
CCK was also found widely in many areas of the central
nervous system such as cerebral cortex, hippocampus,
amygdala, septum, olfactory bulb, hypothalamus, thala-
mus and ventral mesencephalon (8). More specifically,
CCK seems to coexist with substance P in central grey
neurons projecting to the spinal cord (9), with enkephalin
in the hippocampus (10), with corticotropin releasing hor-
mone in the paraventricular nucleus (11), with oxytocin in
the supraoptic and paraventricular nuclei of the hypothal-
amus (12) and with GABA in the cortex, hippocampus
and amygdala (13-15). In addition, CCK has been local-
ized in some specific neuronal pathways such as nigros-
triatal dopaminergic pathways and corticostriatal path-
ways (16, 17).

Gastrin is closely related to CCK, sharing the same
COOH terminal sequence Gly-Trp-Met-Asp-Phe-NH2
(Fig. 1). Gastrin is synthesized as a large precursor mol-
ecule, preprogastrin, which is processed into a number of
smaller bioactive peptides such as gastrin 71-, 52-, 34-,
17- and 5- (18); full biological activity resides in the
COOH terminal pentapeptide. Gastrin is secreted by G-
cells located in the gastric antral mucosa and upper small
intestine. Gastrin has stimulatory effects on gastric acid
secretion (GAS), trophic effects on gastric mucosa, par-
ticularly on enterochromaffin-like cells (ECL) (19), and
growth stimulatory effects on gastrin-sensitive malignant
cells (20).

Different CCK/gastrin receptor subtypes have been
identified. Given their anatomical location, they were clas-
sified as type A (alimentary) and type B (brain) (21). High
levels of CCK-A receptors are found in peripheral organs
such as the gallbladder, pancreas and intestine.
Extensive evidence now indicates that CCK-A receptors
are also present in the brain and CCK-B receptors in the
periphery, principally in the stomach; however, the origi-
nal nomenclature still holds (22).
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Introduction

Since the original isolation and sequencing of chole-
cystokinin (CCK) from porcine intestine by Victor Mutt (1)
about 30 years ago, considerable advances have been
made in understanding the pathophysiological role of
CCK and related peptides. The originally
isolated CCK was identified as a COOH amidated-33
amino acid peptide, but sequences of 8-, 39-, 47- and
58-amino acids have also been isolated in various
species (2, 3). Full biological activity resides in the COOH
terminal-7 amino acids, although full potency requires the
octapeptide to be sulfated at the tyrosine in the seventh
position from the terminal COOH (Fig. 1).

Recent studies demonstrate that CCK immunoreactiv-
ity is widely distributed in the small intestine (duodenal I
cells and enteric nerves), where CCK is secreted in
response to meals and stimulates gallbladder contraction
and pancreatic secretion (4). In addition, CCK seems to
have a physiological role in the regulation of motor func-
tion in the alimentary tract (5) and a gastric secretory
effect (stimulation of pepsin release from chief cells and
somatostatin release from D-cells) (6). CCK has been
found in the male reproductive system, suggesting a pos-
sible role in reproductive functions (7). More recently,
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In rats, CCK-8 microiontophoretically applied to pyra-
midal hippocampal neurons increased neuronal firing and
this increase was suppressed by benzodiazepine anxi-
olytics such as diazepam and flurazepam (35, 36).
Similarly, a 2-week benzodiazepine treatment in rats
decreased the neuronal response to CCK (37).
Furthermore, colocalization of GABA and CCK in rat cor-
tical and hippocampal neurons has been reported (38).
These neurophysiological and anatomical findings led to
behavioral studies in animal models of anxiety, where
CCK-B receptor agonists such as CCK-4 and pentagas-
trin showed an anxiogenic effect (39).

In humans, it has been demonstrated that CCK-4
administered intravenously (i.v.) produced short-lasting
panic-like attacks in normal healthy volunteers (40, 41)
and in patients with panic disorders (42). The efficacy of
CCK-B receptor antagonists as anxiolytic or antipanic
agents is still controversial. In fact, although CCK-B
receptor antagonists appear to have anxiolytic-like effects
in several animal models, their potency and efficacy vary
markedly among paradigms and laboratories.

Analgesia

CCK has also been postulated to play a role in the
perception of pain. Faris et al., in 1983 demonstrated that
CCK administered in the spinal cord antagonizes mor-
phine and β-endorphin-induced analgesia in rats (43).
Further evidence for the antagonistic interaction between
CCK and opiates was the improvement of opiate analge-
sia by active immunization with CCK antiserum (44). Both
CCK-A and CCK-B antagonists have been reported to
enhance morphine analgesia (45, 46), and CCK-B antag-
onists have been shown to prevent the development of
tolerance to morphine (47).

Schizophrenia

Hyperactivity of the dopamine system in brain seems
to play a major role in the etiology of schizophrenia (48).
CCK has been shown to coexist with dopamine in mid-
brain neurons, including ventral tegumental neurons pro-
jecting to the medial posterior nucleus accumbens (49).
Although the interactions between CCK and dopamine
are complex, some studies suggest that CCK can
enhance dopamine function (50, 51). In schizophrenic
patients the expression of CCK mRNA is increased com-
pared to healthy subjects (52). There is experimental evi-
dence that the activity of midbrain dopamine neurons
may be inhibited by CCK-B but not by CCK-A receptor
antagonists. CCK-B receptor antagonists may represent
a novel class of antipsychotic drugs, having potential
therapeutic effects in schizophrenia without the catalepto-
genic effects induced by classical antipsychotic drugs.

Therapeutic targets for CCK-B antagonists

Gastric secretory disorders

Gastrin has two major physiological functions: stimu-
lation of acid secretion and stimulation of mucosal growth
in the acid secreting part of the stomach. Gastrin is
released in response to the presence of food in the stom-
ach or in response to neutralization of the stomach con-
tent (23). The increase of circulating gastrin plasma lev-
els stimulates DNA synthesis and proliferation of oxyntic
mucosal cells (24), in particular parietal and ECL cells.
Gastrin release is modulated by a negative feedback
mechanism in which acidification inhibits the release of
gastrin from antral G-cells.

Elevated fasting and postprandial gastrin levels have
been described in several diseases such as diabetes
mellitus, peptic ulcer, Zöllinger-Ellison syndrome, gastri-
nomas and G-cell hyperplasia (25). Moreover, chronic
infection with Helicobacter pylori is associated with
increased basal and gastrin-stimulated GAS (26).
Therefore, CCK-B receptor antagonists may have thera-
peutic potential as antisecretory drugs in peptic ulcer dis-
ease as well as in all those pathological situations in
which hypertrophy of mucosal gastric cells is present.

Gastrointestinal tumors

The role of gastrin in the growth of gastrointestinal
tumors is complex, involving both endocrine and
autocrine/paracrine pathways. Gastrin, via CCK-B recep-
tors, stimulates oxyntic mucosa, which may lead to hyper-
plasia of ECL cells, resulting in ECL carcinoid tumors in
rats (27) and in patients with chronic atrophic gastritis (28,
29). In humans, in addition to hypergastrinemia, genetic
factors may be involved in the progression of ECL hyper-
plasia to carcinoids (25). The role of gastrin in colorectal
cancer is still controversial (30, 31). Trophic effects of
gastrin on colon malignant cells have been ascribed to
interaction with gastrin receptors which are not uniformly
present in many colorectal cancers (32, 33). Moreover,
distinct receptors have been found to mediate the
autocrine role of gastrin. Weinstock and Baldwin (34)
showed that low-affinity receptors were expressed on a
series of gastrointestinal cancer cell lines. This low-affini-
ty receptor was identified as a distinct receptor subtype
and was classified as the CCK-C/gastrin receptor.

The potential use of CCK-B receptor antagonists in
gastrointestinal malignancy may be clarified when gastrin
receptor subtyping confirms which isoforms play an
important role in gastrin-mediated tumor growth.

Anxiety

Now there is good evidence to indicate that CCK
mechanisms may be involved in the mediation of anxi-
ety-related behavioral responses in animals and man.
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selectivity (Table I). In vivo in anesthetized rats, spiroglu-
mide antagonized pentagastrin-induced GAS with an
ED50 of 11 mg/kg after i.v. administration, and was inef-
fective in antagonizing GAS induced by histamine or car-
bachol at doses 10 times higher than that required to
antagonize the secretory response of pentagastrin. The
antisecretory activity of spiroglumide did not significantly
differ among species (ED50 = 11, 5.9 and 15.5 mg/kg in
rats, dogs and cats, respectively). Moreover, in
Heidenhain pouch dog, spiroglumide demonstrated good
antisecretory activity as well as good absorption after oral
administration (57). In humans, spiroglumide infused i.v.
in the range of 1-7.5 mg/kg/h dose-dependently and com-
petitively antagonized gastrin-stimulated GAS (58). In a
phase II randomized, double-blind, placebo-controlled

Nonpeptide CCK-B receptor antagonists

In the last decade, a number of nonpeptide CCK-B
receptor antagonists have been synthesized. The
approaches for designing new classes of CCK-B receptor
antagonists by pharmaceutical companies have been dif-
ferent: modification of molecules that in the past had
shown weak CCK antagonistic activity (proglumide,
asperlicin), amino acid deletion studies on the tetragastrin
molecule, modelling the shape of the tetragastrin mole-
cule or broad screening exercise. In summary, com-
pounds under development can be grouped into the fol-
lowing chemical classes: amino acid derivatives,
benzodiazepine derivatives, dipeptoids, pyrazolidinone
derivatives, quinazolinone derivatives, ureidoacetamido
derivatives, dibenzobicyclo-octane and bicyclic het-
eroaromatic derivatives, ureidobenzazepine derivatives
and miscellaneous structures.

