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TITLE
COMPOSITION FOR REDUCING NERVOUS SYSTEM INJURY AND
METHOD OF MAKING AND USE THEREOF
FIELD
[0001] This application relates to the field of neurology. In particular, this application
directs to compositions comprising an amiloride and/or an amiloride analog which can be
used for reducing nerve injury or nervous system injury in a subject..

BACKGROUND

[0002] Nerve injuries may be caused by many conditions, such as degenerative nerve
diseases, stroke, ischemia, chemical and mechanical injury to the nervous system. Many
types of nerve injury result in changes in the ion flux into neurons which, in turn, lead to
neuron cell death. Accordingly, various ion channels may be candidates for mediating this
altered ion flux, thus reducing the extent of nerve injuries.

SUMMARY

[0003] One aspect of the present application relates to a method for reducing nerve
injury in a subject. The method comprises administering to the subject a therapeutically
effective amount of a pharmaceutical composition comprising an active ingredient selected
from the group consisting of amiloride and amiloride analogs. In some embodiments, the
pharmaceutical composition is administered intravenously, intrathecally or
intracerebroventricularlly.

[0004] In some embodiments, the active ingredient comprises amiloride or a
pharmaceutically acceptable salt thereof.

[0005] In other embodiments, the active ingredient comprises an amiloride analog or

a pharmaceutically acceptable salt thereof. In a related embodiment, the amiloride analog is
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selected from the group consisting of benzamil, phenmil, 5-(N-ethyl-N-isobutyl)-amiloride
(EIPA), bepridil, KB-R7943, 5-(N-methyl-N-isobutyl) amiloride, 5-(N,N-hexamethylene)
amiloride and 5-(N,N-dimenthyl) amiloride hydrochloride. In another related embodiment,
the amiloride analog is benzamil. In another related embodiment, the amiloride analog is a
methylated analog of benzamil. In another related embodiment, the amiloride analog
comprises a ring formed on a guanidine group. In another related embodiment, the amiloride
analog comprises an acylguanidino group. In another related embodiment, the amiloride
analog comprises a water solubilizing group formed on a guanidine group, wherein the water
solubilizing group is a N,N-dimethyl amino group or a sugar group.

[0006] In some embodiments, the amiloride, amiloride analog or a pharmaceutically
acceptable salt thereof is given in a dose range of 0.1 mg - 10 mg /kg body weight.

[0007] In some embodiments, the pharmaceutical composition is administefed within
one hour of the onset of an ischemic event, within five hours of the onset of an ischemic
event, or between one hour and five hours of the onset of an ischemic event.

[0008] In some embodiments, the nerve injury is brain injury.

[0009] Another aspect of the present application relates to a method for treating brain
injury in a subject. The method comprises administering to said subject a therapeutically
effective amount of a pharmaceutical composition comprising amiloride, an amiloride analog,
or a pharmaceutically acceptable salt thereof. In some embodiments, the pharmaceutical
composition is administered intravenously, intrathecally or intracerebroventricularly.

[0010] In some embodiments, the amiloride analog is selected from the group
consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-isobutyl)
amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride. In a related embodiment, the amiloride analog is benzamil. In other

embodiments, the amiloride analog is selected from the group consisting of methylated
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analogs of benzamil, amiloride analogs containing a ring formed on a guanidine group,
amiloride analogs containing an acylguanidino group, and amiloride analogs containing a
water solubilizing group formed on a guanidine group, wherein the water solubilizing group
is a N,N-dimethyl amino group or a sugar group.

[0011] Another aspect of the present application relates to a method for reducing
nervous system injury caused by a change of ion flux into neurons. The method comprises
administering to a subject in need of such treatment a therapeutically effective amount of a

pharmaceutical composition comprising amiloride, an amiloride analog or a pharmaceutically

[0012] In some embodiments, the pharmaceutical composition is administered
intravenously, intrathecally, intracerebroventricularly or intramuscularly.

[0013] In other embodiments, the amiloride analog is selected from the group
consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-isobutyl)
amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride. In a related embodiment, the amiloride analog is benzamil. In other
embodiments, the amiloride analog is selected from the group consisting of methylated
analogs of benzamil, amiloride analogs containing a ring formed on a guanidine group,
amiloride analogs containing an acylguanidino group, and amiloride analogs containing a
water solubilizing group formed on a guanidine group, wherein the water solubilizing group
is a N,N-dimethyl amino group or a sugar group.

