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Pharmacology and Metabolism
of Renzapride
A Novel Therapeutic Agent for the
Potential Treatment of Irritable Bowel Syndrome

Nicholas L. Meyers and Roger I. Hickling

Alizyme Therapeutics Limited, Cambridge, UK

Background and objective: Renzapride (ATL-1251), a novel benzamide, isAbstract
currently under clinical development for the treatment of irritable bowel syn-
drome (IBS). Previous in vitro and in vivo experimental studies have characterized
renzapride as a full serotonin 5-HT4 receptor agonist on the gut and a 5-HT3

receptor antagonist. Clinical studies have confirmed the therapeutic efficacy,
tolerability and safety of renzapride in patients with constipation-predominant
IBS. This study set out to characterize the pharmacological profile of renzapride
and its potential metabolic products at both 5-HT and other monoamine receptors
in the gut.
Methods: The affinity of renzapride, its (+) and (–) enantiomers, and its primary
metabolite, renzapride N-oxide and its enantiomers, for serotonin receptors was
assessed by means of in vitro radioligand binding inhibition studies. After
membranes prepared from animal tissue or membranes of cell lines transfected
with cloned human receptors had been incubated with radiolabelled ligand with
high affinity for a specific receptor, renzapride was added to competitively inhibit
this binding. Levels of bound radioligand were measured by filtration and count-
ing of the bound radioactivity. In instances where >50% inhibition of radioligand
binding had occurred, the inhibition constant (Ki) was calculated. Metabolism of
renzapride by liver microsomes was assessed by incubating 10 μmol/L renzapride
with human liver microsome samples for 60 minutes at 37°C. After the reaction
was stopped, the samples were centrifuged and the supernatant analysed for
metabolites by high-pressure liquid chromatography (HPLC). The potential inhib-
itory effects of renzapride on cytochrome P450 (CYP) enzymes were assessed by
incubating renzapride at various concentrations over a 1–500 μmol/L concentra-
tion range with microsomes genetically engineered to express a single CYP.
Results: Renzapride was selective for serotonergic receptors and, in particular,
had high affinity for human 5-HT3 and guinea-pig 5-HT4 receptors (Ki 17 and 477
nm, respectively). Inhibitory properties at 5-HT2B receptors were also identified
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for renzapride, as well as some affinity for 5-HT2A and 5-HT2C receptors.
Renzapride N-oxide and its enantiomers demonstrated much lower affinity for all
5-HT receptors compared with renzapride. Renzapride was metabolized by liver
microsomes to a limited extent and there was no significant non-microsomal
metabolism of renzapride. Renzapride did not inhibit the major CYP drug-
metabolizing enzymes CYP2C9, CYP2D6, CYP1A2, CYP2A6, CYP2C19,
CYP2E1 or CYP3A4 at concentrations consistent with use in a clinical setting.
Conclusions: These results confirm and extend earlier studies in animal and
human receptors that show renzapride is a potent and generally full 5-HT4

receptor agonist and 5-HT3 receptor antagonist. The results reported in the present
study indicate that the metabolites of renzapride are minor and are unlikely to
contribute to its therapeutic profile or lead to interaction of renzapride with other
drugs that inhibit the major drug-metabolizing enzymes in the liver at therapeutic
doses. These data contribute to the understanding of the pharmacological actions
and metabolic fate of renzapride in vivo.

Introduction tors located in the gastrointestinal tract is believed to
mediate a prokinetic effect, accelerating gastrointes-
tinal transit, whilst modifications in visceral hyper-Renzapride (ATL-1251, BRL 24924, (±)-en-
sensitivity resulting in decreases in the perception ofdo-4-amino-5-chloro-2-methoxy-N-(1-azabicyclo
abdominal pain and/or discomfort, feelings of bloat-[3.3.1]non-4-yl) benzamide) is a novel benzamide
ing etc., may be mediated via 5-HT3 receptor ant-currently under clinical development for the treat-
agonism, peripherally and/or centrally.ment of irritable bowel syndrome (IBS), a condition

In vitro functional studies on gastrointestinalin which the rationale for drugs that influence the
smooth muscle preparations have characterizedactions of serotonin in the gastrointestinal tract is
renzapride as a full or near full agonist at 5-HT4well established and understood.[1] In clinical stud-
receptors.[8-13] Furthermore, the inhibitory action ofies, its use is associated with reduced overall gastro-
renzapride on the serotonin-evoked Bezold-Jarischintestinal transit times, increased colonic motility
reflex in rats[12,14,15] indicates 5-HT3 receptor inhibi-and improved bowel function in patients with con-
tory properties. Renzapride is therefore a full ago-stipation-predominant IBS (IBS-C).[2,3] The safety
nist at 5-HT4 receptors and a 5-HT3 receptor ant-and efficacy of renzapride in alleviating abdominal
agonist; both pharmacological properties have sig-pain and discomfort as well as disordered motility in
nificant actions on the gastrointestinal tract.patients with IBS-C has also been demonstrated.[4]

Renzapride is one of several compounds that Renzapride has been shown to be a gastrointesti-
interact with serotonin receptors that have been or nal prokinetic agent in the rat and dog,[12,16-21] and it
are being developed for the treatment of gastrointes- increases gastric emptying in healthy human sub-
tinal disorders.[5] Others include tegaserod, a seroto- jects.[22,23] In vitro radioligand binding studies using
nin 5-HT4 receptor partial agonist indicated for IBS- rodent tissues showed that renzapride has higher
C and chronic constipation,[6] and alosetron, a selec- affinity for 5-HT3 and 5-HT4 receptors than for a
tive 5-HT3 receptor antagonist, indicated for diar- range of other serotonergic and catecholaminergic
rhoea-predominant IBS.[7] Agonism at 5-HT4 recep- receptors (see Briejer et al.[24] for review).
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The affinities of renzapride for cloned human Materials and Methods
5-HT3 and 5-HT4 receptors have been reported by a
number of investigators.[25-33] Nine splice variants of Racemic (±)-renzapride hydrochloride (batch
the human 5-HT4 receptor (i.e. a-g, n and i), have 60850-02) was synthesized by Evotec Ltd, Ab-
been cloned and most are found in the gastrointesti- ingdon, UK on behalf of Alizyme Therapeutics Ltd,
nal tract.[33,34] Renzapride has high affinity for splice Cambridge, UK. The (+) and (–) enantiomers of
variants of the 5-HT4 receptor present in the gut, and renzapride (batches Bx135-24 and Bx135-25, re-
functional studies indicate that it is a full agonist at spectively) and racemic (±)-renzapride N-oxide
the majority of these, particularly in preparations (batches 178-015-1 and 178-018-8) were synthe-
with high receptor density.[27,28,32,35] The characteri- sized by Ultrafine Chemicals and Research Ltd,
zation of the pharmacological profile of renzapride Manchester, UK on behalf of Alizyme Therapeutics
at human receptors is therefore of key interest in Ltd. The single enantiomers (+) and (–) of
understanding the mechanism of action of novel renzapride N-oxide (batches MH 45582 and MH
therapies for the treatment of gastrointestinal disor- 45583, respectively), were synthesized by Beecham
ders. Research Laboratories, Betchworth, UK. Unless

stated otherwise, in this report renzapride andRenzapride is a racemate of (+) and (–) enanti-
renzapride N-oxide refer to their racemic forms.omers in equal proportions. The synthesis of the
Drugs were administered in 0.4% dimethyl sulfox-enantiomers and their preliminary pharmacological
ide (DMSO) in aqueous mediums in the radioligand

profiles in animal species has been described by
binding experiments and in 0.1% DMSO in aqueous

King et al.[36] These studies indicated that the (+)
mediums for the organ bath studies.

and (–) enantiomers of renzapride possess similar
pharmacological properties.

In Vitro Radioligand Binding StudiesWe report here on the affinities of renzapride and
its enantiomers for a range of mainly human cloned
5-HT and catecholaminergic receptors and trans-

Tissue and Cell Membrane Preparations for
porters. The functional activities of the enantiomers Radioligand Binding Assays
of renzapride at rodent 5-HT4 and 5-HT2B receptors Renzapride, its (+) and (–) enantiomers,
and the affinities and in vitro pharmacological renzapride N-oxide and its (+) and (–) enantiomers
profiles of renzapride N-oxide, the major metabolite were investigated for the inhibition of in vitro radio-
of renzapride in the rat, dog and man (unpublished ligand binding using membranes prepared from
observations), and its enantiomers are also investi- animal tissue or membranes of cell lines transfected
gated. We also report on the metabolism of with cloned human receptors. Standard procedures
renzapride by human liver microsomes and S9 frac- for the preparation of the animal membranes in
tion in vitro to determine the role of cytochrome modified Tris-HCl pH 7.4 buffer were used accord-
P450 (CYP) and other liver enzymes on the bio- ing to the publications shown in table I for each
transformation of this molecule. The likely propen- assay. For assays using cloned human receptors, cell
sity of renzapride to inhibit the major human micro- lines as shown in table I were stably transfected with
somal drug-metabolizing CYP enzymes in vitro is a plasmid encoding the human receptor using
also investigated to assess its potential for drug-drug standard procedures based on the publications cited
interactions at the level of hepatic metabolism. in table I for each assay.
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Table I.  Inhibition of radioligand-specific binding to serotonin 5-HT receptors – assay methods

Receptora and cell/ Radioligand Incubation buffer Incubation time and Nonspecific kd/Bmax/specific ki  for reference
tissue type concentration temperature binding compound binding standards (specific

concentration binding compound)
h5-HT1A[37]

