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EM574, an erythromycin derivative, improves delayed gastric emptying
of semi-solid meals in conscious dogs
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Abstract

Ž . Ž .The gastroprokinetic effects of de N-methyl -N-isopropyl-8,9-anhydroerythromycin A 6,9-hemiacetal EM574 , a non-peptide motilin
receptor agonist, were investigated in conscious dogs in a normal state and with experimentally-induced gastroparesis. Gastric emptying
of semi-solid meals was assessed indirectly from acetaminophen absorption with simultaneous recording of gastric antral motility. In the

Ž .normal state, post-prandial intraduodenal administration of EM574 30 mgrkg stimulated antral motility and significantly enhanced
Ž .gastric emptying as potently as did intravenous porcine motilin 0.003 mgrkgrh . Intraduodenal cisapride at 1 mgrkg denal cisapride at

1 mgrkg elicited antral contractions and tended to accelerate gastric emptying but at 3 mgrkg, gastric emptying was not enhanced
despite a further increase in the motor index. In dogs with gastroparesis induced by intraduodenal oleic acid or intravenous dopamine,

Ž . Ž .EM574 0.03 mgrkg increased antral motility and reversed the delayed gastric emptying completely. Cisapride 1 mgrkg partially
ameliorated the impaired emptying under these conditions. In atropinized dogs, no acceleration of gastric emptying by EM574 was
observed. These results indicate that EM574 potently accelerates gastric emptying of caloric meals in dogs in a normal state and with
experimentally-induced gastroparesis, and also suggest that the effect is mediated through stimulation of a cholinergic neural pathway.
q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ž .De N-methyl -N-isopropyl-8,9-anhydroerythromycin A
Ž .6,9-hemiacetal EM574 , a non-peptide motilin receptor

Ž . Žagonist in humans Satoh et al., 1994 and rabbits Sato et
.al., 1997 , is a highly potent stimulant of gastro-intestinal

Žmotility in dogs and has no antibacterial activity Tsuzuki
.et al., 1989; Inatomi et al., 1996 . It is derived from

Žerythromycin by chemical modification Omura et al.,
.1987; Tsuzuki et al., 1989 based on the fact that erythro-

mycin stimulates gastro-intestinal motility and mimics the
Ž .effect of motilin in dogs Itoh et al., 1984a, b, 1985 and

Ž .humans Tomomasa et al., 1986 .

) Corresponding author. Tel.: q81-6-6300-6142; fax: q81-6-6300-
6086.

Recently, it has been reported that erythromycin im-
proves the impaired gastric emptying in patients with

Ž .severe diabetic gastroparesis Janssens et al., 1990 , post-
Žvagotomy gastroparesis Mozwecz et al., 1990; Xynos et

. Ž .al., 1992 , idiopathic gastroparesis Richards et al., 1993 ,
Ž .primary anorexia nervosa Stacher et al., 1993 and gastro-

Ž .paresis after cancer chemotherapy Maliakkal et al., 1991 .
In addition, erythromycin accelerates gastric emptying in

Ž .normal subjects Annese et al., 1992 . Thus, erythromycin
derivatives with potent gastro-intestinal motor-stimulating
activity but lacking antibacterial activity seem promising
prokinetic agents.

At present, EM574 is under clinical study. It has been
proven that this agent accelerates gastric emptying in

Žhealthy subjects with minimal side effects Choi et al.,
.1998 . In this study, in order to predict the clinical useful-
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ness of EM574, we examined the effects of the agent on
normal and experimentally impaired gastric emptying in
conscious dogs in comparison with the effects of cisapride,

Ž .a 5-HT receptor agonist Craig and Clarke, 1990 used4

worldwide as a prokinetic agent.