[0014] Another aspect of the present application relates to a method for reducing
nervous system injury. The method comprises administering to a subject in need of such
treatment a therapeutically effective amount of a pharmaceutical composition comprising

amiloride, an amiloride analog or a pharmaceutically acceptable salt thereof.
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[0015] In some embodiments, the pharmaceutical composition is administered
intravenously, intrathecally, intracerebroventricularly or intramuscularly.

[0016] In other embodiments, the amiloride analog is selected from the group
consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-isobutyl)
amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride. In a related embodiment, the amiloride analog is benzamil. In other
embodiments, the amiloride analog is selected from the group consisting of methylated
analogs of benzamil, amiloride analogs containing a ring formed on a guanidine group,
amiloride analogs containing an acylguanidino group, and amiloride analogs containing a
water solubilizing group formed on a guanidine group, wherein the water solubilizing group
is a N,N-dimethyl amino group or a sugar group.

[0017] Another aspect of the present application relates to a pharmaceutical
composition for reducing nervous system injury. The pharmaceutical composition comprises
an effective amount of amiloride, an amiloride analog or a pharmaceutically acceptable salt
thereof; and a pharmaceutically acceptable carrier, wherein the pharmaceutical composition
is formulated for intravenous, intrathecal or intracerebroventricular injection.

[0018] In some embodiments, the pharmaceutical composition comprises an
amiloride analog or a pharmaceutically acceptable salt thereof, wherein the amiloride analog
is selected from the group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-
methyl-N-isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl)
amiloride hydrochloride.

[0019] In other embodiments, the pharmaceutical composition comprises an
amiloride analog or a pharmaceutically acceptable salt thereof, wherein the amiloride analog

is selected from the group consisting of methylated analogs of benzamil, amiloride analogs

containing a ring formed on a guanidine group, amiloride analogs containing an
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acylguanidino group, and amiloride analogs containing a water solubilizing group formed on
a guanidine group, wherein the water solubilizing group is a N,N-dimethyl amino group or a
sugar group.

[0020] Another aspect of the present application relates to a pharmaceutical
composition for reducing nervous system injury. The pharimaceutical composition comprises
an effective amount of an amiloride analog or a pharmaceutically acceptable salt thereof; and
a pharmaceutically acceptable carrier.

[0021] In some embodiments, the pharmaceutical composition is formulated for
intravenous, intrathecal, intracerebroventricular or Intramuscular injection.

[0022] In one embodiment, the amiloride analog is a methylated analog of benzamil.
In another embodiment, the amiloride analog comprises a ring formed on a guanidine group.
In another embodiment, the amiloride analog comprises an acylguanidino group. In yet
another embodiment, the amiloride analog comprises a water solubilizing group formed on a
guanidine group, wherein the water solubilizing group is a N,N-dimethyl amino group or a
sugar group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a view of a flowchart illustrating an exemplary method of reducing
neuroinjury in an ischemic subject.

[0024] FIG. 2 is a view of a flowchart illustrating an exemplary method of identifying
drugs for treating ischemia-related nerve injury.

[0025] FIG. 3 is a series of graphs presenting exemplary data related to the
electrophysiology and pharmacology of acid sensing ion channel (ASIC) proteins in cultured

mouse cortical neurons.
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[0026] FIG. 4 is an additional series of graphs presenting exemplary data related to
the electrophysiology and pharmacology of ASIC proteins in cultured mouse cortical
neurons.

[0027] FIG. 5 is a set of graphs and traces presenting exemplary data showing that
modeled ischemia may enhance activity of ASIC proteins, in accordance with aspects of the
present teachings.

[0028] FIGS. 6 and 7 are a set of graphs and traces presenting exemplary data
showing that ASIC proteins in cortical neurons may be Ca®" permeable, and that Ca**
permeability may be ASIC1a dependent.

[0029] FIG. 8 is a series of graphs presenting exemplary data showing that acid
incubation may induce glutamate receptor-independent neuronal injury that is protected by
ASIC blockade.

[0030] FIG. 9 is a series of graphs presenting exemplary data showing that ASICla
may be involved in acid-induced injury in vitro.