Amino acid derivatives

1) Glutamic acid derivatives

During the 1970s, the first putative gastrin antagonist,
proglumide (Fig. 2A) was developed by Rotta and used
as therapy for peptic ulcer (53, 54). Despite its low poten-
cy, proglumide has been the reference CCK antagonist
compound for several years. To improve the potency and
selectivity of proglumide, chemical modifications of its
structure were investigated and led to a new series of
CCK-A receptor antagonists whose representative, lorg-
lumide, is a potent and selective CCK-A receptor antago-
nist (55). In order to obtain potent and specific CCK-B
antagonists, a new series was designed conducting
appropriate chemical manipulations of the structure of lor-
glumide. CR-2194 (spiroglumide; (R)-4-(3,5-dichloro-
benzamido)-5-(8-azaspiro[4.5]decan-8-yl)-5-oxo pen-
tanoic acid) (Fig. 2A) was the optimized CCK-B receptor
antagonist in this series (56), showing a micromolar affin-
ity for CCK-B receptor and discrete CCK-B over CCK-A

Proglumide
(Rotta)

Spiroglumide
(Rotta)

1
(Abbott)

Fig. 2. Structures of proglumide, spiroglumide and compound 1.

Table I: CCK receptor binding affinities for glutamic acid deriva-
tives.

IC50 (nM)a

Compound R CCK-B CCK-A A/B

Spiroglumide -OH 1400 13500 9.6

CR-2622 20 7380 369

aIC50 represents the concentration (nM) producing half-maximal
inhibition of specific binding of [3H](N-Me-N-Leu) CCK-8 in the
guinea pig cerebral cortex (CCK-B) or of [125I]-CCK-8 in the rat
pancreas (CCK-A).
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L-365260 (Fig. 3) binds stereospecifically and with
high affinity (IC50 = 8.5 nM) to CCK-B receptor, showing
selectivity (about 100-fold) over the CCK-A receptor
(Table II) (63); the affinity for the cloned human brain
receptor is similar (IC50 = 3.8 nM) (64).

In vivo in pylori-ligated rats, L-365260 antagonized
pentagastrin-induced GAS, with an ED50 of 0.86 mg/kg
after oral administration (65). Moreover, high doses of
L-365260 were required to inhibit both histamine-stimu-
lated and basal acid secretion (ED50 = 12.6 mg/kg). In the
same dose range, L-365260 was effective in attenuating
gastrointestinal damage induced by acid-dependent
mechanisms (aspirin- and cysteamine-induced ulcer)
(66). The potency of L-365260 as a gastrin antagonist
varied among species (mouse>rat>guinea pig>dog) and
correlated with differences in oral bioavailability
(mouse>rat>guinea pig).

In a double-blind, crossover study, L-365260 at single
oral doses of 2.5, 10 or 50 mg dose-dependently reduced
pentagastrin-stimulated GAS in healthy volunteers (67).
The dose of 50 mg induced a maximal inhibitory effect of
50% and was as effective as a 5 mg oral dose of famoti-
dine.

The anxiolytic-like effects of L-365260 in rodent mod-
els of anxiety are still under debate. Rataud (68)
described an anxiolytic-like activity of L-365260 in mice at
doses of 0.01-0.1 mg/kg. In contrast, Harro (69) and
Dawson (70) found no effect in the rat elevated plus
maze. This lack of activity could be due to poor bioavail-
ability of the compound and as a consequence, insuffi-
cient occupation of central CCK-B receptors (71) to
induce a robust anxiolytic effect.

In preliminary studies in humans, a single oral dose of
L-365260 (50 mg/kg) blocked the anxiogenic effects of
pentagastrin in healthy volunteers (72) and the panico-
genic effect of CCK-4 in patients suffering from panic dis-
orders (73). However, repeated dosing of L-365260 (30
mg q.i.d. x 6 weeks) in panic disorder patients did not
induce any reduction in the frequency of panic attacks
(74).

L-365260 has been evaluated for its ability to bind to
CCK-B receptors expressed by gastrointestinal tumor

study in healthy volunteers, the effects of spiroglumide on
meal sham feeding and meal-stimulated intragastric acid-
ity were evaluated. Spiroglumide infused at a dose of 7.5
mg/kg/h decreased both basal and meal-stimulated GAS.

Despite its excellent oral bioavailability, the relatively
low affinity and selectivity for CCK-B receptor precluded
further development of spiroglumide as a potential thera-
peutic tool for peptic ulcer. Chemical manipulation of the
structure of spiroglumide resulted in CR-2622, a potent
(IC50 = 7 nM in inhibiting gastrin-induced [Ca2+] cytosolic
elevation in rabbit parietal cells) and selective
(CCK-A/CCK-B = 369) CCK-B receptor antagonist (Table
I). In vivo in anesthetized rats, CR-2622 antagonized pen-
tagastrin-induced GAS with an ED50 of 2 mg/kg after i.v.
administration (59). In spite of its potency and selectivity,
CR-2622 showed poor oral absorption which limited its
development.

2) Piperidines

During structure-activity exploration of CCK peptide
analogs, a group from Abbott designed a series of com-
pounds from which compound 1 (Fig. 2) showed good
affinity (IC50 = 34 nM) but weak selectivity (7.5-fold) for
CCK-B over CCK-A receptor. This compound exhibited
weak anxiolytic-like activity in the elevated plus maze in
mice when administered intraperitoneally (i.p.) over a
range of 0.001-1 mg/kg (60).

Benzodiazepine derivatives

The isolation and identification of asperlicin as a
selective CCK antagonist (61) led to the subsequent
development of the selective and potent CCK-A antago-
nist, devazepide, and the CCK-B antagonist, L-365260,
both with nanomolar affinity for CCK-A and CCK-B recep-
tors, respectively (62, 63). Due to their potency, these
compounds have been important pharmacological tools
in elucidating the physiological role of CCK-A and CCK-B
receptors.
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CCK. This effect seems to be independent of the CCK-A,
CCK-B and CCK-C receptors.

Second generation benzodiazepines

The limited oral bioavailability of L-365260 demon-
strated in animals and humans studies, probably due to
its very low aqueous solubility, prompted a search for sec-
ond generation CCK-B receptor antagonists. The initial
strategy to increase water solubility was the inclusion of
acidic solubilizing groups into the phenyl ring of the acy-
lurea moiety of L-365260 (78). From this series, interest-
ing biological activities were observed with a number of

cells. In a preliminary study (75) it was shown that
L-365260 had no effect on the basal growth of AR4-2J
cells, but reversed G17-stimulated growth both in vitro
and in vivo. In agreement, in another study (76) L-365260
had no effect on the basal growth of human gastrointesti-
nal cancer cell line AGS, but did inhibit gastrin-stimulated
growth in a dose-dependent manner. This lack of effect
on basal growth may be explained by the finding that
L-365260 does not bind to the CCK-C/gastrin receptor
purported to mediate the autocrine effect of gastrin. In a
recent study (77) it was reported that L-365260 and
devazepide reduced cell proliferation rate of the human
colon cancer cell clone HT29-S-B6 dose-dependently
and independent of the presence of exogenous gastrin or
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Table II: Benzodiazepine CCK-B antagonists: chemical structures and receptor binding affinities.

IC50 (nM)a

Compound R1 R2 R3 R4 CCK-B CCK-A

L-365260 Phenyl -CH3 -CH3 -H 8.5 736

L-740093 -CH3 -CH3 -H 0.1 1604

L-368935 Phenyl -CH2CH(CH3)2 -H 0.14 1434

L-369466 Phenyl -CH3 -H 0.27 983

L-736380 Cyclohexyl -CH3 -H 0.05 400

L-737481 Cyclohexyl -CH3 -CH3 0.07 802

L-738425 Phenyl -CH3 0.11 4080

YM-022 Phenyl -CH3 .H 0.11 150

YF-476 (2)-Pyridyl -CH2COC(CH3)3 -NHCH3 -H 0.1b 502

aCCK-B binding was measured by displacement of [125I]-CCK from guinea pig corticol membranes and CCK-A binding was measured by
displacement of [125I]-CCK from rat pancreatic tissue as described in references. bIC50 value for displacement of [125I]-CCK-8 from rat
brain.



selectivity, the results from ex vivo binding studies
showed ED50s of 1.7 and 10 mg/kg for L-736380 and
L-738425, respectively, indicating less brain penetration
than L-365260.

A novel series of 1-arylmethyl analogs of L-365260
was synthesized by Yamanouchi. YM-022 (Fig. 4) was
the optimal compound of the series, eliciting very high
CCK-B receptor affinity (IC50 = 0.11 nM) and good recep-
tor subtype selectivity (CCK-A/CCK-B = 1300) (Table II)
(82).

In vivo in anesthetized rats, YM-022 given i.v. inhibit-
ed pentagastrin-induced GAS with an ED50 of 0.0078
pmol/kg (about 0.04 mg/kg) and did not affect histamine-
and bethanechol-induced acid secretion even at doses
1000-fold higher than the ED50 for inhibiting pentagastrin
(83). Orally administered YM-022 dose-dependently
inhibited basal GAS in pylorus-ligated rats, with an ED50
of 0.83 µmol/kg. Moreover, in rats YM-022 was as potent
as famotidine in preventing gastric and duodenal ulcers
induced by indomethacin and mepirizole (84).

