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Selective Maxi-K Potassium Channel Openers Functional Under
Conditions of High Intracellular Calcium Concentration, Methods and
5 | Uses Thereof

FIELD OF THE INVENTION
The invention relates to the identification of modulators,
10 patrticularly openers or activators, of large conductance potaséium
channels (maxi-K*, maxi-K, or BK potassium channels) which are highly
sensitive to intracellular calcium concentration and have been newly
discovered to selectively open these channels under conditions of high
intracellular calcium. Such calcium-sensitive openers may be especially .
15  efiective in the treatment of diseases and disorders associated with
conditions of elevated intracellular calcium concentration, particularly,
neurological or neurodegenerative pathologies, diseases and disorders,
such as ischemic stroke.

20 BACKGROUND OF THE INVENTION
Large-conductance calcium (Ca**)-activated potassium

(called maxi-K*, maxi-K, or BK) channels are found in most tissues,
including the brain. Maxi-K channels are unique due to their large
conductance and their reliance on the presence of Caz.~l~ and membrane

25 potential for activation. The channels open naturally in response to
increase in levels of intracellular Ca®*, ( [Ca®*];), and/or membrane
depolarization, thus permitting potassium (K") efflux from cells and
regulation of cell membrane potential. This activity serves as an
endogenous feedback mechanism whereby cells return to less excitable,

30 more hyperpolarized potential, thereby limiting further voltage-dependent
Ca** entry into cells. |
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Mammalian maxi-K channels are seven-membrane domain-

‘containing proteins, with a large carboxy-terminal region that is likely

involved in the binding of Ca®* [M. Schreiber et al., 1999, Nat. Neurosci.,
2:416-421; P. Meera et al., 1997, Proc. Natl. Acad. Sci. USA, 94:14066-
14071; V.K. Gribkoff et al., 1997, Advances in Pharmacology, 37:319-
347]. The maxi-K channels expressed in human neurons and other
tissues include the hSlo1 gene family member [S.l. DworetzKy et al.,
1994, Brain Res. Mol. Brain Res. 27:189-193; D.P. McCobb et al., 1995,
Am. J. Physiol., 269:H767-H777]. Maxi-K channels in neurons exhibit
significant phenotype variation as a result of alternative splicing [J. Tseng-
Crank et al., 1994, Neuron, 13:1315-1330], beta subunit assembly [S.I.
Dworetzky et al., 1996, J. Neurosci., 16:4543-4550 and R. Brenner et al.,
2000, J. Biol. Chem., 275:6453-6461] and possible co-assembly with a
closely related family member, hSlo2 or Slack [W. Joiner et al., 1998, Nat.
Neurosci., 1:462-469]. In spite of this variation, all maxi-K channels are
voltage- and Ca**-dependent; therefore, their activation threshold is
reached only during periods of significant depolarization and/or when Ca**
levels inside neurons are high [O. McManus, 1991, J. Bioenerg.
Biomembr., 23:537-560 and K.T. Wann and C.D. Richards, 1994, Eur. J.
Neurosci,. 6:607-617]. Consequently, pharmacological blockade of these
channels has very modest effects on normal neuronal function [K.N.
Juhng et al., 1999, Epilepsy Res., 34:177-186]. However, when these
channels are open, they are effective regulators of cell membrane
potential.

Stroke is a well known example of a neurological condition
that causes death and long-term disability to millions of individuals
worldwide. Indeed, in the United States alone, more than 700,000
individuals are afflicted by stroke every year [G.R. Williams et al., 1999,
Stroke, 30:2523-2528]. Currently, only a single form of therapy, namely,
thrombolysis, has been shown to be effective in improvihg outcome of

- acute stroke in a limited patient population [M. Fisher, 1999, J. Thromb.