2. Materials and methods

2.1. Preparation of animals

ŽA total of 17 male beagles weighing 8–13 kg Oriental
.Yeast, Tokyo, Japan were used. The studies were done in

accordance with the Guide for Care and Use of Laboratory
Animals adopted by the Committee of Animal Care at
Takeda Chemical Industries. The animals were put under
anesthesia by intravenous injection of sodium pento-

Ž . Žbarbital 30 mgrkg , and force transducers F-12 IS-60;
.Star Medical, Tokyo, Japan were chronically implanted

Žonto the serosa of the gastric antrum 3 cm proximal to the
. Žpylorus . Medical silicone tubes Silastic tube; Dow Corn-

.ing, Midland, MI, USA were introduced into the superior
vena cava through a branch of the external jugular vein
and into the duodenum through an incision 6 cm distal to
the pylorus as routes for administration of test materials.
After the procedure, the lead wires of the transducers and
the outer end of the silicone tube were protected by a
jacket. The dogs were housed in individual cages and fed a

Ž .dry-type dog meal 300 g once a day. Drinking water was
given freely. The following experiments were done starting
at least 2 weeks after surgery.

2.2. Measurement of gastric motility

Gastric antral motility was continuously recorded on a
Ž .polygraph FWR3701; Graphtech, Tokyo, Japan by con-

necting the lead wires of the transducers to the cables of
Ž .the amplifier PA-001; Star Medical . To measure motility

quantitatively, signals from the amplifiers also were input
Žto a signal processor 7T18; Nihon Denki-Sanei, Tokyo,

.Japan every 100 ms. The area of contractions was calcu-
lated, expressed as a percentage, assuming that the maxi-
mum contractions of the interdigestive migrating complex

Žlasted for 1 min, and was used as the motor index Inatomi
.et al., 1989 .

2.3. Measurement of gastric emptying

After 18 h of fasting, dogs received 10 mlrkg caloric
Žsemi-solid meals OKUNOS-A; 14.5% carbohydrate, 5.1%

protein, 2.8% lipid, 240 Jrml; Horika-foods, Niigata,
.Japan thoroughly mixed with 30 mgrkg acetaminophen

suspended in 0.2 mlrkg 0.5% methyl cellulose. Venous
blood samples were withdrawn every 15 min. Plasma

acetaminophen concentrations were determined by re-
versed-phase high-performance liquid chromatography ac-

Ž .cording to the method of Adriaenssens and Prescott 1978
with minor modifications. o-Acetamidophenol was used as
an internal standard.

2.4. Experimental protocols

2.4.1. Effects of EM574, motilin and cisapride on normal
gastric emptying

The dogs ingested the test meal within 5 min. EM574
Ž . Ž0.003, 0.01 and 0.03 mgrkg , cisapride 0.3, 1 and 3

. Ž .mgrkg or isotonic saline 0.2 mlrkg was administered
intraduodenally immediately after the meal. Porcine motilin
Ž . Ž0.001 and 0.003 mgrkgrh or isotonic saline 1

.mlrkgrh was continuously infused intravenously for 30
min during the post-prandial period.

2.4.2. Effects of EM574 and cisapride on oleic acid-de-
layed gastric emptying

To impair gastric emptying, 10 ml of 48% oleic acid
emulsion was instilled into the duodenum in 1 min imme-

Ž .diately after the meal. EM574 0.01 and 0.03 mgrkg ,
Ž .cisapride 1 mgrkg or isotonic saline was administered

intraduodenally 15 min after the meal.

2.4.3. Effects of EM574 and cisapride on dopamine-de-
layed gastric emptying

To delay gastric emptying, dopamine hydrochloride at
0.6 mgrkgrh was continuously infused intravenously dur-

Žing the 90-min post-prandial period. EM574 0.01 and 0.03
. Ž .mgrkg , cisapride 1 mgrkg or isotonic saline was ad-

ministered intraduodenally 1 min after the meal.

2.4.4. Effect of EM574 on gastric emptying in atropinized
dogs

To elucidate the mechanism of the gastroprokinetic
Ž .effect of EM574, atropine sulfate 0.1 mgrkg was in-

jected intravenously 1 min before the intraduodenal admin-
Ž .istration of EM574 0.03 mgrkg .