CHO cells 1.5 nmol/L 50 mmol/L Tris-HCl, 10 60 min at 25°C 10 μmol/L 2 nmol/L; 2.3 nmol/L
[3H]-8-OH-DPAT mmol/L MgSO4, 0.5 mmol/L metergoline 1.3 pmol/mg protein; metergoline

EDTA, 0.1% ascorbic acid, 75%
pH 7.4

h5-HT2A[38,39]

CHO-K1 cells 0.5 nmol/L [3H]- 50 mmol/L Tris-HCl, pH 7.7 60 min at 25°C 1 μmol/L 0.2 nmol/L; 0.19 nmol/L
ketanserin mianserin 510 fmol/mg protein; ketanserin

90%

h5-HT2B[39]

CHO-K1 cells 1.2 nmol/L [3H]- 50 mmol/L Tris-HCl, 4 60 min at 37°C 10 μmol/L 2.1 nmol/L; 180 nmol/L
LSD mmol/L CaCl2, 0.1% serotonin 1100 fmol/mg protein; ketanserin

ascorbic acid, pH 7.4 80%

h5-HT2C[40]

CHO-K1 cells 1.0 nmol/L [3H]- 50 mmol/L Tris-HCl, 0.1% 60 min at 25°C 1 μmol/L 1.1 nmol/L; 0.39 nmol/L
mesulergine ascorbic acid, 10 μmol/L mianserin 4900 fmol/mg protein; mesulergine

pargyline, pH 7.7 90%

h5-HT3[41,42]

HEK-293 cells 0.69 nmol/L [3H]- 50 mmol/L Tris-HCl, 5 60 min at 25°C 10 μmol/L 0.2 nmol/L; 0.31 nmol/L
GR-65630 mmol/L MgCl2, 1 mmol/ MDL-72 222 11 000 fmol/mg ICS-205 930

L EDTA, pH 7.5 protein; 90%

gp5-HT4[43]

Striatum 0.7 nmol/L [3H]- 50 mmol/L Tris-HCl, pH 7.4 30 min at 25°C 30 μmol/L 0.14 nmol/L; 15 nmol/L
GR-113808 serotonin 130 fmol/mg protein; RS-23597-190

80%

h5-HT5A[44]

CHO-K1 cells 0.17 nmol/L [3H]- 50 mmol/L Tris-HCl, 10 60 min at 37°C 100 μmol/L 1.8 nmol/L; 1.5 nmol/L
LSD mmol/L MgCl2, 0.5mmol/L serotonin 4300 fmol/mg protein; methiothepin

EDTA, pH 7.4 80%

h5-HT6[45]

HeLa cells 1.5 nmol/L [3H]- 50 mmol/L Tris-HCl, 150 2 h at 37°C 5 μmol/L 1.1 nmol/L; 1.3 nmol/L
LSD mmol/L NaCl, 2 mmol/L serotonin 1.7 pmol/mg protein; methiothepin

ascorbic acid, 0.001% BSA, 90%
pH 7.4

h5-HT transporter[46]

HEK-293 cells 0.15 nmol/L [125I]- 50 mmol/L Tris-HCl, 100 3 h at 4°C 10 μmol/L 0.17 nmol/L; 410 fmol/ 57 nmol/L
RTI-55 mmol/L NaCl, 1 μmol/L imipramine mg protein; 95% GBR-12909

Continued next page
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Table I. Contd

Receptora and cell/ Radioligand Incubation buffer Incubation time and Nonspecific kd/Bmax/specific ki  for reference
tissue type concentration temperature binding compound binding standards (specific

concentration binding compound)
leupeptin, 10 μmol/L
PMSF, pH 7.4

rα1-Adrenoceptor[47]

Whole brain less 0.25 nmol/L [3H]- 50 mmol/L Tris-HCl, 0.1% 30 min at 25°C 0.1 μmol/L 0.09 nmol/L; 0.34 nmol/L
cerebellum brain prazosin ascorbic acid, 10 μmol/L prazosin 0.12 pmol/mg protein; prazosin

pargyline 90%

rα2-Adrenoceptor[48,49]

Cerebral cortex 0.7 nmol/L [3H]- 2.5 mmol/L Tris-HCl, 20 30 min at 25°C 1 μmol/L 7 nmol/L; 17 nmol/L
rauwolscine mmol/L HEPES, pH 7.4 yohimbine 0.25 pmol/mg protein; yohimbine

80%

rβ-Adrenoceptor[50]

Whole brain 0.25 nmol/L [3H]- 50 mmol/L Tris-HCl, pH 7.4 20 min at 25°C 1 μmol/L S(-)- 0.5 nmol/L; 0.49 nmol/L
DHA propranolol 83 fmol/mg protein; alprenolol

85%

hNorepinephrine
transporter[51]

MDCK-239 cells 0.2 nmol/L [125I]- 50 mmol/L Tris-HCl, 100 3 h at 4°C 10 μmol/L 24 nmol/L; 0.92 nmol/L
RTI-55 mmol/L NaCl, 1 μmol/L desipramine 2.5 pmol/mg protein; desipramine

leupeptin, 10 μmol/L 75%
PMSF, pH 7.4

hDopamine D1[52-54]

CHO cells 1.4 nmol/L [3H]- 50 mmol/L Tris-HCl, 150 2 h at 37°C 10 μmol/L (+)- 1.4 nmol/L; 0.7 nmol/L
SCH-23390 mmol/L NaCl, 1.4 mmol/L butaclamol 630 fmol/mg protein; R(+)-SCH-23390

ascorbic acid, 0.001% BSA, 90%
pH 7.4

hD2L[55-57]

CHO cells 0.16 nmol/L [3H]- 50 mmol/L Tris-HCl, 150 2 h at 25°C 10 μmol/L 0.08 nmol/L; 0.93 nmol/L
spiperone mmol/L NaCl, 1.4 mmol/L haloperidol 480 fmol/mg protein; spiperone

ascorbic acid, 0.001% BSA, 85%
pH 7.4

hD2S[55-57]

CHO cells 0.16 nmol/L [3H]- 50 mmol/L Tris-HCl, 150 2 h at 25°C 10 μmol/L 0.09 nmol/L; 0.21 nmol/L
spiperone mmol/L NaCl, 1.4 mmol/L haloperidol 1600 fmol/mg protein; spiperone

ascorbic acid, 0.001% BSA, 90%
pH 7.4

hD3[58]

CHO cells 0.07 nmol/L [3H]- 50 mmol/L Tris-HCl, 2 h at 37°C 25 μmol/L S(-)- 0.36 nmol/L; 0.21 nmol/L

Continued next page
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Table I. Contd

Receptora and cell/ Radioligand Incubation buffer Incubation time and Nonspecific kd/Bmax/specific ki  for reference
tissue type concentration temperature binding compound binding standards (specific

concentration binding compound)
spiperone 150 mmol/L NaCl, sulpiride 1100 fmol/mg protein; spiperone

1.4 mmol/L ascorbic acid, 85%
0.001% BSA, pH 7.4

hD4.2[59,60]

CHO cells 0.05 nmol/L [3H]- 50 mmol/L Tris-HCl, 2 h at 25°C 10 μmol/L 0.27 nmol/L; 0.34 nmol/L
spiperone 150 mmol/L NaCl, haloperidol 1.0 pmol/mg protein; spiperone

1.4 mmol/L ascorbic acid, 90%
0.001% BSA, pH 7.4

hD4.4[59,60]

CHO cells 1.2 nmol/L [3H]- 50 mmol/L Tris-HCl, 5 2 h at 25°C 10 μmol/L 0.85 nmol/L; 0.3 nmol/L
spiperone mmol/L EDTA, 1.5 mmol/L haloperidol 220 fmol/mg protein; spiperone

CaCl2, 5 mmol/L KCl, 14 85%
mmol/L ascorbic acid, 120
mmol/L NaCl, 1 μg/mL
leupeptin, pH 7.4

hD4.7[59,60]

CHO cells 1.5 nmol/L [3H]- 50 mmol/L Tris-HCl, 5 2 h at 25°C 10 μmol/L 1.0 nmol/L; 0.92 nmol/L
spiperone mmol/L EDTA, 1.5 mmol/L haloperidol 0.22 pmol/mg protein; spiperone

CaCl2, 5 mmol/L KCl, 14 85%
mmol/L ascorbic acid, 120
mmol/L NaCl, 1 mmol/L
PMSF, 1 μg/mL leupeptin,
pH 7.4

hD5[61-63]

CHO cells 2.0 nmol/L [3H]- 50 mmol/L Tris-HCl, 150 2 h at 37°C 10 μmol/L cis- 0.73 nmol/L; 0.4 nmol/L
SCH-23390 mmol/L NaCl, 1.4 mmol/L flupentixol 470 fmol/mg protein; R(+)-SCH-23390

ascorbic acid, 0.001% BSA, 85%
pH 7.4

hDopamine
transporter[46,64]

CHO cells 0.15 nmol/L [125I]- 50 mmol/L Tris-HCl, 100 3 h at 4°C 10 μmol/L 0.58 nmol/L; 1.4 nmol/L
RTI-55 mmol/L NaCl, 10 μmol/L nomifensine 47 fmol/mg protein; GBR-12909

PMSF, 1 μmol/L leupeptin, 90%
pH 7.4

a Species: h = human, gp = guinea pig, r = rat.

