg/kg p.o.) and apomorphine-induced stereotyped
behavior in rats (EDg, = 7 mg/kg s.c., 16 mg/kg p.o.), but
no cataleptogenic activity was observed (8).

The receptor pharmacology of sarizotan was further
characterized in functional assays in Chinese hamster
ovary (CHO) cells stably expressing human 5-HT,,
receptors and in AtT-20 mouse pituitary cells expressing
human D2S, D3 and D4.4 receptors. Agonist activity was
demonstrated at 5-HT,,, D3 and D4.4 receptors, and
weak partial agonist activity at D2S receptors. In vivo,
sarizotan induced hypothermia in rats and mice, demon-
strating its activity at both pre- and postsynaptic 5-HT,,
receptors. This was reversed by the selective 5-HT,,
antagonist WAY-100635 (10, 11). Additional studies in
the AtT-20 cell line indicated that sarizotan may induce

the D2 receptor to mimic D3 receptor signaling (12).
Studies using dual-probe microdialysis in awake rats
demonstrated that systemic injection of sarizotan signifi-
cantly reduced extracellular glutamate levels in the motor
cortex and the ipsilateral dorsolateral striatum. The
inhibitory effects were counteracted by intracortical infu-
sion of WAY-100135. The findings indicated that the anti-
dyskinetic properties of sarizotan were mediated via its
5-HT, ,-agonist actions in the motor cortex, resulting in
reduced activity of the corticostriatal glutamate pathways
with reduced activation of striatal GABA output neurons in
basal ganglia circuitry (11, 13-15).

Evaluation of the neurochemical profile of sarizotan
confirmed its receptor profile, with nanomolar affinity for
5-HT,, and D2, D3 and D4 receptors and the profile of a
5-HT, , agonist and dopamine antagonist/partial agonist.
In reserpinized rats, at oral doses of 10-30 mg/kg sari-
zotan decreased DOPA accumulation, and it also induced
contralateral rotational behavior in rats with unilateral
substantia nigra lesions. These results indicated some
intrinsic dopaminergic activity (16).

In rats, sarizotan at doses of 1-10 mg/kg i.p. dose-
dependently reduced haloperidol-induced muscle rigidity,
which mimics parkinsonian muscle rigidity. It decreased
both the mechanical muscle resistance developed in
response to passive extension or flexion of the hind foot,
and the electromyographic activity of two antagonist mus-
cles. The effect was reversed by WAY-100635. The com-
pound had no effect on normal muscle tone (17).
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The response to sarizotan was assessed in animal
models of Parkinson’s disease. In rats and monkeys ren-
dered parkinsonian, chronic intermittent treatment with
levodopa resulted in motor response alterations, as mea-
sured by the shortening of the duration of contralateral
rotations in rats or dyskinetic movements in monkeys. In
6-OHDA-lesioned rats, sarizotan (2.5 mg/kg p.o.)
reduced the shortening in motor response duration
induced by chronic levodopa treatment. In MPTP-treated
monkeys, a dose of 2 mg/kg p.o. reduced levodopa-
induced choreiform dyskinesias by up to 90% without
diminishing the antiparkinsonian efficacy of levodopa.
The effects of sarizotan were blocked by WAY-100635,
indicating that the responses were likely to be related to
5-HT,, receptor stimulation. In these studies, sarizotan
had no effect on dyskinesias induced by either a D1 or a
D2 agonist (18-20). In a further study in hemiparkinsonian
6-OHDA-lesioned rats, sarizotan (3 mg/kg s.c.) effective-
ly reduced the abnormal involuntary movements, dysto-
nia and contralateral rotations associated with chronic
levodopa therapy (21).

In a rat model of tardive dyskinesia, sarizotan dose-
dependently reduced repetitive jaw movements induced
by a D1 agonist (SKF-38393), with maximal effects
achieved at 1.5 mg/kg i.p. Sarizotan also dose-depen-
dently reversed haloperidol-induced repetitive jaw move-
ments when it was administered in the drinking water for
7 weeks during withdrawal from chronic haloperidol treat-
ment. Significant effects were achieved at doses of 1.5
and 9 mg/kg (22-27).