[0031] FIG. 10 is a series of graphs with data showing neuroprotection in brain
ischemia in vivo by ASIC1a blockade and by ASIC1 gene knockout.

[0032] FIG. 11 is a graph plotting exemplary data for the percentage of ischemic
damage produced by stroke in an animal model system as a function of the time and type of
treatment.

[0033] FIG. 12 is a view of the primary amino acid sequence of an exemplary cystine
knot peptide, PcTx1, with various exemplary peptide features shown.

[0034] FIG. 13 is a comparative view of the cystine knot peptide of FIG. 12 aligned
with various exemplary deletion derivatives of the peptide.

[0035] FIG. 14 is an exemplary graph plotting the amplitude of calcium current

measured in cells as a function of the ASIC family member(s) expressed in the cells.
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[0036] FIG. 15 is a graph presenting exemplary data related to the efficacy of nasally
administered PcTx venom in reducing ischemic injury in an animal model system.

[0037] FIG. 16 is a composite showing representative ASIC 1a current traces in CHO
cells treated with benzamil (panel A) or 5-(N-ethyl-N-isopropyl) amiloride (EIPA) (panel B),
and dose-dependent blockade of ASIC 1a current expressed in CHO cells by amiloride and
amiloride analogs (panel C).

[0038] FIG. 17 is a composite showing representative ASIC 2a current traces in CHO
cells treated with benzamil (panel A) or amiloride (panel B), and dose-dependent blockade of
ASIC 2a

urrent ex

pressed in CHO cells by amiloride and amiloride analogs (panel C).
[0039] FIG. 18 is a graph showing reduction of infarct volume in mice by
intracerebroventricular injections of amiloride or amiloride analogs.
[0040] FIG. 19 is a composite showing reduction of infarct volume in the cortical
tissue of mice by intravenous injection of saline or amiloride 60 min after MCAO.
[0041] FIG. 20 is a composite showing reduction of infarct volume in the cortical
tissue of mice by intravenous injection of saline or amiloride 3 hours or 5 hours after MCAO.
[0042] FIG. 21 shows structure activity relationship (SAR) for hydrophobic amiloride
analogs on various channels.

DETAILED DESCRIPTION

[0043] The present application provides methods and compositions for reducing
nerve injury. The nerve injury may be caused by degenerative nervous system diseases,
stroke, ischemia, trauma, chemical and mechanical injury to the nervous system. As used
herein, the term "nervous system" includes both the central nervous system and the
peripheral nervous system." The term "central nervous system" or "CNS" includes all cells
and tissue of the brain and spinal cord of a vertebrate. The term "peripheral nervous system"

refers to all cells and tissue of the portion of the nervous system outside the brain and spinal
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cord, such as the motor neurons that mediate voluntary movement, the autonomic nervous
system that includes the sympathetic nervous system and the parasympathetic nervous system
and regulates involuntary functions, and the enteric nervous system that controls the
gastrointestinal system. Thus, the term "nervous system" includes, but is not limited to,
neuronal cells, glial cells, astrocytes, cells in the cerebrospinal fluid (CSF), cells in the
interstitial spaces, cells in the protective coverings of the spinal cord, epidural cells (i.e., cells
outside of the dura mater), cells in non-neural tissues adjacent to or in contact with or
innervated by neural tissue, cells in the epineurium, perineurium, endoneurium, funiculi,
fasciculi, and the like.

[0044] In some embodiments, the nerve injury is a nervous system injury. In other
embodiments, the nerve injury is brain injury. In some embodiments, the nerve injury is a
nervous system injury caused by changes in the ion flux into neurons. For example,
stroke/brain ischemia is a leading cause of morbidity and mortality. Over-activation of the
postsynaptic glutamate receptors and subsequent Ca®* toxicity plays a critical role in ischemic
brain injury. The present application demonstrates that activation of Ca**-permeable acid-
sensing ion channels (ASICs) is involved in acidosis-induced, glutamate receptor-
independent, ischemic brain injury and provides a new direction for neuroprotection by
targeting ASIC family members (ASICs). The present application further provides novel
inhibitors of ASICs that have increased potency to homomeric ASICs channel and increased
aqueous solubility. In some embodiments, the present application provides pharmaceutical
compositions and methods for reducing nerve injury by inhibiting ASIC1a channel.

