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YKP1447, A Novel Potential Atypical Antipsychotic Agent
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(S)-Carbamic acid 2-[4-(4-fluoro-benzoyl)-piperidin-1-yl]-1-phenyl-ethyl ester hydrochloride (YKP1447)
is a novel “atypical” antipsychotic drug which selectively binds to serotonin (5-HT:a, Ki=0.61 nM,
5-HT2c, Ki=20.7 nM) and dopamine (D;, Ki=45.9 nM, D3, Ki=42.1 nM) receptors with over 10~ 100-fold
selectivity over the various receptors which exist in the brain. In the behavioral studies using mice,
YKP1447 antagonized the apomorphine-induced cage climbing (ED50=0.93 mg/kg) and DOI-induced
head twitch (ED5¢=0.18 mg/kg) behavior. In the dextroamphetamine-induced hyperactivity and
conditioned avoidance response (CAR) paradigm in rats, YKP1447 inhibited the hyperactivity induced
by amphetamine (ED5¢=0.54 mg/kg) and the avoidance response (ED;=0.48 mg/kg); however, unlike
other antipsychotic drugs, catalepsy was observed only at much higher dose (ED;=68.6 mg/kg). Based
on the CAR and catalepsy results, the therapeutic index (TI) value for YKP1447 is over 100 (i.p.).
These results indicate that YKP1447 has an atypical profile and less undesirable side effects than

currently available drugs.
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INTRODUCTION

The first effective antipsychotic drugs were discovered by
serendipity, and research into how such drugs acted led to
the ‘dopamine hypothesis’ (Carlson and Lindgvist, 1963;
Rossum, 1966), suggesting that the underlying abnormality
in brain function in schizophrenia might be an overactivity
of dopamine mechanism (for review, Mattysse, 1973;
Snyder et al., 1974).

Dopamine receptor subtypes belong to the family of
G-protein coupled receptors and five subtypes of dopamine
receptors can be classified into two families: The D-1 like
dopamine receptors include the dopamine D; and Dj re-
ceptors and are characterized by activation of adenylyl cy-
clase mediated by a Gs protein, whereas the D-2 like re-
ceptor group consists of the dopamine D3, D3 and Dy re-
ceptors, which couple to Gy, proteins and can inhibit ad-
enylyl cyclase (Sibley et al.,, 1993; Seeman and Van Tol,
1994; Sokoloff and Schwartz, 1995). The dopamine Ds re-
ceptor has been the primary target for antipsychotic re-
search, and that dopamine Ds receptor has recently been
recognized as a good target for the improved drug treat-
ment of psychosis-like schizophrenia (Sokoloff et al., 1990).

Most antipsychotic agents are dopamine Dy receptor an-
tagonists, but many of them, notably the atypical anti-
psychotic agents, also block the 5-HT receptors, particularly
5-HTsa and 5-HTyc receptors. Interestingly, the ones with
the strongest 5-HT receptor blocking activity tend to have
the lowest extrapyramidal side effects (EPS) (Jones and
Blackburn, 2002). 5-HTss receptor antagonism may confer

on antipsychotic drugs atypicality with relatively weaker
Ds receptor antagonism (or partial Ds receptor agonism) be-
cause of the ability of 5-HTsa receptors to differentially
modulate the activity of dopaminergic neurones depending
on regions of the brain. Furthermore, some evidences sug-
gest that the combination of 5-HTes and 5-HTac receptor
blockade may be a more efficient means to augment anti-
psychotic action than either alone (Reavill et al., 1999;
Meltzer et al., 2003).

Our research efforts have been focused on finding potent
and selective antagonist at the serotonin 5-HT:a and
5-HTsc, and dopamine Dy and Ds receptors. We evaluated
the predictive antipsychotic efficacies using animal models.
We report herein, the pharmacology of a novel and prefer-
entially orally active serotonin (5-HTza, 5-HT3c) and dop-
amine (Dg, D3) receptor antagonist, YKP1447 and compared
it with atypical antipsychotic drugs.

