
N,N-diisopropylethanediamine (V) upon heating at
120 °C (1). Scheme 1.

2) Acid chloride (II), prepared by treatment of 2,4,5-
trimethoxybenzoic acid (VI) with SOCl2 in hot toluene, is
condensed with aminothiazole (I) to provide amide (III).
Displacement of the ethyl ester group of (III) by N,N-diiso-
propylethanediamine (V) at 135 °C gives diamide (VII),
which by treatment with hydrochloric acid in isopro-
panol results in the simultaneous cleavage of the 2-meth-
oxy group and formation of the hydrochloride salt (2).
Scheme 2.

Introduction

Functional dyspepsia is an extremely common upper
abdominal disease. Individuals suffering from the disor-
der experience chronic symptoms such as early satiety,
upper abdominal pain, fullness, bloating, nausea and
vomiting in the absence of organic disease. Patholo-
gically, the symptoms of functional dyspepsia are thought
to be due to delayed gastric emptying, impaired gastric
accommodation and visceral hypersensitivity. At present,
gastroprokinetic agents such as cisapride, domperidone,
itopride and mosapride which accelerate gastric empty-
ing, are the mainstay for treatment of the disorder.
However, these agents have been associated with
extrapyramidal syndrome, increased plasma prolactin
levels and/or severe adverse cardiovascular effects.

Researchers have therefore focused efforts on dis-
covering potent and safe gastroprokinetic agents with
mechanisms of action distinct from available agents. After
pharmacologically evaluating a number of newly synthe-
sized compounds, a 2-(acylamino)thiazole-4-carboxam-
ide derivative Z-338 was found to have excellent gastro-
prokinetic activity that was as potent as cisapride and
more potent than other agents such as itopride or
mosapride. Moreover, Z-338 did not induce severe
adverse events (3, 4). The mechanisms of action involved
in the gastroprokinetic effects of Z-338 are still not known,
although the drug appears to increase contraction,
increase release of acetylcholine (ACh) and inhibit
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Abstract

Research efforts focusing on discovering gastro-
prokinetic agents with mechanisms of action different
from available compounds have identified Z-338, a
2-(acylamino)thiazole-4-carboxamide derivative, as
having potent gastroprokinetic activity and an excel-
lent safety profile. Results from preclinical studies
demonstrated that Z-338 enhances spontaneous con-
tractions and electrically stimulated excitatory junction
potentials and acetylcholine release, possibly through
inhibition of muscarinic M1 and M2 autoreceptors and
possibly an M5-like receptor. Z-338 has been shown to
be safe in phase I trials involving healthy volunteers in
Europe and Japan and in an early phase II trial con-
ducted in patients with functional dyspepsia. Z-338
continues to undergo phase II development.

Synthesis

Z-338 can be prepared by two closely related ways:
1) Acylation of 2-aminothiazole-4-carboxylic acid ethyl

ester (I) with 2,4,5-trimethoxybenzoyl chloride (II) gives
the corresponding amide (III). The 2-methoxy group of
(III) is then selectively cleaved by treatment with pyridine
hydrochloride, to yield the 2-hydroxybenzamide (IV).
Finally, the ethyl ester group of (IV) is displaced by
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Pharmacological Actions

Several preclinical in vitro and in vivo studies have
attempted to elucidate the mechanism(s) of action
involved in the gastroprokinetic effects of Z-338.