2.4.5. Tolerance study
EM574 at 0.03 mgrkg, b.i.d. was administered in-

traduodenally for 14 days consecutively. Gastric emptying
tests were done on days 1 and 15 in the morning after

Ž .administration of EM574 0.03 mgrkg and on days 5 and
22 in the morning after the administration of isotonic
saline.

2.5. Drugs and chemicals

EM574 was synthesized by Takeda Chemical Indus-
Žtries. The following drugs were used: cisapride isolated

w .from Risamol ; Yoshitomi, Osaka, Japan , porcine motilin
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Ž .Peptide Institute, Minou, Japan , oleic acid, dopamine
Ž .hydrochloride and atropine sulfate Wako, Osaka, Japan .

EM574 was dissolved in absolute ethanol, to which lacto-
Ž .bionic acid 75 mM was added at a volume of -5% of

the final volume, and then diluted with isotonic saline.
Cisapride was dissolved in 0.5% wrv tartaric acid solu-
tion. Porcine motilin, dopamine hydrochloride and atropine
sulfate were dissolved in isotonic saline. Oleic acid was
emulsified in milk with 4.8% polyethylene glycol 400.

2.6. Statistical analysis

Data are expressed as means"S.E. The data were
analyzed by paired t-test and repeated measures analysis of
variance. Bonferroni’s correction was used when multiple
groups were compared by paired t-test. A P value of
-0.05 was considered statistically significant.

3. Results

3.1. Effects of EM574, motilin and cisapride on normal
gastric emptying

Feeding the test meal caused slight contractions in the
Ž .gastric antrum Fig. 1 . The intraduodenal administration

Fig. 1. Effects of EM574, porcine motilin and cisapride on gastric antral
motility after a semi-solid meal. The meal was ingested within 5 min.
EM574 and cisapride were administered intraduodenally immediately
after feeding. Motilin was infused intravenously during the 30-min post-
prandial period. A representative pattern of interdigestive migrating com-

Ž .plex IMC is shown in the inset to indicate the magnitude of contrac-
tions.

ŽFig. 2. Gastric emptying curves with intraduodenal EM574 0.03 mgrkg;
. Ž .top , intravenous motilin 0.003 mgrkgrh; middle and intraduodenal

Ž .cisapride 1 mgrkg; bottom . Data are expressed as means"S.E. for five
dogs.

of EM574 at 0.03 mgrkg after feeding induced marked
Ž .antral contractions Fig. 1 . Gastric emptying, expressed as

the elevation of the plasma acetaminophen concentration,
Žwas also accelerated with EM574 at 0.03 mgrkg Fig. 2,

.top .The gastric emptying as well as the antral motor index
was enhanced by EM574 in a dose-dependent manner; a

Žsignificant effect was observed at 0.03 mgrkg Fig. 3,
.top . Intravenous infusion of porcine motilin at 0.003

mgrkgrh during the 30-min post-prandial period stimu-
Ž .lated antral contractile activity Fig. 1 and accelerated
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Ž . Ž . Ž . Ž .Fig. 3. Dose-related effects of EM574 top , motilin middle and cisapride bottom on gastric motor index left and gastric emptying indicated as plasma
Ž .acetaminophen concentration right . EM574 and cisapride were administered intraduodenally immediately after the meal. Motilin was infused

intravenously during the 30-min post-prandial period. Data are expressed as means"S.E. for five dogs. aP-0.05, bP-0.01 compared to each control by
paired t-test with Bonferroni’s correction.

Ž .gastric emptying Fig. 2, middle . The effect of motilin
was dose-dependent; the dose of 0.003 mgrkgrh en-
hanced both the motor index and emptying significantly
Ž . Ž .Fig. 3, middle . Cisapride 1 mgrkg given intraduode-

Ž .nally evoked marked antral contractions Fig. 1 and
Ž .slightly enhanced gastric emptying Fig. 2, bottom . At 3

mgrkg, however, gastric emptying was not enhanced de-
Ž .spite a further increase in the motor index Fig. 3, bottom .

