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Abstract :Mosapride stimulated dietary motility was introduced because of the arrhythmogenic effect of cisapride.
Cisapride, 5-HT receptor agonist, induces prolongation of QT interval. Additionally, this condition can raise the possibility
of acute, “malignant” arrhythmias such as torsade de pointes. It is hard to find any reports about effects of mosapride
on cardiac parameters in dogs. By confirming electrocardiogram (ECG) parameters, the surface extremity leads ECG
that was obtained from the four-limb electrodes and which was recorded by an ECG recorder after administration of
mosapride 3 mg/kg PO b.i.d, and mosapride 3 mg/kg with itraconazole 5 mg/kg PO b.i.d, respectively. QT interval was
shortened on the days of 3, 5, and post-day 1 in both mosapride 3 mg/kg administrated group and mosapride with
itraconazole group. Heart rate increased significantly. QTc was slightly prolonged in mosapride administration group
and mosapride with itraconazole group. However, all dogs of QTc were in normal variation (150~250 msec). Besides,
the dogs showed no side effects reported in human medicine during the administration with these drugs. Although
mosapride can increase the heart rate, this study suggest that mosapride may be useful for the dogs with disorders
of gastrointestinal motility because of no fatal arrhythmogenic effect inspite of administration with itraconazole in dogs.
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Introduction

The greatest scientific and clinical advances in gastroenter-

ology over the past two decades have addressed the func-

tional aspect of digestion, especially in gastrointestinal

motility. With the smooth muscle contraction of gastrointesti-

nal system, peristalsis tends to propel digestive contents

along the gastrointestinal tracts. Delayed gastric emptying is

a significant cause of upper gastrointestinal tract symptoms

in dogs and cats [4]. 

Some gastrointestinal prokinetic agents have effects

throughout the gastrointestinal tract. The gastrointestinal pro-

kinetic agents work with many different mechanisms of action

[2]. Prokinetic agents, including metoclopramide, cisapride

and mosapride increase digestive motility by, stimulating

serotonin 5-HT4 receptors in the gastrointestinal plexus, con-

sequently increasing the release of acetylcholine and enhanc-

ing gastrointestinal motility as well as gastric emptying [2].

Metoclopramide stimulates upper gastrointestinal tract than

colonic motility that has more potent as antiemetic than

upper gastrointestinal motility [7, 9]. Animals show unusual

behavior, extrapyramidal side effect after administration rarely

because this drug originally marketed as a dopamine trans-

porter receptor antagonist [7, 8]. Besides, metoclopramide is

excreted mostly in the urine, and severe renal failure makes

adverse effects more likely [8]. Cisapride is an oral gas-

trointestinal prokinetic agent that stimulates normal motility

from the lower esophageal sphincter to the anus. It has about

8 times more potent than metoclopramide as a prokinetic

agent does [12]. However, cisapride, which acts on serotonin

receptors 5-HT1 to 5-HT4, has been associated with poten-

tially fatal heart rhythm abnormalities [7]. Cisapride induces

prolongation of QT interval. Furthermore, this condition can

raise the possibility of such acute, “malignant” arrhythmias

as torsade de pointes and ventricular fibrillation [13]. Con-

comitant use of imidazole class antifungal agent or mac-

rolide antibiotics has also been found to inhibit the cytochrome

P-450 enzyme system that affects cisapride metabolism and

results in increased serum cisapride levels and more arryth-

mogenic [13]. For that reason, this drug has not been avail-

able from several markets including Korea [2].

Many alternative gastrointestinal prokinetic agents have

been introduced in market like itopride, and mosapride which

are a structurally related benzamide, because of arrhyth-

mogenic effect of cisapride. Mosapride enhances upper gas-

trointestinal motility in conscious dogs [6, 14]. In rabbits,

rats, guinea pigs, and conscious cats, mosapride does not

show arrhythmogenic effect [1, 5]. Although mosapride can
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be possible to alternate the uses of cisapride and metoclopra-

mide, there is little information about side effects of mosapride

in dogs. There is no report about effects on cardiac parame-

ters in dogs. This study is to investigate the cardiac effects of

mosapride citrate on electrocardiogram (ECG) in dogs. 

Materials and Methods

Preparation of experimental animals

The use of animals in this experiment was approved by the

Institute of Laboratory Animal Resources, Seoul National

University (SNU-110722-1), Korea. All the beagle dogs (6

dogs) were cared for in accordance with the Animal Care and

Use Guidelines (Institute of Laboratory Animal Resources,

Seoul National University). The animals used in our experi-

ment were male or female beagle dogs weighing 6~10 kg.

