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Abstract

Ž . Ž . w Ž . x w w w Ž .Vasoinhibitory effects of y - S -2- 3,5-bis 1,1-dimethylethyl -4-hydroxyphenyl -3- 3- N-methyl-N- 2- 3,4-methylenedioxyphenoxy
x x x Ž .ethyl amino propyl -1,3-thiazolidin-4-one hydrogen fumarate CP-060S , a synthesized cardioprotective agent, were examined. In the rat

w 8x Ž .aortic rings, the contractile responses to cumulative application of angiotensin II, Arg -vasopressin vasopressin , or prostaglandin F2a

were inhibited by CP-060S in a concentration-dependent manner. The Ca2q-induced contractions in the presence of vasopressin or
prostaglandin F were also inhibited by CP-060S in a concentration-dependent manner. The inhibitory effect of 10y5 M CP-060S on2a

phenylephrine-induced contraction was as potent as that of 10y6 M nifedipine, and the combined addition of 10y6 M nifedipine and
10y5 M CP-060S showed the effect similar to that of 10y5 M CP-060S alone. In rat aorta loaded with a Ca2q indicator, fura-PE3, 10y5

q 2q Žw 2qx . y5M CP-060S completely inhibited the high K -induced increase in cytosolic Ca level Ca and contraction. In contrast, 10 Mi
w 2qxCP-060S only partially inhibited the increase in Ca and contraction due to phenylephrine or prostaglandin F . In the presence ofi 2 a

y6 y5 w 2qx 2q10 M nifedipine, 10 M CP-060S did not inhibit the increase in Ca and contraction induced by prostaglandin F . In a Ca -freei 2 a

w 2qx y5medium, the phasic increases in contraction and Ca induced by phenylephrine were not affected by 10 M CP-060S. These resultsi

suggest that the vasoinhibitory effect of CP-060S in rat aortic rings is due mainly to the inhibition of L-type voltage-dependent
Ca2q-channels. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Antagonists of the L-type voltage-dependent Ca2q

channel have been demonstrated in clinical studies to have
beneficial effects in the treatment of hypertension, angina
pectoris and arrhythmia. A new generation of Ca2q chan-
nel antagonists appears to be useful, not only in the
treatment of cardiovascular disease, but also in disease of
the central nervous system, including focal and global
cerebral ischemia and age-related cognition deficits and

Ž .epilepsy Scriabine and Janis, 1990 . It has recently been
Ž . Ž . w Ž .reported that y - S -2- 3,5-bis 1,1-dimethylethyl -4-

x w w w Žhydroxyphenyl -3- 3- N-methyl-N- 2- 3,4-methylenedioxy-

) Corresponding author. Tel.: q1-808-956-0997; fax: q1-808-956-
3170.
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. x x xphenoxy ethyl amino propyl -1,3-thiazolidin-4-one hydro-
Ž .gen fumarate CP-060S , a recently synthesized cardiopro-

tective agent, not only caused vasorelaxation of rat isolated
aorta by inhibition of L-type Ca2q channels, but also
prevented the veratridine-induced Ca2q overload in car-
diomyocytes by the mechanism not related to Ca2q entry

Ž .blockade Tamura et al., 1996; Adachi et al., 1999 . The
blockade of Naq channels or inhibition of NaqrCa2q

exchange was suggested to be a possible mechanism by
2q Žwhich CP-060S inhibits the Ca overload Tamura et al.,

.1996; Adachi et al., 1999 . CP-060S was also reported to
inhibit ischemia- and reperfusion-induced arrhythmia in

Ž .anesthetized rats Koga et al., 1996 and to limit myocar-
Ž .dial infarct size in anesthetized dogs Suzuki et al., 1998a .