A study examining guinea pig stomach motility using
tension and microelectrode recordings of circular gastric
muscle strips revealed that Z-338 (greater than 10 nM)

acetylcholinesterase (AChE). Z-338 has affinity for the
muscarinic M1 and M2 receptors but not for the serotonin
5-HT2, 5-HT3 or 5-HT4 receptors. In addition, Z-338 has
been shown to enhance excitatory-neuro-effector trans-
mission via prejunctional mechanisms. Due to its excel-
lent preclinical safety and efficacy profiles, Z-338 was
chosen for further development as a treatment for func-
tional dyspepsia.
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Further electrophysiological studies involving nystatin
perforated patch recording from freshly isolated rat para-
tracheal ganglion cells indicated that Z-338 acts on
both M1 receptors and neuronal nicotinic ACh receptors.
Z-338 was found to competitively inhibit inward currents
induced by oxotremorine-M, indicating antagonism of the
M1 ACh receptor. In addition, Z-338 noncompetitively
abolished nicotine-induced inward currents. These
inhibitory actions of Z-338 could contribute to the agent�s
gastroprokinetic effects (7).

The prokinetic effects of Z-338 were compared to cis-
apride on isolated circular segments of opossum lower
esophageal sphinctor. Z-338 (10 nM to 10 µM) dose-
dependently increased basal tone of segments in a man-
ner more potent than cisapride (10 nM to 1 µM). In addi-
tion, Z-338 produced greater contractions than equidoses
of cisapride. Z-338-induced contractions were unaffected
by treatment with the selective 5-HT4 antagonist GR-
113808 but partially inhibited by atropine. Z-338-induced
increases in basal tone were inhibited by TTX and TTX +
ω-conotoxin GVIA (ω-CTX). In contrast, while atropine,
TTX and TTX + ω-CTX had no effect on cisapride-
induced contractions, GR-113808 was an effective
blocker. Results suggest that the mechanism of action of
the two agents is distinct. Cisapride appears to act direct-
ly on smooth muscle of the opossum lower esophageal
sphinctor while Z-338 acts indirectly via modulation of
cholinergic neurotransmission of excitatory postgan-
glionic nerve endings (8).

The efficacy of Z-338 has been demonstrated in vivo
with results indicating that the agent acts via antagonism
of M1 and M2 autoreceptors.

Experiments conducted in conscious dogs with chron-
ically implanted force transducers demonstrated that
treatment with Z-338 (0.3-3 mg/kg i.v. or 3-30 mg/kg p.o.)
enhanced postprandial gastric antral and duodenal motor
activity. Z-338 at an oral dose of 30 mg/kg was more
potent than cisapride (3 mg/kg p.o.), itopride (30 mg/kg
p.o.) or mosapride (10 mg/kg p.o.). Atropine completely
inhibited the enhancing activity of Z-338 while serotonin
5-HT4 receptor antagonists had no effect. Z-338 had no
effect on dopamine-induced suppression of gastric activi-
ty. Results from experiments using anesthetized dogs
showed that Z-338 (0.3-3 mg/kg) significantly enhanced
ACh release from the gastric antrum in a dose-dependent
manner; comparable effects were observed with 3 mg/kg
Z-338 and 0.3 mg/kg cisapride. Pirenzepine and
AF-DX116 also increased ACh release from gastric
antrum. These results suggest that the gastroprokinetic
effects of Z-338 are unrelated to dopamine D2 receptors
or serotonin 5-HT4 receptors but instead to enhancement
of ACh release via antagonism of M1 and M2 autorecep-
tors (9-11).

The effects of Z-338 on gastric emptying were exam-
ined in dogs and rats treated with clonidine or cholecys-
tokinin to suppress gastric motility and emptying. Both
Z-338 (0.5 mg/kg i.v. and over) and cisapride (0.1 mg/kg)
restored hypomotility to normal levels and improved
clonidine-induced delayed gastric emptying in a similar
manner. While Z-338 had no effect on normal gastric

dose-dependently enhanced the amplitude of twitch-like
contractions and excitatory junction potentials (EJPs)
induced by single or repetitive electrical field stimulation.
The agent had no effects on nonadrenergic noncholiner-
gic (NANC) relaxation or on inhibitory junction potentials
(IJPs). Z-338 (EC50 = 47 nM; Hill coefficient = 0.96)
enhanced EJP amplitude in a manner similar to the mus-
carinic M1 antagonist pirenzepine (greater than 10 nM;
EC50 = 10 nM; Hill coefficient = 0.94). In contrast, the M2
antagonist AF-DX116 and the M3 antagonist 4-dipheny-
lacetoxy-N-methylpiperine (4-DAMP) dose-dependently
decreased EJP amplitude. These results suggest that the
gastroprokinetic effects of Z-338 may be due, in part, to
enhancement of excitatory neuro-effector transmission so
that ACh release is enhanced via inhibition of a prejunc-
tional M1 receptor in the stomach (3).