8-OH-DPAT = 8-hydroxy-2-(di-n-propylamino)tetralin; Bmax = maximum binding potential; BSA = bovine serum albumin; CHO = Chinese hamster ovary; DHA = dihydroalprenolol;
EDTA = ethylenediaminetetra-acetic acid; HeLa = Henrietta Lacks; HEK = human embryonic kidney; HEPES = 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid;
kd = dissociation constant; ki = inhibition constant; LSD = lysergic acid diethylamide; PMSF = phenylmethylsulfonyl fluoride.
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Binding Assay Conditions Organ Bath Experiments
Membrane fractions from the tissue homoge-

nates, of which the protein concentrations had been Rat Stomach Strip

determined by a standard procedure, were incubated
Strips of stomach fundus smooth muscle from

with a radiolabelled ligand with high affinity for a Wistar rats (weight 275 ± 25 g) were prepared as
particular receptor in 0.4% DMSO as shown in described by Cohen and Fludzinski[66] and suspend-
table I. Incubation buffers, pH and times to equilib- ed in Krebs solution at 37°C at pH 7.4 in 5 mL organ

baths.rium for each assay are also shown in table I. Mem-

branes were collected after the predetermined time Inhibition of α-Methyl-5-Serotonin-Induced
Contractionsby rapid filtration and the filter-bound radioactivity
Isometric contractions of the tissue to 0.1 μmol/Lwas counted by standard techniques.

α-methyl-5-serotonin were recorded. The effect of
Specific receptor binding was determined from

the 10-μmol/L test compound, administered in a
nonspecific binding by the addition of excess un- 10-μL volume with a contact time of 5 minutes, on
labelled compound, shown in table I, which com- 0.1-μmol/L α-methyl-5-serotonin-induced contrac-
petes with the radioligand for binding to the receptor tions was determined. IC50 values were determined

with three concentrations increasing by 0.5 logsite. Specific binding was determined by subtraction
units.of nonspecific binding from the total binding. Initial

studies were conducted with one test and one repli-
Rat Isolated Oesophagus

cate of the test compound (10 μmol/L), i.e. n = 2. If
Isolated oesophagus was prepared from Wistarinhibition of specific binding was greater than 50%,

rats (weight 275 ± 25 g), according to the method ofinhibition constants were determined (see below)
Reeves et al.[11] and suspended in a 10-mL organ

using five or six concentrations of all test com-
bath, perfused with Krebs solution containing in-

pounds. dometacin 3 μmol/L and ketanserin 1 μmol/L at pH
7.4 and 37°C. Test compounds were administered in

Data Analysis a volume of 10 μL.
IC50 (concentration that produces 50% inhibi-

Relaxation of Carbachol-Induced Contractions
tion) values, where presented, were determined by a Contraction of the oesophagus was induced by
non-linear, least-squares regression analysis using carbachol 3 μmol/L and recorded isometrically. The
Data Analysis Toolbox™ (MDL Information Sys- relaxant effect of serotonin 0.3 μmol/L was deter-

mined and the serotonin-like receptor agonist relax-tems, San Leandro, CA, USA). Inhibition constants
ant effect of test compounds determined at three(ki), where presented, were calculated according to
concentrations increasing by 0.5 log units. Resultsthe equation of Cheng and Prusoff[65] using the
were expressed as a percentage of the effect of

observed IC50 of the tested compound, the concen-
serotonin 0.3 μmol/L. One test and a replicate were

tration of radioligand employed in the assay and the conducted at each drug concentration. Approximate
historical values for the dissociation constant (kd) of EC50 (concentration that produces half the maximal
the ligand (obtained experimentally at MDS Pharma effective response) values were determined graphi-
Services, Taiwan Ltd, Taipei, Taiwan). cally.
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Human Liver Microsome Studies solved in 1 mL of sodium bicarbonate solution (2%
[w/v]).

Human liver microsomes used in this study were
Chemicals and Reagents obtained from Human Biologics International,

Scottsdale, AZ, USA, as part of this company’s
β-Nicotinamide adenine dinucleotide (β-NAD), HepatoScreen™ Test Kit. This contained liver mi-

β-NAD phosphate (β-NADP), β-NAD reduced form crosomes from 14 individual donors and pooled
(β-NADH), glucose-6-phosphate, glucose-6-phos- microsomes containing microsomes from the same
phate dehydrogenase (EC 1.1.1.49, type VII from and other donors. The microsomes were supplied at
Baker’s yeast), uridine-5-diphosphoglucuronic acid a concentration of 20 mg/mL and were stored at
(UDPGA, trisodium salt), glutathione reduced form –80°C while not in use. For incubations, micro-
(GSH, free acid) and adenosine-3-phosphate somes were thawed and held on ice. Expressed CYP
5-phosphosulphate (PAPS, lithium salt) were sup- enzymes were purchased from Cypex Ltd, Dundee,
plied by Sigma Aldrich Chemical Company, Dorset, UK. These are microsomes genetically engineered
UK. to express a single CYP enzyme and are derived

CYP selective substrates were obtained from the from heterologous bacterial expression
following sources: (bactosomes, Escherichia coli).

[14C]-Phenacetin 5.7 mCi/mmol, Sigma Aldrich
Chemical Company, St Louis, MI, USA; coumarin, Metabolism of Renzapride by Human Liver
Sigma Aldrich Chemical Company, Dorset, UK; Microsomes in Vitro
[14C]-tolbutamide 61 mCi/mmol, [14C]-S-

Pooled Human Liver Microsome Studiesmephenytoin, 56 mCi/mmol, [14C]-chlorzoxazone
57 mCi/mmol, and [14C]-testosterone 56 mCi/ In order to determine the optimal incubation con-
mmol, were supplied by Amersham Pharmacia Bio- ditions for the metabolism of renzapride by human
tech, UK Ltd, Little Chalfont, UK. Bufuralol was a liver microsomes, two preliminary studies were car-
gift from Roche Products Ltd, Hertfordshire, UK. ried out. In the first, the final incubation concentra-
E-4031 was purchased from Wako Chemicals USA, tion of renzapride was 1, 10 or 100 μmol/L with
Inc., Richmond, VA, USA. 0.5 mg microsomal protein/mL, and an incubation

time of up to 60 minutes. In the second study,The incubation phosphate buffer for the micro-
renzapride 10 μmol/L was selected as the final incu-some studies was prepared by dissolving known
bation concentration for 60 minutes with 2 and 4 mgamounts of dipotassium hydrogen phosphate and
microsomal protein/mL.potassium dihydrogen phosphate in Millipore Pure

water to give a 100-mmol/L solution that was ad- Incubation mixtures contained renzapride, micro-
justed to pH 7.4 by the addition of potassium hy- somal protein and phosphate buffer (390 or 340 μL,
droxide (0.1 mol/L). The buffer was stored at 4°C 100 mmol/L, pH 7.4) to give a pre-incubation vol-
when not in use. All microsomal incubations under- ume of 450 μL. Following a pre-incubation period
taken in this study used a β-NADPH (β-nicotin- of 5 minutes, microsomal reactions were initiated by
amide adenine dinucleotide phosphate reduced the addition of enzyme co-factor solution, 50 μL, to
form) regenerating system as enzyme co-factor for give a final incubation volume of 500 μL. All pre-
CYP. The co-factor solution typically contained incubation and incubation stages were performed at
glucose-6-phosphate (7.8 mg), glucose-6-phosphate 37°C in an oscillating water bath with vials open to
dehydrogenase (6 units) and β-NADP (1.7 mg) dis- the atmosphere. Microsomal reactions were termi-
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Individual Donor Microsome Studynated by the addition of acetonitrile (100 μL). Sam-
Renzapride 10 μmol/L was incubated with indi-ples were stored at –20°C until assayed. After thaw-

vidual human liver microsomes from 14 donorsing, samples were centrifuged at ambient tempera-
(final incubation concentrations 4 mg microsomalture to pellet the precipitated microsomal protein.
protein/mL incubation mixture) for 0 and 60 min-An aliquot of each sample supernatant (200 μL) was
utes. The incubation conditions with respect to finalremoved into a glass vial for analysis by high-
volume, buffer, initiating co-factor solution, termi-performance liquid chromatography (HPLC). Re-
nation of reaction and assay of samples were assults, expressed as the percentage of metabolite-1
described for the preliminary studies above (see(M-1, the putative renzapride N-oxide) formed from
Pooled Human Liver Microsome Studies section).renzapride (no protein control incubations), are the

The integrated peak area data were used to calcu-means of two observations per group.
late an estimated rate of M-1 formation with liverIn order to permit quantification of renzapride
microsomes from each individual donor (pmol/min/

from area ratios, a standard curve was constructed
mg microsomal protein) using the 60-minute value

(figure 1), with a dynamic range (linear response) of
for M-1 formation only. This was necessary because

2–500 mg/mL and a lower limit of quantification of
high time zero minutes (T = 0 min) M-1 formation

5 mg/mL.
was observed, presumably because of inefficient

Since an authentic standard for renzapride N- stopping of microsomal reactions. Results, ex-
oxide was not available at the time of these experi- pressed as the percentage of M-1 formed from
ments and given that renzapride and M-1 represent- renzapride (no protein control incubations), are sin-
ed the only drug-related material present in these gle observations from each donor microsome prepa-
incubation mixtures, the approximate concentra- ration. By way of example:
tions of M-1 present were estimated by subtraction, Final [renzapride] in incubation mixture (i.e.
i.e. the combined area ratios of the two analytes 100% of the peak area ratio) = 10 μmol/L (5 × 10–9

were assumed to equal 100%. This methodology mol); final [microsomal protein] = 4 mg/mL; final
clearly has limitations in terms of being able to incubation volume = 0.5 mL; total incubation time =
accurately quantify M-1, although for the purposes 60 min. Therefore, 1% of renzapride ≡ 5 × 10–11

of this study it was able to be used to provide a mol (50 pmol).
qualitative estimate of the amount of the putative N- After 60 minutes’ incubation M-1 formation =
oxide metabolite formation in these incubations. 15.55% (estimated from relative peak area ratio).