[0045] One aspect of the present application relates to a method for reducing nerve
injury in a subject. The method comprises administering to the subject a therapeutically
effective amount of a pharmaceutical composition comprising an active ingredient selected

from the group consisting of amiloride and amiloride analogs. In some embodiments, the
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pharmaceutical composition is administered intravenously, intrathecally or
intracerebroventricularlly.

[0046] In some embodiments, the active ingredient comprises amiloride or a
pharmaceutically acceptable salt thereof. In other embodiments, the active ingredient
comprises an amiloride analog or a pharmaceutically acceptable salt thereof. In a related
embodiment, the amiloride analog is selected from the group consisting of benzamil,
phenmil, 5-(N-ethyl-N-isobutyl)-amiloride (EIPA), bepridil, KB-R7943, 5-(N-methyl-N-
isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride. In another related embodiment, the amiloride analog is benzamil. In another
related embodiment, the amiloride analog is a methylated analog of benzamil. In another
related embodiment, the amiloride analog comprises a ring formed on a guanidine group. In
another related embodiment, the amiloride analog comprises an acylguanidino group. In
another related embodiment, the amiloride analog comprises a water solubilizing group
formed on a guanidine group, wherein the water solubilizing group is a N,N-dimethyl amino
group or a sugar group.

[0047] In some embodiments, the amiloride, amiloride analog or a pharmaceutically
acceptable salt thereof is given in a dose range of 0.1 mg - 10 mg /kg body weight. In other
embodiments, the pharmaceutical composition is administered within one hour of the onset of
an ischemic event, within five hours of the onset of an ischemic event, or between one hour
and five hours of the onset of an ischemic event.

[0048] Another aspect of the present application relates to a method for treating brain
injury in a subject. The method comprises administering to said subject a therapeutically
effective amount of a pharmaceutical composition comprising amiloride, an amiloride analog,
or a pharmaceutically acceptable salt thereof. In some embodiments, the pharmaceutical

composition is administered intravenously, intrathecally or intracerebroventricularly.
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[0049] In some embodiments, the amiloride analog is selected from the group
consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-isobutyl)
amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride. In a related embodiment, the amiloride analog is benzamil. In other
embodiments, the amiloride analog is selected from the group consisting of methylated
analogs of benzamil, amiloride analogs containing a ring formed on a guanidine group,
amiloride analogs containing an acylguanidino group, and amiloride analogs containing a
water solubilizing group formed on a guanidine group, wherein the water solubilizing group
is a N,N-dimethyl amino group or a sugar group.

[0050] Another aspect of the present application relates to a method for reducing
nervous system injury caused by a change of ion flux into neurons. The method comprises
administering to a subject in need of such treatment a therapeutically effective amount of a
pharmaceutical composition comprising amiloride, an amiloride analog or a pharmaceutically
acceptable salt thereof.

[0051] Another aspect of the present application provides a composition for treating
ischemia or reducing injury resulting from ischemia. The method comprises the step of
administering intravenously or intrathecally to a subject in need of such treatment a
therapeutically effective amount of an active ingredient selected from the group consisting of
amiloride, amiloride analogs, and salts thereof. The methods of the present application may
provide one or more advantages over other methods of ischemia treatment. These advantages
may include (1) less ischemia-induced injury, (2) fewer side effects of treatment (e.g., due to
selection of a more specific therapeutic target), and/or (3) a longer time window for effective
treatment, among others.

[0052] FIG. 1 shows a flowchart 20 with exemplary steps 22, 24 that may be

performed in a method of reducing nerve injury in an ischemic subject. The steps may be
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performed any suitable number of times and in any suitable combination. In the method, an
ischemic subject (or subjects) may be selected for treatment, indicated at 22. An ASIC-
selective inhibitor then may be administered to the ischemic subject(s), indicated at 24.
Administration of the inhibitor to the ischemic subject may be in a therapeutically effect
amount, to reduce ischemia-induced injury to the subject, for example, reducing the amount
of brain damage resulting from a stroke.