Thrombolysis, 7:165-169].
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Acute ischemic stroke, the most common form of the
disease, produces a core area of severely damaged tissue, distal to the
occluded vessel, and surrounded by a penumbra of tissue at risk of death
due to its proximity to the core and to low vascular perfusion [G. Schlaug
et al., 1999, Neurology, 53:1528-1537]. Ischemic neurons in the
penumbra die as a result of a neurotoxic biochemical cascade initiated by
lowered energy availability, excessive excitatory amino acid release,
elevated intracellular calcium and neuronal hyperexcitability [U. Dirnagl et
al., 1999, Trends Neurosci., 22:391-397].

Neuroprotective compounds, which are designed to afford a
measure of protection to neuronal cells at risk following vessel occlusion,
have repeatedly failed in clinical trials, despite promising preclinical
supporting data [K.K. Jain, 2000, Exp. Opin. Invest. Drugs, 9:695-711}.

L ack of success using neuroprotective compounds in human clinical trials
has been attributed to the presence of side-effects, thereby limiting their
utility or dose. Other agents that have been tested to completion have
failed to demonstrate efficacy [J. De Keyser et al., 1999, Trends
Neurosci., 22:535-540].

Since maxi-K channels play a critical regulatory role in cell
functioning, these channels constitute an important therapeutic target,
particularly, in neuronal cells affected during stroke. Modulation of these
channels could provide a therapeutic option for protecting cells exposed to
conditions of hyperexcitability or pathogenic levels of Ca“*, particularly
neuronal cells, and/or cells of neuronal origin. Openers of maxi-K
channels have been described, but these openers have been found to
lack sufficient potency and specificity to be useful as therapeutic agents
IV K. Gribkoff et al., 1996, Mol. Pharmacol., 50:206-217; J.E. Starrett et
al., 1996, Curr. Pharm. Design, 2:413-428].

Needed in the art are new modulators, particularly, openers
or activators, of maxi-K channels that exhibit selective action on targeted
maxi-K channel proteins in cells under particular conditions, such as
elevated internal cellular calcium concentration. Such opener compounds
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can be designed generally for the treatment of diseases in which the
intracellular environment is one of high calcium concentration and in
which maxi-K channels are targeted by the opener compounds. More
particularly, such opener compounds can be designed for the treatment of
neuronal pathologies and diseases, such as stroke, particularly, ischemic
stroke, on the basis of physiological processes that occur in cells that are
destroyed by neurotoxicity during stroke.

An understanding of the conditions that occur in cells,
notably ischemic cells, in which maxi-K channels are active, and the
discovery and design of maxi-K openers or agonists, comprising drugs,
compounds, small molecules, therapeutic agents, and the like, which are
condition-dependent and which exert their effects under such conditions
to activate targets in cells at risk, is also required in the art and provided to
the art by the present inventidn.

The present invention provides effective and selective
opener compounds, and methods of use thereof. These compounds are
designed to be condition-dependent in their actions on maxi-K channels
such that the openers work effectively under high intraceliular calcium
conditions, for example, those of the ischemic cell, thereby affording
ischemic protection, while having virtually no effect on normal cells, and/or
cells which do not have high such intracellular calcium conditions. By
contrast, other opener compounds have been shown to lack sensitivity to
intracellular calcium concentration and thus their actions are independent
of the concentration of intracellular calcium

As described herein, the present invention defines new
calcium-dependent openers, or calcium co-agonists, of maxi-K channels,
which exhibit potent and specific opening function of these channels at
high levels of intracellular calcium, but which have little effect on these
channels in cells having low intraceliular calcium levels.
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SUMMARY OF THE INVENTION
The present invention provides novel maxi-K channel
opener or activator compounds that increase the open probability of, and
augment the function of, mammalian maxi-K channels. Such openers are
sensitive to the intracellular calcium concentration of cells, and are
demonstrated to be most effective under conditions of increased

~intracellular calcium concentrations, e.g., micromolar range, while being

minimally effective, or not at all effective, under normal, e.g.,
physiological, to low intracellular calcium concentrations. In a particular
aspect, the present invention relates to novel neuroprotective agents in
the form of maxi-K channel opener compounds that function under
conditions of high intracellular calcium levels, such as those present in
neurbns at risk during neurodegenerative diseases, such as stroke.

