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ABSTRACT—ATP-sensitive potassium (Karp) channel openers, exerting a potent vasodilatory action, are
useful in the treatment of cardiovascular disorders; e.g., hypertension and angina pectoris. This study was
designed to evaluate the effect of MIJ-355 (6-cyano-3,4-trans-3,4-dihydro-2,2-dimethyl-2/-3-hydroxy-
4-[2-0x0-55-(1-ethoxyethoxymethyl)-1-pyrrolidinyl]-1-benzopyran), a newly synthesized Karp channel
opener, on hemodynamics in spontaneously hypertensive rats and on myocardial ischemia-reperfusion
injury in a rat model of 45 min left coronary artery occlusion followed by 1-h reperfusion. Intravascular
injection of MJ-355 (0.005, 0.05 and 0.1 mg/kg) produced a dose-related reduction in mean arterial blood
pressure. The depressor effect started 10—15 min after the administration and persisted for more than 3 h
and was not accompanied by a reflex tachycardia. In myocardial ischemia, pretreatment of MJ-355 (0.02
mg/kg) significantly reduced the total number of ventricular premature contractions and ventricular
tachycardia, total duration of ventricular fibrillation and the mortality. Additionally, a significant reduction
in infarct size was noted in all of the MJ-355-treated groups. The hemodynamic and cardioprotective effects
of MJ-355 were virtually abolished by pretreating the rats with glibenclamide (4 mg/kg, i.v. bolus), a
selective Karp channel blocker. In conclusion, MJ-355, through the activation of Ka1p channels, exhibited
antihypertensive and cardioprotective effects. It is suggested that MJ-355 should be useful in the treatment
of hypertension and/or acute myocardial infarction.
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It has been shown that the ATP-sensitive potassium
(Katp) current participates in the response of the myo-
cardium to hypoxia (1). Recent studies demonstrated
existence of Kurp channels in both coronary smooth
muscles and myocytes, and they modulate coronary blood
flow at rest and during various pathophysiological condi-
tions (2, 3). The opening of K,rp channels leads to out-
ward flow of K* and membrane potential hyperpolari-
zation to stabilize the cell membrane. As a result, the
shortening the duration of action potential occurs, thus
reducing Ca?" cycling during electrical systole. Potassium
channel opening also speeds up the loss of contractile
force of the ischemic region and drives the myocardial
cell faster into a resting state. Similarly, the activation
of Karp channels produces a hyperpolarization of the

*To whom correspondence should be addressed.
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smooth muscle membrane that causes vasorelaxant and
antihypertensive effects. In addition, when tissue is
hypoxic, autocrine products such as adenosine and
endothelium-dependent hyperpolarizing factors are re-
leased. Via the K rp channel activation, they resulted in
hyperpolarization and vasorelaxation (4, 5). Thus, it is
thought that Katp channels exert a protective property in
myocardial ischemic diseases.

A series of Karp channel openers have been reported to
possess potential benefit in myocardial ischemia (5, 6).
Cromakalim containing a benzopyran ring system is the
prototype of Karp channel openers (7). However, the
potent vasodilatation of Kxtp opening produce significant
side effects such as reflex tachycardia, edema, headache
and flushing (8). Therefore, additional work is needed to
find new Katp openers to improve their clinical potential
for treating various diseases. A newly synthesized benzo-
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Fig. 1. The chemical structures of cromakalim and MJ-355.

pyran derivative, MJ-355 (6-cyano-3,4-trans-3,4-dihydro-
2,2-dimethyl-2H-3-hydroxy-4-[2-0x0-5S-(1-ethoxyethoxy-
methyl)-I-pyrrolidinyl}-1-benzopyran) showed promise
(Fig. 1). The present study was undertaken to evaluate
the antihypertensive effect of MJ-355 in spontaneously
hypertensive rats (SHR) and cardioprotective action on
ischemia-reperfusion injury in Sprague-Dawley (SD) rats.

