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S ummary.This study examined the effects of cisapride,
a 5-HT4 receptor agonist, on the QT interval in rats,
and evaluated whether mexiletine, a potent antiarr-
hythmic drug, could prevent a cisapride-induced prolon-
gation of the QT interval. The effects of drugs on
electrocardiograms in anesthetized normal Lewis and
heart failure rats were evaluated. The effects of cisa-
pride were investigated by administering three differ-
ent dosages (8, 16 and 24 mg/kg) for the acute study and
one dosage (24 mg/kg/day) for the chronic study (for 7
days) in control and ailing rats. After the oral adminis-
tration of mexiletine at 30 mg/kg for 1 week, cisapride
at 24 mg/kg was administered to the rats with heart
failure (n=15 in each).

After chronic cisapride treatment for 7 days, the QT
intervals in control and ailing rats were prolonged from
68.0±1.6 (mean±s.e.m.) to 74.0±2.4 msec and from
77.6+1.9 to 88.8±2.3 msec, respectively (p<0.05 and p<
0.01). A single dosage of cisapride at 8 or 16 mg/kg did
not affect the QT interval in control rats. However,
with a single dose of cisapride at 8, 16 and 24 mg/kg in
rats with heart failure, the QT interval increased dose-
dependently from 75.5±1.9 to 81.2 ±1.8 msec, 76.4±1.6
to 87.8±2.5 msec, and 78.4±2.1 to 101.4±1.2 msec,
respectively (each, p<0.01). After the administration of
mexiletine, cisapride had no such effects.

Cisapride prolonged the QT interval in rats with
heart failure dose-dependently, while mexiletine
prevented the effect. These results indicate that a high
dose of cisapride should be used carefully during illness,
but mexiletine may prevent a cisapride-induced long QT
interval.
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Pharmacology, Niigata College of Pharmacy, Kamisinei-cho,
Niigata City 950-2081, Japan.
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INTRODUCTION

Cisapride, a 5-HT4 receptor agonist, is a substituted
benzamide compound that stimulates motor activity
in all segments of the gastrointestinal tract by enhan-
cing the release of acetylcholine from the enteric
nervous system1'2'. It has been applied toward various
gastrointestinal ailments including gastroesophageal
reflux, functional dyspepsia, gastroporesis, and
chronic pseudobstruction syndrome3'4'. However,
cisapride is reported to prolong the QT interval,
causing serious cardiac arrhythmia (torsades de
pointes)5'6', which is heightened when cisapride is used
at high doses or with medications known to increase
cisapride serum levels or cause prolonged QT inter-
vals7'8'.

This study evaluates the effects of cisapride on the
QT interval in rats with heart failure produced by
autoimmune myocarditis (imitation trial for condi-
tions of illness), and the protective effect of mex-
iletine on the cisapride-induced long QT interval.

MATERIALS AND METHODS

Experimental animals
Experiments were performed in accordance with
institutional guidelines of the Niigata College of
Pharmacy for animal use in research, and were
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a p p r o v e d b y th e l o c al e thi c s c o m m itt e e ･ A n i m als

w e r e h o u s e d a n d m ai nt ai n e d in c o m pli a n c e w it h th e

G u id e t o t h e C a r e a n d U s e of E x p e ri m e n t al A n i m als

of th e c oll e g e .

N i n e _

w e ek- old m al e L e w is r a t s w e r e o b t ai n ed f r o m

c h a rle s R iv e r J a p a n l n c . ( K a n a g a w a
,
J a p a n) ･

H e a r t f a il u r e r a t s

p u rifi e d c a r di a c m y o si n f r o m t h e v e n t ri c ul a r m u s cl e

of pi g h e a rt s p r e p a r e d a c c o r di n g t o a p r o c e d u r e

d e s c rib e d p r e v i o u sly w a s di s s olv e d at a c o n c e n t r a ti o n

of l O m g/ m l i n P B S (0 .2 m ol/1) c o n t ai n i n g O ･3 m ol/I

K C l a n d m i x e d w ith a n e q u al v ol u m e of c o m pl e t e

F r e u n d
'

s a dj u v a n t s u p p le m e n t e d w it h M y c ob a ct e r-

i u m t u b e r c ul o sis H 3 7 R a (D if c o L a b o r at o ri e s
,

M i -

c hig a n
,
U S A .) a t a c o n c e n t r a ti o n of 1 0 m g/ m l

9- 1 2'

T h e r a t s w e r e i nj e ct e d i n t h ei r f o o t p a d s w ith O ･2 m l

s . c . o f a n ti g e n
- a dj u v a n t e m u lsi o n ･ T h e r a t s p r e s e n ti n g

h e a r t f ail u r e w er e s el e ct e d a t 2 m o n th s aft e r i m m u ni -

z a ti o n
.