3.2. Effects of EM574 and cisapride on experimentally-in-
duced gastroparesis

The instillation of oleic acid emulsion into the duo-
denum after the m motor index and delayed gastric empty-

Ž .ing Fig. 4 and Table 1 . EM574 at 0.03 mgrkg given
intraduodenally 15 min after feeding significantly in-
creased the antral motor index and reversed delayed gastric
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Ž .Fig. 4. Changes in gastric antral motor index upper and gastric empty-
Ž .ing lower with EM574 or cisapride dosing in oleic acid-induced gastro-

paresis. Immediately after the meal, 10 ml of 48% oleic acid emulsion
Ž . Žwas instilled into the duodenum. EM574 0.03 mgrkg or cisapride 1

.mgrkg was administered intraduodenally 15 min after feeding. Data are
expressed as means"S.E. for six dogs.

Table 1
Effects of EM574 and cisapride on experimentally induced gastroparesis

Antral motor Plasma acetaminophen
Ž .index mgrml

Ž . Ž .Oleic acid-induced gastroparesis 15–60 min 60 min
aNormal 53.6"9.1 12.2"1.3

bOleic acid 39.3"10.2 3.1"0.7
cEM574 0.01 mgrkg 70.0"12.9 4.0"1.2

d aEM574 0.03 mgrkg 188.1"36.5 11.4"0.7
c dCisapride 1 mgrkg 109.5"30.7 4.5"0.8

Ž . Ž .Dopamine-induced gastroparesis 0–45 min 45 min
aNormal 82.9"13.2 7.3"0.1

eDopamine 51.0"8.4 3.3"0.8
fEM574 0.01 mgrkg 84.4"9.2 6.4"1.5

aEM574 0.03 mgrkg 241.0"50.8 12.3"1.1
dCisapride 1 mgrkg 98.7"26.1 5.3"1.6

aP -0.01 compared to each gastroparesis control by paired t-test
with or without Bonferroni’s correction.

b Ten milliliters of 48% oleic acid was instilled into the duodenum
after feeding.

c Drugs were administered intradoudenally 15 min after the meal.
dP -0.05.
eDopamine hydrochloride at 0.6 mgrkgrh was infused intravenously

during postprandial period.
f Drugs were given intradoudenally 1 min after the meal.

emptying almost completely. Cisapride at 1 mgrkg in-
duced significant antral contradictions and tended to ame-

Ž .liorate the delayed emptying Fig. 4 and Table 1 .
Post-prandial intravenous infusion of dopamine tended

to suppress antral motility and impaired gastric emptying
Ž . Ž .significantly Fig. 5 and Table 1 . EM574 0.03 mgrkg

given intraduodenally 1 min after the meal tended to
stimulate antral motility and reversed the delayed empty-

Ž .ing significantly. EM574 0.01 mgrkg as well as cis-
Ž .apride 1 mgrkg tended to induce moderate antral con-

tractions and partially ameliorated the delayed emptying
Ž .Fig. 5 and Table 1 .

3.3. Effect of EM574 on gastric emptying in atropinized
dogs

Ž .Atropine pretreatment 0.1 mgrkg , which suppressed
test meal-elicited antral contractions almost completely for
60 min, inhibited the increase in the antral motor index by

Ž .EM574 only during the first 30 min Fig. 6, upper . The
accelerating effect of EM574 on gastric emptying was

Ž .abolished by atropine Fig. 6, lower . The plasma ac-

Ž .Fig. 5. Changes in gastric antral motor index upper and gastric empty-
Ž .ing lower with EM574 or cisapride dosing in dopamine-induced gastro-

Ž .paresis. Dopamine hydrochloride 0.6 mgrkgrh was intravenously in-
Ž .fused during the 90-min post-prandial period. EM574 0.03 mgrkg or

Ž .cisapride 1 mgrkg was administered intraduodenally 1 min after the
meal. Data are expressed as means"S.E. for five dogs.