MATERIALS AND METHODS

The study was conducted in strict accordance with the
principles for the Care and Use of Laboratory Animals
adopted and promulgated by The Japanease Pharma-
cological Society. Male SHR (16 weeks of age) and SD
rats weighing 250—350 g were used. Rats were caged in-
dividually in clear plastic cages and kept in an environ-
mentally controlled room maintained at 23°C, relative
humidity of 55%, and a light-dark cycle of 12h/12h.
Under general anesthesia (urethane, 0.6 g/kg and chloral
hydrate, 0.4 g/kg, i.p.), catheters were placed in the left
femoral artery for monitoring of blood pressure and the
left femoral vein for the administration of drugs. Via a
pressure transducer (Statham P23ID; Gould, Cleveland,
OH, USA), blood pressure and heart rate were recorded
continuously on a biotechnometer (RS 3400, Gould).

Hemodynamics
In the SHR, after they were given the drug, measure-

ments of mean arterial blood pressure and heart rate were
made in the MJ-355 (0.005, 0.05 and 0.1 mg/kg)- and
cromakalim (0.025, 0.05 and 0.1 mg/kg)-treated groups
at 15, 30, 60, 90, 120 and 180 min. In SD rats, mean ar-
terial blood pressure and heart rate were measured in the
control, cromakalim (0.005 mg/kg)-, MJ-355 (0.005 and
0.02 mg/kg)- and glibenclamide (4 mg/kg)-treated groups
after drug treatment in the periods of ischemia and
reperfusion. The product of heart rate and systolic blood
pressure (rate-pressure produce: RPP), an index of myo-
cardial oxygen consumption, was calculated in all of the
experimental groups.

Experimental preparation for myocardial ischemia

In SD rats, tracheotomy was performed and an in-
tubating cannula was connected to a rodent ventilator
(New England, Medway, MA, USA). Tidal volume was
set at 0.8—1.0 ml/100 g body weight and respiratory rate
was set at 60—80 beats/min. The respiratory rate was
adjusted to keep the arterial blood pH and blood gases
in the physiological range (pH: 7.35-7.45; Pco,: 30—35
mmHg; Po,: 85—100 mmHg). Electrocardiograms (ECG)
were recorded from standard lead II limb leads, with
a positive electrode connected to the left hind leg, a
negative electrode to the right foreleg and a ground elec-
trode to the left foreleg. An oscilloscope ECG monitor
(DSO 420, Gould) was used to display the ECG continu-
ously throughout the experiment. All signals, including
the ECG and hemodynamic data, were recorded on
biotechnometer (RS 3400, Gould).

By way of left thoracotomy through the fourth inter-
costal space, the heart was exposed by opening the
pericardial sac. A 6/0 silk suture on a tapered crochet
needle was passed around the left main coronary artery
close to its origin. The thread was then made into a knot
as an occluder. Another thick cotton thread was put
through the former knot as a releaser loosening the knot
by pulling the thread to produce reperfusion. The left
coronary artery was occluded for 45 min, followed by 1 h
of reperfusion.

Experimental protocol of ischemia-reperfusion

After performing all surgical procedures, the animals
were randomized into one of seven experimental pro-
tocols: i) control group, rats received an equal volume of
vehicle dimethyl sulfoxide (DMSO, 0.1%) 15 min before
occlusion; ii) MJ-355 1-0.005 group, rats were injected
with MJ-355 (0.005 mg/kg, i.v. bolus) 15 min before oc-
clusion; iii) MJ-355 1-0.02 group, MJ-355 (0.02 mg/kg,
i.v. bolus) was given 15 min before occlusion; iv) MJ-355
R-0.02 group, MJ-355 (0.02 mg/kg, i.v. bolus) was admin-
istered 5 min prior to reperfusion; v) cromakalim group,
rats received cromakalim (0.005 mg/kg,i.v. bolus)
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15min before occlusion; vi) glibenclamide/MJ-355
group, rats were pretreated with glibenclamide (4 mg/kg,
i.v. bolus), a selective Krp channel blocker (9), 20 min
before MJ-355 (0.02 mg/kg) injection in the pre-ischemic
period; vii) glibenclamide group, rats were pretreated
with glibenclamide (4 mg/kg,i.v. bolus) 20 min prior
to occlusion. Following drug treatments, the coronary
artery was then occluded for 45 min to produce a zone
of regional left ventricular ischemia. Regional cyanosis,
hypotension and S-T segment elevation signified ische-
mia. Reperfusion began by releasing the snare after 45
min of ischemia. Blood pressure, heart rate and ECG
were continuously monitored throughout the experimen-
tal period.