R a t s w e r e di vid e d i n t o 9 g r o u p s o f 1 5 r a t s e a c h

b o t h i n th e c o n t r ol a n d aili n g g r o u p . T h e Q T i n t e r v al

( n
- 1 0 i n e a c h) a n d s e r u m ci s a p rid e c o n c e n t r ati o n

( n - 5 i n e a ch) w e r e m e a s u r ed i n e a c h g r o u p ･

D 印 g a d m i n i s t r a ti o n s

c is a p rid e o r m e x il eti n e w e r e a d m i n i st e r e d o r ally t o

b o t h t h e c o n t r ol a n d ailin g r at s ･ C o n t r ol r a t s r e c ei v e d

a n o r al v ehi cl e (0 .5 % m e th y lc ellu l o s e) . W e a d m i n is-
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t e r e d cis a p rid e a t th r e e d o s a g e s (8 ,
1 6 a n d 2 4 m g/ k g)

f o r t h e a c u t e s t u d y a n d t h e d o s a g e at 2 4 m g/ k g/ d a y

f o r 7 d a y s i n t h e c h r o n i c s t u d y ･ A ft e r t h e o r al a d m i n-

i st r a ti o n of m e x il eti n e at 30 m g/k g f o r 7 d a y s
,

cis a-

p rid e a t 24 m g/ k g w a s a d m i nis t e r e d t o th e r at s w it h

h e a r t f ail u r e .

E C G a n d m e a s n r e m e n t s

R a t s w e r e a n e st h e ti z e d b y a n i n t r a p e rit o n e al inj e c -

ti o n of a c o c k t ail of k et a m i n e (10 m g/ k g) a n d

t hi o b u t a b a r b it al ( 50 m g/k g) ,
a n d p l a c e d i n t h e s u p i n e

p o siti o n o n a t h e r m o r e g ul a t e d s u r g l C al t ab le ･
T h e y

w e r e t h e n a n e s th e ti z e d w it h thi ob ut ab a rb it al (5-3 0

m g/k g/h r) a d m i n is t e r e d i n t r a v e n o u sl y ･ A f t e r t h e

a n e s t h e si a
,
t h e r at s w e r e r e s t e d f o r a n e q uilib r a ti o n

p e ri o d
,

a n d b a s eli n e m e a s u r e m e n t s (0 m i n) of E C G

w e r e o b t ai n e d . A f t e r th e o r al a d m i n is t r ati o n of

d r u g s
,
E C G w a s r e c o r d e d a t 3 0

,
6 0

,
90

,
1 20

,
1 50

,
1 80

a n d 2 40 m i n i n t h e a c u t e st u d y . I n th e c h r o ni c s t u d y ,

E C G w a s r e c o r d e d b ef o r e a n d at 1 20 m i n aft e r th e

ci s a p rid e a d m i nist r a ti o n gi v e n o r all y ･
E C G s w e r e

r e c o r d e d f o r all r a t s (S oft r o n
,
C o . L .

,
T o k y o

, J a p a n)

a t p a p e r s p e e d s of 2 00 m m / s e c (F ig ･ 1) ･ H e a r t r at e s

a n d Q T i n t e r v al s w e r e m e a s u r e d a n d a v e r a g e d f r o m

t h r e e c a r di a c c y cl e s . H e a r t r at e s f r o m 30 0 b e at s/ m i n

t o 35 0 b e at s/ m i n w e r e s el e c t ed f o r m e a s u r e m e n t of

t h e Q T i n t e r v al .
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F i g . 1 . S i x l e a d ( I , I I , III , a V R , a V l_
a n d a V F) e l e c t r o c a r d i o g r a m s ( E C G s) ･

E C G c h a n g e s i n r e s p o n s e t o a si n gl e a d m i ni s t r a ti o n o f ci s a p ri d e o n r a t s w it h e a r t f ail u r e ･ Ci s a p ri d e

m a r k e d ly p r ol o n g e d Q T [( A) b e f o r e
, Q T ( m s e c) - 7 5

,
H R (b e a t s/ m i n ) - 3 2 1 a n d Q T c ( m s e c) - 1 7 3 ; ( B) a t

1 2 0 m i n a ft e r ci s a p ri d e
, Q T - 9 8

,
H R - 3 1 3 a n d Q T c

- 2 2 4] ･



S e r ll m Cis a p rid e c o n c e n t r a ti o n

A n i m p r o v e d hig h p e rf o r m a n c e li q uid c h r o m a t o g r a -

p h y w a s u s e d f o r t h e d e t e r m i n ati o n of s e r u m cis a -

p rid e c o n c e n t r a ti o n s
1 3)