In mice lacking the G-protein regulator RGS9, sari-
zotan reduced the L-DOPA-elicited truncal dystonia that
characteristically develops in these mice (26). The com-
pound also antagonized haloperidol-induced catalepsy in
rats (24-27).

Pharmacokinetics and Metabolism

The two main pathways of metabolism of sarizotan
are hydroxylation and N-dealkylation (28, 29). In vitro

Table I: Clinical studies of sarizotan (from Prous Science Integrity®).

Sarizotan Hydrochloride

studies identified cytochrome P-450 CYP1A2 and
CYP3A4 as the major isoforms involved in the metabolic
conversion of sarizotan (29).

Two single- and two multiple-dose studies were per-
formed in healthy male volunteers to determine the clini-
cal pharmacokinetics of sarizotan. Over the tested dose
range of 0.5-25 mg, the area under the curve (AUC) and
peak plasma concentrations (C__ ) increased proportion-
ally to dose; t . ranged from 0.5 to 2.3 h and t,, from 4.6
to 10.7 h. No accumulation was evident in multiple-dose
studies. Sarizotan was well tolerated in healthy volun-
teers, the most frequently reported adverse events being
mild to moderate nausea and headache (30).

Clinical Studies

A PET study in 7 healthy volunteers administered
sarizotan at doses up to 50 mg b.i.d. for 5 days revealed
significant human D2 receptor occupancy, but no consis-
tent 5-HT, , receptor occupancy (31).

The effects of sarizotan on sleep electroencephalo-
gram and nocturnal hormone secretion were examined in
10 healthy young male volunteers. Sarizotan 20 mg or
placebo was administered at 22:00 hours on the exami-
nation night according to a randomized schedule in a 2-
period crossover study. Sarizotan significantly reduced
rapid eye movement (REM) and total sleep time and sig-
nificantly increased prolactin during the first half of the
night (32-34). The results from this and several of the fol-
lowing studies are summarized in Table I.

A double-blind, placebo-controlled, proof-of-concept
study was performed in 18 patients with moderate to
advanced Parkinson’s disease to evaluate the hypothesis
that sarizotan would improve dopamine-induced motor
complications by reducing striatal serotonergic nerve
impulse activity. The patients had received L-DOPA treat-
ment for an average of 6 years and all patients had motor
fluctuations and peak-dose dyskinesias. Following a 1-
week placebo run-in phase, patients entered a 2-week
dose-escalation phase with sarizotan 2 mg twice daily for

Indication Design Treatments n Conclusions Ref.
Healthy Randomized  Sarizotan, 20 mg p.o. 10 In healthy male volunteers, sarizotan 32, 34
volunteers Double-blind  Placebo reduced REM sleep while increasing
Crossover prolactin and adrenocorticotropin hor-
mone levels in the first half of the night
Parkinson's Randomized Placebo x 1 wk — Sarizotan, 2 mg b.i.d. 18 Sarizotan was well tolerated and more  35-37
disease Double-blind p.o. x 1 wk — Sarizotan, 5 mg b.i.d. effective than placebo in reducing the
p.o. x 1 wk severity of levodopa-induced dyskinesia
in patients with advanced Parkinson's
disease. Sarizotan induced no anti-
parkinsonian effects and did not modify
the antiparkinsonian response of an
optimal levodopa dose
Parkinson's Open Sarizotan, 2 mg b.i.d. x 1 wk - 5 mg 64 Sarizotan significantly reduced dyskinesia, 38
disease Multicenter b.i.d. x 1 wk — 10 mg b.i.d. x 10 wks especially troublesome dyskinesia, in

levodopa-treated Parkinson's disease
patients
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1 week, increasing to 5 mg twice daily in the second
week. Motor function was assessed at the end of each
period for analysis of primary (dyskinesias) and sec-
ondary (parkinsonism and wearing off) efficacy parame-
ters for within-patient comparisons. Sarizotan alone or
with optimal- or low-dose levodopa had no effect on
parkinsonian severity. At a dose of 5 mg twice daily, it sig-
nificantly reduced levodopa-induced dyskinesias by 40%
compared with levodopa alone, without significantly
decreasing the antiparkinsonian response of the optimal
levodopa dose. Sarizotan was well tolerated, with the
majority of adverse events being considered unrelated to
the study drug (35-37).