METHODS
Animals and drugs

The animals used were CD-1 male mice, and Wistar and
Sprague-Dawley rats (OrientBio, Kyunggido, Korea and
Charles River Labs, Japan) weighing 18~26 and 200~340 g,
respectively. They were housed in a conventional plastic
cage in a controlled room: temperature 22+3°C, relative hu-
midity of 50+10%, 12-h light/dark cycle (light on from 7:00
to 19:00). The standard laboratory food and tap water were
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given ad libitum. All experimental procedures were per-
formed during the light cycle (e.g. from 13:00 and 17:00).
All animal procedures were approved by the institutional
animal care and use committee (JACUC). YKP1447 (SK
Holdings Co., Ltd), clozapine (Sigma Aldrich, USA), olanza-
pine (Hanchem, Daejeon, Korea), quetiapine, aripiprazole
and risperidone (Leadgenex, Daejeon, Korea) were dis-
solved in 30% polyethyleneglycol 400 (Sigma) or 0.5% meth-
ylecellulose (MC). Apomorphine and (£)-2,5-Dimethoxy-4-1o-
doamphetamine (DOI) hydrochloride were purchased from
Sigma Aldrich and dissolved in deionized water.
Dextroamphetamine sulfate (USP) was dissolved in 0.9%
saline. Vehicle or drugs in a volume of 10 ml/kg for mice
and 1~4 mlkg for rats were administered intraperitoneally,
subcutaneously or orally to randomly assigned animals.

Apomorphine-induced climbing in mice

The method of Protais et al. (1976) with some modifications
was used. Apomorphine HCI (2 mg/kg) was injected s.c., and
the animals were immediately placed inside a cylidrical
wire mesh cage (12 c¢cm in diameter, 15 cm in height). After
being in the cage, the animals were observed for climbing
behavior at 10-, 20- and 30-min time periods with the fol-
lowing scoring system: (0) no climbing behavior, (1) one paw
on the cage, (2) two paws on the cage, (3) three faws on
the cage, (4) all four paws on the cage. The sum of the three
scores for each animal was used for statistical evaluation.
YKP1447 (0.5~ 10 mg/kg), olanzapine (0.1~5 mg/kg), ris-
peridone (0.03~1 mg/kg), clozapine (1~ 30 mg/kg), quetia-
pine (2.5~ 30 mg/kg), aripiprazole (0.1 ~2 mg/kg) or vehicle
were administered intraperitoneally (i.p.) or orally (p.o.) be-
fore apomorphine, with 6 mice per group.

DOl-induced head twitch test in mice

The method of Darmani et al. (1990) was used with some
modifications. (#)-DOI HCI (8 mg/kg) was injected s.c., and
the animals were immediately placed in a conventional
plastic cage. The number of head twitches was counted dur-
ing 6 min, beginning 1 min after DOI administration.
YKP1447, olanzapine, risperidone, clozapine, quetiapine,
aripiprazole or vehicle were administered i.p. 0.5 hr prior
to injection of DOI, with 6 mice per groups.

D-amphetamine-induced hyperactivity test in rats

To measure locomotion, AUTO-TRACK SYSTEM (Colum-
bus Instruments, USA) was used. Animals (280-340 g) re-
ceived i.p. injections of vehicle or drugs (n=8/groups) 30 min
prior to receiving an i.p. injection of vehicle or dextro-
amphetamine (1.5 mg/kg). Immediately thereafter, rats
were placed in the activity chambers of AUTO-TRACK
SYSTEM and locomotor activities were recorded every 10
min for 1 hr.

Conditioned avoidance response in rats

Rats were tested on weekdays, but not weekends, be-
tween 0700 and 1600 hours. Rats were transported in a
shoebox cage from the colony room to the CAR test room,
where they were weighed. IP pretreatments were ad-
ministered 30 min before rats were placed in an CAR
two-way active avoidance apparatus #EI0-16 SC, Coulboum
Instruments) with two equal chamber separated by an open