It is also an object of the present invention to provide
methods and compounds to modulate a target, i.e., maxi-K channel
proteins, that compri‘se an endogenous system for Iimitihg neuronal
excitability and Ca** entry in cells of the nervous system. According to
this invention, novel compounds are designed to open maxi-K channels
when intracellular Ca®* levels are higher than normal, e.g., in the
micromolar range, such as during acute stroke and related conditions.

It is another object of the present invention to provide
methods and compounds that specifically target ischemic neurons to
afford ischemic protection by modulating maxi-K channel proteins,
particularly, human maxi-K channels, in such neurons by augmenting the
function of the maxi-K channels, thereby allowing for condition-dependent
activation of a pharmaceutical target and limiting the actions of the
compounds to ischemic cells having high levels of intraceilular Ca**
compared with other cells, and non-ischemic cells.

It is yet another object of the present invention to provide
pharmaceutical compositions comprising the selective maxi-K potassium
channel openers of the present invention, wherein the compositions
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further comprise a pharmaceutically acceptable carrier, excipient, or
diluent.

Yet another object of the present invention is to provide
assays and methods for screening for, identifying, or detecting maxi-K
channel modulators, agents, or compounds which function selectively
under conditions of high intracellular calcium concentrations to open maxi- -
K potassium channels, e.g., to increase K" efflux, and reduce voltage-
dependent Ca?* influx. Preferred are opener compounds that affect maxi-
K potassium channel proteins and which function to selectively exert their
activity on maxi-K channel proteins under conditions of high intracellular
calcium concentration, but which do not exert their activity on maxi-K
channel proteins under conditions of normal or low intraceliular calcium
concentration. Such screening methods can include assessments of the
ability of such modulators, agents, or compounds to target and effect
maxi-K channels under conditions of high intracellular Ca** levels,
compared with their ability to target and effect maxi-K channels under
conditions of normal or low intracellular Ca** levels.

It is a further object of the present invention to provide novel
opener compounds and maxi-K modulators as maxi-K channel agonists or
activators, such as particularly obtained from the screening methods
described.

It is a further object of the present invention to provide

methods for the treatment or prevention of diseases in mammals,

particularly humans, characterized by affected cells having high levels of
intracellular calcium in which maxi-K channel proteins are specifically
targeted as a result of the high intracellular calcium concentration of the
affected cells. Examples of such diseases include, but are not limited to,
stroke, global cerebral ischemia, traumatic brain injury, Parkinson's
disease, epilepsy, migraine and chronic neurodegenerative disorders
such as Alzheimer’s disease.

It is yet a further particular object of the present invention to
provide methods for the treatment or prevention of neurological diseases,
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particularly stroke, and more particularly, acute ischemic stroke, in

mammals, preferably humans, employing openers of maxi-K channels

having the selective ability to target and activate maxi-K channels in cells

having high levels of intracellular Ca** (e.g., ischemic neurons), while not
5 significantly targeting and activating non-ischemic or normal neurons.

It is another object of the present invention to provide new
classes, and exemplary members thereof, of Ca**-sensitive and selective
maxi-K channel opener compounds.

It is yet another object of the present invention to provide

10  chloro-oxindole compounds newly-discovered to be Ca**-sensitive and
selective maxi-K channel openers as further described herein.

Further objects, features and advantages of the present
invention will be better understood upon a reading of the detalled
description of the invention when considered in connection with the

15 accompanying figures/drawings.