In Heidenhain pouch dogs, YM-022 administered i.v.
dose-dependently inhibited pentagastrin and peptone
meal-induced acid secretion, with ED50s of 0.0261 and
0.0654 µmol/kg, respectively, without affecting histamine-
or metacholine-induced acid secretion at doses about 50
times higher than that required to inhibit pentagastrin
(85). After 13 weeks of treatment, YM-022 increased
plasma gastrin concentration similar to omeprazole, but
prevented development of hyperresponse to pentagastrin
and hyperplasia of gastric mucosa induced by omepra-
zole or famotidine (86). YM-022 may protect patients with
peptic ulcers or esophagitis from hypergastrinemia
caused by antisecretory agents. However, results from
clinical trials have not yet been published.

The introduction of basic amino substituents into the
3-position of the aryl urea portion of the YM-022 series
provided an improvement in selectivity for the CCK-B
over CCK-A receptor. From this new series the compound
YF-476 emerged, a 3-methylamino substituent having
excellent affinity for CCK-B receptors (0.1 nM) and selec-

tetrazolyl urea derivatives. Two principal compounds
emerged, L-368935, a tetrazol analog of L-365260 and
the 1,2,4-oxadiazolone L-369446. Both compounds
exhibited high affinity (CCK-B, IC50 = 0.1 nM and 0.27 nM,
respectively) and selectivity (CCK-A/CCK-B = 10,000 and
3700, respectively) (Table II). However, both L-368935
and L-369466 demonstrated poor brain penetration,
exhibiting an ex vivo binding inhibition (ED50) of 5.6 and
6.5 mg/kg i.v., respectively; these values are similar to
those obtained with L-365260 (13 mg/kg) (79). To
improve this deficiency, another series of compounds was
synthesized by incorporating an amino solubilizing group
in the benzodiapin C5 substituent. Optimization of the
benzodiazepine C5 substituents led to the azabicyclo
[3.2.2]nonane derivative L-740093 (80).

L-740093 (Fig. 3) showed extremely high affinity for
CCK-B receptors (IC50 = 0.1 nM), 90-fold higher than
L-365260, and excellent receptor subtype selectivity
(CCK-A/CCK-B = 16,000) (Table II). The aqueous solubil-
ity of L-740093 hydrochloride is 0.15 mg/ml. Results from
ex vivo binding assays showed a 60-fold increase in
potency compared with L-365260, demonstrating its
excellent CNS penetration (71). In vivo in anesthetized
rats, L-740093 antagonized pentagastrin-induced GAS
with an ID50 of 0.01 mg/kg i.p., being 2-fold more potent
than L-365260. Results from clinical trials with L-740093
are awaiting publication.

More recently, in order to increase brain penetration
by modulating the pKa of the acidic moiety, Merck scien-
tists synthesized another series of benzodiazepine deriv-
atives which incorporates a tetrazol-5-yl amino group into
the phenyl ring of the acylurea moiety of L-365260. The
indolinyltetrazole L-738425 and the cyclohexyl com-
pounds L-736380 and L-737481 are the most prominent
compounds of this series, showing excellent potency and
high selectivity. In fact, L-738425 is the most selective
(CCK-A/CCK-B = 37,000) CCK-B receptor antagonist
thus far reported (81). In vivo in anesthetized rats,
L-738425 inhibited pentagastrin-induced GAS with an
ID50 of 0.064 mg/kg i.p. In spite of their potency and
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Dipeptoids

Amino acid deletion studies on CCK 30-33 have
shown that the tryptophan and the phenylalanine
residues of the CCK tetrapeptide were both necessary for
the retention of micromolar binding affinity to CCK-B
receptors. On this basis, the core molecule of the dipep-
toid series was derived (91). The overall strategy for the
development of the dipeptoids was to explore indepen-
dently the SAR of the N- and C-terminal sites of the core
molecule. A systematic SAR of the N-terminus revealed
that bulky groups were preferred and optimization struc-
ture was reached with a 2-adamantyloxy-carbonyl group
(11a, Table III) that showed a good CCK-B receptor bind-
ing affinity (IC50 = 32 nM), but weak selectivity for CCK-B
receptor (CCK-A/CCK-B = 20). The strategy to improve
the affinity and selectivity for CCK-B receptor was to
explore the C-terminus of compound 11a, leading to a
series of highly selective CCK-B receptor antagonists
(21e, 18, 29d, 27, Table III) (92). Compounds 29d, CI-988
(formerly PD-134308) and 27, CAM-1189 (formerly PD-
136450) (Fig. 5) showed nanomolar affinity (IC50 =1.7 and
0.7 nM, respectively) and good selectivity for CCK-B
receptor (CCK-A/CCK-B = 2500 and 1100, respectively)
(93). In vivo in anesthetized rats, CI-988 inhibited penta-
gastrin-induced GAS with an ED50 of 0.25 µmol/kg after
subcutaneous (s.c.) administration, and its potency was
comparable to that of the histamine H2 antagonist, raniti-
dine. CI-988, at doses 100 times higher than its ED50
against pentagastrin, had no effect on basal acid secre-
tion and did not inhibit the secretory response to hista-
mine and bethanechol (94). In vivo in animal models for
anxiety (mouse black and white test, rat elevated plus

tivity (CCK-A/CCK-B = 5020) (Table II) (87). YF-476 (Fig.
4) inhibited the binding of [125I]-CCK-8 to cloned human
CCK-B receptors with a Ki value of 0.62 nM, resulting in
a 45-fold higher affinity than that of L-365260 and 4-fold
lower than that of YM-022. In vivo in anesthetized rats,
YF-476 administered i.v. inhibited pentagastrin-induced
GAS with an ED50 of 0.0086 µmol/kg. This effect was
about 15-fold more potent than that of famotidine.
However, YF-476 did not affect histamine- or bethane-
chol-induced GAS. In Heidenhain pouch dogs, YF-476
strongly inhibited pentagastrin-induced GAS with ED50s
of 0.018 and 0.020 µmol/kg after i.v. or oral administra-
tion, respectively (88).

Because of its potency and good oral bioavailability,
YF-476 was selected for further development and is cur-
rently under clinical investigation for the treatment of gas-
troesophageal reflux disease.

Starting from L-365260, Glaxo investigators synthe-
sized several 1,5-benzodiazepindione derivatives. The
saturation of the N-5 phenyl ring resulted in the cyclo-
hexyl substituted compound GR-199114X (Fig. 4), which
showed an increase in both potency and selectivity for
CCK-B receptor in comparison with L-365260. Moreover,
GR-199114X exhibited good bioavailability after oral
administration (89).

A novel series of CCK-B receptor antagonists was
recently designed by scientists at Merck by incorporating
a piperidin-2-yl or homopiperidin-2-yl group attached to
C5 of a benzodiazepin core structure of L-365260.
Compounds to emerge from this series, such as 9d (Fig.
3), showed high affinity for the CCK-B receptor (IC50 = 1.5
nM) and very good selectivity over CCK-A receptor
(CCK-A/CCK-B = 2060) (90).
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Table III: CCK receptor binding affinities for dipeptoid derivatives (ref. 92).

IC50 (nM)a

Compound R1 R2 CCK-B CCK-A A/B

11a H H 32 650 20

21e -CH2NHCO(CH2)2COOH H 4.2 950 230

18 -CH2NHCOCH=CHCOOH H 0.8 440 550

29d H -NHCO(CH2)2COOH 1.7 4300 2500

27 H -NHCOCH=CHCOOH 0.7 790 1100

CCK-8 0.3 0.1 0.33

Pentagastrin 0.8 600 750

aIC50 represents the concentration (nM) producing half-maximal inhibition of specific binding of [125I]-CCK-8 to CCK receptor in the mouse
cerebral cortex (CCK-B) or in the rat pancreas (CCK-A).



of panic anxiety in rats (99), CI-988 failed to show any
anxiolytic effect.

Consistent with these observations, recent studies
have reported very modest effects of a high oral dose of
CI-988 on CCK-4-induced panic symptoms in healthy vol-
unteers (100) and inactivity on CCK-4-induced symptoms
in panic disorder patients (101). Moreover, in a double-
blind, placebo-controlled study, CI-988 administered for 4
weeks (300 mg/day) to patients with generalized anxiety
disorders did not demonstrate anxiolytic effects (102).
The controversial lack of marked effects observed follow-
ing peripheral administration of CI-988 to rats is likely to
reflect insufficient brain penetration of this molecule.
Indeed, ex vivo binding experiments have shown that
CI-988 has only weak central activity due to poor brain
penetration in rodents (79). Therefore, the limited efficacy
and poor absorption (100) in human trials, and a potential
CCK-A agonist effect of CI-988 make it an unlikely candi-
date for further development.

Continued SAR efforts led to the discovery of a high-
er affinity compound (1, Table IV, IC50 = 0.15 nM), but less
selective (CCK-A/CCK-B = 170) dipeptoid analog of
CI-988 (103). Therefore, a series of compounds was syn-
thesized in which the [(2-adamantyloxy)carbonyl]-α-
methyl-(R)-tryptophan moiety of CI-988 was kept con-
stant and the phenyl ring (R2) of 1 was varied. These
modifications led to the identification of a number of
dipeptoids with high affinity and increased selectivity for
binding to the CCK-B receptor. Compound 19 (Table IV)
was the optimal compound of this series, exhibiting an
extraordinarily high affinity (IC50 = 0.08 nM) and good
selectivity (CCK-A/CCK-B = 900) (104).

maze and marmoset human threat test), CI-988 showed
an anxiolytic profile at doses of 0.001-1 mg/kg after both
oral and s.c. administration (95). In a comparative study
with benzodiazepines, CI-988 was 50-fold more potent
than chlorodiazepoxide (96) and as active as diazepam
(97) without possessing sedative, ataxic or anticonvulsant
actions at doses up to 3000-fold higher than those pro-
ducing anxiolysis. On the contrary, in rat (96) and mouse
(98) shock-motivated tests, where electric shock is used
as an anxiogenic stimulus, and in a validated simulation
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CI-988
(Parke-Davis)

PD-136450
(Parke-Davis)

2
(Glaxo Wellcome)

Fig. 5. Selected dipeptoid derivatives as CCK-B receptor antagonists.