･ F o r m e a s u r l n g th e s e r u m

cis a p rid e c o n c e n t r ati o n
,
2()0 〟1 of bl o o d w a s d r a w n a t

30
,
6 0

,
9 0

,
1 20

,
18 0 a n d 2 4 0 m i n aft e r t h e a d m i n i st r a

-

ti o n of cis a p rid e i n t h e a c u t e s t u d y . I n th e c h r o ni c

s t u d y ,
bl o o d w a s d r a w n a t 1 8 0 m i n aft e r t h e o r al

a d m i nis t r a ti o n .

S t a tist ic al a n aly sis

D a t a w e r e p r e s e n t e d a s t h e m e a n ±s . e . m . s t a ti sti c al

a n al y si s a m o n g t h e g r o u p s a n d th eir ti m e c o u r s e of

Q T in t e r v al w e r e p e rf o r m ed w it h t h e t w o -

w a y

A N O V A
,
f oll o w e d b y T u k e y

'

s m e th o d . T h e diff e r -

e n c e s w e r e c o n sid e r e d sig n ifi c a n t a t p < o .o 5 .

R E S tJI + T S

I n fl u e n c e o f c h r o n i c cis a p r id e a d m i n is t r a ti o n o n

s e r u m cis a p ri d e le v els a n d Q T d u r a ti o n

l n t h e cis a p rid e -t r e a t e d g r o u p s
,
th e s e r u m l e v els of

cis a p rid e a t 1 20 m i n aft e r a d m i nist r a ti o n i n c o n t r ol
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2 00

1 5 0

1 00

5 0
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0 3 0 60 9 0 1 20 1 5 0 1 8 0 2 1 0 2 4 0

Ti m e( mi n)

F i g ･ 2 ･ S e r u m ci s a p ri d e c o n c e n t r a ti o n s .

S e r u m c i s a p ri d e l e v el f o r t h e c o n t r o l L e w i s ( o p e n s y m -
b o l s) a n d r a t s w i th h e a r t f a il u r e ( s o li d s y m b o l s) a t 8 ( O
a n d ●) ,

1 6 ( □ a n d I ) a n d 2 4 ( △ a n d ▲) m g/ k g a f t e r

c i s a p rid e a d m i n i s t r a ti o n ･ A lt h o u g h t h e s e r u m c i s a p ri d e

l e v el s a ft e r th e a d m i n i s t r a ti o n o f 2 4 m g / k g ci s a p ri d e w e r e

l o w e r i n t h e g r o u p gi v e n m e x il e ti n e a t 3 0 m g/ k g f o r 7

d a y s (Ⅹ) t h a n th o s e i n t h e n o n
-

m e x il e ti n e g r o u p ( ▲) ,
t h e

l e v el s w e r e hi g h e r th a n th o s e i n t h e r a t s a d m i n i s t e r e d

w it h ci s a p rid e a t 1 6 m g/ k g ( I ) .

C i s a p rid e a n d M e x il e ti n e o n Q T I n t e r v a l 1 1 5

a n d aili n g r a t s w e r e 1 49 ±2 2 a n d 1 81 ±2 5 n g/ m l

( m e a n ±s ･ e ･ m ) ,
r e s p e c ti v el y . T h e b a s eli n e Q T i n t e r _

v al s of t h e c o n t r ol a n d aili n g r a t s w e r e 6 8 .0 ±1 .6 a n d
77 ･6 ±1 ･9 m s e c

･
w h e r e a s t h e Q T i n t e r v al s d u ri n g

ci s a p rid e a d m i nis t r a ti o n w e r e 74 .0 ±2 .4 a n d 8 8 .8 ±2 .3
m s e c

,
r e s p e c ti v el y ･ T h e t w o g r o u p s s h o w e d a s l g nifi -

c a n t p r ol o n g a ti o n ( p < 0 .05 a n d p < 0 .01) . T h e r at s

w ith h e a r t f ail u r e h a d l o n g e r Q T i n t e r v als t h a n th e

c o n t r ol r at s b ef o r e a n d aft e r ci s a p rid e a d m i n i st r a ti o n

(b o t h
, p く0 .01) .