BRIEF DESCRIPTION OF THE FIGURES
FIGS. 1A and 1B demonstrate the effects of the maxi-K
potassium channel opener compound, BMS-204352, a 3-substituted
20 oxindole derivative, on peak whole cell currents in HEK-293 cells

transfected with an hS/o a-subunit in cells perfused with medium
containing a high level (1.0 uM) of intracellular Ca**. Fig. 1A shows a

group current-voltage relationship (mean £SE; n=5 except wash, n=3).
Fig. 1B presents the dose response for the data in Fig. 1A. Current
25 amplitude in drug was measured at +30 mV and expressed as a percent
of control current measured at +30 mV.
FIGS. 2A - 2C demonstrate the effects of intracellular

calcium concentration [Ca**]; and compound BMS-204352 (5 uM) on
whole-cell currents in HEK-293 cells transfected with an hS/o a-subunit.

30 Fig. 2A shows the |-V relatidnships of whole-cell outward currents under
conditions of varying internal [Ca**Jiee. (i.), (0Open symbols), represent

control conditions and (ii.), (closed symbols), represent 5 uM BMS-
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204352 (mean +SE; each data point n=3 to 20; data from Figs. 1A and
1B are included in the 1 uM Ca®* group). Fig. 2B presents the data in

Fig. 2A with current presented as a ratio (current in drug over control
current) versus voltage. Fig. 2C shows representative currents from an

5 experiment with 1 uM [Ca**]. As in Fig. 2A, (i.) represents control and

(il.) is carried out in the presence of 5 uM of the BMS-204352 compound.
FIGS. 3A and 3B show the effects of various [Ca**}; and the

opener compound BMS-225113 (10 uM) on outward potassium currents in

HEK-293 cells transfected with a cloned hSlo a-subunit using the whole-
10 - cell patch-clamp technique. The holding potential was -80 mV for [Ca®*]; =

250 nid and 1 uM, and -100 mV for [Ca**]; = 2.5 uM. A series of 10 mV

2+]i

depolarizing voltage steps appropriate to the [Ca“]; was applied.

Increasing [Ca?*]; from 250 nM to 1.0 uM, or to 2.5 uM, shifted the peak
currerii-voltage relationships to the left, thus indicating an apparent

15  leftward shift in Vi . In Fig. 3A, compound BMS-225113 (10 uM)
produced greater increases in maxi-K currents under conditions of higher

[Ca®*}. In Fig. 3B, the data in Fig. 3A are presented as the ratio of current
in drug over control current versus voltage. (Each data point represents

the mean + SE of 3 to 9 cells). |

20 FIGS. 4A - 4F present the results of in vivo studies in which
the opener compound BMS-204352 was administered in several rat
models relevant to stroke. Fig. 4A shows modulation of the electrically-
stimulated release of [°H]glutamate from rat hippocampal tissue wedges in
vitro by the BMS-204352 compound. The compound modestly but

o5  potently inhibited the release of radiolabeled glutamate. ~ p<0.005,
“p<0.01, p<0.05.3. Fig. 4B shows that the administration of BMS-204352
(IV bolus) to anesthetized rats in vivo, measured at 2 hours after drug
injection, resulted in small but significant reductions in the field potential
recorded in area CA1, produced by stimulation of the contralateral

30 commissural fiber system in area CA3. A broad range of doses, 50 ng/kg
to 1 ma/kg, were effective in this model. "b<0.01, 'p<0.05. Inset shows an



WO 02/30868

10

15

20

25

30

CA 02425771 2003-04-11

PCT/US01/32079

.9 -

example of the evoked potential prior to (i.) and following (2 hours; ii.) 100
ng/kg of BMS-204352 administration. These effects were always long-
lasting, and persisted for the duration of the longest experiments (4-5 hr).
Fig. 4C shows the reduction of cortical infarct volume as measured using
magnetic resonance imaging (MRI) by Compound 1 administered 2 hours
following permanent unilateral MCA occlusion in the SHR rat. These
results, observed with MRI, were confirmed with histological techniques at
24 hours after occlusion onset. p<0.05. Fig. 4D shows a comparison of
the effects of racemic Compound 1 and BMS-204352 (0.3 mg/kg 1V) on
corinal infarct volume in the Wistar normotensive rat (combined model
with permanent unilateral MCA occlusion, permanent ipsilateral CCA
occhision, transient contralateral CCA occlusion; PUM,PIC,TCC model,
BM"-204352 administered 2 hours after MCA occlusion onset). "p<0.01.
Fig 4E shows the dose-response relationship for BMS-204352,

adrs inistered 2 hours after MCA occlusion onset, in the Wistar
notinotensive rat PUM,PIC, TCC model, demonstrating a similar effective
dosz-response relationship to that observed with synaptic modulation in