Table IV: CCK receptor binding affinities for C-terminal analogs
of CI-988.

IC50 (nM)a

Compound R1 R2 CCK-B CCK-A A/B

1 H Ph 0.15 22.5 150
19 H Ph-4-F 0.08 75.5 930

aIC50 represents the concentration (nM) producing half-maximal
inhibition of specific binding of [125I]-CCK-8 to CCK receptor
in the mouse cerebral cortex (CCK-B) or in the rat pancreas
(CCK-A).



3-phenyl-4(3H)-quinazolinone nucleus, from which LY-
247348 emerged (Fig. 6), exhibiting discrete CCK-B
receptor affinity (IC50 = 32 nM) and selectivity (CCK-
A/CCK-B >300) (109). LY-247348 showed anxiolytic-like
activity on punished responding in squirrel monkeys
(110).

An important structural feature of CI-988 is the
alpha-methyl-substituted Trp residue, considered essen-
tial for receptor affinity. The objective of the Glaxo inves-
tigators was to determine whether the indole moiety of the
Trp residue could be replaced by a variety of aromatic
rings. The best results were obtained with the naphtha-
lene derivative 2 (Fig. 5), which retained similar affinity
but improved selectivity for the CCK-B receptor in com-
parison with the parent compound CI-988 (105).

Pyrazolidinones

Through a broad screening and structure optimization
at the CCK-B receptor, investigators at Lilly identified in
the pyrazolidinone structure a valuable moiety for obtain-
ing new chemical entities with promising CCK-B receptor
antagonist activity. From this series, the most potent and
selective compounds are shown in Table V. LY-288513
(Fig. 6), the active isomer of LY-262691, showed high
selectivity for CCK-B (IC50 = 16 nM) over CCK-A receptor
(IC50 >30,000) (106).

LY-288513 in rat elevated plus maze, at doses of 10
and 30 mg/kg (i.p. and oral, respectively) showed anxi-
olytic-like activity comparable to diazepam, but without
side effects (107).

Moreover, LY-288513 seems to block the anxiogenic
effects of diazepam withdrawal in auditory startle
response test in rats (108).

Quinazolinones

Another series of CCK-B antagonists was designed at
Lilly starting from the asperlicin molecule, yielding a
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Table V: CCK receptor binding affinities for diphenylpyrazolidinone compounds.

IC50 (nM)a

Compound X R1 R2 R3 CCK-B CCK-A A/B

LY-262684 O 4-Br 2-Cl 2-Cl 6 7900 1317

LY-191009 O 4-CF3 2-Cl H 10 >10000 >1000

LY-262691 O 4-Br H H 31 11600 374

LY-288513b O 4-Br H H 16 >30000 >1870

LY-242040 O 4-CF3 H H 44 10600 240

aIC50 represents the concentration (nM) producing half-maximal inhibition of specific binding of [125I]-CCK-8 to CCK receptor in the
mouse cerebral cortex (CCK-B) or in the rat pancreas (CK-A). b(+) optical isomer of LY-262691.

LY-288513

LY-247348

Fig. 6. Structures of Lilly�s selected nonpeptide CCK-B
antagonists.



Dibenzobicyclo[2.2.2]octane and bicyclic heteroaromatic
derivatives

The James Black Foundation�s approach to the
search for CCK-B receptor antagonists was to design
rigid structures that could be used to replace the peptide
backbone of tetragastrin. These studies led to the discov-
ery of a new series of potent and selective CCK-B recep-
tor antagonists based on the dibenzobicyclo[2.2.2]octane
(BCO) skeleton, which satisfied the stereoelectronic
requirements for the putative pharmacophore of tetragas-
trin. From this series one compound emerged (3, Fig. 7),
with submicromolar affinity for CCK-B receptor (pKi = 8.8
in mouse cortical membranes) and at least 30-fold selec-
tivity for CCK-B over CCK-A receptors (115, 116).
Compounds from this series were found to show
species-related behavior when examined in rat and dog
models. In fact, when compound 3 was given i.v. at a
dose of 0.025 µmol/kg in anesthetized rats, there was a
79% reduction in pentagastrin-stimulated GAS, but in
gastric fistula dogs it was at least 700-fold less potent.

The design of molecules in which the BCO skeleton
was replaced by bicyclic heteroaromatic frameworks led
to compounds that maintained the activity and selectivity
profile of 3. The 5,6-disubstituted indole derivative (4, Fig.
7) emerged from this series (117). Compound 4 still main-
tained the excellent in vitro properties of compound 3 but

Acute administration of diphenylpyrazolidinones such
as LY-262691 or quinazolinones such as LY-247348
dose-dependently decreased midbrain dopamine unit
activity (111), indicating that CCK-B antagonists may rep-
resent a novel class of antipsychotic drugs with the poten-
tial for therapeutic effects in schizophrenic patients with-
out a delayed onset of action. However, development of
LY-288513 was discontinued due to adverse findings in
preclinical toxicology, and results from clinical trials with
LY-247348 have not yet been published (112).

Ureidoacetamides

Rhône-Poulenc developed a series of nonpeptide
CCK-B receptor antagonists with ureidoacetamide struc-
ture. Chemical structure, potency and selectivity are
shown in Table VI, where the most representative mole-
cules of this series are reported. RP-69758 and RP-
72540 showed nanomolar affinity for CCK-B receptors
(IC50 = 9 nM and 2.4 nM, respectively) and good selectiv-
ity (CCK-A/CCK-B = 139 and 982, respectively). In vivo in
anesthetized rats, RP-69758 administered i.v. inhibited
pentagastrin-induced GAS with an ED50 of 1.14 µmol/kg
(113). Substitution of the acetic acid moiety in R2 (Table
VI) with the ethyl sulfonate group led to RP-73870, a very
potent (IC50 = 0.48 nM) and selective (CCK-A/CCK-B =
3404) compound. RP-73870 administered i.v. to anes-
thetized rats antagonized pentagastrin-stimulated GAS
with an ED50 of 0.05 mg/kg. RP-73870 at a dose sufficient
to completely block pentagastrin-stimulated secretion
(0.3 mg/kg i.v.) was without effect on histamine-stimulat-
ed GAS. The compound also inhibited basal GAS in gas-
tric fistula rats, with an ED50 of 25 mg/kg after oral admin-
istration. RP-73870 prevented acid-dependent gastric
and duodenal damage in rats after both oral and i.v.
administration, being as potent as other standard antiul-
cer compounds such as the histamine H2 receptor antag-
onist famotidine or the proton pump inhibitor omeprazole
(114).
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Table VI: CCK receptor binding affinities for ureidoacetamides.

Ki (nM)a

Compound R1 R2 CCK-B CCK-A A/B

RP-69758 H -CH2COOH 9.00 1254 139

RP-72540 -OCH3 -CH(CH3)-COOH 2.40 2338 982

RP-73870 -OCH3 -CH(CH3)-SO3K 0.48 1634 3404

aCCK-B binding was measured by displacement of [125]-CCK-8
from guinea pig cortical membranes and CCK-A binding was
measured by displacement of [3H]-CCK-8 from guinea pig pan-
creatic membranes.

Fig. 7. Structures of J.B. Foundations�s selected dibenzobicy-
clo[2.2.2]octane (3) and bicyclic heteroaromatic (4) CCK-B
antagonists.

4

3



Miscellaneous

1) Anthranilic acid derivatives

CR-2945 (Fig. 9), an anthranilic acid derivative, was
the result of a new series of compounds synthesized in
Rotta with the objective of improving the oral bioavailabil-
ity of CR-2622. CR-2945 showed excellent affinity (IC50 =
2.3 nM) and selectivity (CCK-A/CCK-B = 9000) for CCK-B
receptor (121). In vivo, it antagonized pentagastrin-
induced GAS with ED50s of 1.3 and 3.2 mg/kg after i.v.
and intraduodenal administration, respectively. CR-2945
was ineffective in antagonizing histamine-and
carbachol-stimulated GAS up to doses 30 to 60 times
higher than that required to antagonize pentagastrin stim-
ulation. CR-2945 was also effective in the prevention of
gastric and duodenal damage in several models (121).
These results are encouraging for further development of
the compound.

2) Dual H2 and CCK-B receptor antagonists

With the objective of alleviating the relapse problem
frequently encountered with H2 receptor antagonist thera-

in vivo exhibited comparable activity in rat and dog
assays: a dose of 0.025 µmol/kg reduced
pentagastrin-induced GAS by 97% in anesthetized rats.
Results of oral activities of these compounds have not
been published.