All the dogs were determined to be healthy after a routine

physical examination, complete blood count, serum biochem-

istry analysis. Each dog was kept in its cage at a room tem-

perature (approximately 25oC). Food was available twice a

day and water was continuously available. The animals were

divided into 2 groups: mosapride 3 mg/kg administration

group (A group: n = 3, 2 males and 1 female), and mosapride

3 mg/kg with itraconazole 5 mg/kg group (B group: n = 3, 2

males and 1 female). Dogs were orally and repeatedly

administered for 5 days with water, mosapride 3 mg/kg or

mosapride with itraconazole 5 mg/kg twice a day. From the

1st to 5th day of administration, drugs were administered

twice a day (8~9 a.m. and 8~9 p.m.).

ECG measurement

The surface ECG was obtained from the four-limb elec-

trodes and recorded by using an ECG recorder (Cardiofax

GEM ECG-9020K; Nihon Kohden, Japan). From the 1st to

5th day of administration, ECG was measured on day 1, day

3 and day 5 at least 3 times at each point (0, 1 and 3 h after

administration). ECG was also evaluated post drug adminis-

tration of 1 day and 2 days. Heart rate was measured before

and after the administration of mosapride. ECG signals were

read for 10~15 sec, and recorded on ECG paper. The signals

were automatically analyzed by an interpretive ECG Analy-

sis for dogs and cats (Veterinary ECG Software Kit QP-

992E; Nihon Kohden). We also checked the end of T wave

and analyzed ECG manually, and then QT intervals were

measured. The QT interval begins with the onset of the QRS

complex and ends when the T wave returns to baseline. Even

though the QT interval does not vary during respiratory sinus

arrhythmia, measured QT interval was corrected for the

effect of heart rate using the Bazett formula: QTc = QT inter-

val/square root of RR interval (in seconds).

Drugs

Mosapride was obtained from the commercial source (Gas-

motin; Daewoong Pharmaceutical, Korea). Itraconazole was

also obtained from the market (Hitrazole; JW Parmaceutical,

Korea). Administration dose of mosapride was decided by

motility index of recent study [6]. Dogs were orally adminis-

tered mosapride or mosapride with itraconazole twice a day

for 7 days.

Statistical analysis

All data are expressed as the mean ± SD statistically sig-

nificant differences between the values in drug-treated group

were analyzed by One-Way ANOVA using the PASW 18 sta-

tistics (IBM, USA). All differences with values of p ≤ 0.05

were considered significant.

Fig. 1. Effects of mosapride on electrocardiogram at the 5 day (d) of repeated administration in conscious dogs. There are no fatal

arrhythmogenic effects in mosapride (3 mg/kg) administration group and mosapride (3 mg/kg) with itraconazole (5 mg/kg) group.

Lead as marked, 25 mm/sec, 5 mm/mV.
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Results

All groups did not have adverse effect such as diarrhea,

loose stools, dry mouth, anorexia and vomiting which have

been reported in human. Other laboratory abnormalities

found in human clinical trials included eosinophilia, elevated

triglycerides, and elevated alanine transaminase, alanine ami-

notransferase and gamma glutamyl transpeptidase levels.

However, they did not show any abnormal laboratory test

values.

A group did not affect on PR interval, P wave duration, P

wave amplitude, QRS duration, QRS amplitude, ST seg-

ment, and had no arrhythmogenic effect (Fig. 1). However,

mosapride had an effect on the QT interval or QTc in con-

scious dogs. QT interval was shortened on days of 3, 5, and

post 1 day in both mosapride administrated group and

mosapride with itraconazole group. But there was no statisti-

cal difference among three groups of QT interval (Fig. 2).

QTc was prolonged slightly in A group on the days of 5, and

post 2 days. B group showed the effect on the QTc except

post 1 day. However, there was no significant difference

between two groups of QTc (Fig. 3). Heart rate increased on

the days of 3 (23.7 ± 8.4%), 5 (34.4 ± 8.4%) in A group. In B

group, heart rate was also increased on the day of 1 (20.4 ±

8.5%), 3 (32.3 ± 3.4%), and 5 (33.4 ± 9.0%) (Fig. 4).

Discussion 

The cardiotoxic effect of cisapride derived from the ability

of drug to prolong the cardiac action potential duration,

which has been associated with the occurrence of prolonged

QT interval followed by torsades de pointes [7, 13]. These

effects are not mediated by 5-HT4 receptor activation.