Arrhythmias

Ventricular arrhythmias occurred mostly within 30 min
of ischemia after the onset of occlusion. The frequency of
arrhythmias was determined from ECG recordings in-
cluding the total number of ventricular premature con-
tractions (VPC), ventricular tachycardia (VT) and the
incidence of VPC, VT and ventricular fibrillation (VF)
during ischemia. Mortality of each experimental group
was also recorded. We defined VPC as discrete and iden-
tifiable premature QRS complexes (premature in relation
to the P wave), VT as a run of six or more consecutive
ventricular premature beats and VF as signals for lacking
identifiable individual QRS deflections and for which a
rate can no longer be determined.

Determination of infarct size

After completing all measurements, staining of the risk
area was accomplished with reocclusion of the coronary
artery and injection of 0.4—0.5 ml methylene blue (3%)
into the venous cannula to denote the area at risk. After
3 min, the heart was excised and the atria were removed.
The entire ventricular area immersed in Krebs solution
contained 95% oxygen (4°C) was sectioned into 2- to 3-
mm slices from the apex to the base. The slices were in-
cubated with nitroblue tetrazolium (0.1%) at 37°C for 15
min. This solution stained the normal myocardium pur-
ple and necrotic tissue appeared pale. The areas of risk
and infarct were then determined by using a computer-
aided planimetry.

Drugs

MJ-355, a S-substituted analog of cromakalim, is an in-
termediate of the rigid tetracyclic analogs of cromakalim
and dissolved in 0.1% DMSO. MIJ-355 was prepared
from the readily available 6-cyano-2,2-dimethyl-2H-1-
benzopyran and (S)-(+)-5-(hydroxymethyl)-2-pyrrolidin-
one in three steps. The synthesized MJ-355 (melting
point: 130-1327C) was characterized by 'HNMR (400

MHz, CDCl,;, 1.07 (t, 3H), 1.15 (d, 3H), 1.18 (s, 3H),
1.51 (s, 3H), 1.94-2.00 (m, 1H), 2.23-2.25 (m, 1H),
2.30-2.36 (m, 1H), 2.61-2.65 (m, 1H), 3.0 (br, 1H),
3.25-3.33 (m, 2H), 3.34-3.40 (m, 1H), 4.03 (d, 1H),
4.08—-4.25 (m, 2H), 5.05 (br, 1H), 6.78 (dd, 1H), 7.33 (s,
1H), 7.34 (d, 1H)); mass spectrometry (EI, 70ev, m/z 388
™), 370, 355, 281, 160, 84 (base)); and by IR (KBr,
3325, 2980, 2225, 1640, 1490 c¢m™Y). We purchased
methylene blue and nitroblue tetrazolium from Sigma
Chem. Co., St. Louis, MO, USA, which was prepared
in distilled water, and glibenclamide and cromakalim,
respectively, from RBI (Natick, MA, USA) and Biomol.
Chem. Co. (Plymouth, PA, USA) and prepared in
DMSO.

Statistical analyses

All data are reported as group means and standard
error of the mean (S.E.M.). The different incidence of
arrhythmias and the mortality in control, MJ-355-,
cromakalim- and glibenclamide-treated groups were sub-
jected to the chi-square test. The other parameters were
compared by a analysis of variance (ANOVA). If this
analysis indicated a significant difference among the
group means, the control group was then compared with
each of the treatment groups by means of the Newman-
Keuls method. A probability value of P <0.05 was consi-
dered to be statistically significant.