Results from another in vitro study involving tension
recordings of guinea pig circular gastric muscle strips and
membrane binding studies concluded that Z-338 facili-
tates ACh release from cholinergic nerve terminals via
blockade of muscarinic M1 and M2 autoreceptors. Z-338
(3-30 µM) was shown to enhance electrically evoked
contractions and release of ACh. Binding studies
revealed that Z-338 displaced [3H]-pirenzepine binding to
rat cortex membrane (i.e., M1 receptor; Ki = 8.4 µM) and
[3H]-N-methyl-scopolamine (NMS) binding to rat heart
membrane (i.e., M2 receptor; Ki = 9.4 µM); the agent had
no effect on [3H]-NMS binding to rat submaxillary gland
membrane (i.e., M3 receptor) (4).

An in vitro study using Xenopus oocytes heterolo-
gously expressing muscarinic M1 and M2 receptors
showed that Z-338 inhibited ACh (100 nM)-induced Ca2+

activated Cl� currents in oocytes expressing M1 receptors
(IC50 = 2 µM) and muscarinic inward K+ currents in
oocytes expressing M2 receptors and Kir3.1 (GIRK1)
(IC50 = 7 µM). Results further suggest that the agent acts
as an antagonist at the M1 and M2 receptors (4, 5).

It is possible that Z-338 may also activate a M5-like
receptor and modulate the M3 receptor, according to
results of an in vitro study using whole-cell patch clamped
isolated guinea pig gastric myocytes to examine the effect
of the agent on L-type Ca2+ currents. While ACh was
found to both enhance (1-100 nM) and inhibit (1-100 µM)
ICa, Z-338 (1 nM or more; ED50 = 120 nM) only exhibited
an enhancing effect. Treatment with a combination of
ACh and Z-338 resulted in nonadditive enhancing effects
which were blocked by both intracellular GDPβS and
extracellular 4-DAMP but not pertussis toxin (PTX), piren-
zepine, AF-DX116 or oxybutynin. In addition, intracellular
perfusion of cells with the protein kinase C activator phor-
bol-12,13-dibutyrate (PDBu; 150 µM) blocked the
enhancing effects of both Z-338 and ACh on ICa. Results
suggest that the M3 receptor may be involved in the
effects of Z-338. Moreover, because the actions of Z-338
were resistant to PTX and abolished by extracellular
atropine or intracellular GDPβS or PDBu, its action on ICa
in gastric myocytes may also involve activation of an
M5-like receptor (6).
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62 patients with symptoms of functional dyspepsia for
more than 3 months, examined the efficacy, safety and
tolerability of oral Z-338 (50, 100 or 300 mg t.i.d. for
3 weeks). Z-338 was safe and well tolerated. The most
common adverse event was headache. A significant ben-
efit over placebo was observed with the 300 mg dose of
Z-338 for mean and maximum postmeal gastric relax-
ation. In addition, relaxation was significantly improved in
4 patients with impaired meal accommodation. Z-338 had
no significant effect on gastric sensitivity or gastric emp-
tying at any of the doses tested. Significant improvements
over placebo in bloating and global symptom scores were
seen at week 2 and in bloating, heartburn and postpran-
dial fullness at week 3 in patients given the 100 mg Z-338
dose. In this treated group, symptom scores improved
from baseline at week 2 and 3 (respectively) as follows:
from 5.21 to 2.08 and 2.56 for bloating; from 5.21 to 2.43
and 2.93 for fullness; from 3.96 to 1.96 and 2.34 for early
satiety; from 4.04 to 1.69 and 1.57 for pain; from 2.19 to
0.88 and 0.87 for heartburn; and from 5.79 to 2.8 and
3.27 for global symptom score. Patients treated with 100
mg Z-338 also showed significant improvements in the
quality of life over placebo for physical and social func-
tioning. One Z-338-treated patient experienced a worsen-
ing of upper abdominal discomfort (14) (Box 1).