Cisapride blocks human ether-a-go-go-related gene (HERG)

K+ channels that are responsible for the repolarization phase

of cardiac action potential in human studies [2]. Although

Fig. 2. QT intervals in 3 mg/kg mosapride administration group (A group), and 3 mg/kg mosapride with 5 mg/kg itraconazole admin-

istration group (B group). Compared with zero time (QT interval of zero time converted to 100), QT intervals of A group and B group

were shortened significantly. In A group, QT interval was decreased on day (d) 3 (1 h: 94.2 ± 6.0, 3 h: 92.7 ± 5.4), d5 1 h (92.2 ± 3.2)

after drug administration, and post 1 day (94.0 ± 10.4). In B group, QT interval was decreased on d3 (1 h: 89.1 ± 6.8, 3 h: 87.2 ± 7.0),

d5 (1 h: 89.3 ± 3.7, 3 h: 89.0 ± 6.2). There was not any significant difference between two groups of QT interval. Differences between

zero time and the other day (mean ± SD). *p < 0.05, †p < 0.01.

Fig. 3. QTc in 3 mg/kg mosapride administration group (A group), and 3 mg/kg mosapride with 5 mg/kg itraconazole administration

group (B group). Compared with zero time (QTc of zero time converted to 100), QTc of A group and B group were slightly prolonged.

In A group, QTc was prolonged on day (d) 5 (1 h: 111.8 ± 4.2, 3 h: 112.7 ± 3.3) and post 2 days (107.8 ± 1.4). In B group, QTc was

increased except post 1 day. QTc of d1 (1 h: 109.5 ± 5.8, 3 h: 105.7 ± 3.6), d3 (1 h: 106.7 ± 3.9, 3 h: 105.7 ± 6.1), d5 (1 h: 107.7 ±

6.1, 3 h: 107.2 ± 6.6), and post 2 days (107.9 ± 3.6) were all increased significantly. There wasn’t any significant difference between

two groups of QTc. Differences between zero time and the other day (mean ± SD). *p < 0.05, †p < 0.01.
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other substituted benzamides like mosapride do not share

Class III antiarrhythmic properties, cisapride has been known

to have the pharmacophore for Class III antiarrhythmic agent

[11]. Some human studies reported that mosapride did not

change the parameters of autonomic nervous activity [3].

Even though mosapride did not have an effect of autonomic

nervous activity in animals, it was reported that mosapride

increased the heart rate significantly in dogs because of the

5-HT4 properties [3].

In the present study, heart rate increased significantly in

dogs after the administration of 3 mg/kg of mosapride on the

days of 3, and 5. In the dogs after the administration of

mosapride with itraconazole, heart rate was elevated on the

days of 1, 3, and 5. Moreover, repeated oral administration of

mosapride 3 mg/kg b.i.d and mosapride 3 mg/kg with itra-

conazole 5 mg/kg b.i.d for 7 days slightly shortened the QT

interval in conscious dogs instead of showing prolonged QT

interval. Increased heart rate is related to shortened RR inter-

val even though QT interval does not vary during respiratory

sinus arrhythmia. In the present of study, it seemed that QT

interval was shortened significantly because of increased

heart rate. After correction of QT interval using Bazett for-

mula, QTc was slightly prolonged in mosapride administra-

tion group and mosapride with itraconazole administration

group. All the dogs of QTc, however, are in normal variation

(150~250 msec).

In human medicine, 56 percent of patients of taking medi-

cation of the imidazole class or macrolide antibiotics, which

have been found to reduce the CYP450 enzyme, affect

cisapride metabolism and raise serum cisapride levels. For

that reason, these patients may have increased the risk of

arrhythmia [13]. In the present study, there was no statistical

difference between mosapride administration group and

mosapride with itraconazole administration group of QT

interval, QTc, and heart rate. Other study improved that

mosapride has no arrhythmogenic effect although at serum

concentration 30~100 times in the cats showed higher than

the therapeutic ones in man [5].

Most common adverse effects of mosapride were abdomi-

nal pain and diarrhea in human medicine. Abnormal labora-

tory test value reported eosinophilia, high liver enzyme, and

elevated triglycerides [2]. In the present study, all the dogs do

not show those side effects during the administration of these

drugs. However, long-term use of mosapride should be done

in order to verify whether this drug has significant side

effects or not.

Although mosapride can increase the heart rate, this study

suggest that mosapride may be useful for the dogs with dis-

orders of gastrointestinal motility because of no fatal arrhyth-

mogenic effect in spite of administration with itraconazole in

dogs. The limitation of this study reveals small dose of

mosapride, and short duration of administration. Also, we

cannot demonstrate the dose-dependency side effects of

mosapride on this study. In veterinary medicine, mosapride

may be useful for treatment of gastrointestinal dysfunction in

horse when mosapride has been administrated 2 mg/kg orally

[10]. But further study will be needed to substitute mosapride

established gastroprokinetic agents like cisapride and meto-

clopramide in dogs.
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