In guinea pig papillary muscles and cardiomyocytes, CP-
060S was reported to inhibit not only Ca2q currents by
interacting with three principal binding sites on the L-type
Ca2q channel, but also non-inactivating Naq currents

0014-2999r00r$ - see front matter q 2000 Elsevier Science B.V. All rights reserved.
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ŽSuzuki et al., 1998b; Fukuzawa et al., 1997; Tanabe et al.,
.1997 . In guinea pigs mesenteric arteries, CP-060S exhib-

ited the profile of the L-type Ca2q channel antagonists,
similar to that of diltiazem and gallopamil, whereas higher
concentrations of CP-060S inhibited the delayed Kq chan-

Ž .nel currents Ohya et al., 1997 . All of these results
suggest that CP-060S has multiple sites of action in both
smooth and cardiac muscles.

To know the precise mechanism of vasodilator effects
of CP-060S, in the present experiments, we examined the
effect of this compound on muscle tension and cytosolic

2q Žw 2qx .Ca level Ca in the vascular smooth muscle ofi

isolated rat aorta.

2. Materials and methods

2.1. Mechanical responses

Male Wistar rats weighing 150–200 g were killed by
rapid exsanguination under ether anesthesia. Thoracic aorta
was isolated and adhering fat and connective tissues were
removed. Ring preparations of the aorta were prepared
Ž .2–3 mm length and each preparation was placed in a 25

Žml organ bath containing physiological salt solution in
mM: NaCl 120.3, KCl 4.8, CaCl 1.2, KH PO 1.2,2 2 4

.MgSO 1.3, NaHCO 24.2, glucose 5.5 maintained at4 3

378C and bubbled with 95% O and 5% CO . A resting2 2

tension of 20 mN was applied to each muscle strip. The
isometric tension was recorded through a force-displace-

Ž .ment transducer FT-03 connected to a six-channel Grass
polygraph.

2.2. Cytosolic Ca2 q leÕel

The thoracic aorta was isolated as described above and
Ž .cut into helical strips 2–3 mm wide and 8–10 mm long .

2q Žw 2qx .Cytosolic Ca level Ca was measured using ai

Ca2q indicator, fura-PE3, simultaneously with muscle ten-
Ž .sion as reported by Ozaki et al. 1987 and Sato et al.

Ž . y61988 . Muscle rings were loaded with 5=10 M ace-
Ž . Žtoxymethyl ester of fura-PE3 fura-PE3rAM Vorndranet

.et al., 1995 for 3–5 h in the presence of 0.02% cremophor
Ž .EL at room temperature 23–258C , and then placed in a

tissue bath at 378C. The muscle strip was illuminated
alternately with 340 and 380 nm light, and the amount of

Ž .500 nm fluorescence induced by 340 nm excitation F340
Ž .and that induced by 380 nm excitation F380 was detected

Žwith a spectrophotometer CAF-110, Japan Spectroscopic,
. 2qTokyo, Japan . Ca -free medium was made by removing

CaCl and adding 0.2 mM EGTA, unless otherwise stated.2

2.3. Chemicals

ŽThe following chemicals were used: CP-060S Chugai
.Pharmaceutical, Shizuoka, Japan , nifedipine, diltiazem,

Ž .Fig. 1. Inhibitory effects of CP-060S on contraction elicited by angiotensin II, vasopressin, or prostaglandin F . The aortic rings were contracted by A2 a

Ž y1 0 y7 . Ž . Ž y1 0 y8 . Ž . Ž y8 y5 . Žangiotensin II 10 –3=10 M , B vasopressin 10 –3=10 M and C prostaglandin F 3=10 –3=10 M . CP-060S v, control; `,2 a
y9 y8 y7 y7 y6 y5 .10 M; %, 10 M; \, 10 M; B, 3=10 M; I, 10 M; l, 10 M was added to the bath 20 min before the addition of angiotensin II,

vasopressin, or prostaglandin F . Data are expressed as the mean"S.E.M. of five experiments. ) Significantly different from respective controls2 a

Ž .P-0.05 .
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w 8 x Žphenylephrine, angiotensin II, Arg -vasopressin vaso-
. Žpressin , prostaglandin F were obtained from Sigma St.2 a

.Louis, MO . Fura-PE3rAM was obtained from TEF LABS
Ž .Austin, TX .