Z-338 has completed phase I trials in Europe and
Japan and an early phase II trial in Europe. A late phase
II trial in patients with functional dyspepsia is planned in
North America (15).

Source

Discovered at Zeria Pharmaceutical Co., Ltd. (JP);
licensed to Yamanouchi Pharmaceutical Co., Ltd. (JP) for
the U.S. and Canada.
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emptying, a dose of 10 mg/kg i.p. improved this parame-
ter in clonidine- or cholecystokinin-treated rats. These
results indicate that Z-338 may be effective in the treat-
ment of symptoms such as hypomotility and delayed gas-
tric emptying in patients with functional dyspepsia (11).

Pharmacokinetics

A novel HPLC method has been described to deter-
mine Z-338 in dog plasma. The limit of detection was
2.5 ng/ml. The method was effective in monitoring plasma
Z-338 concentrations in dogs orally administered the
agent (30 mg/kg). The agent was found to be rapidly
absorbed from the gastrointestinal tract with a Cmax of
2643.3 ng/ml obtained at 0.4 h postdosing; the AUC value
was 5997.3 ng.h/ml. Z-338 was eliminated from plasma
within 24 h of dosing (t1/2 = 2.9 h). It was concluded that
this method may be used for therapeutic monitoring of
plasma Z-338 concentrations (12).

The pharmacokinetics, safety and tolerability of oral
single doses (25-800 mg in the fasted state and 200 mg
given 35 min before or after food) and multiple doses (100
and 300 mg t.i.d. 35 min before food for 6 days) of Z-338
were examined in a phase I, double-blind, placebo-con-
trolled trial conducted in healthy male subjects. Z-338
was safe and concluded to be generally well tolerated.
The agent was rapidly absorbed displaying biphasic dis-
position; absorption was more rapid when administered
before food intake. AUC and Cmax values were dose-pro-
portional after single doses of 50-400 mg. Steady-state
was reached after 24 h with multiple dosing with slight
accumulation noted; AUC and Cmax values increased in a
greater than dose-proportional manner. Less than 5% of
the administered dose was excreted in urine. A minor
metabolite, C1 deisopropyl Z-338, was detected in both
plasma and urine (13).

Clinical Studies

A phase II, multicenter, randomized, double-blind,
placebo-controlled, parallel-group pilot study involving

Design Multicenter, dose-finding, placebo-controlled, double-blind, randomized clinical study

Population Patients with functional dyspepsia symptoms and a negative endoscopy (n = 62)

Treatments Z-338, 50 mg p.o. t.i.d. x 3 wks (n = 16)
Z-338, 100 mg p.o. t.i.d. x 3 wks (n = 14)
Z-338, 300 mg p.o. t.i.d. x 3 wks (n = 17)
Placebo (n = 15)

Conclusions Z-338 was safe and well tolerated, with headache being the most frequent adverse event. The 100-mg dose
appeared to improve symptoms and quality of life in patients with functional dyspepsia

Box 1: Efficacy and safety of Z-338 in functional dyspepsia (14) [from Prous Science Integrity®).



30 Z-338

15. Yamanouchi licenses North American development and mar-
keting rights to Z-338. DailyDrugNews.com (Daily Essentials)
July 18, 2002.