doorway. Upon entry into the chamber, a 30 second in-
ter-trial interval (ITI) began. At the end of the ITI, a rat's
position in the chamber was noted, and sound and light
(the conditioned stimuli, or C3-+s) began. If the rat moved
to the other side of the chamber before 10 seconds had
elapsed, the response was classified as a conditioned avoid-
ance response (CAR). If the rat did not move to the other
side of the chamber during the CS-+s, a 0.5 mA scrambled
shock was delivered to his feet. If the rat moved to the other
side of the chamber within 5 seconds of this shock, this
response was classified as an escape. If the rat did not move
during the 5-second shock period, his behavior was classi-
fied as an escape failure. Following avoidance, escape, or
failure to escape, a new 30-second ITI was initiated. The
CAR session lasted for 10 min. Some rats underwent differ-
ent numbers of trials than others, because some avoided
quickly, avoided slowly, escaped, or failed to escape, making
the length of the trial vary (Typically, rats had anywhere
from 13 to 17 trials per session), PO pretreatments were
administered 60 min before rats were placed in a CAR
two-way active avoidance apparatus. All other aspects of
testing were identical for IP-and PO-pretreated rats.

Catalepsy

The method of Moore et al. {1992) was used with some
modifications. Rats (200~270 g) were dosed i.p. and ob-
served for a period of 2 min at 1, 2, 3 and 4 hours following
dosing. At each time point, rats were placed with their fore-
paws on 2 water-filled jars (5 cm in diameter, 11 em in
height) taped together. The rat was timed for the number
of seconds in which he remained with his forepaws on the
container for maximum 120 seconds. The immobility scores
(time, sec) and percentage of the 120 seconds test period
from 1, 2, 3, and 4 hours post-dosing were averaged for each
rat. For each dose of drug, the highest average percentage
of immobility for a time period following dosing was used
to determine an EDs value.

Data analysis

The drug effects were assessed by ANOVA, and the sig-
nificance between individual dose conditions and the corre-
sponding control group was analyzed by the Dunnett’s test,
except for the test of d-amphetamine-induced hyperactivity,
which was analyzed by two tailed t-test to compare with
vehicle-vehicle treated group vs. d-amp-vehicle treated
group (Graphpad Prism™ 4).

RESULTS
Effect on apomorphine-induced climbing behavior

As shown in Table 1, ip. injection of YKP1447 sig-
nificantly antagonized the apomorphine-induced cage
climbing behavior in mice. The calculated EDso value, based
on the percent antagonism of climbing, was 0.93 mg/kg
(95% confidence limit=0.56~ 1.55 mg/kg). Orally administered
YKP1447 also inhibited the apomorphine-induced cage
climbing in mice (EDs¢=4.3 mg/kg; 95% confidence limit=4.0
~4.7 mg/kg). In addition, other atypical antipsychotic
drugs, such as olanzapine, risperidone, clozapine, quetia-
pine and aripiprazole, significantly blocked the apormor-
phine-induced climbing, showing 0.28 mg/kg (i.p.), 1.2 mg/kg
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Table 1. Effects of YKP1447, olanzapine, risperidone, clozapine,
quetiapine and aripiprazole on apomorphine-induced climbing
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Table 2. Effects of YKP1447, olanzapine, risperidone, clozapine,
quetiapine and aripiprazole on DOI-induced head twitch

in mice behavior in mice
EDso (95% C.1)* EDso (95% C.1)*
Treatment
mg/kg, ip mg/kg, po mg/kg, ip
YKP1447 0.93 (0.56~1.55) 4.3 (4.0~4.7) YKP1447 0.18 (0.10~0.32)
Olanzapine 0.28 (0.11~0.72) 1.2 (0.6~2.4) Olanzapine 0.024 (0.007~0.087)
Risperidone 0.052 (0.03~0.1) 0.052 (0.026~0.1) Risperidone 0.0054
Clozapine 5.14 (4.36~6.06) 6.74 (5.04~9.01) Clozapine 0.56 (0.48~0.66)
Quetiapine 3.9 (2.4~6.5) 21.8 (20.1~23.5) Quetiapine 2.45 (1.97~ 3.05)
Aripiprazole 0.3 (0.12~0.75) 1.0 (0.93~1.07) Aripiprazole 1.29 (1.02~1.64)
*95% confidence limits. *95% confidence limits.
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(p.0.), 0.052 mg/kg (i.p. and p.o), 5.14 mgke (.p.), 6.74 mgkg
(p.0), 3.9 mg/kg (.p.), 21.8 mg/kg (p.0.), and 0.3 mg/ke (Q.p.),
1.0 mg/kg (p.o.) of EDs values, respectively.