D o s e - d e p e n d e n t eff e c t s o f c is a p rid e o n s e r u m c is a _

p rid e le v els a n d Q T i n t e r v als

T h e a d m i n i st r a ti o n o f cis a p rid e i n c r e a s e d t h e s e r u m

cis a p rid e

ci s a p rid e

24 m g/ k g

w hil e f o r

l e v els i n all g r o u p s . T h e m a x i m al s e r u m

le v el f o r t h e c o n t r ol L e w is r a t s a t 8
,
16 a n d

w a s 3 7 ･2 ±4 ･0
,
77 ･4 ±8

･0
,

a n d 19 6 .2 ±1 3 .5
,

r a t s w it h h e a r t f ail u r e it w a s 4 6 .0 ±3 .0
,

1 1 4 ･0 ±1 0 ･4
,

a n d 2 2 1 ･6 ±2 0 ･4 n g/ m l
,

r e s p e cti v ely (F i g .

2) .

T h e r e w a s a si g n ifi c a n t diff e r e n c e i n t h e e x t e n t of

t h e cis a p rid e -i n d u c e d i n c r e a s e i n Q T p r ol o n g a ti o n

b e t w e e n t h e t w o g r o u p s ( Fi g . 3) . A lt h o u g h t h e a d m i n -

is t r ati o n of ci s a p rid e t o r at s w it h h e a r t f ail u r e r e s u l ト

e d i n sig n ifi c a n t i n c r e a s e s i n t h e Q T i n t e r v al s a t all

1 1 0

1 00

9 0

′
■
ヽ

U
4 )

q )

且 8 0

ト

○/

7 0

6 0

Fi g . 3 .

t r a ti o n
.

0 30 6 0 9 0 1 2 0 1 5 0 1 8 0 2 1 0 2 4 0

T i m e( m i m )

Q T i n t e r v a l b e f o r e a n d a ft e r ci s a p rid e a d m i n i s-

Q T i n t e r v al f o r t h e c o n t r o l L e w i s ( o p e n s y m b ol s) a n d r a t s

w it h h e a rt f a il u r e ( s o li d s y m b o l s) a ft e r c i s a p ri d e a d m i n ト

st r a ti o n a t 8 ( O a n d ●),
1 6 (□ a n d ■) a n d 2 4 ( △ a n d ▲)

m g / k g ･ A ft e r c i s a p ri d e a d m i n i s t r a ti o n
,
t h e Q T i n t e r v a l

i n c r e a s e d d o s e-d e p e n d e rltl y ･ A ft e r m e x il e ti n e (3 0 m g/ k g )
t r e a t m e n t f o r 7 d a y s

,
th e Q T i n t e r v a l w a s n o t p r ol o n g e d

d u ri n g th e a d m i n i s t r a ti o n o f c i s a p ri d e a t 2 4 m g/ k g i n

h e a rt f a il u r e r a t s ( Ⅹ) .
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d o s a g e s ( p < 0 .0 1) a n d t h e m a x i m al l e v el s w e r e r e a-

c h e d a t 9 0 m i n . T h e Q T i n t e r v al a t l o w e r d o s a g e s (8

a n d 1 6 m g/ k g) of cis a p rid e did n ot i n c r e a s e si g n ifi-

c a n tl y i n c o n t r ol r at s ･ T h e b a s eli n e Q T i n t e r v als of

t h e c o n t r ol L e w is r a t s at 8
,
16 a n d 2 4 m g/k g w e r e

6 7 .4 ±1 .5
,
67 .7 ± 1 ･3 a n d 6 7 ･2 ±1 ･5

,
a n d th o s e of th e r a t s

w ith h e a rt f ail u r e w e r e 7 5 .5 ±1 ･9
,
7 6 ･4 ±1 ･6 a n d 78 ･4 ±

2 .
i m s e c

,
r e s p e cti v ely . T h e Q T i n t e r v al s of t h e c o n -

t r ol r a t s aft e r cis a p rid e a t 8
,
1 6 a n d 2 4 m g/ k g w e r e

70 .5 ±1 .6
,
7 1 .0 ±2 .6 a n d 83 ･

4 ±4 ･3
,
a n d t h o s e of t h e r a t s

w it h h e a rt f ail u r e w e r e 8 1 .2 ±1 ･8
,

8 7 ･8 ±2 ･5 a n d

1 01 .4 ± 1
.
2 m s e c

,
r e s p e cti v ely ･ A t e a ch d o s a g e

,
t h e r e

w a s a diff e r e n c e b e t w e e n t h e g r o u p w it h h e a rt f ail u r e

a n d t h e c o n t r o l g r o u p ( p < 0 .0 1
,
Fi g ･ 3) ･ T h e i n c r e a s e

i n th e Q T i n t e r v al d u ri n g th e cis a p rid e a d m i nist r a -

ti o n a t 2 4 m g/k g w a s sli g h tly g r e at e r i n r at s w ith

h e a r t f ailu r e (2 4 .6 ±1 .9) th a n i n c o n t r ol r a t s (2 0 ･7 ±3 ･

5 m s e c
,
N S) .