RESULTS

Antihypertensive effects of MJ-355 in anesthetized SHR
The blood pressure and heart rate changes produced by
MJ-355 are shown in Figs. 2 and 3. The action of MJ-355
began around 10—15 min after intravenous administra-
tion. MJ-355 at 0.005, 0.05 and 0.1 mg/kg produced a
dose-dependent reduction in mean arterial blood pres-
sure, which reached the maximum around 30 min after
administration. The depressor effect of the high dose
(0.1 mg/kg) persisted for more than 3 h. Pronounced
bradycardia accompanied the hypotensive effect of MJ-
355 at 0.005 and 0.05 mg/kg, which occurred during the
first hour of administration, then gradually returned
to baseline values 2h after administration. Treating
SHR with cromakalim (0.025, 0.05 and 0.1 mg/kg) also
produced a depressor effect in a dose-dependent manner.
Cromakalim at 0.05 and 0.1 mg/kg showed a similar
hypotensive effect to that of MJ-355 at the same doses.
However, the depressor effect of cromakalim elicited
reflex tachycardia. After transient tachycardia, heart rate
of rats treated with low dose of cromakalim then gradu-
ally decreased and recovered to baseline. The intermedi-
ate dose of cromakalim showed a bradycardic effect after
60—-90 min administration. At high dose, reflex
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tachycardia persisted for 2 h. In addition, as shown in
Fig. 3B, the depressor and bradycardic actions of MJ-355
(0.02 mg/kg) were blocked by pretreatment with gliben-
clamide (4 mg/kg, i.v. bolus).

The hemodynamic changes of MJ-355 in myocardial
ischemia-reperfusion

The hemodynamic data are summarized in Table 1.
When the coronary artery was occluded, mean arterial
blood pressure immediately dropped about 20 mmHg,
and then it increased gradually. Rats in the control group
showed no significantly hemodynamic changes during the
ischemic and reperfusion periods. Pretreatment of 0.005
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and 0.02 mg/kg MJ-355 and cromakalim produced a sig-
nificant decrease in mean arterial blood pressure during
the pre-occlusion period. MJ-355 at 0.005 mg/kg and
cromakalim did not significantly change heart rate,
whereas 0.02 mg/kg MJ-355 produced bradycardia 15
min after administration in pre-occlusion period. These
three drug treatments did not significantly affect the
hemodynamics during ischemia and reperfusion periods
as compared with the control group. Similarly, pretreat-
ment with glibenclamide did not significantly change
mean arterial blood pressure, heart rate and RPP during
pre-occlusion, ischemic and reperfusion periods as com-
pared with the control group.
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Fig. 2. Dose-response curves for changes in mean arterial blood pressure (MAP) and heart rate (HR) of SHR following
intravenous administration of MJ-355 (@: 0.005 mg/kg, H: 0.05 mg/kg, A: 0.1 mg/kg) and cromakalim (@: 0.025 mg/kg,
M: 0.05 mg/kg, A: 0.1 mg/kg). Data are expressed as the mean+S.E.M. of 8 observations. * indicates significant difference

(P <0.05) as compared with the baseline values.
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Effects of MJ-355 on ischemia-induced arrhythmias
Ventricular arrhythmias occurred immediately after the
ligation of the left coronary artery. Major arrhythmias
occurred between 5 and 20 min post-occlusion, including
VPC, VT and VF. In Fig. 4, MJ-355 (0.005 and 0.02
mg/kg) significantly reduced the total number of VPC,
whereas cromakalim markedly increased the total number
of VPC (Fig. 4A). MJ-355 at 0.02mg/kg significantly
reduced the total number of VT. Cromakalim and MJ-
355 at low dose had no beneficial effect on VT (Fig. 4B).
Treatment of MJ-355 and cromakalim significantly
reduced the total duration of VF (Fig. 4C). Cromakalim
and MJ-355 at 0.02 mg/kg also significantly reduced the
mortality (Table 2). Although it did not showing statisti-
cal differences in the incidence of arrhythmias and mor-
tality when compared with the control group, pretreat-
ment with glibenclamide significantly increased the total
number of VPC and VT during the ischemic period.
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Fig. 3. The effects of MJ-355 on blood pressure and heart rate of
SHR with or without pretreatment of glibenclamide. The traces
represent the effect of MJ-355 (0.01 mg/kg, i.v. bolus) on blood
pressure and heart rate in SHR (A) and the effect of pretreatment of
glibenclamide (4 mg/kg, i.v. bolus) on changes in blood pressure
and heart rate in response to MJ-355 (0.02 mg/kg, i.v. bolus) (B).