Therefore, the amount of M-1 present after 60 min-
utes’ incubation = 15.55 × 50 pmol = 777.5 pmol.

To adjust for microsomal protein content: 0.5 mL
of a 4 mg/mL suspension = 2mg protein present in
each incubation. Therefore, 777.5 pmol M-1 are
formed with 2 mg protein ≡ 388.75 pmol M-1
formed per mg protein.

To adjust for rate of reaction over time: 388.75
pmol M-1 are formed after 60 minutes’ incubation
per mg protein ≡ 6.48 pmol M-1 formed per min per
mg protein (6.5 pmol/min/mg).
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Fig. 1. Renzapride standard curve determined by high-pressure
liquid chromatography with UV detector (270 nm). 
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Metabolism of Renzapride by Genetically absence of the nonspecific CYP enzyme inhibitor
Expressed Human Cytochrome P450 (CYP) proadifen 1 mmol/L for 60 minutes. Incubation mix-
Enzymes in Vitro tures contained renzapride, microsomal protein, in-

hibitor and phosphate buffer (100 mmol/L, pH 7.4)
Renzapride (1–500 μmol/L) was incubated with to give a pre-incubation volume of 450–500 μL.

microsomes genetically engineered to express a sin- Following a pre-incubation period of 10 minutes,
gle CYP (1 mg microsomal protein/mL incubation microsomal reactions were initiated by the addition
mixture) for 0 and 120 minutes. Incubation mixtures of enzyme co-factor solution or renzapride. Control
contained renzapride (10 μL of 0.5 mmol/L solu- incubations contained methanol (5 μL) in place of
tion), microsomal protein suspension (CYP1A2 specific inhibitor or super-pure water in place of
83 μL, CYP2C9 81 μL, CYP2C19 71 μL, CYP2D6 renzapride or sodium bicarbonate (2% [w/v]) solu-
28 μL and CYP3A4 35 μL) and phosphate buffer tion in place of enzyme co-factors. Positive control
(100 mmol/L, pH 7.4) to a volume of 450 μL. incubations were [14C]-testosterone 125 μmol/L.
Following a pre-incubation period of 5 minutes, All pre-incubation and incubation stages were as
microsomal reactions were initiated by the addition described previously (see Pooled Human Liver
of enzyme co-factor solution (50 μL) to give a final Microsome Studies section). Microsomal reactions
incubation volume of 500 μL. All pre-incubation, were terminated after the desired time period by
incubation, termination and sample storage condi- acetonitrile 500 μL or methanol 200 μL. Samples
tions were as described previously (see Pooled were stored at –20°C. Thawed samples were cen-
Human Liver Microsome Studies section). trifuged for 10 minutes at ambient temperature to

Thawed reaction mixture samples were diluted pellet the precipitated microsomal protein. An ali-
2 : 1 with ammonium acetate buffer (10 mmol/L, quot of each supernatant (200 μL) was removed into
pH 4) and centrifuged for 5 minutes at ambient a glass vial for analysis by HPLC. Results, ex-
temperature to pellet the precipitated microsomal pressed as the percentage of M-1 formed from
protein. Aliquots (200 μL) of the supernatant were renzapride (no protein control incubations), are the
removed into glass vials for analysis by liquid chro- means of two observations.
matography-mass spectrometry/mass spectrometry

Metabolism of (+)- and (–)-Renzapride by(LC-MS/MS) for parent renzapride, the N-oxide
Human Liver S9 Fractions in Vitroderivative of renzapride and monohydroxylated

renzapride. Results, expressed as the percentage of
RenzaprideM-1 formed from renzapride (no protein control
Renzapride 10 μmol/L was incubated withincubations), are single observations of each CYP

human liver S9 fraction (1 mg protein/mL) incuba-enzyme.
tion mixture for 0 and 60 minutes. One series of
incubation mixtures contained S9 protein (10.5 μL),Effect of Proadifen, a Non-Selective Inhibitor
phosphate buffer (869.5 μL, 100 mmol/L, pH 7.4)of CYP Enzymes, on the Metabolism of
and enzyme co-factor solution, supplemented withRenzapride by Human Liver Microsomes
UDPGA, β-NAD, β-NADH, GSH and PAPSin Vitro
(100 μL) to give a pre-incubation volume of 980 μL.

Renzapride 10 μmol/L was incubated with A second series of incubation mixtures without
pooled human liver microsomes (4 mg microsomal supplemental co-factor solution contained S9 pro-
protein/mL incubation mixture) in the presence and tein (10.5 μL) and phosphate buffer (969.5 μL,

© 2008 Adis Data Information BV. All rights reserved. Drugs R D 2008; 9 (1)



Pharmacology of Renzapride, a Novel Therapy for IBS 47

100 mmol/L, pH 7.4) only, to give a pre-incubation previously (see Pooled Human Liver Microsome
volume of 980 μL. Control incubations contained Studies section). S9 reactions were terminated at
phosphate buffer (100 mmol/L, pH 7.4) in place of time zero (0) minutes by the simultaneous addition
S9 fraction. Following a pre-incubation period of of either (–)- or (+)-renzapride and acetonitrile
5 minutes, S9 reactions were initiated by the addi- (50 μL) to the incubation mixture and at time 60
tion of renzapride (20 μL of 0.5 mmol/L solution), minutes by the addition of acetonitrile (50 μL).
to give a final incubation volume of 1 mL. All pre- Samples were stored at –80°C. The samples were
incubation, incubation and termination stages were thawed on ice and centrifuged for 5 minutes at
performed as described previously (see Pooled ambient temperature to pellet the precipitated S9
Human Liver Microsome Studies section). Samples protein. Aliquots (200 μL) of the sample supernatant
were stored at –80°C. For the zero (0) time-point were removed into glass vials for analysis by HPLC.
incubations, renzapride and acetonitrile were added Results, expressed as the percentage of M-1 formed
simultaneously in an attempt to rapidly reduce the from renzapride (no protein control incubations), are
enzymic activity of the S9 preparations, thereby single observations per group.
ensuring an accurate time zero (minutes) sample.
The samples were thawed on ice and diluted 2 : 1 Effect of Renzapride on the Metabolism of
with ammonium acetate buffer (10 mmol/L, pH 4) Specific Substrates for Individual CYP
and centrifuged for 5 minutes at ambient tempera- Enzymes by Human Liver Microsomes in Vitro
ture to pellet the precipitated S9 protein. Aliquots

Renzapride was incubated with pooled human(200 μL) of the sample supernatant were removed
liver microsomes for 20–30 minutes in the presenceinto glass vials for analysis by LC-MS/MS. Results,
of CYP selective substrates for the following CYPexpressed as the percentage of M-1 formed from
enzymes: CYP1A2, CYP2A6, CYP2C9, CYP2C19,renzapride (no protein control incubations), are sin-
CYP2D6, CYP2E1 and CYP3A4.[66] Table II showsgle observations per group.
the substrates used and specific assay conditions for

Enantiomers of Renzapride each CYP enzyme. Incubation mixtures contained
renzapride, microsomal protein, enzyme co-factorThe (–) and (+) enantiomers of renzapride,
solution (if required) and phosphate buffer. Follow-10 μmol/L, were incubated with human liver S9
ing a pre-incubation period of 5 minutes, microso-fraction (1 mg protein/mL incubation mixture) for 0
mal reactions were initiated as stated in table II toand 60 minutes. Incubation mixtures contained S9
give a final incubation volume of 497.5–500 μL.protein (5.2 μL), phosphate buffer (924.8 μL, 100
Control incubations were as stated in table II. Posi-mmol/L, pH 7.4) and were supplemented with an
tive control incubations contained a specific CYPenzyme co-factor solution (50 μL,) as described
inhibitor in place of renzapride.previously (see Pooled Human Liver Microsome

Studies section), to give a pre-incubation volume of All pre-incubation and incubation stages were
980 μL. Control incubations contained phosphate performed as described previously (see Pooled
buffer (100 mmol/L, pH 7.4) in place of S9 fraction. Human Liver Microsome Studies section). Microso-
Following a pre-incubation period of 5 minutes, S9 mal reactions were terminated after the desired time
reactions were initiated by the addition of either (–)- period and samples were stored at –20°C. Thawed
or (+)-renzapride (20 μL of a 0.5-mmol/L solution), samples were centrifuged at ambient temperature to
to give a final incubation volume of 1 mL. All pre- pellet the precipitated microsomal protein. An ali-
incubation and incubation stages were as described quot of each sample supernatant (200 μL) was re-
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Table II.  Effects of renzapride on metabolism of selective cytochrome P450 (CYP) substrates by human microsomes – assay conditions

CYP enzyme and Incubation time Substrate Incubation buffer Assay initiated Control Positive control Agent used to Assay method
renzapride and final (final (concentrations);a (final incubation (final terminate assay
concentrations microsomal concentration) pre-incubation concentration) medium concentration) (final
tested protein time and temp. (concentration) concentration)

concentration

CYP1A2

10 and 500 30 min; [14C]-phenacetin Phosphate buffer [14C]-phenacetin Phosphate buffer Furafylline Acetonitrile Radio-HPLC
μmol/L 1 mg/mL (100 μmol/L) (83.2 mmol/L, (100 μmol/L) (88.3 mmol/L, (10 μmol/L) (16.7% v/v)

pH7.4); β-NADPH pH 7.4) and, in
(1.9 mmol/L); no co-factor
sod. bicarb. controls, sod.
(0.19% w/v); bicarb. (0.19%
5 min, 37°C w/v)