[0053] A potential explanation for the efficacy of the ischemia treatment of FIG. 1
may be offered by the data of the present teachings (e.g., see Example 1). In particular, the
damaging effects of ischemia may not be equal to acidosis, that is, acidification of tissue/cells
via ischemia may not be sufficient to produce ischemia-induced injury. Instead, ischemia-
induced injury may be caused, in many cases, by calcium flux into cells mediated by a
member(s) of the ASIC family, particularly ASICla. Accordingly, selective inhibition of the
channel activity of ASIC1a may reduce this harmful calcium flux, thereby reducing ischemia-
induced injury. |

[0054] FIG. 2 shows a flowchart 30 with exemplary steps 32, 34 that may be
performed in a method of identifying drugs for treatment of ischemia. The steps may be
performed any suitable number of times and in any suitable combination. In the method, one
or more ASIC-selective inhibitors may be obtained, indicated at 32. The inhibitors then may
be tested on an ischemic subject for an effect on ischemia-induced injury, indicated at 34.
NERVE INJURIES

[0055] The present application is directed to pharmaceutical compositions and
methods for reducing nerve injuries in a subject. As used herein, the term "nerve injury"
means an acute or chronic injury to or adverse condition of a nervous system tissue or cell
resulting from physical transaction or trauma, contusion or compression or surgical lesion,

vascular pharmacologic insults including hemorrhagic or ischemic damage, or from

11
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neurodegenerative or any other neurological disease, or any other factor causing the injury to
or adverse condition of the nervous system tissue or cell. In some embodiments, the nerve
injury is caused by cognitive disorders, psychotic disorders, neurotransmitter-mediated
disorders or neuronal disorders. Nerve injury includes injuries to the nervous system (i.e.,
nervous system injuries) and brain injury.

[0056] As used herein, the term "cognitive disorders” refers to and intends diseases
and conditions that are believed to involve or be associated with or do involve or are

associated with progressive loss of structure and/or function of neurons, including death of

memory, attention, perception and/or thinking). These disorders include pathogen-induced
cognitive dysfunction, e.g. HIV associated cognitive dysfunction or Lyme disease associated
cognitive dysfunction. In some embodiments, the cognitive disorders are degenerative
cognitive disorders. Examples of degenerative cognitive disorders include Alzheimer's
Disease, Huntington's Disease, Parkinson's Disease, amyotrophic lateral sclerosis (ALS),
autism, mild cognitive impairment (MCI), stroke, traumatic brain injury (TBI), age-
associated memory impairment (AAMI) and epilepsy.

[0057] As used herein, the term "psychotic disorders" refers to and intends mental
diseases or conditions that are believed to cause or do cause abnormal thinking and
perceptions. Psychotic disorders are characterized by a loss of reality which may be
accompanied by delusions, hallucinations (perceptions in a conscious and awake state in the
absence of external stimuli which have qualities of real perception, in that they are vivid,
substantial, and located in external objective space), personality changes and/or disorganized
thinking. Other common symptoms include unusual or bizarre behavior, as well as difficulty

with social interaction and impairment in carrying out the activities of daily living.

12
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Exemplary psychotic disorders are schizophrenia, bipolar disorders, psychosis, anxiety,
depression and chronic pain.

[0058] As used herein, the term "neurotransmitter-mediated disorders" refers to and
intends diseases or conditions that are believed to involve or be associated with or do involve
or are associated with abnormal levels of neurotransmitters such as histamine, glutamate,
serotonin, dopamine, norepinephrine or impaired function of aminergic G protein-coupled
receptors. Exemplary neurotransmitter-mediated disorders include spinal cord injury,
diabetic neuropathy, allergic diseases and diseases involving geroprotective activity such as
age-associated hair loss (alopecia), age-associated weight loss and age-associated vision
disturbances (cataracts). Abnormal neurotransmitter levels are associated with a wide variety
of diseases and conditions including, but not limited, to Alzheimer's disease, Parkinson's
Disease, autism, Guillain-Barre syndrome, mild cognitive impairment, schizophrenia,
anxiety, multiple sclerosis, stroke, traumatic brain injury, spinal cord injury, diabetic
neuropathy, fibromyalgia, bipolar disorders, psychosis, depression and a variety of allergic
diseases.