Effect on DOI-induced head twitch behavior

YKP1447 antagonized the DOI-induced head twitch be-
havior by 26%, 53% and 73%, after doses of 0.1, 0.2 and
0.3 mg/kg, respectively, compared with the control value
(Table 2). The calculated EDs; value, based on the percent
antagonism of head twitch behavior, was 0.18 mg/kg, i.p..
Other atypical antipsychotic drugs, including olanzapine,
risperidone, clozapine, quetiapine and aripiprazole, also in-
hibited the head twitch behavior with calculated EDs, val-
ues of 0.024 mg/kg, 0.0054 mg/kg, 0.56 mg/kg, 2.45 mg/kg,
and 1.29 mg/kg, i.p., respectively.

D-amphetamine-induced hyperactivity test in rats

In the d-amphetamine-induced hyperactivity test (Fig. 1),
dextroamphetamine (1.5 mg/kg i.p.) significantly increased

(A) YKP1447
s B 1107 5 & 1109
o B 1001 e g 1004
£¢ o0 3 90
s 8 < 80 = sS85 9
Y Q_.E‘ 70- o w g.g 704
Z =2 504 -2 .
2 §E 40 o i g 6% 40
28 S 304 - % § > 304
§ 8 20 s h-{ = 20+
g2 o e 83 104
8 o] v <> 0-
® Veh 0.1mg/kg 0.6mgkg 1mglkg
Dose (IP)
(B) Olanzapine
- 58
o5 1004 -]
=® Xe
S8 o g
=6~ 80 s2=
= =
5tf . s 8
¢ o 60 EE
LT T 504 e 2
oL 404 °35
g g% a0 g 8>
3§ 20 2§
$3 104 * $3
£ 0 — 2 o
© Veh 0.1mgikg img/kg 3mglkg 10mg/kg
Dose (IP)
(C) Risperidone
N 110+
=23 — 2 = 1004
=TT T =23 90
w8g u &2 801
? §:E > * g) 3 = 704
;-8 g '. * VE g 601
ez @ _ 83 o 504
gc o 5SS 40-
5% L -8 © B
5% 8 ? T & 9]
> 00 £5 3 20
‘sf o <28 ]
5 ol
Veh 0.3mg/kg 0.6mg/kg 1mglkg
NC
Dose (IP)

locomotor activity compared with saline-injected (p<0.01).
The activity increased by d-amphetamine, however, was
significantly attenuated by YKP1447 (F4,4=17.90, p<0.0001),
olanzapine (Fy51=21.3, p<0.0001), riperidone (F43,=21.24,
p<0.0001), clozapine (F33:=7.251, p=0.0008), quetiapine
(F451=5.05, p=0.0017) and aripiprazole (F44=8.246, p<0.0001).
The calculated EDso values were 0.54, 0.85, 0.05, 1.9, 7.0
and 0.6 mg/kg, i.p., respectively.

Conditioned avoidance response in rats

Fig. 2 presents the mean percentages of avoidances com-
pared to the preceding vehicle day with YKP1447, olanza-
pine, risperidone, clozapine, quetiapine and aripiprazole.
All compounds effectively inhibited avoidance response in
a dose-dependent manner. A significant effect of YKP1447
was found in i.p. (F320=11.05, p=0.0002) or p.o. (F32=10.29,
p=0.0003) injection, evidenced by one-way ANOVA. The cal-
culated EDso values were 0.54 mg/kg (i.p.), and 14.46 mg/kg
(p.0.). Olanzapine showed a significant effect in i.p.
(F420=13.51, p=0.0001) or p.o. injection (F42:=8.247, p=0.0002),
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Fig. 2. Dose-response of YKP1447