2.4. Statistical analysis

Data are presented as the mean"S.E.M. and statisti-
cally analyzed by using Student’s t-test. Differences are
considered significant at P-0.05.

3. Results

In normal Krebs–Ringer solution, the cumulative addi-
Ž y10 y7 .tion of angiotensin II 10 –3=10 M; Fig. 1A ,

Ž y10 y8 .vasopressin 10 –3=10 M; Fig. 1B or prosta-
Ž y8 y5 .glandin F 3=10 –3=10 M; Fig. 1C induced2 a

contractile responses in a concentration-dependent manner
in rat aortic rings. Pretreatment of the aortic rings by

Ž y9 y5 .CP-060S 10 –10 M for 20 min inhibited the re-
sponses to these agonists in a concentration-dependent
manner.

In rat aortic rings incubated in a Ca2q-free medium
Ž y8 .containing vasopressin 10 M or prostaglandin F2 a

Ž y6 . 2q Ž y5 y25=10 M , a cumulative addition of Ca 10 –10
.M induced contractile responses in a concentration-depen-

Ž .dent manner Fig. 2A,B .
In the experiment summarized in Fig. 3, the inhibitory

effects of maximally effective concentrations of CP-060S
and nifedipine were compared. In rat aortic rings, a cumu-

Ž y9 y5 .lative addition of phenylephrine 3=10 –10 M in-
duced contractile responses in a concentration-dependent
manner. Pretreatment of the aortic rings with CP-060S
Ž y5 . Ž y6 .10 M or nifedipine 10 M significantly inhibited

Fig. 3. . Inhibitory effects of CP-060S and nifedipine on contractile
responses to phenylephrine. The aortic rings were contracted by phenyl-

Ž y9 y5 . Ž y5 .ephrine 3=10 –10 M; v . CP-060S 10 M; ` , nifedipine
Ž y6 . Ž y5 . Ž y6 .10 M; % , and CP-060S 10 M plus nifedipine 10 M; \
were added to the bath 20 min before the addition of phenylephrine. Data
are expressed as the mean"S.E.M. of five experiments. ) Significantly

Ž .different from respective controls P -0.05 .

the responses to phenylephrine. The inhibitory effect of
10y5 M CP-060S was slightly but significantly stronger
than that of 10y6 M nifedipine. Simultaneous addition of
10y5 M CP-060S and 10y6 M nifedipine showed the
effect, which was not different from that of 10y5 M
CP-060S or 10y6 M nifedipine alone.

q Ž .In the fura-PE3 loaded rat aorta, high K 72.7 mM ,
Ž y6 . Ž y5 .phenylephrine 10 M , or prostaglandin F 10 M2 a

w 2qxinduced rapid increase in Ca , which was followed byi

a relatively sustained increase. These changes were accom-
Ž .panied by sustained increase in muscle tension Fig. 4A .

Ž y5 .Addition of CP-060S 10 M to the sustained phase of
high Kq-induced responses induced rapid decrease in
w 2qxCa to the level similar to that before the addition ofi

high Kq. Contraction was also almost completely inhibited

Fig. 2. The inhibitory effect of CP-060S on the contractile responses to Ca2q in Ca2q-free medium containing vasopressin or prostaglandin F . The aortic2 a
2q Ž . Ž y8 . Ž . Ž y6 .rings were incubated in Ca -free medium containing A vasopressin 10 M or B prostaglandin F 5=10 M for 30 min and then contracted by2 a