" Fig. 4B. The mechanism of reversal of efficacy at doses at or above 3

mg/ig in stroke and evoked potential models is not Known. “p<0.01,
'n<0.05. Fig. 4F shows a comparison of the effects of dosing BMS-
204352 (1 mg/kg IV) at 1 or 2 hours post-occlusion onset on the reduction
in cortical infarct volume in the Normotensive Wistar rat PUM,PIC, TCC
model. At these 2 post occlusion time points, the effects of the maxi-K
channel opener are not statistically distinguishable. “p<0.01, 'p<0.05. All
data were collected at 24 hours after occlusion onset.

Figs. 5A-5D depict the effects of intracellular Ca®*
concentration ([Céz"']i) and the use the BMS-A compound or the known
benzimidazolone compound NS-1619 on whole-cell currents in HEK-293
cells expressing a human brain hSlo a-subunit. Fig. 5A shows maxi-K
current-voltage (I-V) relationships for control (open symbols) and BMS-A
(1 uM) (closed symbols) under two conditions of [Ca**}; (i.e., [Ca®*); of 50

nM and [Ca?*]; of 2.5 uM). Fig. 5B shows the |-V data with current
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presented as a ratio (current in drug over control current) versus voltage
for the data in Fig. 5A. Each data point represents the mean * standard

error (SE) of 4-8 cells Fig. 5C shows maxi-K |-V relationships for
experiments with the known benzimidazolone NS-1619 under conditions of

[Ca**];at 50 nM and at 2.5 uM. The control is represented by open
symbols and the drug is shown by closed symbols. Fig. 5D shows the |-V
data of Fig. 5C with current presented as a ratio versus voitage for the
data in Fig. 5C.. Each data point re'presents the mean + SE of 9-11 cells.

Note that BMS-A (Figs. 5A, 5B) actually reduces maxi-K channel current
in low (eg. 50 uM) [Ca**}, while NS-1619 produces a similar level of

current increase at both [Ca**].

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides novel maxi-K channel
opene: compounds that increase the open probability of, and augment the
function of, mammalian maxi-K potassium channels, particularly, human
maxi-K channels. Such openers have been newly characterized as being
sensitiva to the intracellular calcium concentration of cells, and are
demoristrated to be most effective under conditions of increased
intraceiiular calcium concentrations, e.g., micromolar range, while being
minimally effective or not at all effective under normal, e.g., physiological,
to low intracellular calcium concentrations. The openers described herein
thus require that the intracellular calcium concentration be above that of
the resting intracellular calcium concentration in order to exert their activity
on cellular maxi-K potassium channels. |

In a particular aspect, the present invention relates to novel
neuroprotective agents in the form of maxi-K channel opener compounds
that function under conditions of high intracellular calcium levels, such as
those present in neurons at risk during neurodegenerative diseases, such