Ureidobenzazepines

Modification of the benzodiazepine nucleus of
L-365260 to a 3-ureido benzazepin-2-one, obtained by a
group from Pfizer, was reported to afford relatively less
potent and nonselective CCK-B receptor antagonism
(118). Incorporation of a 5-phenyl ring into a series of ure-
ido benzazepin-2-one structures led to compounds with
potent and selective affinity for the CCK-B receptor. In
particular, CP-212454 (Fig. 8) showed excellent affinity
(IC50 = 0.48 nM) and selectivity (CCK-A/CCK-B = 370) for
CCK-B receptor. In vivo in anesthetized rats, CP-212454
administered s.c. antagonized pentagastrin-induced GAS
with an ED50 of 0.8 mg/kg. To increase the poor water sol-
ubility of this series, new molecules were synthesized
incorporating a carboxylic acid, as well as other ionizable
groups, into the 5-substituted 3-ureido benzazepin-2-one
compounds, providing potent, selective and water-soluble
CCK-B receptor antagonists. Compound 5 (Fig. 8),
showed increased solubility (3 mg/ml compared to 0.0002
mg/ml for CP-212454), affinity for the CCK-B receptor
and in vivo efficacy. Compound 5 showed nanomolar
affinity for CCK-B receptor (IC50 = 0.1 nM) and increased
selectivity with respect to CP-212454 (CCK-A/CCK-B =
14,000). In vivo in anesthetized rats, compound 5 antag-
onized pentagastrin-induced GAS with an ED50 of 0.03
mg/kg after s.c. administration (119).

Scientists from Merck synthesized a new series of
benzazepines resulting from the incorporation of
homopiperidine at the 5-position of the benzazepine,
leading to compound 6 (Fig. 8), which showed good affin-
ity (IC50 = 15.7 nM) but low selectivity for CCK-B over
CCK-A receptors (120).
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CP-212454
(Pfizer)

5
(Pfizer)

6
(Merck)

Fig. 8. Structures of selected ureidobenzazepine CCK-B recep-
tor antagonists.

Fig. 9. Structures of miscellaneous selected nonpeptide CCK-B
antagonists (refs. 123, 124).

7a
(Shionogi)

42
(Shionogi)

CR-2945
(Rotta)



potency of spiroglumide and the poor bioavailability of
L-365260.

There is evidence that CCK-B receptor antagonists
may have antiproliferative activity in gastrin-sensitive
tumors but the therapeutic use of these compounds
remains unclear until the tumor-specific receptors have
been identified and characterized. Therefore, the thera-
peutic potential of these compounds in the gut will only be
fully investigated when second-generation CCK-B antag-
onists are available to evaluate their effects on acid-relat-
ed disease in controlled clinical trials.

Another interesting possible therapeutic indication for
CCK-B gastrin receptor antagonists may be the treatment
of generalized anxiety disorders (GAD). Animal studies
have shown that CCK-B gastrin receptor antagonists can
block the anxiogenic response induced by CCK-4 and
exhibit anxiolytic properties.

As described above, results from phase I clinical trials
showed that CI-988 attenuated CCK-4 induced panic
attack in healthy volunteers (100) and L-365260 antago-
nized the panicogenic effects of CCK-4 in patients with
panic disorders (73). On the contrary, the results of anoth-
er phase I clinical trial (101) suggest that CI-988 in doses
up to 100 mg was not effective in reducing symptoms of
panic anxiety induced by CCK-4. Moreover, in a dou-
ble-blind, placebo-controlled study in GAD patients,
CI-988 (300 mg/day, twice daily for 4 weeks) did not
demonstrate any anxiolytic effect superior to placebo
(102). The possible reasons for this lack of effect are not
clear, but the poor bioavailability of these compounds
seems to be the most plausible explanation. Further stud-
ies with the new generation CCK-B/gastrin antagonists
will probably answer some of the questions concerning
the relevance of these compounds in the treatment of
GAD.

Results from preclinical studies in midbrain dopamine
neurons suggest that CCK-B antagonists may represent
a novel class of antipsychotic drugs, with potential thera-
peutic effect in schizophrenia. Confirmation of the pre-
dicted antipsychotic activity in man awaits results from
clinical trials that have not yet been published.

In conclusion, the first generation CCK-B receptor
antagonists seem to have limitations as potential thera-
peutic tools; the novel potent and selective CCK-B recep-
tor antagonists, with improved pharmaceutical properties,
will facilitate studies on the therapeutic utility of this class
of compounds in man. Only future clinical trials can
demonstrate the validity of these compounds as thera-
peutic agents.

References

1. Mutt, V., Jorpes, J. Structure of porcine cholecystokinin-pan-
creozymin. Eur J Biochem 1968, 6: 156-62.

2. Frey, P. Cholecystokinin octapeptide (CCK 26-33) nonsulfated
octapeptide and tetrapeptide (CCK 30-33) in rat brain: Analysis
by high pressure liquid chromatography (HPLC) and radioim-
munoassy (RIA). Neurochem Int 1983, 5: 811-5.

py, investigators at Shionogi designed hybrid molecules
with dual histamine H2 and CCK-B receptor antagonism.
These compounds were constructed from two basic phar-
macophore moieties selected from H2 antagonists (roxa-
tidine and famotidine) and CCK-B antagonists
(L-365260); the two pharmacophores were connected
with a spacer. Compounds emerging from the roxatidine
series exhibited only submicromolar affinity for CCK-B
receptor and poor selectivity for CCK-B over CCK-A
receptor (122). Moreover, the high molecular weight
showed that improvement of the oral absorption of these
hybrid molecules would be essential for their develop-
ment as antiulcer agents. From the last published series,
compound 42 (Fig. 9) which bears the famotidine moiety
reversely connected to L-365260 at the guanidino group
without a spacer, maintained a nanomolar affinity (IC50 =
38 nM) for CCK-B receptor and good H2 receptor antag-
onist activity (pA2 = 6.1). The reduced molecular weight
improved oral absorption (123). Results from in vivo stud-
ies, however, were not completely satisfactory and other
studies are still being conducted.

3) Ureidomethylcarbamoylphenylketone derivatives

Researchers at Shionogi have just published the
results obtained from a new series of derivatives, with a
ureido methylcarbamoyl phenylketone skeleton, exhibit-
ing potent and selective CCK-B receptor antagonist activ-
ity. S-0509 (7a, Fig. 9) emerged from this series, having
nanomolar affinity for CCK-B (IC50 = 23.5 nM) and good
selectivity for CCK-B over CCK-A receptor (124). In vivo
in anesthetized rats, S-0509 inhibited pentagastrin-
induced GAS with an ED50 of 0.014 mg/kg after i.d.
administration. For its chemical structure, compound
S-0509 showed low blood-brain barrier permeability, sug-
gesting in vivo selectivity for the peripheral over the cen-
tral CCK-B receptor.

Conclusions

This article has reviewed recent progress in the
identification of the major chemical classes of non-
peptide CCK-B gastrin receptor antagonists. As
described above, CCK is implicated in a series of
pathologies for which the CCK-B receptor antagonists
can be used as promising alternatives to currently avail-
able therapeutic agents.

Various classes of CCK-B receptor antagonists have
been shown to inhibit gastric acid secretion in animals.
Therefore, these compounds may provide a new interest-
ing approach for the treatment of gastric and duodenal
ulcers and possibly in gastrin-sensitive malignancies.
However, only a few CCK-B receptor antagonists have
been evaluated in clinical trials and the results obtained
thus far are not very encouraging. For instance, spiroglu-
mide and L-365260 seem to have weak antisecretory
activity when compared to histamine H2 antagonists.
These results may be explained by the relatively low

762 Nonpeptide CCK-B receptor antagonists



20. Rehfeld, J.F., Van Solinge, W.W. The tumor biology of gastrin
and cholecystokinin. Adv Cancer Res 1994, 63: 295-347.

21. Watson, S., Abbott, A. TIPS receptor nomenclature supple-
ment. Trends Pharmacol Sci Suppl. 1990, 1-30.

22. Woodruff, G.N., Hughes J. Cholecystokinin antagonists. Ann
Rev Pharmacol Toxicol 1991, 31: 469-501.

23. Walsh, J.H. In: Gastrointestinal Hormones in Physiology of
the Gastrointestinal Tract, 2nd Ed. Johnos, L.R. (Ed.). Raven
Press: New York 1987, 181-259.

24. Enochs, M., Johnson, L. Changes in protein and nucleic acid
synthesis in rat gastric mucosa after pentagastrin. Am J Physiol
1977, 223: E223.

25. Modlin, I.M., Tang, L.H. The gastric enterochromaffin-like
cell: An enigmatic cellular link. Gastroenterology 1996, 111:
783-810.

26. McGowan, C.C, Cover, T.L., Blaser, M.J. Helicobacter pylori
and gastric acid: Biological and therapeutic implications.
Gastroenterology 1996, 110: 926-38.

27. Tielemens, Y., Hakanson, R., Willens, G. Hyperplastic mani-
festations of enterochromaffin-like cells in the stomach of rats
with congenital moderate hypergastrinemia. Scand J Gastro-
enterol 1994, 29: 219-25.

28. Rode, J., Dhillon, A.P., Papadaki, K. et al. Pernicious
anaemia and mucosal endocrine cell proliferation of the
non-antral stomach. Gut 1986, 27: 789-98.

29. Solcia, E., Capella, C., Fiocca, R., Rindi, G., Rosai, J. Gastric
argyrophil carcinoidosis in patients with Zöllinger-Ellison syn-
drome due to type I multiple endocrine neoplasia. Am J Surg
Pathol 1990, 14: 503-13.

30. Rehfeld, J.F. Gastrin and colorectal cancer: A never-ending
dispute? Gastroenterology 1995, 108: 1307-10.

31. Creutzfeldt, W., Lamberts, R. Is hypergastrinemia dangerous
to man? Scand J Gastroenterol 1991, 26 (Suppl. 180): 179-91.