[0059] As used herein, the term "neuronal disorders" refers to and intends diseases or
conditions that are believed to involve, or be associated with, or do involve or are associated
with neuronal cell death and/or impaired neuronal function or decreased neuronal function.
Exemplary neuronal indications include neurodegenerative diseases and disorders such as
Alzheimer's disease, Huntington's disease, amyotrophic lateral sclerosis (ALS), Parkinson's
disease, canine cognitive dysfunction syndrome (CCDS), Lewy body disease, Menkes
disease, Wilson disease, Creutzfeldt-Jakob disease, Fahr disease, an acute or chronic disorder
involving cerebral circulation, such as ischemic or hemorrhagic stroke or other cerebral
hemorrhagic insult, age-associated memory impairment (AAMI), mild cognitive impairment

(MCI), injury-related mild cognitive impairment (MCI), post-concussion syndrome, post-
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traumatic stress disorder, adjuvant chemotherapy, traumatic brain injury (TBI), neuronal
death mediated ocular disorder, macular degeneration, age-related macular degeneration,
autism, including autism spectrum disorder, Asperger syndrome, and Rett syndrome, an
avulsion injury, a spinal cord injury, myasthenia gravis, Guillain-Barre syndrome, multiple
sclerosis, diabetic neuropathy, fibromyalgia, neuropathy associated with spinal cord injury,
schizophrenia, bipolar disorder, psychosis, anxiety or depression, and chronic pain..

[0060] In some embodiments, the nerve injuries or nervous system injuries are caused

by a change in the ion flux into neurons or a nervous system tissue. As used herein, the term
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"nervous syste
neural inflammatory cells, and endothelial cells in contact with " nervous system tissue".
"Nerve cells" may be any type of nerve cell known to those of skill in the art including, but
not limited to neurons. As used herein, the term "neuron" represents a cell of ectodermal
embryonic origin derived from any part of the nervous system of an animal. Neurons express
well-characterized neuron-specific markers, including neurofilament proteins, NeuN
(Neuronal Nuclei marker), MAP2, and class III tubulin. Included as neurons are, for
example, hippocampal, cortical, midbrain dopaminergic, spinal motor, sensory, enteric,
sympathetic, parasympathetic, septal cholinergic, central nervous system and cerebellar
neurons. "Glial cells" useful in the present invention include, but are not limited to astrocytes,
Schwan cells, and oligodendrocytes. "Neural inflammatory cells" useful in the present
invention include, but are not limited to cells of myeloid origin including macrophages and
microglia.

[0061] In some embodiments, the pharmaceutical compositions and methods of the
present application relate to reducing nerve injuries caused by ischemia or an ischemia-
related condition. Ischemia, as used herein, is a reduced blood flow to an organ(s) and/or

tissue(s). The reduced blood flow may be caused by many mechanisms, including but are not
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limited to, a partial or complete blockage (an obstruction), a narrowing (a constriction),
and/or a leak/rupture , of one or more blood vessels that supply blood to the organ(s) and/or
tissue(s). Ischemia may be created by thrombosis, an embolism, atherosclerosis,
hypertension, hemorrhage, an aneurysm, surgery, trauma, medication, and the like. The
reduced blood flow thus may be chronic, transient, acute or sporadic.

[0062] Any organ or tissue may experience a reduced blood flow and required
treatment for ischemia. Exemplary organs and/or tissues include, but are not limited to,

brain, arteries, heart, intestines and eye (e.g., the optic nerve). Ischemia-induced injuries (i.e.,

ischemic myelopathy, ischemic optic neuropathy, ischemic colitis, coronary heart disease,
and/or cardiac heart disease (e.g., angina, heart attack, efc.), among others. Ischemia-induced
injury thus may damage and/or kill cells and/or tissue, for example, producing necrotic
(infarcted) tissue, inflammation, and/or tissue remodeling, among others, at affected sites
within the body. Treatment according to aspects of the present application may reduce the
incidence, extent, and/or severity of this injury.

[0063] An ischemia-related condition may be any consequence of ischemia. The
consequence may be substantially concurrent with the onset ischemia (e.g., a direct effect of
the ischemia) and/or may occur substantially after ischemia onset and/or even after the
ischemia is over (e.g., an indirect, downstream effect of the ischemia, such reperfusion of
tissue when ischemia ends). Exemplary ischemia-related conditions may include any
combination of the symptoms (and/or conditions) listed above. Alternatively, or in addition,
the symptoms may include local and/or systemic acidosis (pH decrease), hypoxia (oxygen
decrease), free radical generation, and/or the like.