(A), olanzapine (B), risperidone (C),
clozapine (D), quetiapine (E) and
aripiprazole (F) on CAR paradigm in

rats. All drugs were administered

i.p. (left panels) 30 min or p.o. (right

panels) 60 min prior to test. Values

are mean+S.E.M. (n=6~10) percentage

* avoidances compared to the prece-
wm, ding vehicle-day (e.g. pre-test), with
each animal serving as their own
control. Statistical analyses were
° performed by a one-way ANOVA
Dose (PO) with post hoc Dunnett’s test. *p<0.05.
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shown by one-way ANOVA. The calculated EDsy values
were 3.15 mg/kg (1.p.) and 3.44 mg/kg (p.o.). Risperidone
showed a significant effect in CAR [F326=10.83, p=0.0007
@.p.), and F435=29.27, p=0.0001 (p.0.)]. The calculated EDso
values were 0.65 mg/kg (i.p.) and 0.92 mg/kg (p.o.). Both
i.p. or p.o. injection of Clozapine showed a significant effect
[F3,2():11.15, p=0.0001 (i.p.), and F3,20215.81, p=0.0001
(p.0.)] with EDso values 13.8 mg/kg (i.p.) and 13.4 mg/kg
(p.0.). A significant effects of quetiapine and aripiprazole
also were found in i.p. (F32=14.15, p=0.0001, F43=18.08,
p<0.0001) or p.o. (F32=9.757, p=0.0002, Fs9=13.51,
p=0.0001) administration. The calculated EDso values were
56.3 mg/kg (1.p.) and 118.6 mg/kg (p.o.), and 14.3 mg’kg
(i.p.) and 26.6 mg/kg (p.o.), respectively.

Catalepsy

As shown in Fig. 3, the EDsy values for YKP1447 were
3.7 mg/kg, olanzapine was 5.3 mg/kg, risperidone 0.98
mg/kg, clozapine 37.3 mg/kg, quetiapine 46.7 mg/kg and
aripiprazole 24.3 mg/kg, i.p.. Significant effects of YKP1447
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Fig. 2. Continued.

(Fe34=4.429, p=0.0021), olanzapine (F320=32.32, p<0.0001),
risperidone (Fy2:=14.03, p<0.0001), clozapine (F32=7.968,
p=0.0011), quetiapine (F42~12.47, p<0.0001) and aripipra-
zole (F'520=28.27, p<0.0001) were found, by using a one-way
ANOVA. However, post hoc analysis using Dunnett’s test
revealed that the effect of YKP1447 was significant only
at the dose of 150 mg/kg. On the other hand, olanzapine,
risperidone, clozapine, quetiapine and aripiprazole, were
significant at all or median to high doses in the present
experimental condition.

DISCUSSION

YKP1447 is a compound which highly selectively binds
to 5-HT2a, 5-HTs¢, D2 and D3 receptors (Table 3), however,
shows the least binding affinities to histamine (H1), mus-
carinic (M1) and adrenergic (@ 1) receptors. It is postulated
that the high affinity for ¢ 1-adrenoceptors, histamine and
muscarinic receptors results in adverse side effects such as
weight gain, drowsiness, dry mouth, blurred vision, con-



76 SM Dong, et al

stipation and decreases in blood pressure (Stahl, 1997). The
histamine H1 receptor is suggested to be related with seri-
ous side effect, weight gain in human (Peroutka et al., 1980;
Kroeze et al., 2008). The atypical antipsychotic drugs, such
as clozapine, olanzapine and quetiapine, that are reported
to induce substantial weight gain in short-term studies
have high affinity for the histamine 1 receptor (Ki=1.2 nM,
2 nM and 11 aM, respectively) (Kroeze et al., 2003).
Compared to those drugs, YKP1447 (Ki=2100 nM) is pre-
dicted to have low risk to induce boedy weight gain in
patients. The results from binding affinities, therefore, in-
dicate that YKP1447 is much safer than currently available
antipsychotic drugs.

Apomorphine-induced climbing behavior is due to the
stimulation of dopamine receptors and has been used as
a convenient means to in vivo screen dopamine agonists
or antagonists (neuroleptics) and to assess striatal dop-
amine activity (Protais et al., 1975; Costentin et al., 1976;
Park et al., 2003). YKP1447 blocked apomorphine-induced
cage climbing behavior of mice when treated both intra-
peritoneally and orally, with no any hypoactivity. It is likely
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due to selective blockade of dopaminergic receptors, and the
potency is similar to of olanzapine and other atypical anti-
psychotic drugs.