( )F. Sako et al.rEuropean Journal of Pharmacology 395 2000 165–172170

Fig. 6. Inhibition by atropine of the enhancing effects of EM574 on
Ž . Ž .gastric antral motility upper and gastric emptying lower . Atropine

Ž .sulfate 0.1 mgrkg was injected intravenously 1 min before intraduode-
Ž .nal administration of EM574 0.03 mgrkg or isotonic saline. Data are

expressed as means"S.E. for three dogs. aP -0.05, bP -0.01 compared
to EM574 alone by repeated measures analysis of variance.

etaminophen concentrations in atropinized dogs treated
with EM574 were as low as those in saline-treated at-
ropinized dogs.

3.4. Tolerance study

Ž . ŽFive days before as pre-control and 7 days after as
.post-control repeated treatment with EM574, the 45-min

value for plasma acetaminophen was 8.9"0.5 and 10.5"
Ž .1.1 mgrml, respectively not significant; ns5 . On the

Ž .first EM574 0.03 mgrkg treatment, the plasma ac-
etaminophen level was increased to 15.3"2.0 mgrml
Ž .P-0.05 compared to pre-control . After repeated treat-

Ž .ment with EM574 0.03 mgrkg, b.i.d. for 14 consecutive
days, the 45-min level was 15.15."2.8 mgrml on dosing

Ž .EM574 0.03 mgrkg . This value was not significantly
different from that of pre-control due to the disappearance
of the enhancing effect of EM574 observed in one of five
dogs. In the rest, the effect of EM574 was as almost same
as or more prominent than that seen on day 1. Therefore,

the mean acetaminophen values on days 1 and 15 were
almost the same.

4. Discussion

To demonstrate the potential usefulness of any given
prokinetic agent in gastro-intestinal disorders, the proki-
netic activity indicated by enhanced contractile activity
must be confirmed with a parallel demonstration of en-
hanced gastric emptying of caloric meals. We measured
gastric antral motility and gastric emptying simultaneously,
as the enhancement of gastric emptying by erythromycin is

Žassociated with strong antral contractions in humans Sarna
.et al., 1991; Stacher et al., 1993 .

We carried out a gastric emptying test by feeding the
dogs caloric semi-solid meals containing acetaminophen,
then measured the plasma acetaminophen concentrations

Ž .according to Heading et al. 1973 , who showed that the
peak plasma acetaminophen concentration correlates sig-
nificantly with the half-time of gastric emptying measured
with radioisotopes in humans. We used a caloric, semi-solid

Ž .meal, OKUNOS-A, as a test meal. Harasawa et al. 1979
reported the usefulness and validity of the combination of
OKUNOS-A and acetaminophen as test meal for gastric
emptying.

EM574 and motilin dose-dependently enhanced gastric
antral motility and gastric emptying in normal dogs. While
smooth muscular motilin receptors and the agonistic ac-
tions of erythromycin derivatives on them have been clari-

Ž .fied in rabbits Bormans et al., 1986; Sato et al., 1997 ,
Ž . Žcats Depoortere et al., 1993 and humans Peeters et al.,

.1988; Satoh et al., 1994 , no specific motilin binding sites
Žhave been detected in the canine alimentary tract Peeters

.et al., 1988; Satoh et al., 1994 , no specific motilin binding
sites have been detected in the canine alimentary tract
Ž .Peeters et al., 1988; our unpublished data . However, we
believe that EM574 as well as motilin elicits gastric con-
tractions via putative neuronal motilin receptors in dogs,
because the actions were abolished in the interdigestive

Ž .state Inatomi et al., 1996 and diminished in the digestive
Ž .state this study by atropine treatment. This study indi-

cated that the dose of EM574, reported as motilin, needed
to stimulate antral motility in the digestive state was about
10 times higher than the dose needed in the interdigestive

Ž .state Inatomi et al., 1996 . This may also support the
identity of the sites of actions of motilin with those of
EM574. Recently, the existence of neuronal motilin recep-
tors in rabbits has been suggested by results of functional