32. Watson, S.A., Durrant, L.G., Crosbie, J.D., Morris, D.L. The
in vitro growth response of primary human colorectal and gastric
cancer cells to gastrin. Int J Cancer 1989, 43: 692-6.

33. Upp, J.R. Jr., Sing, P., Townsend, C.M. Jr., Thompson, J.C.
Clinical significance of gastrin receptors in human colon cancers.
Cancer Res 1989, 49: 488-92.

34. Weinstock, J., Baldwin, G.S. Binding of gastrin-17 to human
gastric carcinoma cell lines. Cancer Res 1988, 48: 932-7.

35. Bradwejn, J., De Montigny, C. Benzodiazepines antagonize
cholecystokinin-induced activation of rat hippocarnpal neurones.
Nature 1984, 312: 363-4.

36. Bradwejn, J., De Montigny, C. Effects of PK8165, a partial
benzodiazepine receptor antagonist, on cholecystokinin-induced
activation of hippocampal pyramidal neurons: A microion-
tophoretic study in the rat. Eur J Pharmacol 1985, 112: 415-8.

37. Bouthillier, A., De Montigny, C. Long-term benzodiazepine
treatment reduces neuronal responsiveness to cholecystokinin:
An electrophysiological study in the rat. Eur J Pharmacol 1988,
151: 135-8.

38. Somogyi, P., Hodgson, A.J., Smith, A.D., Nunzi, M.G., Gorio,
A., Wu, J.Y. Different populations of GABAergic neurons in the
visual cortex and hippocampus of cat contain somatostatin- or
cholecystokinin-immunoreactive material. J Neurosci 1984, 4:
2590-603.

3. Eberlein, G.A., Eysselein, V.E., Goebell, H. Cholecystokinin-
58 is the major molecular form in man, dog and cat but not in pig,
beef and rat intestine. Peptides 1988, 9: 993-8.

4. Crawley, J.E., Corwin, R.L. Biological actions of cholecys-
tokinin. Peptides 1994, 15: 731-55.

5. D�Amato, M., Makovec, F., Rovati, L.C. Potential clinical appli-
cations of CCKA receptor antagonists in gastroenterology. Drug
News Perspect 1994, 7: 87-95.

6. Liddle, L.A. Cholecystokinin. In: Gut Peptides. Walsh J.H.,
Dockray, G.J. (Eds.). Raven Press: New York 1994, 175-216.

7. Persson, H., Ericsson, A., Schalling, M., Rehfeld, J.F., Hökfelt,
T. Detection of cholecystokinin in spermatogenic cells. Acta
Physiol Scand 1988, 134: 565-6.

8. Höckfelt, T., Herrera-Marschitz, M., Seroogy, K.
Immunohistochemical studies on cholecystokinin (CCK)-
immunoreactive neurons in the rat using sequence specific anti-
sera and with special reference to the caudate nucleus and pri-
mary sensory neurons. J Chem Neuroanat 1988, 1: 11-52.

9. Skirboll, L., Höckfelt, T., Rehfeld, J., Cuello, A.C., Dockray, G.
Coexistence of substance P- and cholecystokinin-like immunore-
activity in neurons of the mesencephalic periacqueductal central
gray. Neurosci Lett 1982, 28: 35-9.

10. Gall, C., Lauterborn, J., Burks, D., Seroogy, K. Co-localiza-
tion of enkephalin and cholecystokinin in discrete areas of rat
brain. Brain Res 1987, 403: 403-8.

11. Mezey, E., Reisine, T.D., Skirboll, L., Beinfeld, M., Kiss, J.Z.
Cholecystokinin in the medial parvocellular subdivision of the
paraventricular nucleus. Coexistence with corticotropinreleasing
hormone. Ann NY Acad Sci 1985, 448: 152-6.

12. Vanderhaeghen, J.J., Lotstra, F., De May, J., Gilles, C.
Immunohistochemical localization of cholecystokinin and gas-
trin-like peptides in the brain and hypophysis of the rat. Proc Natl
Acad Sci USA 1980, 77: 1190-4.

13. Hendry, S.H.C., Jones, E.G., De Felipe, J., Schmechel, D.,
Brandon, C., Emson, P.C. Neuropeptide-containing neurons of
the cerebral cortex are also GABAergic. Proc Natl Acad Sci USA
1984, 81: 6526-30.

14. Kosaka, T., Kosaka, K., Tateishi, K. et al. GABAergic neurons
containing CCK-8-like and/or VIP-like immunoreactivities in the
rat hippocampus and dentate gyrus. J Comp Neurol 1985, 239:
420-30.

15. McDonald, A.J., Pearson, J.C. Coexistence of GABA and
peptide immunoreactivity in non-pyramidal neurons of the baso-
lateral amigdala. Neurosci Lett 1989, 100: 53-8.

16. Morino, P., Heffera-Marschitz, M., Castel, M.N. et al.
Cholecystokinin in cortico-striatal neurons in the rat: Immunohis-
tochemical studies at the light and electron microscopical level.
Eur J Neuroscience 1994, 6: 681-92.

17. Morino, P., Mascagni, M.C., Donald, A., Hökfelt, T.
Cholecystokinin corticostriatal pathway in the rat: Evidence for
bilateral origin from medial prefrontal cortical areas.
Neuroscience 1994, 59: 939-52.

18. Bundgaard, J.R., Vuust, J., Rehfeld, J.F. Tyrosine-O-sulfata-
tion promotes proteolytic processing of progastrin. EMBO J
1995, 14: 3073-9.

19. Walsh, J.H. Gastrin. In: Gut Peptides. Walsh, J.H., Dockray,
G.J. (Eds.). Raven Press: New York 1994, 75-121.

Drugs Fut 1998, 23(7) 763



56. Makovec, F., Peris, W., Revel, L., Giovanetti, R., Mennuni, L.
Rovati, L.C. Structure-antigastrin activity relationships of new
(R)-4-benzamido-5-oxopentanoic acid derivatives. J Med Chem
1992, 35: 28-38.

57. Revel, L., Ferrari, F., Makovec, F., Rovati, L.C., Impicciatore,
M. Characterization of antigastrin activity in vivo of CR2194, a
new R-4-benzamido-5-oxo-pentanoic acid derivative. Eur J
Pharmacol 1992, 216: 217-24.

58. Beltinger, J., Hildebrand, P., Howald, A., D�Amato, M.,
Beglinger, C. Effect of CR2194, a CCK-B/gastrin-receptor antag-
onist, on gastrin-stimulated acid secretion in man. Gastro-
enterology 1994, 106: A50.

59. Makovec, F., Peris, W., Frigerio, S. et al. Structure-antigastrin
activity relationships of new spiroglumide amino acid derivatives.
J Med Chem 1996, 39: 135-42.

60. Holladay, M.W., Bennet, M.J., Bai, H. et al. Amino
acid-derived piperidines as novel CCKB ligands with
anxiolytic-like properties. Bioorg Med Chem Lett 1995, 24:
3057-62.

61. Chang, R.S., Lotti, V.J. et al. A potent non-peptide cholecys-
tokinin antagonist selective for peripheral tissues isolated from
Aspergillus alliaceus. Science 1985, 230: 177-9.

62. Evans, B.E., Bock, M.G., Rittle, K.E. et al. Design of potent,
orally effective, nonpeptidyl antagonists of the peptide hormone
cholecystokinin. Proc Natl Acad Sci USA 1986, 83: 4918-22.

63. Bock, M.G., DiPardo, R.M., Evans, B.E. Benzodiazepine
gastrin and brain cholecystokinin receptor ligands: L-365,260. J
Med Chem 1989, 32: 13-6.

64. Lee, Y-M., Beinborn, M., McBride, E.W., Lu, M., Kolakowski,
L.F. Jr., Kopin, A.S. The human brain cholecystokinin-B/gastrin
receptor. Cloning and characterization. J Biol Chem 1993, 268:
8164-9.

65. Lotti, V.J., Chang, R.S.L. A new potent and selective
non-peptide gastrin antagonist and brain cholecystokinin recep-
tor (CCK-B) ligand: L-365,260. Eur J Pharmacol 1989, 162:
273-80.

66. Pendley, C.E., Fitzpatrick, L.R., Ewing, R.W., Molino, B.F.,
Martin, G.E. The gastrin/cholecystokinin-B receptor antagonist
L-365,260 reduces basal acid secretion and prevents gastroin-
testinal damage induced by aspirin, ethanol and cysteamine in
the rat. J Pharmacol Exp Ther 1993, 265: 1348-54.

67. Murphy, M.G., Sytnich, B., Kovacs, T.O. et al. The gastrin
receptor antagonist L-365,260 inhibits stimulated acid secretion
in humans. Clin Pharmacol Ther 1993, 54: 533-9.

68. Rataud, J., Darche, F., Piot, O., Stutzmann, J.M., Bohme,
G.A., Blanchard, J.C. Anxiolytic effect of CCK-antagonists on
plus-maze behaviour in mice. Brain Res 1991, 548: 315-7.

69. Harro, J., Vasar, E. Cholecystokinin-induced anxiety: How is
it reflected in studies on exploratory behaviour. Neurosci
Biochem Rev 1991, 15: 473-7.

70. Dawson, G.R., Rupniak, N.M.J., Iversen, S.D. et al. Lack of
effect of CCKB receptor antagonists in ethological and condi-
tioned animal screens for anxiolytics drugs. Psychopharmacol-
ogy 1995, 121: 109-17.