The safety and efficacy of sarizotan in Parkinson’s dis-
ease patients with dyskinesia were further evaluated in an
open-label, multicenter, dose-escalation study (the
SPLENDID study). A total of 64 patients with advanced
Parkinson’s disease and dyskinesias entered the study,
which consisted of a 3-week titration phase, a 9-week
maintenance phase and a 2-week withdrawal phase.
Sarizotan was initiated at a dose of 2 mg twice daily,
increasing to 5 mg and to a maximum of 10 mg twice daily
during week 3. The dose remained constant during the
maintenance phase. The primary efficacy variable was the
change between baseline and final treatment visit in the
percent “on” time without dyskinesia, as measured in the
patients’ diaries. There was a significant increase in this
parameter, from a mean of 3.7 h at baseline to 6.0 h at the
end of the maintenance phase, representing an increase
from 23% to 38% of the waking day. There were also sig-
nificant benefits with sarizotan treatment on secondary effi-
cacy parameters. The mean total daily dose of sarizotan at
the final treatment visit was 8.9 mg, with the most common
dose received by patients being 2 mg twice daily. Sarizotan
was well tolerated and most adverse events were related
to aggravated parkinsonism, which were resolved by an
adaptation to or reduction of the sarizotan dose. There
were no significant laboratory abnormalities (38).

Patients who participated in the SPLENDID study
could continue on open-label sarizotan for up to 24
months. Doses were individually titrated over a 6-week
period to the optimal doses of 2, 5, 7 or 10 mg twice daily
established in the SPLENDID study. Forty-six patients
entered the follow-up study. In a 1-year interim analysis,
the time spent “on” without dyskinesia (the primary effica-
cy variable) increased by 1.4-2.4 h/day compared to
baseline. This represented an increase from 24% to 39%
of the waking day. The duration and severity of dyskine-
sia were significantly reduced at all visits compared with
baseline. The most frequent adverse event was worsen-
ing of Parkinson'’s disease in 63% of patients. Aggravated
dyskinesia occurred in 20% of patients. Fourteen of 36
serious adverse events reported were considered possi-
bly related to sarizotan (39, 40).

Drug Interactions

A randomized, double-blind study was performed in
18 healthy volunteers to evaluate the risk of interactions
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with drugs cleared by cytochrome P-450 enzymes.
Sarizotan had no effect on the pharmacokinetic profiles of
metoprolol (CYP2D6), caffeine (CYP1A2), mephenytoin
(CYP2C19), diclofenac (CYP2C9) or midazolam
(CYP3A4), as demonstrated by bioequivalence criteria
(41, 42).

Double-blind, randomized, crossover studies were
also performed in healthy male volunteers to investigate
the effects of sarizotan on the pharmacokinetics of digox-
in (n=12) and levodopa (n=16). In the digoxin study, sub-
jects received digoxin 0.25 mg/day with either sarizotan 2
mg twice daily or placebo. Treatment was given for 10
days, then the alternative treatment was given following a
19-day washout phase. Steady-state digoxin pharmacoki-
netics did not change significantly following co-adminis-
tration of sarizotan (43). In the levodopa study, subjects
received levodopa 100 mg 3 times daily and either car-
bidopa or benserazide for 5 days, with or without sari-
zotan 5 mg twice daily. Sarizotan had no statistically or
clinically relevant effects on the pharmacokinetics of levo-
dopa (44).

Source
Merck KGaA (DE).
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