p r o t e cti v e e ff e c t o f m e xil e ti n e o n cis a p rid e -i n d u c e d

lo n g Q T i n t e r v al

A lth o u g h t h e s e r u m cis a p rid e le v el aft e r t h e a d m i n i s -

t r ati o n of 2 4 m g/k g ci s a p ri d e w a s l o w e r i n t h e

m e x il e ti n e g r o u p th a n t h e n o n
- m e x ile ti n e g r o u p ,

it

w a s hig h e r t h a n t h a t i n t h e 1 6 m g/ k g c is a p rid e g r o u p

(Fi g .
2) . A ft e r m e x ile ti n e- t r e a t m e n t f o r 7 d a y s

,
th e

Q T in t e r v al w a s n o t p r ol o n g e d a t 2 4 m g/ k g ci s a p rid e

i n r a t s w ith h e a r t f ailu r e (F i g . 3) .

D I S C tT S S I O N

w e f o u n d t h a t th e cis a p rid e -in d u c e d le n g t h e ni n g of

t h e Q T i n t e r v al in r a ts w it h h e a r t f ailu r e w a s a s -

s o ci a t ed w it h a hi gh d o s e of ci s a p rid e ･ A lt h o u g h

cis a p rid e c a n b e u s e d s af el y l n m o st h u m a n s
,
it s u s e

i n s o m e p a ti e n t s o r p r e m a t u r e i n f a n t s sh o uld b e

a v oid e d ; o r
,

w h e n u s e d
,

m o nit o ri n g of th e Q T i n t e r -

v al sh o uld b e c o n sid e r e d . I n o n e r e p o r t
,

a p r ol o n g e d

Q T w a s f o u n d i n i n f a n t s w h o r e c ei v e d cis a p rid e a t a

d o s e hi g h e r t h a n 1 m g/k g/ d a y ( m e a n d o s a g e
,

1
･3 4

m g/ k g/ d a y)
1 4)

. O n e s t u d y d e m o n st r a tin g a n a s s o ci a -

ti o n b et w e e n hig h d o s e ci s a p rid e a n d p r ol o n g e d Q T

i n t e r v al p oin t s t o t h e u s e of th e l o w e s t eff e c tiv e

d o s e
1 5)

.

E l e c t r o c a r di o g r a p h ic Q T i n t e r v als a r e t h e e sti m a t e

of t h e i n t e r v al b e t w e e n t w o c a r di a c e v e n t s - e a rlie s t

v e n t ri c ul a r d e p ol a ri z ati o n a n d l a t e s t v e n t ri c u l a r d e -

p ol a ri z a ti o n - a n d c o n si st e n t w it h t h e a cti o n p o t e n
-

ti al d u r a ti o n i n c a r di a c v e n t ric u l a r m u s cle s . E x c e s s

p r olo n g a ti o n of Q T i n t e r v als m a y l e a d t o t h e d e v el o p
-

m e n t of s eri o u s v e n t ri c ul a r a r r h y t h m i a
,
i n cl u di n g

t o r s a d e d e p o in t e s ･ P uisie u x e t al 一 r e p o r t e d th a t

cis a p rid e c a u s e d th e p r ol o n g a ti o n of a cti o n p ot e n ti al

d u r a ti o n a n d e a rly aft e r d e p ol a ri z a ti o n s i n r ab bit

is ol a t e d P u r ki nj e fib e r s .

1 6) T h e s e ab n o r m aliti e s m a y

i n c r e a s e u n d e r c o n diti o n s of h e a r t f ail u r e o r o t h e r

di s e a s e s .