Infarct size

All experimental groups clearly demonstrated areas of
infarction as a consequence of 45 min of ischemia fol-
lowed by 1-h reperfusion. The area at risk was not differ-
ent among these groups (Fig. 5). A significant reduction
in infarct size, expressed as a percentage of the area at
risk, was found in all of the MJ-355- and cromakalim-
treated groups when compared with the control group
(control: 38.7%3.3%; MJ-355 1-0.005: 20.2+2.1%, I-
0.02: 16.4+2.3%, R-0.02: 20.7%+2.7%; cromakalim:
20.3+2.6%; P<0.05 vs control). The infarct size was
reduced to a similar extent among the drug-treated
groups, except for the glibenclamide/MJ-355 group
which was 40.6+7.9%. However, myocardial infarct size
was significantly increased in the glibenclamide group
(68.4£3.2%, P<0.05 vs control).

DISCUSSION

The present study was designed to evaluate the anti-
hypertensive and cardioprotective effects of MJ-355, a
newly synthesized benzopyran derivative, in rats. MJ-355
produced a dose-related reduction in mean arterial blood
pressure with a delay of 10— 15 min after administration.
These results implied that MJ-355 should not be a direct
vasodilator and the depressor effect of MJ-355 may be
mediated through its active metabolite(s). Results from
the in vitro study demonstrated that MJ-355 produced no
vasodilatory effect in isolated rat aortic and mesenteric
artery rings (data not shown). Interestingly, although
MJ-355 produced a pronounced depressor effect, no
reflex tachycardia was observed. In contrast, many other
vasodilators elicit reflex tachycardia. The bradycardic
effect of MJ-355 makes it a potential antihypertensive
agent. However, the underlying mechanism of the
bradycardia remains unknown. It may result from central
suppression of the baroreflex or direct inhibition of
cardiac tissue (e.g., SA node). Furthermore, pretreatment
of glibenclamide abolished the hypotensive and
bradycardic effects of MJ-355, suggesting that the
hemodynamic changes were achieved via the opening of
K, rp channels.

MJ-355 possesses a cardioprotective efficacy against
ischemia-reperfusion injury in the rat model. This
cardioprotection of MJ-355 is unlikely mediated through
its hemodynamic effects because during the ischemia and
reperfusion period, MJ-355 did not significantly alter the
mean arterial blood pressure, heart rate and RPP com-
pared to the control group. Besides, the rat heart lacks
functional collaterals (10), which precludes blood supply
to the ischemic myocardium during the 45-min ligation in
this model. Therefore, the antiarrhythmic effects of MJ-
355 is most likely achieved directly at ventricular myo-
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Fig. 4. Effects of MJ-355, cromakalim and glibenclamide on ven-
tricular arrhythmias in anesthetized SD rats. [1: control, 3: MJ-355
was given at 0.005 mg/kg prior to ischemia, N: MJ-355 was given at
0.02 mg/kg prior to ischemia, Bf: cromakalim 0.005 mg/kg was
given before occlusion, & glibenclamide (4 mg/kg) was pretreated
20 min before MJ-355 (0.02 mg/kg) injection in pre-ischemic period,
M: glibenclamide (4 mg/kg) was given prior to ischemia. The total
number of ventricular premature contractions (VPC) (A) and ven-
tricular tachycardia (VT) (B) and the total duration of ventricular
fibrillation (VF) (C) are shown. Values are expressed as the
mean=+S.E.M., ¥P<0.05 vs the control group.
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Fig. 5. Effects of MJ-355, cromakalim and glibenclamide on myo-

cardial infarct size, expressed as a percentage of risk region, in SD
rats undergoing 45 min of left coronary artery occlusion followed by
1 h of reperfusion. [ 1: control, Z4: MJ-355 was given at 0.005 mg/kg
prior to ischemia, N: MJ-355 was given at 0.02 mg/kg prior to
ischemia, & MJ-355 was given at 0.02 mg/kg prior to reperfusion,
E: cromakalim (0.005 mg/kg) was given before occlusion,
FH: glibenclamide (4 mg/kg) was pretreated 20 min before MJ-355
(0.02 mg/kg) injection in pre-ischemic period, W: glibenclamide
(4 mg/kg) was given prior to ischemia. Values are expressed as the
mean=+S.E.M., *P<0.05 vs the control group.