2q Ž y8 y7 y6 y5 .a cumulative addition of Ca . CP-060S v, control; `, 10 M; %, 10 M; \, 10 M; B, 10 M was added to the bath 20 min before the
2q ) Ž .addition of Ca . Data are expressed as the mean"S.E.M. of five experiments. Significantly different from respective controls P-0.05 .
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w 2qx q Ž .Fig. 4. Inhibitory effect of CP-060S on the increase in Ca and contraction due to high K , phenylephrine or prostaglandin F . A Typical recordingsi 2 a

w 2qx Ž . Ž .of the inhibitory effect of CP-060S on the increase in Ca F340rF380 and muscle contraction tension . The fura-PE3-loaded aorta was stimulated byi
q Ž . Ž y5 . Ž y5 . w 2qxhigh K 72.7 mM , phenylephrine 10 M , or prostaglandin F 10 M . After the changes in Ca and muscle tension reached a steady level,2 a i

Ž y5 . y5 Ž .CP-060S 10 M was applied. Phentolamine: 10 M. W.O.: Wash out. B The responses remaining 20 min after the application of CP-060S, taking
Ž . Ž . y5 y5the response before the addition of CP-060S control response as 100 %. C 10 M prostaglandin F -induced responses, 10 M prostaglandin2 a

Ž y6 . Ž y5 . Ž y5 .F -induced responses in the presence of nifedipine 10 M , or the effect of CP-060S 10 M in the presence of prostaglandin F 10 M and2 a 2 a

Ž y6 . q Ž .nifedipine 10 M , taking the responses to high K 72.7 mM measured before the addition of agonist or inhibitors as 100%. Data are expressed as the
w 2qxmean"S.E.M. of four experiments. N.S.: not significantly different. PGF : prostaglandin F . Nif: nifedipine. Ca: Ca ; T: tension.2 a 2 a

by 10y5 M CP-060S although the time course of this
w 2qx Ž .inhibition was slower than that of Ca Fig. 4A,B .i

Addition of CP-060S to the sustained phase of phenyl-
ephrine or prostaglandin F -induced responses also inhib-2 a

w 2qx w 2qx y5ited Ca . The decrease in Ca due to 10 Mi i

CP-060S was 58.5"5.9% for phenylephrine or 69.2"

12.6% for prostaglandin F . Thus, CP-060S showed less2 a

w 2qxinhibitory effect on Ca stimulated by phenylephrine ori

prostaglandin F than that stimulated by high Kq. CP-2 a

060S also inhibited the contractions induced by phenyl-
ephrine or prostaglandin F . However, the inhibitory ef-2 a

fects were also smaller than that on high Kq-induced
Žcontraction inhibitory of contraction was 30.7"7.8% for

phenylephrine-induced contraction or 35.6 "6.0% for

.prostaglandin F -induced contraction . Comparing the in-2 a

w 2qxhibitory effect of CP-060S on Ca and contractioni
w 2qxinduced by phenylephrine and prostaglandin F , Ca2 a i

Ž .was more strongly inhibited than contraction Fig. 4A,B .
w 2qxPortions of the phenylephrine-stimulated Ca and con-i

traction, which were not inhibited by CP-060S, were abol-
Ž y5 .ished by phentolamine 10 M . The CP-060S-resistant

w 2qxportion of Ca and contraction simulated by prosta-i

glandin F were abolished by washing the muscle with2 a

normal physiological salt solution.
To further examine the mechanism of CP-060S, effects

w 2qxof CP-060S on contraction and Ca were examined ini

the rat aorta pre-incubated with nifedipine. As shown in
Fig. 4C, 10y5 M prostaglandin F -induced increase in2 a
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Table 1
Effect of CP-060S on the phenylephrine-induced phasic contraction and

w 2q x 2qtransient increase in Ca in Ca -free mediumi

a 2q bw xContraction Ca i

Control 52.4"9.9 128.5"14.7
CP-060S 89.9"11.3 143.2"19.8

a The fura-PE3-loaded aorta was incubated in a Ca2q-free medium for
Ž y6 .1 min and then phenylephrine 3=10 M was added. CP-060S was

added 20 min before the addition of phenylephrine.
b w 2q xPercentage of contraction and Ca , respectively, of the responsesi

to high Kq in normal Ca2q medium measured 25 min before the
addition of phenylephrine. Each value represents mean"S.E.M. of five
experiments.