T h e Q T in t e r v al i s
"

i n d e x ed
”

f o r t h e h e a rt r at e
,

w hi ch i s w h y t h e c o r r e c t e d Q T i n t e r v al (Q T c) f o r

h u m a n h a s b e e n r e p o r t e d ･ B e c a u s e t h e h e a rt r at e of

r a t s i s ab o u t 35 0 b e a t s/ m i n
,

w e di d n o t u s e Q T c i n

thi s s t u d y
1 7)

. T hi s st u d y c a n n o t sh o w t h e d e g r e e of

cis a p rid e-i n d u c e d Q T p r ol o n g a ti o n t h a t is a s s o ci at e d

w it h a sig nifi c a n tl y l n C r e a S e d ris k f o r c a r di a c a r r -

h y th m i a . T h e d e g r e e of Q T p r ol o n g a ti o n a n d t o r s a d e

d e p oi n t e s a s s o ci a t e d w it h cis a p rid e t h e r a p y w o uld

a p p e a r t o d e p e n d o n s e r u m c o n c e n t r a ti o n s of th e

d r u g ,
o n th e i n di vid u al b i o -t r a n sf o r m a ti o n c a p a cit y ･

a n d o n it s c o- a d m i n is t r ati o n w it h o th e r d r u g s c a u si n g

p h a r m a c o ki n e ti c a n d/ o r p h a r m a c o d y n a m i c i n t e r a c -

ti o n s . O u r p r a cti c e h a s b e e n t o r e c o m m e n d d e c r e a s -

i n g t h e d o s e of cis a p rid e o r eli m i n a tin g o t h e r p o s sibl e

ri s k f a c t o r s f o r p r ol o n g ed Q T i n p a tie n t s w it h h e a rt

f ail u r e o r o t h e r dis e a s e s .

A lt h o u g h th e s e r u m cis a p rid e l e v el aft e r th e a d m i n
-

is t r ati o n of 2 4 m g/k g ci s a p ri d e w a s l o w e r i n t h e

m e x il e ti n e g r o u p th a n t h e n o n - m e xil e ti n e g r o u p ,
it

w a s hi g h e r t h a n t h a t i n t h e 1 6 m g/ k g ci s a p rid e g r o u p ･

T h e p r o t e c ti v e eff e ct of m e x ile ti n e o n a ci s a p rid e -

i n d u c e d l o n g Q T i n t e r v al m a y i n v ol v e n o t o n ly a l o w

l e v el of s e r u m ci s a p rid e b u t o t h e r m e c h a n i s m s a s

w ell . M e x ile tin e
,

a cl a s s lb a n ti a r r h y t h m i c a g e n t
,

s h o w s r a p id dis s o ci ati o n k i n eti c s f r o m t h e s o di u m

ch a n n el . L ik e m a n y s o di u m c h a n n el b l o c k e r s
,
at sl o w

r a t e s a n d a t r el a ti v el y l o w c o n c e n t r ati o n s
,
th e d r u g l S

th o u g h t t o b e c a p a bl e of b l o c ki n g l a t e I N A w ith littl e

o r n o eff e ct o n t h e f a st s o di u m c u r r e n t
1 8

,
1 9)

.
A n ot h e r

r e p o r t s h o w s t h a t m e x il eti n e i n c r e a s e s th e a cti v a ti o n

of K A T P c h a n n els
2 0)

. F u r th e r st u di e s d eli n e a ti n g t h e

m e c h a n i s m of ci s a p ri d e a n d m e x ile tin e eff e c t s o n th e

t r a n s c rip ti o n al o r p o st -t r a n s c rip ti o n al r e g ul a ti o n of

i o n c h a n n el s s h o uld p r o vid e a b e tt e r u n d e r s t a n di n g of

th e eff e ct s of ci s a p rid e i n t h e h e a r t .

A c kn o w l e d g m e n t s . T h i s r e s e a r c h w a s s u p p o r t e d b y

g r a n t s f r o m t h e M i n i s t r y o f E d u c a ti o n
,
S ci e n c e

,
S p o r t s

a n d C u l t u r e o f J a p a n a n d t h e P r o m o ti o n a n d M u t u a l A id

C o r p o r a ti o n f o r P ri v a t e S c h o o l s o f J a p a n ･

R E F E R E N C E S

1 ) D u m u i s A
,
S e b b e n M

,
B o c k a e r t ∫: T h e g a st r o i n t e s ti-

n a l p r o k i n e ti c b e n z a m i d e d e ri v a ti v e s a r e a g o n i s t s a t

th e n o n- c l a s si c a l 5- H T r e c e pt o r ( 5- H T 4) p o siti v e ly

c o u p l e d t o a d e n yl a t e c y cl a s e i n n e u r o n s ･ N a u n y n -

S c h m i e d e b e rg s A r ch P h a r m a c o 1 3 4 0 : 4 0 31 4 1 0
,
1 9 8 9 1



2) C r a ig D A
,
C l a r k e D E : P h a r m a c o l o g i c a l c h a r a c t e ri z a

_

ti o n o f a n e u r o n a l r e c e p t o r f o r 5- h y d r o x yt r y p t a m i n e

i n g u i n e a p ig il e u m wi t h p r o p e r ti e s si mi l a r t o t h e 5-
h y d r o x y t r yp t a m in e

｡
r e c e p t o r . I P h a r m a c o I E x p

T h e r 2 5 2 : 1 3 7 8- 1 3 8 6
,
1 9 9 0 .