Table2. Effects of pretreatment with MJ-355, cromakalim and glibenclamide on the onset and incidence of ventricular
arrhythmias and mortality following the left coronary artery occlusion in SD rats

VPC VT VF Mortality
Group N onset  incidence onset  incidence onset  incidence (%)
(min) (o) (min) (%) (min) (%)

Control 20 5.4%+0.3 100 5.6+0.4 100 6.8+£0.7 60 55
Cromakalim

0.005 mg/kg 7 8.2+0.9* 100 8.3+0.8* 100 8.9+1.3 43 14*
MIJ-355

0.005 mg/kg 18 6.3 100 7.1+04 94 9.1+1.1 44 22

0.02 mg/kg 27 6.9 96 8.4+0.5% 74 9.6+0.8 26 11*
Glibenclamide

4.0 mg/kg 7 4.2+04 100 4.31+0.8 100 6.31+0.8 57 43

N: number of rats, VPC: ventricular premature contractions, VT: veniricular tachycardia, VF: ventricular fibrillation.
Values are expressed as the mean+S.E.M., *P <0.05 vs the control group.
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cytes by suppressing the arrhythmogenic activity. This
may be mediated through its metabolite(s). Recently, in a
preliminary study, we found that an active metabolite of
MJ-355, MJ-451 (6-cyano-3S,4R-dihydro-2,2-dimethyl-
2H-3-hydroxy-4-{2-0x0-5S-(1-hydroxymethyl)-1-pyrroli-
dinyl]-1-benzopyran), shortened the duration of action
potential in ventricular cells of guinea pig and possessed
cardioprotective effects in rats of myocardial ischemia.
In guinea pig isolated trachea, MJ-451 showed a marked
relaxant activity, which also can be blocked by gliben-
clamide (11).

There is general agreement that K tp channel openers
afford cardioprotection in myocardial ischemia. In the
in vitro perfused rat heart subjected to transient global
ischemia, administration of K,rp channel openers before
ischemia significantly improved the post-ischemic recov-
ery of contractile function, increased time to ischemic
contracture, enhanced reflow and reduced necrosis (12).
In vivo studies showed that, when given prior to ischemia,
the Kapp channel openers bimakalim, pinacidil, croma-
kalim and aprikalim reduced infarct size (13—15). Also,
our in vivo experiments confirmed that K,rp channel
openers indeed afforded protective effect against myo-
cardial ischemia-reperfusion injury in anesthetized rats.
Meanwhile, the protective effect of the Karp channel
opener MJ-355 can be achieved by giving it after ische-
mia. The evidence that a Karp channel opener has a
cardioprotective effect given at the reperfusion period is
sparse. Mizumura et al. reported the similar result that
the Ka1p channel opener bimakalim reduced infarct size
in an anesthetized open-chest dog model when admin-
istered just before reperfusion (16).

Recently, Katp channel openers have received an in-
creasing interest for their potential antiarrhythmic action.
Since the identification of the Katp channels by Noma in
cardiac cells (1), they play a role of a natural blocker. In
the normally oxygenated heart, Kotp channels are mainly
in a closed state because of the high content of intracel-
lular ATP. However, during myocardial ischemia, rapid
activation of these channels generates a large repolarizing
K™ current to hyperpolarize the myocardium, leading to a
decrease in voltage-dependent calcium current and myo-
cardial contractility. Energy is conserved for the active
extrusion of intracellular Ca’** and Na™ and mantains
cell integrity and viability. On the other hand, numerous
studies showed that Karp channel openers produced
both antiarrhythmic (17, 18) and proarrhythmic activities
(19-21). Interestingly, agents that block K tp channels
also showed antiarrhythmic (22-24) and proarrhythmic
activities (24, 25). The mechanisms of Karp channel
modulators mediating antiarrhythmic or proarrhythmic
actions are unclear. It has been suggested that the anti-
arrhythmic effect of the K rp channel openers can