[0064] In some embodiments, the ischemia-related condition is stroke. Stroke, as

used herein, is brain ischemia produced by a reduced blood supply to a part (or all) of the
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brain. Symptoms produced by stroke may be sudden (such as loss of consciousness) or may
have a gradual onset over hours or days. Furthermore, the stroke may be a major ischemic
attack (a full stroke) or a more minor, transient ischemic attack, among others. Symptoms
produced by stroke may include, for example, hemiparesis, hemiplegia, one-sided numbness,
one-sided weakness, one-sided paralysis, temporary limb weakness, limb tingling, confusion,
trouble speaking, trouble understanding speech, trouble seeing in one or both eyes, dim

vision, loss of vision, trouble walking, dizziness, a tendency to fall, loss of coordination,

sudden severe headache, noisy breathing, and/or loss of consciousness. Alternatively, or in

for example, an ischemia blood test (e.g., to test for altered albumin, particular protein
isoforms, damaged proteins, efc.), an electrocardiogram, an electroencephalogram, an
exercise stress test, brain CT or MRI scanning and/or the like.

[0065] Acid-base balance is important for biological systems. Normal brain function
depends on the complete oxidation of glucose, with the end product of CO, and H,O for its
energy requirements. During ischemia, increased anaerobic glycolysis, due to the lack of
oxygen supply, leads to lactic acid accumulation. Accumulation of lactic acid, along with
increased H' release from ATP hydrolysis, causes decreases in tissue pH. Extracellular pH
(pHo) typically falls to 6.5 during ischemia, and it can fall below 6.0 during severe ischemia
or under hyperglycemic conditions.

SUBJECTS OF NERVE INJURY

[0066] The method and pharmaceutical composition of the present application can be
used in any subject that has a nerve injury or a history of nerve injury and/or a significant
chance of developing nerve injury after treatment begins and during a time period in which
the treatment is still effective. In some embodiments, the subject is an ischemic subjects. An

ischemic subject, as used herein, is any person (a human subject) or animal (an animal
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subject) that has ischemia, an ischemia-related condition, a history of ischemia, and/or a
significant chance of developing ischemia after treatment begins and during a time period in
which the treatment is still effective.

[0067] The subject may be an animal. The term "animal," as used herein, refers to
any animal that is not human. Exemplary animals that may be suitable include any animal
with a bloodstream, such as rodents (mice, rats, etc.), dogs, cats, birds, sheep, goats, non-
human primates, efc. The animal may be treated for its own sake, e.g., for veterinary
purposes (such as treatment of a pet). Alternatively, the animal may provide an animal model
of nerve injury, such as ischemia, to facilitate testing drug candidates for human use, such as
to determine the candidates' potency, window of effectiveness, side effects, efc.

[0068] Ischemic subjects for treatment may be selected by any suitable criteria.
Exemplary criteria may include any detectable symptoms of ischemia, a history of ischemia,
an event that increases the risk of (or induces) ischemia (such as a surgical procedure, trauma,
administration of a medication, erc.), and/or the like. A history of ischemia may involve one
or more prior ischemic episodes. In some examples, a subject selected for treatment may have
had an onset of ischemia that occurred at least about one, two, or three hours before treatment
begins, or a plurality of ischemic episodes (such as transient ischemic attacks) that occurred
less than about one day, twelve hours, or six hours prior to initiation of treatment.

ASIC INHIBITORS, AMILORIDE AND AMILORIDE ANALOGS

[0069] Inhibitors of ASIC family members, as used herein, are substances that reduce
(partially, substantially, or completely block) the activity or one or more members of the
ASIC family, that is, ASIC1a, ASIC1b, ASIC2a, ASIC2b, ASIC3, and ASIC4, among others.
In some examples, the inhibitors may reduce the channel activity of one or more members,
such as the ability of the members to flux ions (e.g., sodium, calcium, and/or potassium ions,

among others) through cell membranes (into and/or out of cells). The substances may be
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compounds (small molecules of less than about 10 kDa, peptides, nucleic acids, lipids, ezc.),
complexes of two or more compounds, and/or mixtures, among others. Furthermore, the
substances may inhibit ASIC family members by any suitable mechanism including
competitive, noncompetitive, uncompetitive, and/or mixed inhibition, among others.