71. Patel, S., Smith, A.J., Chapman, K.L. et al. Biological prop-
erties of the benzodiazepine amidine derivative L-740,093, a
cholecystokinin-B/gastrin receptor antagonist with high affinity in
vitro and high potency in vivo. Mol Pharmacol 1994, 46: 943-8.

39. Harro, J., Vasar, E. Evidence that CCKB receptors mediate
the regulation of exploratory behaviour in the rat. Eur J
Pharmacol 1991, 193: 379-81.

40. Abelson, J.L., Nesse, R.M. Cholecystokinin-4 and panic.
Arch Gen Psychiatry 1990, 47: 395.

41. De Montigny, C. Cholecystokinin tetrapeptide induces
panic-like attacks in healthy volunteers. Arch Gen Psychiatry
1989, 46: 511-7.

42. Bradwejn, J., Koszycki, D., Payeur, R., Bourin, M., Borthwick,
H. Replication of action of cholecystokinin tetrapeptide in panic
disorders: Clinical and behavioural findings. Am J Psychiatry
1992, 149: 962-4.

43. Faris, P.L., Komisaruk, B.R., Watkins, L.R., Mayer, D.J.
Evidence for the neuropeptide cholecystokinin as an antagonist
of opiate analgesia. Science 1983, 219: 310-2.

44. Faris, P.L., McLaughlin, C.L., Baile, C.A., Olney, J.K.,
Komisaruk, B.R. Morphine analgesia potentiated but tolerance
not affected by active immunization against cholecystokinin.
Science 1984, 226: 1215-7.

45. Gaudreau, P., Lavigne, G.J., Quirion, R. Cholecystokinin
antagonists proglumide, lorglumide and benzotrip, but not
L-364,718, interact with brain opioid binding sites.
Neuropeptides 1990, 16: 51-5.

46. Wisenfeld-Hallin, Z., Xu, X-J., Hughes, J., Horwell, D.C.,
Hökfelt, T. PD 134308, a selective antagonist of cholecystokinin
type B receptor, enhances the analgesic effect of morphine and
synergistically interacts with intrathecal galanin to depress spinal
nociceptive reflexes. Proc Natl Acad Sci USA 1990, 87: 7105-9.

47. Dourish, C.T., O�Neill, M.F., Coughlan, J., Kitchener, S.J.,
Hawley, D., Iversen, S.D. The selective CCK-B receptor antago-
nist L-365,260 enhances morphine analgesia and prevents mor-
phine tolerance in the rat. Eur J Phannacol 1990, 176: 35-44.

48. Losonczy, M.F., Davidson, M., Davis, K.L. The dopamine
hypothesis of schizophrenia. In: Psychopharmacology: The Third
Generation of Progress. Meltzer, H.Y. (Ed.) Raven Press: New
York 1987, 715-26.

49. Hökfelt, T., Rehfeld, J.F., Skirboll, L., Ivemark, B., Goldstein,
M., Markey, K. Evidence for coexistence of dopamine and CCK
in mesolimbic neurons. Nature 1980, 285: 476-8.

50. Skirboll, L.R., Grace, A.A., Homer, D.W. et al.
Peptide-monoamine coexistence: Studies of actions of cholecys-
tokinin-like peptide on the electrical activity of midbrain
dopamine neurons. Neuroscience 1981, 6: 2111-24.

51. Crawley, J.N., Stivers J.A., Blumstein, K.L., Paul, S.M.
Cholecystokinin potentiates dopamine-mediated behaviours:
Evidence for modulation specific to a site of coexistence. J
Neurosci 1985, 5: 1972-83.

52. Schalling, M., Friberg, K. et al. Analysis of expression of
cholecystokinin in dopamine cells in the ventral mesencephalon
of several species and in humans with schizophrenia. Proc Natl
Acad Sci USA 1990, 87: 8427-31.

53. Rovati, A.L., Casula, P.L., Dare, G. Anti-secretory action of
some new compounds free of anticholinergic actions. Minerva
Med 1967, 58: 3651-3.

54. Rovati, A.L. Inhibition of gastric secretion by anti-gastrin and
H2-blocking agents. Scand J Gastroenterol 1980, 27: 41-6.

55. Makovec, F., Chistè, R., Bani, M., Revel, L., Setnikar, I.,
Rovati, L.A. New glutamic and aspartic derivatives with potent
CCK-antagonistic activity. Eur J Med Chem 1986, 21: 9-20.

764 Nonpeptide CCK-B receptor antagonists



87. Semple, G., Ryder, H., Rooker, D.P. et al. (3R)-N-
(tert-Butylcarbonylmethyl)-2,3dihydro-2-oxo-5-(2-pyridyl)-1H-
1,4-benzodiazepin-3-yl)-N�-(3-(methylamino)phenyl)urea
(YF476): A potent and orally active gastrin/CCK-B antagonist. J
Med Chem 1997, 40: 331-41.

88. Takinami, Y., Yuki, H., Nishida, A. et al. YF476 is a new
potent and selective gastrin/cholecystokinin-B receptor antago-
nist in vitro and in vivo. Aliment Pharmacol Ther 1997, 11:
113-20.

89. Bailey, N., Box, P.C., Carr, R.A.E. et al. Novel 1,5-benzodi-
azepindione gastrin/CCKB antagonists. Bioorg Med Chem Lett
1997, 7: 281-6.

90. Castro, J.L., Broughton, H.B., Russel, M.G.N. et al.
5-(Piperidin-2-yl)- and 5(homopiperidin-2-yl)-1,4-benzodiaze-
pines: High-affinity, basic ligands for the cholecystokinin-B
receptor. J Med Chem 1997, 40: 2491-501.

91. Eden, J.M., Higginbottom, M., Hill, D.R. et al. Rationally
designed �dipeptoid� analogues of cholecystokinin (CCK): N-ter-
minal structure-affinity relationships of α-methyltryptophan deriv-
atives. Eur J Med Chem 1993, 28: 37-45.

92. Horwell, D.C., Hughes, J., Hunter, J.C. et al. Rationally
designed �dipeptoid� analogues of CCK. α-Methyltryptophan
derivatives as highly selective and orally active gastrin and
CCK-B antagonists with potent anxiolytic properties. J Med
Chem 1991, 34: 404-14.

93. Boden, P.R., Eden, J.M., Higginbottom, M. et al. Rationally
designed �dipeptoid� analogues of cholecystokinin (CCK): C-ter-
minal structure-affinity relationships of α-methyltryptophan deriv-
atives. Eur J Med Chem 1993, 28: 47-61.

94. Hayward, N.J., Harding, M., Lloyd, S.A.C., McKnight, A.T.,
Hughes, J., Woodruff, G.N. The effect of CCKB/gastrin antago-
nists on stimulated gastric acid secretion in the anaesthetized
rat. Br J Pharmacol 1991, 104: 973-7.

95. Hughes, J., Boden, P., Costall, B. et al. Development of a
class of selective cholecystokinin type B receptor antagonists
having potent anxiolytic activity. Proc Natl Acad Sci USA 1990,
87: 6728-32.

96. Singh, L., Field, M.J., Hughes, J. et al. The behavioural prop-
erties of CI-988, a selective cholecystokininB receptor antago-
nist. Br J Pharmacol 1991, 104: 239-45.

97. Costall, B., Domeney, A.M., Hughes, J., Kelly, M.E., Naylor,
R.J. Woodruff, G.N. Anxiolytic effects of CCK-B antagonists.
Neuropeptides 1991, 19 (Suppl.): 65-73.

98. Dooley, D.L., Klamt, I. Differential profile of CCK-B receptor
antagonist CI-988 and diazepam in the four-plate test.
Psychopharmacology 1993, 112: 452-4.

99. Jenck, F., Martin, J.R., Moreau, J.L. Behavioral effects of
CCKB receptor ligands in a validated simulation of panic anxiety
in rats. Eur Neuropsychopharmacol 1996, 6: 291-8.

100. Bradwejn, J., Koszycki, D., Paradis, M., Reece P., Hinton,
J., Sedman, A. Effect of CI-988 on cholecystokinin tetrapep-
tide-induced panic symptoms in healthy volunteers. Biol
Psychiatry 1995, 38: 742-6.

101. van Megen, H.J.G.M., Westenberg, H.G.M., den Boer, J.A.,
Slaap, B., van Es-Radhakishum, F., Pande, A.C. The cholecys-
tokinin-B receptor antagonist CI-988 failed to affect CCK-4
induced symptoms in panic disorder patients. Psychopharma-
cology 1997, 129: 243-8.

72. Traub, M., Lines, C., Ambrose, J. CCK and anxiety in normal
volunteers. Br J Clin Pharmacol 1993, 36: 504P.

73. Bradwejn, J., Koszychi, D., Couetoux du Tertre, A. et al. The
panicogenic effects of cholecystokinin-tetrapeptide are antago-
nized by L-365,260, a central cholecystokinin receptor antago-
nist, in patients with panic disorder. Arch Gen Psychiatry 1994,
51: 486-93.

74. Kramer, M.S., Cutler, N., Ballenger, J. et al. A placebo con-
trolled trial of L-365,260, a CCK-B antagonist, in panic disorder.
Biol Pscychiatry 1995, 37: 462-6.

75. Watson, S.A., Durrant, L.G., Morris, D.L. Inhibition effect of
gastrin receptor antagonist L-365,260 on gastrointestinal tumour
cells. Cancer 1991, 68: 1255-60.

76. Pionter, M.K., Hengels, K.J. Differential mode of action of
high- and low-affinity CCK/gastrin receptor antagonists in growth
inhibition of gastrin-responsive human gastric adenocarcinoma
cells in vitro. Anticancer Res 1993, 13: 715-20.