CYP2A6

2 and 200 20 min; Coumarin Phosphate buffer G6P (0.78 mg/ Phosphate buffer Diethyl- Trichloracetic Fluorescence-
μmol/L 1 mg/mL (5 μmol/L) (95.2 mmol/L, pH mL), G6P (99.4 mmol/L, dithiocarbamate acid (0.54% w/v) HPLC

7.4); 5 min, 37°C dehydrogenase pH 7.4) and, in (30 μmol/L)
(0.6 units/mL), β- no co-factor
NADP (0.17 mg/ controls, sod.
mL) and sod. bicarb. (0.2%
bicarb. (0.2% w/v)
w/v)

CYP2C9

10 and 500 30 min; [14C]-tolbutamide Phosphate buffer [14C]-tolbutamide Phosphate buffer Sulfaphenazole Trichloracetic Radio-HPLC
μmol/L 4 mg/mL (100 μmol/L) (57.6 nmol/L, pH (100 μmol/L) (100 mmol/L, (100 μmol/L) acid (1.7% w/v)

7.4); G6P (1.6 pH 7.4)
mg/mL), G6P
dehydrogenase
(1.2 units/mL), β-
NADP (0.34 mg/
mL) and sod.
bicarb. (0.1% w/
v); 10 min, 37°C

CYP2C19

10 and 500 30 min; [14C]-S- Phosphate buffer [14C]-S- Phosphate buffer Tranylcypromine Perchloracetic Radio-HPLC
μmol/L 5 mg/mL mephenytoin (67.7 mmol/L, pH mephenytoin (100 mmol/L, (100 μmol/L) acid (1% w/v)

(100 μmol/L) 7.4); G6P (1.6 (100 μmol/L) pH 7.4)
mg/mL), G6P

Continued next page
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Table II. Contd

CYP enzyme and Incubation time Substrate Incubation buffer Assay initiated Control Positive control Agent used to Assay method
renzapride and final (final (concentrations);a (final incubation (final terminate assay
concentrations microsomal concentration) pre-incubation concentration) medium concentration) (final
tested protein time and temp. (concentration) concentration)

concentration

dehydrogenase
(1.2 units/mL), β-
NADP (0.34 mg/
mL) and sod.
bicarb. (0.1% w/
v); 10 min, 37°C

CYP2D6

1 and 50 20 min; Bufuralol Phosphate buffer Bufuralol Phosphate buffer Quinidine Perchloracetic Fluorescence-
μmol/L 0.5 mg/mL (0.5 μmol/L) (86.4 mmol/L, (0.5 μmol/L) (89.9 mmol/L, (5 μmol/L) acid (1.8% v/v) HPLC

pH7.4); G6P pH 7.4) and, in
(0.78 mg/mL); no co-factor
G6P controls, sod.
dehydrogenase bicarb. (0.2%
(0.6 units/mL); β- w/v)
NADP (0.17 mg/
mL) and sod.
bicarb. (0.2% w/
v); 5 min, 37°C

CYP2E1

2 and 200 30 min; [14C]- Phosphate buffer G6P (0.78 mg/ Phosphate buffer Diethyl- Perchloracetic Radio-HPLC
μmol/L 1 mg/mL chlorzoxazone (95.2 mmol/L, pH mL); G6P (98.3 mmol/L, dithiocarbamate acid (1.8% w/v)

(100 μmol/L) 7.4); 5 min, 37°C dehydrogenase ph7.4) and, in no (30 μmol/L)
(0.6 units/mL); β- co-factor controls,
NADP (0.17 mg/ sod. bicarb.
mL) and sod. (0.2% w/v)
bicarb. (0.2%
w/v)

CYP3A4

10 and 500 30 min; [14C]-testosterone Phosphate buffer [14C]-testosterone Phosphate buffer Ketoconazole Methanol/water Radio-HPLC
μmol/L 1 mg/mL (125 μmol/L) (82.8 mmol/L, pH (102.5 μmol/L) (87.9 mmol/L, (2 μmol/L) (4.2%/12.5%

7.4); 5 min, 37°C ph7.4) and, in no v/v)
co-factor controls,
sod. bicarb.
(0.2% w/v)

a Final reaction volume for all assays = 500 μL.

β-NADP = β-nicotinamide adenine dinucleotide phosphate; G6P = glucose-6-phosphate; HPLC = high-performance liquid chromatography; β-NADPH = β-nicotinamide adenine
dinucleotide phosphate reduced form; sod. bicarb. = sodium bicarbonate; temp. = temperature.
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moved into a glass vial for analysis by radio- or detection mode. Instrumental conditions used for the
fluorescence-HPLC. Results are expressed as the analysis were:
percentage inhibition of CYP-related activity by Ion Spray voltage: 5000 V; desolvation tempera-
renzapride or positive control (means of two obser- ture: 350°C; nebulizer gas flow: 8 L/min; desolva-
vations). tion gas flow: 5 L/min; collision gas: nitrogen; colli-

sion gas pressure: 4 (units); collision energy: 37 eV;
High-Performance Liquid Chromatography declustering potential: 71 V; focusing potential:
(HPLC) and Liquid Chromatography-Mass 350 V.
Spectrometry/Mass Spectrometry (LC-MS/ Samples were analysed using the following Mul-
MS) Assays tiple Reaction Monitoring (MRM) transitions:

channel 1: 324/184 amu (equivalent to parent
HPLC renzapride); channel 2: 340/184 amu (equivalent to

oxidation on the bicycloamino region of theRenzapride and authentic renzapride N-oxide,
renzapride molecule); channel 3: 340/200 amuonce available, were assayed using reverse-phase
(equivalent to oxidation on the aromatic region ofHPLC with on-line UV detection under the follow-
the renzapride molecule).ing conditions – column: Synergi, RP, 4 μm,

250 × 4.6 mm internal diameter (Phenomenex,
Cheshire, UK); mobile phase: A = ammonium ace- Results
tate (10 mmol/L, pH 4.0), B = 100% acetonitrile;
gradient: linear gradient of 95% A for 5 min, then to

Radioligand Binding Studies
5% A over 10 min; UV detection: 270 nm; flow rate:
1 mL/min; temperature: 40°C. Chromatography

5-HT Receptorsdata were collected using TurboChrom Client/Serv-
The affinities of renzapride, its enantiomers,er V6.1.1 (Perkin Elmer Corp., Waltham, MA,

renzapride N-oxide for cloned human 5-HT2A,USA).
5-HT2B, 5-HT2C, 5-HT3 and guinea-pig 5-HT4 re-Metabolite-1 was putatively identified as the N-
ceptors are shown in table III. Renzapride and bothoxide metabolite of renzapride formed in human
its enantiomers had high affinity for human 5-HT3liver microsomes in vitro by comparing the retention
receptors (Ki 17 nmol/L). Renzapride-N-oxide hadtime of an authentic sample of renzapride N-oxide
markedly less affinity for this receptor (Ki 1980with the retention time for M-1 under the same
nmol/L) and neither enantiomer showed higher af-chromatographic conditions.
finity than the racemate. Renzapride and its enanti-

LC-MS/MS omers also had marked affinity for guinea-pig
LC-MS/MS chromatography was performed us- 5-HT4 receptors (ki 138–477 nmol/L). Again, the

ing a Genesis C18, 4 μm, 50 × 2.1 mm analytical affinities of racemic renzapride-N-oxide and the
column (Jones Chromatography, Mid Glamorgan, enantiomers for guinea-pig 5-HT4 receptors were
UK). The mobile phase consisted of an ammonium markedly less than that of the parent compound (for
acetate (10 mmol/L, pH 4.0)/acetonitrile mixture all compounds IC50 >10 μmol/L). Renzapride and
run isocratically at 0.2 mL/min. Samples were its (+), (–) enantiomers had similar affinity for
analysed using an API3000 LC-MS/MS (MDS 5-HT2B receptors (Ki 667, 760, 481 and 324 nmol/L,
Sciex, Toronto, Canada). The LC-MS/MS interface respectively). Renzapride and its enantiomers show-
used was TurboIonspray operated in the positive ion ed similar modest micromolar affinity for human

© 2008 Adis Data Information BV. All rights reserved. Drugs R D 2008; 9 (1)
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Table III.  Renzapride, renzapride N-oxide, and their enantiomers: inhibition of radioligand binding to serotonin 5-HT receptors and serotonin transporter

Receptora and Inhibition of specific binding; IC50 nmol/L or ki, if IC50 <10 μmol/L (n = 1 replicate unless SEM is shown, then n = 3)

radioligand (±)-renzapride (+)-renzapride (–)-renzapride (±)-renzapride N-oxide (+)-renzapride N-oxide (–)-renzapride N-oxide

h5-HT1A

[3H]-8-OH-DPAT >10 000 >10 000 >10 000 ND ND >10 000

h5-HT1B

[3H]-GR-125 743 >10 000 ND ND ND ND ND

h5-HT1D

[3H]-5-carboamido- >10 000 ND ND ND ND ND
tryptamine

h5-HT2A

[3H]-ketanserin ca.10 000 2050 ± 369 3330 ± 466 >10 000 >10 000 >10 000

h5-HT2B

[3H]-LSD 666 ± 36 760 ± 10 481 ± 77 5450 ± 829 5620 ± 539 5900 ± 1070

h5-HT2C

[3H]-mesulergine 4050 ± 886 1080 ± 321 2000 ± 311 >10 000 >10 000 >10 000

h5-HT3

[3H]-GR-65 630 17 ± 3 17 ± 2 17 ± 1 1980 ± 43 >10 000 >10 000

gp5-HT4

[3H]-GR-113 808 477 ± 86 296 ± 71 138 ± 32 >10 000 >10 000 >10 000

h5-HT5A

[3H]-LSD >10 000 ND ND >10 000 >10 000 >10 000

h5-HT6

[3H]-LSD >10 000 ND ND >10 000 >10 000 >10 000

h5-HT7

[3H]-LSD >10 000 ND ND ND ND ND

Serotonin transporter

[125I]-RTI-55 >10 000 ND ND >10 000 >10 000 >10 000

a Species: h = human, gp = guinea pig.