3) E I s w o o d C J ,
B u n c e K T

,
H u m p h r e y P P A : I d e n tifi c a _

ti o n o f p u t a ti v e 5- H T 4 r e c e p t o r s i n g u i n e a
-

p l g
a s c e n di n g c o l o n . E u r I P h a r m a c o 1 1 9 6 : 1 4 9- 1 5 5

,

1 9 9 1 .

4) W i s e m a n L R
,
F a u l d s D : C i s a p ri d e : a n d u p d a t e r e v i e w

o f i t s p h a r m a c o l o g y a n d t h e r a p e u ti c e ffi c a c y a s a

p r o k i n e ti c a g e n t i n g a st r o i n t e sti n a l m o tilit y di s
-

o r d e r s . D r u g s 4 7 : 1 1 6- 1 5 2
,
1 9 9 4 .

5) B r a n S
,
M u r r a y W A

,
°i r s c h I B

,
P a l m e r J P : L o n g Q T

s y n d r o m e d u ri n g h igh - d o s e c i s a p rid e . A r c h I n t e r n

M e d 1 5 5 : 7 6 51 7 6 8
,
1 9 9 5 .

6 ) L e w i n M B
,

B r y a n t R M
,

F e n ri c h A L
,

C i s a p rid e -i n d u c e d l o n g Q T i n t e r v al . ∫
27 9- 2 8 1

,
1 9 9 6 .

7) A h m a d R S
,

W o lf e S M : C i s a p rid e a n d

G ri f k a R G :

P e di a t r 1 2 8 :

t o r s a d e d e

p oi n t e s (l e tt e r) . L a n c et 3 4 5 : 5 0 8
,
1 9 9 5 .

8) H a a r st A D
,
K l o o st e r G A E

,
G e r v e n J M A

,
S c h o e m a

-

k e r R C
,
O e n e J C

,
B u r g g r a a f ∫,

C o e n e M C
,
C o h e n A F :

T h e i n fl u e n c e o f c i s a p ri d e a n d cl a rit h r o m y ci n o n Q T

i n t e r v a l s i n h e a lt h y v o l u n t e e r s . C li n P h a r m a c oI T h e y

6 4 : 5 4 2- 5 4 6
,
1 9 9 8 .

9 ) K o d a m a M
,

M a t s u m o t o Y
,
F uj i w a r a M

,
M a s a n i F

,

I z u m i T
,
S h i b a t a A : A n o v el e x p e ri m e n t a l m o d el o f

g i a n t c ell m y o c a r d iti s i n d u c e d i n r a t s b y i m m u ni z a
-

ti o n w ith c a rd i a c m y o si n f r a c ti o n . C li n I m m u n o I

I m m u n op a th o1 5 7 : 2 5 0- 2 6 2
,
1 9 9 1 .

1 0) H a n a w a H
,
K o d a m a M

,
Z h a n g S

,
I z u m i T

,
S h ib a t a A :

A n i m m u n o s u p p r e s s a n t c o m p o u n d
,
F K-5 0 6

, p r e v e n t s

t h e p r o g r e s si o n o f a u t o i m m u n e m y o c a r d iti s i n r a t s .

C li n I m m u n o I m m u n op a t h 6 2 : 3 2 1- 3 2 6
,
1 9 9 2 .

l l) K o d a m a M
,

H a n a w a H
,

S a e k i M
,

H o s o n o H
,

I n o m a t a T
,
S u z u k i K : R a t dil a t e d c a r d i o m y o p a t h y

a ft e r a u t o i m m u n e gi a n t c ell m y o c a rditi s . C i r c R e s 7 5 :

2 7 8- 2 8 4
,
1 9 9 4 .