ameliorate triggered activity (17, 26, 27), whereas they
tend to exacerbate re-entry arrhythmias (19—-21). On the
contrary, blockers of Kayp channels may alleviate reen-
trant arrhythmias (24, 25), whereas they may deteriorate
triggered arrhythmias (27, 28). Results vary depending
upon the condition of experiments. Furthermore, such a
proarrhythmic effect of Katp channel openers may be
dose-dependent. We also found that high dose of MJ-355
(0.05 mg/kg) evoked adverse rhythms such as VF and
increased the mortality (88%) (data not shown).

In conclusion, MJ-355 is a potent and long-lasting
antihypertensive agent. It not only suppressed ventricular
arrhythmias induced by myocardial ischemia, but alse
reduced infarct size after reperfusion. Therefore, MJ-355
could be a potential therapeutic agent in the treatment of
hypertension and acute myocardical infarction.

Acknowledgments

This work was supported by a research grant from the National
Science Council (NSC 85-2331-B-016-018 M04 to M.-H. Yen),
Taipei, Taiwan.

REFERENCES

1 Noma A: ATP-regulated K* channels in cardiac muscle. Nature
305, 147-148 (1983)

2 Daut J, Maier-Rudolph W, von Beckerath N, Mehrke G,
Gunther K and Goedel-Meinen L: Hypoxic dilation of coro-
nary arteries is mediated by ATP-sensitive potassium channels.
Science 247, 1341 -1344 (1990)

3 Aversano T, Ouyang P and Silverman H: Blockade of the
ATP-sensitive potassium channel modulates reactive hyperemia
in the canine coronary circulation. Circ Res 69, 618—622 (1991)

4 Edwards G and Weston AH: The pharmacology of ATP-sensi-
tive potassium channels. Annu Rev Pharmacol Toxicol 33,
597-637 (1993)

5 Challinor-Rogers JL and McPherson GA: Potassium channel
openers and other regulators of Karp channels. Clin Exp
Pharmacol Physiol 21, 583597 (1994)

6 Yokoshiki H, Sunagawa M, Seki T and Sperelakis N: ATP-
sensitive K* channels in pancreatic, cardiac and vascular
smooth muscle cells. Am J Physiol 274, C25—C37 (1998)

7 Hamilton TC and Weston AH: Cromakalim, nicorandil and
pinacidil: novel drugs which open potassium channels in
smooth muscle. Gen Pharmacol 20, 1-9 (1989)

8 Atwal KS: Pharmacology and structure-activity relationships
for Ka7p modulators: tissue-selective Katp openers. J Cardio-
vasc Pharmacol 24, Suppl 4, S12—-S17 (1994)

9 Cavero I, Mondot S and Mestire M: Vasorelaxant effects of
cromakalim in rats are mediated by glibenclamide-sensitive
potassium channels. J Pharm Exp Ther 248, 12611268 (1989)

10 Johns TNP and Olson BJ: Experimental myocardial infarction.
1. Method of coronary occlusion in small animals. Ann Surg
140, 675-682 (1954)

11 Lin CH, Lee YM, Sheu JR, Cheng CY, Chang MJ and Yen
MH: Pharmacological characteristics of MJ-451, a new
benzopyran-derived ATP-sensitive potassium channel opener,
in guinea pig isolated trachea. Pharmacology 57, 314-322



12

13

14

15

16

17

18

19

20

MJ-355, a Novel Kyrp Channel Opener 193

(1998)

Grover GJ: Pharmacology of ATP-sensitive potassium-channel
(Kartp) openers in models of myocardial ischemia and reper-
fusion. Can J Physiol Pharmacol 75, 309—315 (1997)
Auchampach JA, Maruyama M, Cavero I and Gross GIJ:
The new K* channel opener aprikalim (RP 52891) reduces ex-
perimental infarct size in dogs in the absence of hemodynamic
changes. J Pharmacol Exp Ther 259, 961967 (1991)