8-OH-DPAT = 8-hydroxy-2-(di-n-propylamino)tetralin; IC50 = concentration that produces 50% inhibition; ki = inhibition constant; LSD = lysergic acid diethylamide; ND = not
determined; SEM = standard error of the mean.
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5-HT2A and 5-HT2C receptors. Renzapride N-oxide absorbing (270 nm) component eluting just after
had no significant affinity for these receptors (ki >10 renzapride at 15.3 minutes. This component, which
μmol/L). was assigned M-1, had the same retention time as,

Renzapride and renzapride N-oxide had no sig- and co-chromatographed with, an authentic
nificant affinity for 5-HT1A, 5-HT1B, 5-HT1D, renzapride N-oxide reference standard (figure 2).
5-HT5A, 5-HT6 or 5-HT7 receptors or the serotonin As shown in table IV, the extent of M-1 forma-
transporter (table III; for both compounds and each tion after 60 minutes’ incubation was relatively low,
binding site ki >10 μmol/L). representing approximately ≤3%, 21% and 34% of

eluted material compared with no-protein controls atCatecholaminergic Receptors
0.5, 2 and 4 mg microsomal protein/mL incubationNeither renzapride nor renzapride N-oxide had
mixture, respectively. Furthermore, M-1 was pro-any affinity for rat α1-, α2- and β-adrenoceptors or
duced only in the presence of enzyme co-factors andthe human norepinephrine and dopamine transport-
microsomal protein. The extent of formation of M-1ers (ki >10 μmol/L). Renzapride and renzapride N-
by individual human microsomes as measured byoxide had no significant affinity for human D4.2,
the percentage increase coincidentally eluting withD4.4 or D4.7 receptors or the human dopamine trans-
the authentic N-oxide reference standard rangedporter (ki >10 μmol/L).
from 2% to 16% (mean 7.5%) compared with no-

In Vitro Functional Studies protein controls after 60 minutes’ incubation. The
mean rate of formation of renzapride N-oxide was

5-HT4 Receptor-Mediated Effects 3.0 (range 0.7–6.6) pmol/min/mg protein.
Renzapride showed functional 5-HT-like agon-

ism on rat isolated oesophagus (EC50 11 μmol/L). Metabolism of Renzapride by Expressed Human
CYP Enzymes in VitroThe (+) and (–) enantiomers also contracted the

tissue (EC50 16 and 4.8 μmol/L, respectively). The incubation of renzapride with expressed
human CYP1A2, CYP2C9, CYP2C19 and CYP2D65-HT2B Receptor-Mediated Effects
enzymes resulted in the formation of no renzapride

Inhibition of α-Methyl-5-Serotonin-Induced N-oxide (0%) by any of the enzymes, as detected by
Contraction of Rat Stomach Fundus Strip

LC-MS/MS. There was evidence for the formation
Renzapride inhibited α-methyl-5-serotonin-in-

of trace amounts of oxidized metabolites corre-
duced contractions of rat stomach fundus strip (IC50

sponding to oxidation on the aromatic region of
5 μmol/L). The effects of the (+) and (–) enanti-

renzapride (data not shown). Incubation with ex-
omers of renzapride and renzapride N-oxide were

pressed human CYP3A4 resulted in the formation of
not investigated in this procedure.

only a small amount of renzapride N-oxide (3%).

Human Liver Microsome Studies
Effect of Proadifen on Metabolism of Renzapride
by Human Liver Microsomes in Vitro

Metabolism of Renzapride by Human Liver
Proadifen 1 mmol/L had no effect on the forma-Microsomes in Vitro

tion of renzapride N-oxide by human liver micro-Preliminary incubation of renzapride with pooled
somes. Renzapride N-oxide was formed to the samehuman liver microsomes in a 0.5 mg/mL protein
extent (8%) in the presence and absence ofconcentration indicated the presence by reverse-
proadifen compared with no-co-factor controls.phase HPLC with online UV detection of a UV-

© 2008 Adis Data Information BV. All rights reserved. Drugs R D 2008; 9 (1)
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Metabolism of Renzapride by Human S9 Hepatic
Fraction in Vitro

The major metabolite formed in the incubation of
renzapride (10 μmol/L) with human S9 fraction
(27%) corresponded to oxidation on the bicycloami-
no region of the renzapride molecule (MRM ion
transition 340/184) and was of similar chromato-
graphic polarity to parent renzapride (based upon
HPLC retention time). These data suggested that
this S9-derived metabolite is renzapride N-oxide
and is equivalent to M-1. There was evidence for the
formation of oxidized metabolites corresponding to
oxidation (P+16) on the aromatic region of
renzapride (MRM transition 340/200). However,
these species were present in only trace amounts.
Again, the metabolism of renzapride by human liver
S9 fraction required the presence of enzyme co-
factors. Subsequently, the LC-MS/MS fragmenta-
tion pattern of an authentic sample of renzapride N-
oxide confirmed the 340/184 ion transition as char-
acteristic for this metabolite, supporting indications
from the current study that M-1 is the N-oxide
metabolite of renzapride (figure 3 and figure 4).

When the enantiomers of renzapride (10 μmol/L)
were incubated with supplemented human liver S9,
again a single metabolite, chromatographically
equivalent to M-1 (renzapride N-oxide), was de-
tected. There were no significant differences in the
amount of N-oxide formation from the (–) and (+)
enantiomers of renzapride, which were 21% and
16%, respectively, of the combined drug-related
peak area ratios.

Effect of Renzapride on Metabolism of Selective
Substrates of CYP Enzymes by Human Liver
Microsomes in Vitro

The effect of renzapride on the metabolism of
specific substrates of CYP enzymes by human liver
microsomes is shown in table V. Renzapride inhib-
ited the metabolism of specific substrates to the
following extent: CYP1A2 11.7% at 500 μmol/L,
CYP2A6 6.9% at 200 μmol/L, CYP2C9 58.1% at
500 μmol/L, CYP2C19 37.9% at 500 μmol/L,
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Fig. 2. (a) High-pressure liquid chromatography with UV detector
(HPLC-UV) chromatogram of (±)-renzapride N-oxide standard solu-
tion (1 mg/mL in acetonitrile). (b) HPLC-UV chromatogram of (±)-
renzapride and (±)-renzapride N-oxide standard solutions (1 mg/mL
in acetonitrile). (c) HPLC-UV chromatogram of sample from
human liver microsome incubation (60 min) with (±)-renzapride
and N-oxide reference standard (1 mg/mL in acetonitrile). ± signi-
fies racemate of (+) and (–) enantiomers present in equal pro-
portions.
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Table IV.  Metabolism of renzapride by pooled human liver microsomes; formation of renzapride N-oxide in vitroa

Concentration of renzapride Microsomal protein concentration (mg/mL)

(μmol/L) no co-factor 0.5 protein 0 0.5 2 4

1 0 0 2.4 ND ND

10 0 0,b 0.9c 2.4 21 34

100 0 0 2.3 ND ND

a Data are expressed as % renzapride-N-oxide formation and are the mean of two observations.

b No-protein control for assays with protein concentration of 0.5 mg/mL.

c No-protein control for assays with protein concentrations of 2 and 4 mg/mL.

ND = not determined.

CYP2D6 54.4% at 50 μmol/L, CYP2E1 34% at density, an observation confirmed recently by
2 μmol/L and CYP3A4 16.4% at 500 μmol/L. Pindon et al.[32] Mialet et al.[30] confirmed that

renzapride was a full agonist at 5-HT4(d) receptors
but was a partial agonist at 5-HT4(e) receptors.Discussion
Renzapride has also been reported to be a full ago-
nist at 5-HT4(i) receptors under experimental condi-The studies reported above confirm and extend
tions of high receptor density, e.g. in the myentericthe results of earlier studies demonstrating that
plexus of the gastrointestinal tract.[35] 5-HT4(a),renzapride has high affinity for guinea-pig 5-HT4
5-HT4(b), 5-HT4(c), 5-HT4(d), 5-HT4(hb) (a variant ofand cloned human 5-HT3 receptors as well as some
the 5-HT4(b) isoform) and 5-HT4i, but not 5-HT4e,affinity for cloned human 5-HT2A and 5-HT2B re-
are expressed in human gut.[27,29,68] The specific roleceptors. The high affinity of renzapride for guinea-
of each of the splice variants of the 5-HT4 receptorpig 5-HT4 receptors reported in the present study
at the various levels of the gut and the relevance ofconfirms the data reported for pig,[67] guinea-pig and
binding to these receptor isoforms to the therapeuticrat tissues.[43] It has already been established that
actions of renzapride is unknown.renzapride has high affinity for various splice vari-