1 2) W a t a n a b e K
,

O h t a Y
,

N a k a z a w a M
,

H i g u c h i H
,

C i s a p rid e a n d M e x il e ti n e o n Q T I n t e r v al 1 1 7

H a s e g a w a G
,

N a it o M
,

F u s e K
,
It o M

,
H i r o n o S

,

T a n a b e N
,
H a n a w a H

,
K a t o K

,
K o d a m a M

,
A i z a w a

Y : L o w d o s e c a r v e d il o l i n h ib it s p r o g r e s si o n o f h e a rt

f a il u r e i n r a t s w i th dil a t e d c a r d i o m y o p a t h y . βγ ∫
P h a r m a c o 1 1 3 0 : 1 4 8 9- 1 4 9 5

,
2 0 0 0 .

1 3) W a t a n a b e 冗
,
H i r o k a w a Y

,
S h i b a t a A

,
M a r u y a m a S

,

W a k a b a y a s hi H
,
S h i m a d a 冗 : D e t e r m i n a ti o n o f c a t e

-

c h o l a m i n e s b y h i g h p e rf o r m a n c e li q u id c h r o m a t o g r a -

p h y w ith el e c t r o c h e m i c a l d e t e c ti o n ; t h e r el a ti o n

b e t w e e n t h e g r o w t h o f S H R a n d c a r d i a c ° a t e
_

c h o l a m i n e s ･ B u ll C oll B i o m e d T e c h n o I N ii g a t a U n il)

3 : 3 0- 3 5
,
1 9 8 7 .

1 4) B e d u A
,
L u p o gl a z o ff J M

,
F a u r e C

,
D e n j o y I

,
C a s a s o

-

p r a n a A
,
A uj a rd Y : C i s a p rid e h ig h d o s a g e a n d l o n g

Q T i n t e r v a l . I P e d i a t r 1 3 0 : 1 6 4
,
1 9 9 7 .

1 5) K h o n g p h a tt h a n a y o t hi n A
,
L a n e ∫,

T h o m a s D
,
Y e n L

,

C h a n g D
,
B u b ol z B : E f f e c t s o f c i s a p r e d e o n Q T i n t e r -

v a l in c h il d r e n . I P e di a t r 1 3 3 : 5 11 5 6
,
1 9 9 8

.

1 6) P u i si e u x F L
,

A d a m a n ti d i s M M
,

D u m o ti e r B M
,

D u p u i s B A : C i s a p rid e
-i n d u c e d p r o l o n g a ti o n o f c a r

-

d i a c a c ti o n p o t e n ti a l a n d e a rl y a ft e r d e p o l a ri z a ti o n s

i n r a b b it P u r k i nj e fi b e r s . B r I P h a r m a c ol 1 1 7 : 1 3 7 7-
1 3 7 9

,
1 9 9 6 .

1 7) R e e s S A
,
C u rti s M J : S p e cifi c I K l bl o c k a d e : a n e w

a n ti a r rh yt h m i c m e c h a n i s m ? E ff e c t o f R P 5 8 8 6 6 ｡ n

v e n t ri c u l a r a r r h y t h mi a s i n r a t
,

r a b b i t a n d p ri m a t e .

Ci r c u l a ti o n 8 7 : 1 9 7 91 1 9 8 9
,
1 9 9 3 .

1 8) D u m a i n e R
,
W a n g Q ,

H e a t in g M T : M u lti p l e m e c h a
-

n i s m s o f N a
'

c h a n n el -l in k e d l o n g
- Q T s y n d r o m e . C i r

R e s 7 8 : 9 1 61 9 2 4
,
1 9 9 6 .

1 9 ) S i c o u ri S
,
A n t z e l e v it c h D

,
H eil m a n n C

,
A n t z el e v it c b

C : E ff e c t s o n s o d i u m c h a n n el b l o c k w it h m e x il e ti n e

t o r e v e w r s e a c ti o n p o t e n ti al p r o l o n g a ti o n i n i n v it r o

m o d el s o f th e l o n g Q T s y n d r o m e . I C a r di o u a s E l e ct r oI
P h y 8 : 1 2 8 0- 1 2 9 0

,
1 9 9 7 .

2 0) S h i g e m a t s u S
,
S a t o T

,
A rit a M : C l a s s l a n ti a r r h y t h

-

m i c d r u g s a lt e r th e s e v e rit y o f m y o c a r d i a l s t u n n i n g

b y m o d u l a ti n g A T P- s e n siti v e K ＋ c h a n n e l s i n g u i n e a

pi g v e n t ri c u l a r m u s c l e s ･ N a u n y n-S c h m i e d e b e rg
'

s A r ch

P h a r m a c o1 3 5 7 : 2 8 3- 2 9 0
,
1 9 9 8 .