w 2qxCa and contraction of 66.1"13.1% and 123.6"i
Ž . q3.5%, respectively ns4 , of the responses to high K

measured before starting the experiment. Twenty minutes
after the application of 10y6 M nifedipine, 10y5 M prosta-

w 2qxglandin F also induced increase in Ca and contrac-2 a i

tion to 15.2"2.4% and 118.3"16.7%, respectively, ns
4, of the responses to high Kq measured before the
addition of nifedipine. After the prostaglandin F re-2 a

sponses became stable in the presence of nifedipine, 10y5

M CP-060S was applied for 20 min. However, CP-060S
w 2qxdid not induce additional inhibition on Ca and con-i

Žw 2qxtraction Ca and contraction remaining in the presencei

of CP-060S were 13.5"3.2% and 110.4"19.8%, respec-
.tively, ns4; Fig. 4C .

In the fura-PE3 loaded rat aorta incubated in a Ca2q-free
Ž y6medium for 1 min, addition of phenylephrine 3=10

.M induced a phasic contraction and transient increase in
w 2qxCa . As shown in Table 1, phenylephrine-induced tran-i

w 2qxsient increase in Ca was greater than that induced byi

high Kq, whereas the contraction was smaller than that
q Žinduced by high K , as reported previously Sato et al.,

. Ž y5 .1988 . Pretreatment of the aorta with CP-060S 10 M
w 2qx Žfor 20 min changed neither contraction nor Ca Tablei

. Ž y6 . Ž y5 .1 . Nifedipine 10 M or diltiazem 10 M also did
not affect the phasic contraction induced by phenylephrine
Ž y6 . 2q Ž .10 M in Ca -free medium data not shown .

4. Discussion

In vascular smooth muscle, mechanism of contraction
induced by membrane depolarization is different from that

Žinduced by receptor agonists for review, see Karaki et al.
. 2q1997 . Membrane depolarization opens the L-type Ca

w 2qxchannel to increase Ca and, thus, induces contraction.i

Therefore, L-type Ca2q channel antagonists strongly in-
hibit the contractions induced by membrane depolarization.
In contrast, receptor-agonists open not only the L-type
Ca2q channel, but also the non-selective cation channel
Ž .Karaki et al., 1988; Kuriyama et al., 1995 . In addition,
agonists, but not membrane depolarization, increase Ca2q

sensitivity of contractile elements by modulating the pro-

tein phosphatase via an activation of the GTP-binding
Ž .protein Nishimura et al., 1988; Kitazawa et al., 1991 .

The third difference is that agonists, but not membrane
depolarization, activate phosphatidylinositol turnover to
generate inositol trisphosphate, which releases Ca2q from

Ž .intracellular storage sites Sato et al., 1988 . Because
L-type Ca2q channel antagonists do not inhibit the mecha-
nisms to open non-selective cation channel, to increase
Ca2q sensitivity of contractile elements or to release Ca2q

from intracellular store, these antagonists have less potent
inhibitory effect on agonist-induced contraction than on
depolarization-induced contraction.

Previously, it has been shown in rat aorta that although
CP-060S inhibits the contractions induced by both mem-
brane depolarization and receptor-agonists, including
phenylephrine, 5-hydroxyrtyptamine and a thromboxane
A analog, U-46619, the inhibitory effect on depolariza-2

tion-induced contraction was much greater than that on
Ž .agonist-induced contraction Tamura et al., 1996 . It has

also been reported that CP-060S inhibits the Ca2q-induced
contraction of the depolarized rat aorta in a competitive