5-HT4 receptor agonism is a key property of theants of the human 5-HT4 receptor, i.e. 5-HT4(a),
benzamide class of gastrointestinal prokinetic drugs,5-HT4(b),[25,27,32] 5-HT4(c),[27] 5-HT4(d)[27,30] and
and is probably responsible for the stimulation of5-HT4(e) receptors.[29]

upper and lower gut motility observed with metoclo-Functional in vitro studies in gastrointestinal
pramide and cisapride in in vivo preclinical stud-smooth muscle preparations show that renzapride
ies.[24] Similar properties have been described foracts as a full agonist for 5-HT4-mediated responses
renzapride in the rat[12,15,18,20] and dog.[16,17,19,21,69]

in guinea-pig ileum[12] and distal colon longitudinal
In in vitro studies of human gastric tissue,muscle.[13] In this respect it is similar to cisapride but

renzapride potentiates the effect of electrical fielddiffers from tegaserod, which is a partial 5-HT4

stimulation in isolated stomach strips[70] and seroto-receptor agonist in electrically stimulated isolated
nin-induced stimulation of acetylcholine release inguinea-pig ileum.[8]

isolated proximal stomach has been shown to beUsing cloned human receptors, Blondel et al.[27]

mediated by the 5-HT4 receptor.[71]reported that renzapride was a partial agonist at
5-HT4(a) receptors and a full agonist at 5-HT4(b), Renzapride, like serotonin, inhibited spontaneous
5-HT4(c) and 5-HT4(d) receptors, while Bach et al.[25] activity of isolated colonic circular muscle in vitro
reported that renzapride was a full agonist at both in preparations of the human lower gut, an action
5-HT4(a) and 5-HT4(b) receptors at high receptor shown to be mediated by the 5-HT4 receptor.[72]
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Fig. 3. (a) Extracted ion chromatogram for m/z 324, positive ion scan and product ion mass spectra at collision energies (CE) of 30 V and
50 V for a standard of renzapride. (b) Extracted ion chromatogram for m/z 340, positive ion scan and product ion mass spectra at CE of 30 V
and 50 V for a standard of renzapride N-oxide. M = parent renzapride molecule; MRM = Multiple Reaction Monitoring. 

Serotonin-induced facilitation of colonic propulsion human jejunum and ileum,[75-77] indicating that the
in man, via effects on circular and longitudinal actions of renzapride on the gut are unlikely to be
muscle, is also believed to be mediated by this restricted to effects on motility. In healthy subjects
receptor subtype.[73,74] It has been suggested that

and IBS-C patients, renzapride stimulates gastric
5-HT4 receptor agonists facilitate colonic propul-

emptying, reduces small intestine transit time and
sion via a coordinated inhibition of circumferential

increases colonic motility.[2,3,22,23] These actions areresistance and enhancement of longitudinal muscle
consistent with stimulation of 5-HT4 receptors in thecontractility.[73] 5-HT4 receptor stimulation also

leads to ion and fluid secretion into the lumen of smooth muscle of the upper and lower gut.
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Fig. 4. Liquid chromatography-mass spectrometry/mass spectrometry (LC-MS/MS) ion chromatogram of supplemented S9 fraction –
60-min incubation. MRM = Multiple Reaction Monitoring. 

The high affinity of renzapride for human 5-HT3 cluding pain on intraluminal distension,[1] it would
receptors shown in the current study has been re- be predicted that renzapride may improve visceral
ported previously,[31] and these data confirm the sensitivity in IBS by an action at this receptor.
earlier reported high affinity of the compound for Importantly, this is likely to be mediated through
5-HT3 receptor binding sites using mouse 5-HT3 and/or 5-HT4 receptors in the gastrointestinal
neuroblastoma and porcine caudate nucleus tis- tract, as opposed to via centrally located 5-HT3

sue.[67,78] Pharmacological studies have shown that receptors (as, at least in part, in the case of alose-
renzapride is a potent inhibitor of 5-HT3 receptors in tron),[80] since very little of a renzapride dose ap-
vivo.[14,15] pears to cross the blood-brain barrier or become

distributed within brain tissue (unpublished obser-Studies with 5-HT3 receptor antagonists indicate
vations). This may explain the apparent disconnectthat blockade of the 5-HT3 receptor is associated
between the in vitro pharmacological profile and thewith slowed colonic transit.[1,79] However,
pharmacodynamic effects in vivo of renzapride.renzapride increases colonic motility in rodents,

dogs, healthy human subjects and patients with con- Clinical studies with renzapride in patients with
stipation-predominant IBS. The present data indica- IBS-C[1-3] and in patients with mixed-symptom IBS
te therefore that, in man, the agonist effect of (unpublished observations) have confirmed that like
renzapride on 5-HT4 receptors appears to pre- the selective 5-HT4 receptor partial agonist tegaser-
dominate over 5-HT3-receptor inhibition with re- od, renzapride increases bowel movement frequen-
spect to gut motility. However, given the known role cy, improves stool consistency and increases pa-
of 5-HT3 receptors in gastrointestinal sensation, in- tient-reported relief of their overall IBS symptoms,
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especially in women.[3] However, unlike the selec- strip. Tegaserod has been shown to be a potent
tive 5-HT3-receptor antagonists (e.g. alosetron),[81] 5-HT2B receptor antagonist[83] and it has been postu-
renzapride does not appear to be associated with lated that 5-HT2B receptor antagonism may result in
constipatory adverse effects or with a significantly inhibition of serotonin-mediated gastrointestinal
increased risk of colon ischaemia in this patient motility and visceral hyperactivity, especially in the
population, although much larger clinical studies human colon.[84] It remains to be clarified what
and post-marketing surveillance are likely to be contribution the 5-HT2B receptor antagonist proper-
required to confirm whether or not this is actually ties of renzapride may make to the effects of the
the case. compound on colonic motility in man, particularly

The present study indicates that renzapride has given the prokinetic role of the 5-HT4 receptor in
only weak affinity for human 5-HT2A receptors. It this tissue.[72-74]

has not been investigated whether renzapride is an
Renzapride has only moderate affinity for humanagonist or antagonist at this site. The 5-HT2A recep-

5-HT2C receptors. It has been previously reported totor may play a role in mediating contractions of the
have no significant affinity for 5-HT2C receptors incanine colon.[82] Furthermore, 5-HT2A and 5-HT4
porcine choroid plexus.[79] The relatively weak af-receptors have also been implicated in the stimula-
finity of renzapride for 5-HT2C receptors indicatestion of secretion in human colon.[76] It remains to be
that activity at these receptors is unlikely to play ademonstrated, however, if the modest affinity of
role in its action on the gastrointestinal tract or otherrenzapride for the 5-HT2A receptor has any rele-
tissues. Renzapride has no significant affinity forvance to its clinical activity.
human 5-HT1A, 5-HT1B, 5-HT1D, 5-HT5A, 5-HT6Renzapride has a modest affinity for human
or 5-HT7 receptors. It also has no significant affinity5-HT2B receptors in vitro and further study showed

it to be a functional 5-HT2B antagonist on rat fundus for the serotonin transporter, confirming negative

Table V.  Effect of renzapride on metabolism of cytochrome P450 (CYP)-selective substrates in human liver microsomes in vitro

CYP selective reaction and Renzapride final % Inhibitiona of CYP- Positive control inhibitor % Inhibitiona of CYP-related
substrate (concentration) concentration related activity by (final concentration [μmol/L]) activity by positive control

(μmol/L) renzapride inhibitor

CYP1A2

Phenacetin (100 μmol/L) 10 4 ± 4 Furafylline (10) 49 ± 3

CYP2A6

Coumarin (5 μmol/L) 2 0 Diethyldithiocarbamate 93 ± 1
(30)

CYP2C9

Tolbutamide (100 μmol/L) 10 30 ± 12 Sulfaphenazole (100) 100

CYP2C19

S-mephenytoin (100 μmol/L) 10 1 ± 1 Tranylcypromine 100
(100)

CYP2D6

Bufuralol (5 μmol/L) 50 55 ± 2 Quinidine (5) 65 ± 2

CYP2E1

Chlorzoxazone (100 μmol/L) 2 34 ± 1 Diethyldithiocarbamate 92 ± 5
(30)

CYP3A4

Testosterone (125 μmol/L) 10 39 ± 4 Ketoconazole (2) 96 ± 1

a % Inhibition data are means of two observations.
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Table VI.  Comparative pharmacological profiles of renzapride and its enantiomers

Experimental model (±) Renzapride (+) Renzapride (–) Renzapride

Serotonin-like contraction of rat isolated
oesophagus (unpublished observations)

Approximate EC50 (μmol/L) 11.0 16.0 4.8

Electrical stimulation of guinea-pig isolated
ileum[36]

EC20 (μmol/L) 0.02 0.07 0.1

Increase in intragastric pressure in the fasted
conscious rat[36]

ED50 (mg/kg SC with 95% CI) 0.10 (0.07, 0.16) 0.17 (0.15, 0.20) 0.17 (0.15, 0.20)

Increase in intraluminal pressure in the
Heidenhain dog[36]

Lowest significantly active dose (mg/kg IV) 0.01 0.01 0.01

Inhibition of serotonin-induced bradycardia in
the anaesthetized rat[36]

ED50 (μg/kg IV ± SEM) 3.3 ± 1.0 4.2 ± 1.7 3.9 ± 1.7
EC20 = concentration that produces 20% of the maximal effective response; EC50 = concentration that produces half the maximal effective
response; ED50 = the median effective dose, i.e. dose that produces an effective response in 50% of animals; IV = intravenously;
SC = subcutaneously; SEM = standard error of the mean; (±) signifies racemate of (+) and (–) enantiomers in equal proportions; (+) signifies
positive enantiomer of renzapride; (–) signifies negative enantiomer of renzapride.