Additional References

Kurimoto, T., Yoshida, K., Eta, R., Tochigi, M., Sato, R., Yoneta,
T., Tamaki, H., Itoh, Z., Ogishima, M., Taniyama, K. In vitro phar-
macological profiles of Z-338, a novel gastroprokinetic agent.
Naunyn-Schmied Arch Pharmacol 1998, 358(1, Suppl. 1): Abst
P 40.33.

Matsunaga, Y., Ueki, S., Matsumura, T., Nomura, Y., Yoneta, T.,
Kurimoto, T., Tamaki, H., Itoh, Z. Z-338, a novel gastroprokinetic
agent, stimulates gastrointestinal motor activity and improves
delayed gastric emptying in the dog and rat. Jpn J Pharmacol
1998, 76(Suppl. 1): Abst P-629.

Ueki, S., Yoshida, K., Eta, R., Tochigi, M., Yoneta, T., Kurimoto,
T., Tamaki, H., Itoh, Z., Ogishima, M., Taniyama, K. In vitro phar-
macological profiles of Z-338, a novel prokinetic agent. Jpn J
Pharmacol 1998, 76(Suppl. 1): Abst P-630.

Nakashima, T., Inoue, R., Onoue, H., Ito, Y. Z-338, a newly syn-
thesized carboxyamide derivative, enhances gastric motility by
inhibition of pre-junctional M1 receptor in the guinea pig. Jpn J
Pharmacol 1999, 79(Suppl. I): Abst O-186.

Ogishima, M., Kaibara, M., Taniyama, K. Z-338, a novel gastro-
prokinetic agent, enhances ACh release from stomach by block-
ing muscarinic autoreceptors. Jpn J Pharmacol 1999, 79(Suppl.
I): Abst P-320.

Ito, Y., Nakajima, T., Inoue, R., Onoue, H., Kurimoto, T., Itoh, Z.
Z-338, a newly synthesized carboxyamide derivative, enhances
gastric motility by inhibition of pre-junctional M1 receptor in the
guinea pig. Dig Dis Week (May 16-19, Orlando) 1999, Abst 676.

Kurimoto, T., Ogishima, M., Ueki, S., Kaibara, M., Taniyama, K.,
Itoh, Z. Z-338, A novel gastroprokinetic agent, enhances acetyl-
choline release from the stomach by blocking muscarinic autore-
ceptors. Dig Dis Week (May 16-19, Orlando) 1999, Abst 1634.

Kurimoto, T., Mashimo, H., Goyal, R.K. The effect of Z-338, a
new gastroprokinetic agent, on the isolated segment of the
opossum lower esophageal sphincter. Jpn J Pharmacol 2000,
82(Suppl. 1): Abst P-544.

Ueki, S., Ogishima, M., Higashino, R., Yoneta, T., Kurimoto, T.,
Kaibara, M., Taniyama, K., Itoh, Z. Z-338 enhances acetylcholine
release from the canine stomach by blocking muscarinic autore-
ceptors in vivo microdialysis. Jpn J Pharmacol 2001, 85(Suppl.
I): Abst P-186.

Ito, Y., Morita, H., Inoue, R. Z-338 potentiates nifedipine-sensi-
tive voltage-dependent calcium currents via M5 receptor in
guinea-pig gastric smooth muscle cells. Jpn J Pharmacol 2002,
88(Suppl. 1): Abst P-147.

Kanemoto, Y., Ishibashi, H., Ito, Y., Akaike, N. Effect of Z-338 on
the cholinergic responses of isolated rat parasympathetic gan-
glion cells. Jpn J Pharmacol 2002, 88(Suppl. 1): Abst P-668.

2. Nagasawa, M., Nishioka, H., Suzuki, T., Nagano, E., Ishii, K.,
Nakao, R. (Zeria Pharmaceutical Co., Ltd.). Process for produc-
ing 2-hydroxybenzamide derivs. EP 0994108, US 6197970, WO
9858918.