Ž .manner Tamura et al., 1996 . In the present study, it was
found that CP-060S also inhibited the contractile responses
induced by angiotensin II, vasopressin or prostaglandin F2 a

in a concentration-dependent manner.
To further examine if CP-060S has the effects similar to

those of the L-type Ca2q channel antagonists, we mea-
w 2qxsured Ca of vascular smooth muscle simultaneouslyi

with contraction using a fluorescent Ca2q indicator, fura-
PE3. It was found that 10y5 M CP-060S almost com-
pletely inhibited high Kq-induced increase in muscle ten-

w 2qxsion and Ca . This result supports the suggestion thati

CP-060S has an effect to inhibit the L-type Ca2q channel.
CP-060S also inhibited the increase in muscle tension and
w 2qxCa due to prostaglandin F and phenylephrine al-i 2 a

though the effects were smaller than on the changes due to
membrane depolarization. Furthermore, the inhibitory ef-

w 2qxfect of CP-060S on Ca was greater than that oni

contraction in the muscle stimulated with prostaglandin
F or phenylephrine. This result is consistent with that of2 a

L-type Ca2q channel antagonists reported previously
Ž .Karaki et al., 1991 .

To further compare the effects of CP-060S and L-type
Ca2q channel antagonists, we examined if CP-060S and a
typical L-type Ca2q channel antagonist, nifedipine, have
additional inhibitory effects. Results in Fig. 3 indicated
that CP-060S and nifedipine showed almost similar in-
hibitory effect on the phenylephrine-induced contraction
and combined application of CP-060S and nifedipine did
not show greater inhibitory effect than either CP-060S or
nifedipine alone. Furthermore, we confirmed that the in-

w 2qxcreases in muscle tension and Ca due to prostaglandini

F were inhibited by either CP-060S or nifedipine and2 a

combined addition of both CP-060S and nifedipine did not
show additional inhibitory effects on muscle tension and
w 2qxCa . These results again support the suggestion that thei
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vasodilator effect of CP-060S is due to inhibition of the
L-type Ca2q channel.

Because these effects of CP-060S are similar to those of
L-type Ca2q channel antagonists, we examined if this
inhibitor inhibits Ca2q release from storage sites. For this

w 2qxpurpose, we used the transient increase in Ca andi

phasic contraction induced by phenylephrine in a Ca2q-free
medium, which have been shown to be due to Ca2q-release
Ž .Shibata et al., 1987; Sato et al., 1988 . Result indicated
that CP-060S has no effect on the transient responses to
phenylephrine in a Ca2q-free medium, suggesting that
CP-060S does not have inhibitory effect on intracellular
Ca2q mobilization.

From these results, we conclude that the vasodilator
action of CP-060S in the rat aorta is most likely due to the
inhibition of the L-type voltage-dependent Ca2q channels.

References

Adachi, Y., Suzuki, Y., Homma, N., Fukazawa, M., Tamura, K., Nishie,
I., Kuromaru, O., 1999. The anti-ischemic effects of CP-060S during
pacing-induced ischemia in anesthetized dogs. Eur. J. Pharmacol. 367,
267–273.

Fukuzawa, M., Tanabe, S., Tamura, K., Adachi, Y., Fukazawa, M., Kato,
T., 1997. Electrophysiological studies of CP-060S, a novel cardiopro-
tective agent, in papillary muscles and cardiomyocytes. Jpn. J. Phar-
macol. 73, A461.

Karaki, H., Ozaki, H., Hori, H., Mitsui-Saito, M., Harada, K., Miyamoto,
S., Nakazawa, H., Won, K.J., Sato, K., 1997. Calcium movements,

Ž .distribution, and functions in smooth muscle. Phamacol. Rev. 49 2 ,
157–230.

Karaki, H., Sato, K., Ozaki, H., 1988. Different effects of norepinephrine
and KCl on the cytosolic Ca-tension relationship in vascular muscle
of rat aorta. Eur. J. Pharmacol. 151, 325–328.

Karaki, H., Sato, K., Ozaki, H., 1991. Different effect of verapamil on
cytosolic Ca and contraction in norepinephrine-stimulated vascular
smooth muscle. Jpn. J. Pharmacol. 55, 35–42.