as stroke.
Maxi-K ion channels are proteins that react to substantial

increases in intracellular Ca®* and membrane depolarization by markedly
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increasing potassium (K+) efflux, rapidly hyperpolarizing the membrane
and reducing further voltage-dependent Ca** influx (V. K. Gribkoff et al.,
1997, Adv. Pharmacol., 372319-348). This invention relates to the
discovery that certain maxi-K channel opener compounds can selectively
5  exert their action on maxi-K channels in cells having a high intracellular
calcium concentration, while exerting minimal action, or no action, on
maxi-K channels in cells having a normal, moderate, or low intracellular
calcium concentration.
Thus, the novel opener compounds (“openers” or “maxi-K
10 openers”) according to this invention are extremely sensitive to the
intracellular calcium concentration of cells, and are demonstrated to be
most effective under conditions of increased calcium, while being
minimally effective, or not at all effective, under normal to low
physiological intracellular calcium concentrations. This is of particular
15 importance in the case of diseases, conditions, or disorders in which
increases or accumulations of intracellular calcium cause traumatic stress
to cells and/or are related to pathology, cell toxicity, apoptosis, or death.
Acute ischemic stroke is a particular disease in which the accumulation of
intracellular Ca®* appears to be major proximal cause of the eventual
20 death of cells in the ischemic penumbra (D.W. Choi, 1995, Trends
Neurosci., 18:58-60; T. Kristian and B.K. Siesjo, 1998, Stroke, 29:705-
718).
The maxi-K openers of this invention are designed to
specifically target cells with high intracellular calcium levels, such as
25 ischemic neurons. Thus, because the activity of the compounds newly
provided by this invention is limited and selective for those cells having
high concentrations of internal calcium, these compounds are provided by
the invention to significantly reduce side-effects, such as lowering blood
pressure. In addition, the compounds and their uses according to the
30 invention leave virtually unaffected those cells having normal or low
internal calcium levels. As guidance, non-limiting examples of high levels
of intracellular calcium are typically considered to be in the high
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“nanomolar (e.g., greater than about 250 or 300 nM) to micromolar range

(e.g., about 1 to 10 uM); normal or physiological levels of intracellular
calcium are typically considered to be in the range of about 50 nM to 250
nM; and low levels of intracellular calcium are typically considered to be in
the range of about 5 to 50 nM.

The compounds of the present invention have been
designed so that Ca** sensitivity is associated with their action on maxi-K
channels, thus further limiting their influence to cells that are at risk In
disease, and also, in the case of neurodegenerative diseases such as
stroke, affording ischemic protection for those cells having higher than
rormal levels of Ca®* during acute stroke and related conditions. By
building into the activity of maxi-K channel opener compounds a uniquely
high level of Ca** sensitivity, the present invention offers more effective
nauroprotectants with minimal impact on non-ischemic cells. For
reaurological disorders and diseases, this greatly decreases drug action on
rraxi-K channels in neurons and other cells not exposed to potentially
pathologic levels of intracellular Ca®*.

Accordingly, the compounds and methods described herein
are provided so as to greatly decrease drug action on maxi-K channels in
rormal or unaffected neurons, as well as in other cells that are not
exposed to potentially pathologic or lethal levels of intracellular Ca®*. By
creating opener drugs/compounds which are uniquely sensitive to high

‘levels of intracellular Ca®*, there should be little disruption in Ca** and K*

regulation in non-ischemic cells, or other types of cells, which are not
characterized by having high intracellular Ca** Iévels. In addition, such
opener drugs/compounds provide a neuroprotective role for maxi-K
channel openers in the amelioration of ischemic stroke.

Compounds suitable for use as maxi-K channel openers are
those which are active in the presence of high intracellular calcium
concentrations, while having little to no significant activity on the opening
of maxi-K channels under conditions of low or normal physiological
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intracellular calcium concentrations. For employment as neuroprotective
agents, the compounds are preferably brain penetrable.

One class of compounds having selective function on cells
having high intracellular calcium concentrations encompasses the 3-
phenyl substifuted oxindole derivatives, as described in U.S. Patent Nos.
5,565,483 and 5,602,169 to P. Hewawasam et al., the contents of which
are incorporated by reference herein. Fluoro~oxindole compounds are
within the above-described class and are capable of acting selectively as
maxi-K channel openers on cells having high intracellular calcium
concentration, and not acting to an appreciable extent {0 open maxi-K
notassium channels in cells having normal, moderate or low intracellular
calcium concentration.