3. Nakajima, T., Nawata, H., Ito, Y. Z-338, a newly synthesized
carboxyamide derivative, stimulates gastric motility through
enhancing the excitatory neurotransmission. J Smooth Muscle
Res 2000, 36: 69-81.

4. Ogishima, M., Kaibara, M., Ueki, S., Kurimoto, T., Taniyama,
K. Z-338 facilitates acetylcholine release from enteric neurons
due to blockade of muscarinic autoreceptors in guinea pig stom-
ach. J Pharmacol Exp Ther 2000, 294: 33-7.

5. Murasaki, O., Taniyama, K., Kaibara, M., Uezono, Y., Nagase,
Y., Doi, Y., Zhang, S. Z-338 potentially antagonizes muscarinic
M1 and M2 receptors expressed in Xenopus oocytes. Jpn J
Pharmacol 2001, 85(Suppl. I): Abst P-218.

6. Morita, H., Abe, K., Ito, Y., Inoue, R. Possible involvement of
M5 muscarinic receptor in the enhancing actions of the novel
gastroprokinetic agent Z-338 on nifedipine-sensitive voltage-
dependent Ca2+ currents in guinea pig stomach. Jpn J
Pharmacol 2002, 89: 356-65.

7. Kanemoto, Y., Ishibashi, H., Doi, A., Akaike, N., Ito, Y. An elec-
trophysiological study of muscarinic and nicotinic receptors of rat
paratracheal ganglion neurons and their inhibition by Z-338. Br J
Pharmacol 2002, 135: 1403-14.

8. Kurimoto, T., Mashimo, H., Goyal, R.K. The effect of Z-338, a
new gastroprokinetic agent, on the isolated segment of the opos-
sum lower esophageal sphinctor. Gastroenterology 2000, 118(4,
Suppl. 2, Part 1): A628.

9. Ueki, S., Matsunaga, Y., Yoshida, K., Yoneta, T., Kurimoto, T.,
Itoh, Z. Z-338, a novel gastroprokinetic agent with no effect on
dopamine D2 and serotonin 5-HT4 receptors. Dig Dis Week (May
16-19, Orlando) 1999, Abst 2513.

10. Ueki, S., Ogishima, M., Higashino, R., Yoneta, T., Kurimoto,
T., Kaibara, M., Taniyama, K., Itoh, Z. Z-338 enhances acetyl-
choline release from the canine stomach in vivo microdialysis by
blocking muscarinic autoreceptors. Dig Dis Week (May 20-23,
Atlanta) 2001, Abst 1495.

11. Ueki, S., Matsunaga, Y., Matsumura, T., Hori, Y., Yoneta, T.,
Kurimoto, T., Tamaki, H., Itoh, Z. Z-338, a novel prokinetic agent,
stimulates gastrointestinal motor activity and improves delayed
gastric emptying in the dog and rat. Naunyn-Schmied Arch
Pharmacol 1998, 358(1, Suppl. 1): Abst P 40.14.

12. Furuta, S., Miyahara, H., Sugimoto, T., Sano, H. LC determi-
nation of Z-338, novel gastroprokinetic agent in dog plasma by
SCX solid phase extraction. J Pharm Biomed Anal 2001, 25:
599-603.

13. Oliver, S.D., Ward, C., Ward, J., Kato, H., Saito, Y., Furuta, S.
Z-338: Phase I, single and multiple oral dose, safety, tolerability
and pharmacokinetic studies in healthy male subjects. 7th World
Conf Clin Pharmacol Ther (July 15-20, Florence) 2000, Abst 948.

14. Tack, J., Masclee, A., Heading, R., Berstad, A., Piessevaux,
H., Popiela, T., Vandenberghe, A., Kobayashi, S. A phase II ran-
domised multicentric double-blind placebo controlled parallel
group pilot study with Z-338 in functional dyspepsia (FD)
patients. Gut 2002, 51(Suppl. 3): Abst OP-G-143.