Kitazawa, T., Gaylinn, B.D., Denney, G.H., Somlyo, A.P., 1991. G-pro-
tein-mediated Ca2q sensitization of smooth muscle contraction

Ž .through myosin light chain phosphorylation. J. Biol. Chem. 266 3 ,
1708–1715.

Koga, T., Akima, M., Tamura, K., Suzuki, Y., Kato, T., Nabata, H.,
1996. The inhibitory effects of CP-060S on ischemia- and reperfu-

sion-induced arrhythmias in anesthetized rats. Jpn. J. Pharmacol. 71,
A321.

Kuriyama, H., Kitamura, K., Nabata, H., 1995. Pharmacological and
physiological significance of ion channels and factors that modulate

Ž .them in vascular tissues. Pharmacol. Rev. 47 3 , 387–573.
Nishimura, J., Kolber, M., van Breemen, C., 1988. Norepinephrine and

GTP-gamma-S increase myofilament Ca2q sensitivity in alpha-toxin
permeabilized arterial smooth muscle. Biochem. Biophys. Res. Com-

Ž .mun. 157 2 , 677–683.
Ohya, Y., Adachi, M., Setoguchi, M., Abe, I., Fujishima, M., 1997.

Effects of CP-060S on membrane channels in vascular smooth muscle
cells from guinea pig. Eur. J. Pharmacol. 330, 93–99.

Ozaki, H., Sato, K., Satoh, T., Karaki, H., 1987. Simultaneous recordings
of calcium signals and mechanical activity using fluorescent dye fura
2 in isolated strips of vascular smooth muscle. Jpn. J. Pharmacol. 45,
429–433.

Sato, K., Ozaki, H., Karaki, H., 1988. Changes in cytosolic calcium level
in vascular smooth muscle strip measured simultaneously with con-
traction using fluorescent calcium indicator fura 2. J. Pharmacol. Exp.
Ther. 246, 294–300.

Scriabine, A., Janis, R.A., 1990. Recent developments in the pharmacol-
2q Ž .ogy of Ca antagonists. In: Yamada, K., Shibata, S. Eds. , Recent

Advances in Calcium Channels and Calcium Antagonists. Pergamon,
New York, p. 77.

Shibata, S., Wakabayashi, S., Satake, N., Hester, R.K., Veda, S.,
w ww ŽTomiyama, A., 1987. Mode of vasorelaxing action of 5- 3 2- 3,4

. x x xdimethoxyphenyl -ethyl amino -1-oxopropyl -2,3,4,5-tetrahydro-1,5-
Ž .benzothiazepine fumarate KT-362 , a new intracellular calcium an-

tagonist. J. Pharmacol. Exp. Ther. 240, 16–22.
Suzuki, Y., Tamura, K., Akima, M., Adachi, Y., Tukazawa, M., Kato, T.,

1998a. CP-060S, a novel cardioprotective drug, limits myocardial
infarct size in anesthetized dogs. J. Cardiovasc. Pharmacol. 31, 400–
407.

Suzuki, Y., Tamura, K., Adachi, Y., Fukazawa, M., Kato, T., 1998b.
CP-060S interacts with three principal binding sites on the L-type
Ca2q channel. Eur. J. Pharmacol. 342, 347–351.

Tamura, K., Suzuki, Y., Koga, T., Akima, M., Kato, T., Nabata, H.,
1996. Actions of CP-060S on veratridine-induced Ca2q overload in
cardiomyocytes and mechanical activities in vascular strips. Eur. J.
Pharmacol. 312, 195–202.

Tanabe, S., Fukazawa, M., Tamura, K., Kimura, J., Kuromaru, O., 1997.
Electrophysiological effects of CP-060S, a novel cardioprotective
agent, in guinea pig papillary muscles and cardiomyocytes. FASEB J.
11, A499.

Vorndran, C., Minta, A., Poenie, M., 1995. New fluorescent calcium
indicators designed for cytosolic retension or measuring calcium near
membranes. Biophys. J. 69, 2112–2114.