data in studies on the uptake of [3H]-serotonin into reported by King et al.[36] (see table VI) showed that
rat synaptosomes.[85] the two enantiomers have very similar potency in

pharmacological models in which agonism at 5-HT4The results reported in the current study indicate
receptors is implicated: specifically, potentiation ofthat renzapride is devoid of significant affinity for

cloned rat α1-, α2- and β-adrenoceptors, and cloned the effects of in vitro electrical field stimulation of
human D1, D2L, D2S, D3, D4.2, D4.4, D4.7, D5 recep- guinea-pig ileum and increase in intraluminal pres-
tors, norepinephrine transporters and dopamine sure in the Heidenhain pouch dog. The two enanti-
transporters. The data on D1 and D2 receptors con- omers are also equipotent at increasing intragastric
firm earlier reports using non-human species.[24]

pressure in the fasted conscious rat (unpublished
The present study shows that the enantiomers of observations). It is concluded that whilst there may

renzapride possess similar affinity for cloned human be some small differences in potency in in vitro
5-HT3, 5-HT2A, 5-HT2B, and 5-HT2C receptors with models, the two enantiomers of renzapride show
no more than a 2-fold difference in potency at any of very similar potency in in vivo studies.
the receptor sites. The (–) enantiomer shows slightly

The similar affinity of the two enantiomers for
more than a 2-fold greater affinity for guinea-pig

human 5-HT3 receptors confirms the finding of
5-HT4 receptors than the (+) enantiomer and 3-fold

King et al.[36] that the enantiomers are equipotent atgreater potency in the functional study on isolated
inhibiting the serotonin-induced Bezold-Jarisch re-rat oesophagus. These data indicate that the (–)
flex in the anaesthetized rat. These data are consis-enantiomer of renzapride may be slightly more po-
tent with the observation that the two enantiomers oftent than the (+) enantiomer at 5-HT4 receptors. It
renzapride are equipotent as 5-HT3 receptor ant-has not been investigated whether the two enanti-
agonists. The two enantiomers of renzapride, there-omers show the same full agonism at 5-HT4 recep-
fore, show a very similar spectrum of pharmacologi-tors in tissues in which this has been demonstrated

for the racemate. The in vitro and in vivo studies cal activity at 5-HT receptors.
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Renzapride N-oxide had only micromolar affini- with human S9 fraction, supplemented with addi-
ty for human 5-HT3 and 5-HT2B receptors and no tional co-factors, also showed evidence for the for-
significant affinity for guinea-pig 5-HT4 or human mation of renzapride N-oxide. Only traces of addi-
5-HT1A, 5-HT1B, 5-HT1D, 5-HT5A, 5-HT6 or 5-HT7 tional oxidative, and, therefore, probably phase I
receptors. No functional studies on the action of microsomal metabolites, were found in the S9 incu-
renzapride N-oxide at 5-HT3 and 5-HT2B receptors bations, indicating that there is no significant non-
have been performed. Like renzapride, renzapride microsomal metabolism of renzapride. Subsequent
N-oxide also had no significant affinity for cloned experiments have suggested that hepatic functional
rat α1-, α2- and β-adrenoceptors, and cloned human mixed oxidase enzymes (e.g. FMO-3) are likely to
D1, D2L, D2S, D3, D4.2, D4.4, D4.7, D5 receptors and play the major role in the metabolism of renzapride
norepinephrine and dopamine transporters. in vivo (unpublished observations).

The present results on the radioligand binding There was no difference in the rate of formation
profile of renzapride N-oxide therefore indicate that

of the N-oxide by either the (–) or (+) enantiomers of
this principal metabolite of renzapride in man has a

renzapride by human S9 fraction in vitro, and it is
significantly weaker affinity for 5-HT receptors than

therefore concluded that the metabolism of
renzapride, with no additional affinities for catecho-

renzapride is not stereospecific. These data, when
laminergic receptors. The enantiomers of the metab-

taken together with data demonstrating that the N-
olite show the same weak affinity for human 5-HT3

oxide metabolite comprises <10% of circulatingand 5-HT2B receptors.
drug-related material after a single, oral [14C]-la-

The present studies on the metabolism of belled 4-mg dose in healthy female volunteers (un-
renzapride by human liver microsomes show that published observations), support the conclusion that
the compound is metabolized only to a very modest

renzapride N-oxide is unlikely to contribute to the
extent by this tissue and that this metabolism results

clinical effects of renzapride in man.
in the formation of a predominant single metabolite

In vitro studies with selective substrates of CYP(M-1). This metabolite has the same chromato-
indicate that renzapride does not significantly inhib-graphic and LC-MS/MS ion transition profile as
it the human drug-metabolizing CYP enzymesauthentic renzapride N-oxide. Since M-1 was ob-
CYP2C9, CYP1A2, CYP2A6, CYP2C19, CYP2E1served only in incubations containing both microso-
or CYP3A4 at therapeutically relevant concentra-mal protein and enzyme co-factors, it is highly prob-

able that this was a metabolic product and not a tions. A definitive pharmacokinetic study in patients
result of chemical or thermal degradation. Incuba- with IBS-C taking the proposed clinical dose of
tion of renzapride with individual human donor mi- renzapride 4 mg once daily has confirmed the maxi-
crosomes showed again that the only metabolite mum circulating levels of renzapride to be 15.3 ng/
identified was renzapride N-oxide, the extent of mL (47.2 nmol/L) at time to maximum plasma con-
formation of which ranged from 2% to 16% under centration (1.4 hours).[2] In the current study, the
the conditions used. inhibitory activity of renzapride measured against

specific hepatic CYP enzymes in vitro are likely toFormation of the N-oxide of renzapride from the
be clinically non-relevant given that these concen-parent compound was not reduced by a non-selec-
trations of renzapride are far in excess (>10 000× fortive inhibitor of CYP enzymes, indicating that these
CYP1A2, CYP2C9, CYP2C19 and CYP3A4,enzymes probably do not play a major role in the
>4000× for CYP2A6, >1000× for CYP2D6, andmetabolism of renzapride. Incubation of renzapride
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>40× for CYP2E1) of those likely to be achieved in administered (>60%) is excreted in the urine, largely
patients in therapeutic use. (ca. 80%) as unchanged, parent drug (unpublished

observations). The major metabolic product of

renzapride appears to be renzapride N-oxide, al-Conclusions
though this is a minor metabolite in vivo, accounting

for <10% of circulating drug-related material. Addi-The present studies confirm and extend the re-
tionally, in the current study, radioligand bindingsults of earlier studies in human and non-human
studies show that this metabolite is unlikely to con-tissue that show that renzapride is selective for sero-
tribute to the therapeutic actions of renzapride intonin receptors. Its pharmacological profile in a
man.range of human isolated tissues and preclinical spe-

cies indicate that renzapride is a full 5-HT4 receptor Although inhibitory activity of renzapride on five
agonist. It is also a 5-HT3 receptor antagonist, al- specific CYP enzymes was detected in the current
though in animals and in humans its prokinetic study, this inhibition did not occur at therapeutically
effects on the gastrointestinal tract, probably asso- relevant concentrations. Further, a nonspecific in-
ciated largely with peripheral 5-HT4 receptor agon-

hibitor was shown to have no effect on the microso-
ism, appear to predominate. The peripheral 5-HT3

mal metabolism of renzapride. These results, com-
receptor antagonist properties of renzapride may

bined with the fact that renzapride is rapidly cleared
contribute to beneficial effects on visceral hypersen-

(half-life = 10.1 hours)[2] and is not highly bound tositivity in patients with IBS.
plasma proteins (i.e. 33.3% in pooled male andAs would be predicted from its pharmacological
female human control plasma, 13.2% to human se-profile, clinical studies to date have shown that
rum albumin and 5.1% to α-glycoprotein – unpub-renzapride is safe and well tolerated, and in patients
lished observations), indicate that plasma concentra-with IBS-C significantly increases relief from abdo-
tions of renzapride should not be influenced byminal pain and discomfort and increases bowel
drugs that inhibit the major CYP enzymes. Similar-movements.[2,4] Renzapride may also have therapeu-

tic utility in IBS patients with mixed symptomatolo- ly, the lack of propensity for renzapride to inhibit a
gy (alternating constipation and diarrhoea) as a re- range of CYP enzymes in vitro at ‘clinical’ concen-
sult of its 5-HT4 receptor agonist and 5-HT3 recep- trations suggests that drug-drug interactions with
tor antagonist properties. therapeutic agents for which these enzymes are ma-

The results of the in vitro studies of the enantio- jor metabolizing systems should not be an issue with
mers of renzapride reported above are consistent renzapride in therapeutic use and no evidence of any
with earlier reports that, although there may be small such effects has been seen in clinical studies to date.
differences in potency at 5-HT4 receptors between

The preliminary studies reported herein contrib-them, (+)- and (–)-renzapride enantiomers possess
ute to our understanding of the pharmacologicalvery similar pharmacological profiles in vivo, sup-
activities underlying the therapeutic mechanism ofporting continued development of this drug as the
action of renzapride in patients with gastrointestinalracemate.
disorders (e.g. IBS and chronic constipation), asIn vitro studies with human liver microsomes
well as the metabolic fate of renzapride in vivo andindicate that renzapride is metabolized by this tissue
its potential for interfering with the metabolism ofonly to a very limited extent, which reflects the in
other drugs, all of which support its clinical utility.vivo situation in man, where the majority of the dose
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