77. Forgue-Lafitte, M.E., Coudray, A.M., Mester, J., Gespach, C.,
Rosselin, G. Antimitogenic effects of the gastrin-CCK receptors�
antagonists L-364718 and L-365260 in human colon cancer cell
clone HT29-S-B6: Cell cycle analysis and modulation by serum.
Biomed Res 1996, 17: 457-64.

78. Bock, M.G., DiPardo, R.M., Mellin, E.C. et al. Second-gener-
ation benzodiazepine CCK-B antagonists. Development of sub-
nanomolar analogs with selectivity and water solubility. J Med
Chem 1994, 37: 722-4.

79. Patel, S., Chapman, K.L., Heald, A., Smith, A.J., Freedman,
S.B. Measurement of central nervous system activity of system-
ically administered CCKB receptor antagonists by ex vivo bind-
ing. Eur J Pharmacol 1994, 237-44.

80. Showell, G.A., Bourrain, S., Neduvelil, J.G. et al. High-affini-
ty and potent, water soluble 5-amino-1,4-benzodiazepine
CCKB/gastrin receptor antagonists containing a cationic solubi-
lizing group. J Med Chem 1994, 37: 719-21.

81. Castro, J.L., Ball, R.G., Broughton, H.B. et al. Controlled
modification of acidity in cholecystokinin B receptor antagonists:
N-(1,4-Benzodiazepin-3-yl)-N�-[3-(tetrazol-5-ylamino) phenyl]-
ureas. J Med Chem 1996, 39: 842-9.

82. Satoh, M., Kondoh, Y., Okamoto, Y. et al. New 1,4-benzodi-
azepin-2-one derivatives as gastrin/cholecystokinin-B antago-
nists. Chem Pharm Bull 1995, 43: 2159-67.

83. Nishida, A., Miyata, K., Tsutsumi, R. et al. Pharmacological
profile of (R)-1-[2,3-dihydro-1-(2�-methyl-phenacyl)-2-oxo-5-
phenyl-1H-1,4-benzodiazepin-3-yl]-3-(3-methylphenyl)urea
(YM022), a new potent and selective gastrin/cholecystokinin-B
receptor antagonist, in vitro and in vivo. J Pharmacol Exp Ther
1994, 269: 725-31.

84. Nishida, A., Takinami, Y., Yuki, H. et al. YM022,
{(R)-1-[2,3-dihydro-1-(2�-methylphenacyl)-2-oxo-5-phenyl-
1H-1,4-benzodiazepin-3-yl]-3-(3-methylphenyl)urea}, a potent
and selective gastrin/cholecystokinin-B receptor antagonist, pre-
vents gastric and duodenal lesions in rats. J Pharmacol Exp Ther
1994, 270: 1256-61.

85. Yuki, H., Nishida, A., Miyake, A. et al. YM022, a potent and
selective gastrin/CCK-B receptor antagonist, inhibits peptone
meal-induced gastric acid secretion in Heidenhain pouch dogs.
Dig Dis Sci 1997, 42: 707-4.

86. Nishida, A., Kobayashi-Uchida, A., Akuzawa, S. et al. Gastrin
receptor antagonist YM022 prevents hypersecretion after
long-term acid suppression. Am J Physiol 1995, 269: G699-705.

Drugs Fut 1998, 23(7) 765



114. Pendley, C.E., Fitzpatrick, L.R., Capolino, A.J. et al.
RP73870, a gastrin/cholecystokininB receptor antagonist with
potent anti-ulcer activity in the rat. J Pharmacol Exp Ther 1995,
273: 1015-22.

115. Kalindjian, S.B., Bodkin, M.J., Buck, I.M. et al. A new class
of non-peptidic cholecystokinin-B/gastrin receptor antagonists
based on dibenzobyciclo[2.2.2]octane. J Med Chem 1994, 37:
3671-3.

116. Kalindjian, S.B., Buck, I.M., Cushnir, J.R. et al. Improving
the affinity and selectivity of a nonpeptide series of cholecys-
tokinin-B/gastrin receptor antagonists based on the dibenzobicy-
clo[2.2.2]octane skeleton. J Med Chem 1995, 38: 4294-302.

117. Kalindjian, S.B., Buck, I.M., Davies, J.M.R. et al. Non-pep-
tide cholecystokinin-B/gastrin receptor antagonists based on
bicyclic, heteroaromatic skeleton. J Med Chem 1996, 39: 1806-
15.

118. Lowe, J.A. III, Hageman, D.L., Drodza, S.E. et al. 5-
Phenyl-3-ureidobenzazepin-2-ones as cholecystokinin-B recep-
tor antagonists. J Med Chem 1994, 37: 3789-811.

119. Lowe, J.A. III, Drodza, S.E., McLean, S. et al. A water solu-
ble benzazepine cholecystokinin-B receptor antagonist. Bioorg
Med Chem Lett 1995, 5: 1933-6.

120. van Niel, M.B., Freedman, S.B., Matassa, V.G., Patel, S.,
Pengilley, R.R., Smith, A.J. CCKB selective receptor ligands:
Novel 1,3,5-trisubstituted benzazepin-2-ones. Bioorg Med Chem
Lett 1995, 5: 1421-6.

121. Revel, L., Mennuni, L., Letari, O., Makovec, F. Gastric acid
antisecretive activity of CR 2945 a new potent gastrin/CCKB

receptor antagonist. Gut 1997, 41 (Suppl. 3): A82.

122. Kawanishi, Y., Ishihara, S., Tsushima, T. et al. Synthesis
and pharmacological evaluation of highly potent dual histamine
H2 and gastrin receptor antagonists. Bioorg Med Chem Lett
1996, 6: 1427-30.

123. Kawanishi, Y., Ishihara, S., Takahashi, K. et al. Synthesis
and biological evaluation of a new reversely linked type of dual
histamine H2 and gastrin receptor antagonist. Chem Pharm Bull
1997, 45: 116-24.

124. Hagishita, S., Murakami, Y., Seno, K. et al. Synthesis and
pharmacological properties of ureidomethylcarbamoylphenylke-
tone derivatives. A new potent and subtype-selective nonpeptide
CCK-B/gastrin receptor antagonist, S-0509. Bioorg Med Chem
1997, 5: 1695-714.

102. Adams, J.B., Pyke, R.E., Costa, J. et al. A double-bind
placebo-controlled study of a CCK-B receptor antagonist,
CI-988, in patients with generalized anxiety disorder. J Clin
Psychopharmacol 1995, 15: 428-34.

103. Boden, P.R., Higginbottom, M., Hill, D.R. et al.
Cholecystokinin dipeptoid antagonists: Design, synthesis, and
anxiolytic profile of some novel CCK-A and CCK-B selective and
�mixed� CCK-A/CCK-B antagonists. J Med Chem 1993, 36:
552-65.

104. Augelli-Szafran, C.E., Horwell, D.C., Kneen, C. et al.
Cholecystokinin B antagonists. Synthesis and quantitative struc-
ture-activity relationships of a series of C-terminal analogues of
CI-988. Bioorg Med Chem 1996, 4: 1733-45.

105. Araldi, G., Donati, D., Oliosi, B. et al. Synthesis and recep-
tor-binding affinity of dipeptoid cholecystokinin ligands. Eur Med
Chem 1996, 31: 215-20.

106. Howbert, J.J., Lobb, K.L., Brown, F.R. et al. A novel series
of non-peptide CCK and gastrin antagonists: Medicinal chem-
istry and electrophysiological demonstration of antagonism. In:
Multiple Cholecystokinin Receptors - Progress Towards CNS
Therapeutic Targets. Dourish, C.T., Cooper, S.J. (Eds.). Oxford
University Press: London 1992, 28-37.

107. Helton, D.R., Berger, J.E., Czachura, J.F., Rasmussen, K.,
Kallman, M.J. Central nervous system characterization of the
new cholecystokininB antagonist LY288513. Pharmacol Biochem
Behav 1996, 53: 493-502.

108. Rasmussen, K., Helton, D., Berger, J.E., Scearce, E. The
CCK-B antagonist LY288513 blocks diazepam withdrawal-
induced increases in auditory startle response. Ann NY Acad Sci
1994, 713: 374-6.

109. Yu, M.J., Thrasher, K.J., McCowan, J.R., Mason, N.R.,
Mendelsohn, L.G. Quinazolinone cholecystokinin-B receptor lig-
ands. J Med Chem 1991, 34: 1505-8.

110. Barret, J.E., Linden, M.C., Holloway, H.C., Yu, M.J.,
Howbert, J.J. Anxiolytic-like effects of the CCK-B antagonists
LY262691, LY262684 and LY247348 on punished responding of
squirrel monkeys. Soc Neurosci Abstr 1991, 17: 1063.

111. Rasmussen, K., Czachura, J.F., Stockton, M.E., Howbert,
J.J. Electrophysiological effects of diphenylpyrazolidinone chole-
cystokinin-B and cholecystokinin-A antagonists on midbrain
dopamine neurons. J Pharmacol Exp Ther 1993, 264: 480-8.

112. Rasmussen, K. Therapeutic potential of cholecystokinin-B
antagonists. Exp Opin Invest Drugs 1995, 4: 313-22.

113. Bertrand, P., Bohme, G.A., Durieux, C. et al.
Pharmacological properties of ureidoacetamides, new potent
and selective non-peptide CCKB/gastrin antagonists. Eur J
Pharmacol 1994, 262: 233-45.

766 Nonpeptide CCK-B receptor antagonists