Grover GJ, Dzwonczyk S, Parham CS and Sleph PG: The pro-
tective effects of cromakalim and pinacidil on reperfusion func-
tion and infarct size in isolated perfused rat hearts and anesthe-
tized dogs. Cardiovasc Drugs Ther 4, 465—-474 (1990)
Rohmann S, Weygandt H, Schelling P, Kie Soei L, Verdouw
PD and Lues I: Involvement of ATP-sensitive potassium
channels in preconditioning protection. Basic Res Cardiol 89,
563—576 (1994)

Mizumura T, Pithipatikom K and Gross GJ: Bimakalim, an
ATP-sensitive potassium channel opener, mimics the effects of
ischemic preconditioning to reduce infarct size, adenosine re-
lease, and neutrophil function in dogs. Circulation 92, 1236—
1245 (1995)

Carlsson L, Abrahamsson C, Drews L and Duker G: Anti-
arrhythmic effects of potassium channel openers in rhythm
abnormalities related to delayed repolarization. Circulation
85, 1491-1500 (1992)

Takahashi N, Ito M, Saikawa T and Arita M: Nicorandil sup-
presses early afterdepolarisation and ventricular arrhythmias
induced by caesium chloride in rabbits in vivo. Cardiovasc Res
25, 445-452 (1991)

Chi L, Uprichard AC and Lucchesi BR: Profibrillatory actions
of pinacidil in a conscious canine model of sudden coronary
death. J Cardiovasc Pharmacol 15, 452464 (1990)

Chi L, Black SC, Kuo PI, Fagbemi SO and Lucchesi BR: Ac-
tion of pinacidil at a reduced potassium concentration: a direct
cardiac effect possibly involving the ATP-dependent potassium

21

22

23

25

26

27

28

channel. J Cardiovasc Pharmacol 21, 179-190 (1993)
Wolleben CD, Sanquinetti MC and Siegl PKS: Influence of
ATP-sensitive potassium modulators on ischemia-induced
fibrillation in isolated rat hearts. J Mol Cell Cardiol 21, 783 -
788 (1989)

Bekheit SS, Restivo M, Boutjdir M, Henkin R, Gooyandeh K,
Assadi M, Khatib S, Gough WB and el-Sherif N: Effects of
glyburide on ischemia-induced changes in extracellular potas-
sium and local myocardial activation: a potential new approach
to the management of ischemia-induced malignant ventricular
arrhythmias. Am Heart J 119, 1025-1033 (1990)

Kantor PF, Coetzee WA, Carmeliet EE, Dennis SC and Opie
LH: Reduction of ischemic K' loss and arrhythmias in rat
hearts. Effect of glibenclamide, a sulfonylurea. Circ Res 66,
478-485 (1990)

Pasnani JS and Ferrier GR: Differential effects of glyburide on
premature beats and ventricular tachycardia in an isolated tissue
model of ischemia and reperfusion. J Pharmacol Exp Ther 262,
1076—1084 (1992)

D’Alonzo AJ, Darbenzio RB, Parham CS and Grover GI:
Effects of intracoronary cromakalim on postischaemic contrac-
tile function and action potential duration. Cardiovasc Res 26,
1046-1053 (1992)

D’Alonzo AJ, Darbenzio RB, Hess TA, Sewter JC, Sleph PG
and Grover GI: Effects of potassium on the action of the Karp
modulators cromakalim, pinacidil, or glibenclamide on ar-
rhythmias in isolated perfused rat heart subjected to regional
ischaemia. Cardiovasc Res 28, 881—887 (1994)

Spinelli W, Sorota S, Siegal M and Hoffman BF: Antiarrhyth-
mic actions of the ATP-regulated K™ current activated by
pinacidil. Circ Res 68, 1127—-1137 (1991)

Colatsky TJ, Follmer CH and Starmer CF: Channel specificity
in antiarrhythmic drug action: mechanism of potassium chan-
nel block and its role in suppressing and aggravating cardiac
arrhythmias. Circulation 82, 2235-2242 (1990)