In the present study, all compounds tested including
YKP1447 inhibited DOI-induced head-twitch responses in
mice. The head-twiich response has been suggested to be
mediated via the activation of central 5-HTes receptors
(Barnes and Sharp, 1999) and is blocked by mixed 5-HTaarc
receptor antagonist such as ritanserin and mianserin, se-
lective 5-HT2s antagonist ketanserin and MDL-100907
(Darmanit et al.,, 1990; Schreiber et al.,, 1995; Bartoszyk et
al., 2003; Egashira et al., 2004). YKP1447 and atypical anti-
psychotic drugs have high affinities for 5-HTza and a¢ re-
ceptors (Table 4), implicating 5-HTea andfor 5-HTsc re-
ceptors in mediation of this response.

The behavioral studies using rats, antagonism of dop-
amine agonist-induced hyperlocomotion (Janssen et al.,
1965; Ogren et al., 1984; Gustafsson and Christensson,
1990; Moore and Kenyon, 1994) and conditioned avoidance
response (CAR) paradigm (Cook et al., 1955; Davidson and
Weidley, 1976; Arnt, 1982; for review, see Wadenberg et
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catalepsy in rats. Data are expressed
as mean+S.E.M. *p<0.05 vs. vehicle
(Veh)-treated group (the post hoc
test was Dunnett’s).
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Table 3. Binding affinity (Ki to nM or % inhibition at 100 nM except M1 which is % inhibition at 1 M) of YKP1447 for the
various receptors. YKP1447 showed highly selective binding affinities to the 5-HTss, 2¢, D2 and 3 receptor subtypes

5HTis BHT2a 5HTc 5-HT3 5-HT, 5HT5x S5HT

Do Des Ds Dyz Dux Ds H1 Ml a1

YKP1447 2% 0.61 207 —15% 9% 1% 9% 4% 459 445 421 6% 12% —5% 2100 3% 3,750
All data generated from MDS pharma service.
Table 4. Ki values of YKP1447 and atypical antipsychotic drugs to 5-HTss and 5-HTsc receptors
Ki YKP1447 Olanzapine Risperidone Clozapine Quetiapine Aripiprazole
5-HTa 0.61 nM 2.0 nM 0.17 nM 5.4 nM 101 oM 8.7 nM
5-HT3¢ 20.7 nM 6.8 nM 35 nM 17 oM 2,502 nM 22.4 nM

All Ki values from Kroeze et al., 2003 except YKP1447.
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al., 1999) have traditionally been used to predict the anti-
psychotic efficacy of novel agent. In the present study,
YKP1447 dose-dependently inhibited d-amphetamine-induced
hyperlocomotion activity in rats, indicating the anti-
psychotic action of YKP1447. The atypical antipsychotics,
including olanzapine, risperidone, clozapine, quetiapine
and aripiprazole, also inhibited hyperlocomotion induced by
d-amphetamine. In the CAR, YKP1447 showed an excellent
effect with lower EDsy value which is similar to that of
risperidone. YKP1447, however, induced catalepsy (CAT)
only at the high dose group (150 mg/kg). The relative ratio
(e.g. Therapeutic index: TI) of the EDs for CAT to the EDso
for a sensitive pharmacological screen for APs, such as con-
ditioned avoidance responding (CAR) in rats, has been used
to predict the relative ability of a compound to induce ex-
tra-pyramidal symptoms (Parkinson-like symptoms and
tardive dyskinesia) in man; higher values suggest less like-
ly induction of such symptoms following prolonged dosing
(Wadenberg et al., 2000). The TI value (CAT/CAR) for
YKP1447 was over 100, being much higher than 2 of olan-
zapine, 1.5 of risperidone, 3 of clozapine, 1 of quetiapine
and 1.7 of arpiprazole (i.p.). It appears, therefore, that the
potential of YKP1447 to induce motor symptoms in man
may be very low.

In addition, it was reported that pretreatment of with
high concentration of YKP1447 causes antipsychotic effect
on apomorphine-induced impairment, suggesting that the
compound could potentially be used to treat cognitive im-
pairment due to increased dopaminergic receptor binding
(Yoon et al., 2008).

In summary, YKP1447 shows general profiles of an atyp-
ical antipsychotic drug and has efficacies on negative and/or
cognitive symptoms of schizophrenia patients. Furthermore,
it has better safety than currently available antipsychotic
drugs.
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