“ One member of the fluoro-oxindoles is the maxi-K opener
caempound (3S)-(+)-(5-Chloro-2-methoxyphenyl)-1,3-dinydro-3-fluoro-6-
(t:{fluoromethyl)-2H-indol-2-one, or BMS-204352, which has been newly
determined accordihg to this invention to be a selective and effective
opzaner of a human brain maxi-K channel a-subunit, hSlo, (S. Dworetzky
et al., 1994, Brain Fr’es. Mol. Brain Res., 27:189-193) expressed in human
embryonic kidney (HEK-293) cells under conditions of elevated or high
intracellular calcium concentration.

According to the present invention, the BMS-204352
compound has been found to function as a calcium sensitive opener that
exerts its action on maxi-K potassium channels in cells having high
intracellular calcium concentration ( [Ca®*};), as opposed to cells having
low, moderate or normal [Ca®*], As described herein, studies using the
BMS-204352 compound in accordance with the invention examined the
effects of different [Ca®*]; on the ability of the BMS-204352 compound to
open maxi-K channels. More specifically, using whole-cell voltage-clamp
electrophysiological techniques, hSlo-mediated outward currents were
recorded with pipettes containing different concentrations of Ca®t

([Ca%*]ree=50 NM, 250 nM, 1 uM or 2.5 uM) and clamped cells were
exposed to 5 uM of the BMS-204352 compound. (Example 1). The |
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experiments described in Examples 1 and 2 resulted in the BMS-204352
compound increasing whole-cell hSlo-mediated outward currents in a
concentration-dependent and reversible manner (Figs. 1A and 1B; Figs.
2A and 2B), in cells having an internal [Ca**iree Of 1 M.

At low intracellular calcium, such as found in "normal” or
physiologically normal cells, e.g., [Ca“*]; of about 50 nM to about 250 nM,
the BMS-204352 compound was found to have little effect on the open
probability of cloned human S/o maxi-K channels. (Exampie 2).

However, as intracellular calcium was increased into the uM range, the
BMS-204352 compound became a potent and specific opener of these
shannels (Figs. 2A and 2B).

Other novel compounds having the unique high [Ca**]-
selective and sensitive properties and opener function associated with

igh [Ca®*); in accordance with the present invention include the chioro-
axindoles, of which BMS-225113 (i.e., (£)-(5-chloro-2-methoxyphenyl)-
i,3-dihydro-3-chloro-6-(trifluoromethyl)-2H-indol-2-one) is a particular, yet
ronlimiting, example. Like the BMS-204352 compound, the BMS-225113
compound also exerts its effect on cellular maxi-K channels under
conditions of high intracellular calcium concentration, while exerting
minimal effect on these channels in cells having low or normal intracellular
calcium concentration. (Figs. 3A and 3B and Example 2). In addition,
compound BMS-A having the chemical name 3-[(5-chloro-2- ~
hydroxyphenyl)methyl]-5-[4-(trifluoromethyl)phenyl]-1,3,4-oxadiazol-2(3H)-
one, as described in U.S. Patent No. 5,869,509, has been demonstrated
to open cellular maxi-K channels under conditions of high intracellular
calcium concentration (Example 12).

The compounds according to the present invention activate
maxi-K potassium channels in cells under conditions of high intraceliular
calcium concentration and do not significantly activate maxi-K potassium
channels in cells under low or normal concentrations of intracellular
calcium. Such compounds are beneficial in that they are utilizable in

diseases and disorders characterized by high intracellular calcium levels
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as further described herein. Indeed, the compounds and methods
according to the present invention provide advantages over other opener
compounds in the art as further elucidated below.
Enhancement of maxi-K channel opening during times of
5 excessive cellular stimulation has the potential to afford protection to cells
undergoing traumatic stress, and, more particularly, neuroprotection, by
attenuating Ca®* entry and reducing Ca**-mediated cell<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>