Ž .studies Parkman et al., 1995; Van Assche et al., 1997 and
Žof receptor binding studies Depoortere and Peeters, 1997;

.Sato et al., 1997 . Further investigations would be needed
to reveal the precise mechanisms of the prokinetic actions
of erythromycin derivatives as well as of motilin. In this
study, cisapride did not enhance normal gastric emptying
despite the increase in motility as reported previously
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Ž .Wulschke et al., 1986; Edwards et al., 1987 . This might
have been due to the transient increase in antropyloroduo-

Ždenal resistance evoked by cisapride Malbert et al., 1992;
.Fraser et al., 1993 . The prominent enhancing effect of

EM574 on gastric emptying could suggest that it induces
more coordinated gastroduodenal contractions than does
cisapride.

We used two gastroparesis models, induced by in-
traduodenal instillation of oleic acid and intravenous infu-
sion of dopamine. Lipid or free fatty acid in the lumen of

Žthe intestine is a potent inhibitor of gastric emptying Hunt
.and Knox, 1968 . This inhibition is thought to be mediated

Žmainly by cholecystokinin Liddle et al., 1986; Kleibeuker
.et al., 1988 , which relaxes the proximal stomach and

Želicits contractions of the pylorus Yamagishi and Derbas,
.1978 . Dopamine acts as an inhibitory modulator of

gastro-intestinal motility by reducing both tonic and phasic
contractile activity and blocking antroduodenal coordina-

Ž .tion Valezuela, 1976; Van Neuten, 1980 . It suppresses
the release of acetylcholine from the guinea pig stomach
Ž .Kusunoki et al. 1985 . In both experimentally-induced

Ž .gastroparesis models, EM574 0.03 mgrkg increased the
antral motor index significantly and reversed the impaired
gastric emptying almost completely. The effects of EM574
were more prominent than those of cisapride in both

Ž .models. The effect of EM574 0.01 mgrkg on the de-
layed emptying seems to be less potent than its effect in
the normal state. This may be a result of the inhibitory
actions of oleic acid or dopamine described above.

In atropinized dogs, the acceleration of gastric emptying
by EM574 was abolished, with transient inhibition of
antral motility, although an atropine-resistant contractile
component was observed from 30 min after EM574 admin-
istration. This suggests that EM574-induced antral contrac-
tions via a cholinergic neural pathway play a very impor-
tant role in enhancement of gastric emptying. Shiba et al.
Ž .1995 have already reported that atropine-resistant con-
tractions in the post-prandial stomach are evoked by
EM523, another erythromycin derivative, an effect which
is eliminated by coadministration of an NK receptor1

antagonist and a 5-HT3 receptor antagonist in conscious
dogs. The atropine-resistant component alone might be
insufficient for antroduodenal coordination.

There is in vitro evidence, using rabbit gastric smooth
muscle, that motilin receptor concentration may be down-
regulated after continued stimulation with erythromycin
Ž .Depoortere et al., 1991 . Therefore, a partial form of
tolerance during long-term treatment with erythromycin

Ž .has been proposed Richards et al., 1993 . We investigated
the efficacy of EM574 on gastric emptying during 2-week
administration of 0.03 mgrkg b.i.d., a dose at which
EM574 was proven to have significant accelerating effects
on normal and delayed gastric emptying. After the 2-week
administration, only one of five dogs showed disappear-
ance of the EM574-induced emptying enhancement. This
result indicates the low frequency of tolerance during

appropriate pharmacological dosing of EM574 in dogs.
However, we could not exclude the possibility that higher
doses andror more prolonged administration of EM574
might induce tolerance. Further clinical investigation re-
garding the repeated dosing is required.

In conclusion, we have shown that EM574 exerts potent
accelerating effects on normal and experimentally delayed
gastric emptying of caloric meals in dogs, and suggest that
gastric antral contractions stimulated by EM574 via
acholinergic neural pathway play an important role in
enhancing gastric emptying. The motilin receptor agonist,
EM574, seems to be a promising new gastroprokinetic
agent.
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