[0670] The inhibitor may be an ASIC1a inhibitor that inhibits acid sensing ion
channel 1a (ASICla). ASIC1a, as used herein, refers to an ASIC1a protein or channel from
any species. For example, an exemplary human ASICla protein/channel is described in
Waldmann, R., et al. 1997, Nature 386, pp. 173-177, which is incorporated herg:in by
reference.

[0071] The expression "ASICla inhibitor" may refer to a product which, within the
scope of sound pharmacological judgment, is potentially or actually pharmaceutically useful
as an inhibitor of ASIC1a, and includes reference to substances which comprise a
pharmaceutically active species and are described, promoted, or authorized as an ASICla
inhibitor.

[6072] An ASICla inhibitor may be selective within the ASIC family. Selective
inhibition of ASICla, as used herein, is inhibition that is substantially stronger on ASICla
than on another ASIC family member(s) when compared (for example, in cultured cells) after
exposure of each to the same (sub-maximal) concentration(s) of an inhibitor. The inhibitor
may inhibit ASIC1a selectively relative to at least one other ASIC family member (ASIC1b,
ASIC2a, ASIC2b, ASIC3, ASIC 4, efc.) and/or selectively relative to every other ASIC
family member. The strength of inhibition for a selective inhibitor may be described by an
inhibitor concentration at which inhibition occurs (e.g., an ICsq (inhibitor concentration that
produces 50% of maximal inhibition) or a K value (inhibition constant or dissociation
constant)) relative to different ASIC family members. An ASICla-selective inhibitor may

inhibit ASICla activity at a concentration that is at least about two-, four-, or ten-fold lower
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(one-half, one-fourth, or one-tenth the concentration or lower) than for inhibition of at least
one other or of every other ASIC family member. Accordingly, an ASICla-selective
inhibitor may have an ICs; and/or K; for ASIC1a inhibition that is at least about two-, four-,
or ten-fold lower (one-half, one-fourth, or one-tenth or less) than for inhibition of at least one
other ASIC family member and/or for inhibition of every other ASIC family mémber.

[0073] An ASICla-selective inhibitor, in addition to being selective, also may be
specific for ASICla. ASIC1a-specific inhibition, as used herein, is inhibition that is
substantially exclusive to ASICla relative to every other ASIC family member, such as
ASIC2a and ASIC3a. An ASICla-specific inhibitor may inhibit ASIC1a at an inhibitor
concentration that is at least about twenty-fold lower (5% of the concentration or less) than
for inhibition of every other ASIC family member. Accordingly, an ASICla-specific
inhibitor may have an ICsy and/or K; for ASIC1a relative to every other member of the ASIC
family that is at least about twenty-fold lower (five percent or less), such that, for example,
inhibition of other ASIC family members is at least substantially (or completely)
undetectable. In some embodiments, the ASICla-selective inhibitor has increased potency to
homomeric ASIC1a channel and increased aqueous solubility comparing to the commercially
available amiloride-related ASIC1a inhibitors such as amiloride benzamil, phenamil, 5-(N-
ethyl-N-isobutyl) amiloride (EIPA), bepridil, KB-R7943, 5-(N-methyl-N-isobutyl) amiloride,
5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride hydrochloride.

[0074] Any suitable ASIC inhibitor or combination of inhibitors may be used. For
example, a subject may be treated with an ASICla-selective inhibitor and a nonselective
ASIC inhibitor, or with an ASIC1a-selective inhibitor and an inhibitor to a non-ASIC channel
protein, such as a non-ASIC calcium channel. In some examples, a subject may be treated

with an ASICla-selective inhibitor and an inhibitor of NMDA receptors, such as a glutamate

antagonist.
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[0075] The inhibitor may be or include a peptide. The peptide may have any suitable
number of amino acid subunits, generally at least about ten and less than about one-thousand
subunits. In some examples, the peptide may have a cystine knot motif. A cystine knot, as
used herein, generally comprises an arrangement of six or more cysteines. A peptide with
these cysteines may create a "knot" including (1) a ring formed by two disulﬁdé bonds and
their connecting backbone segments, and (2) a third disulfide bond that threads through the
ring. In some examples, the peptide may be a conotoxin from an arachnid and/or cone snail

species. For example, the peptide may be PcTx1 (psalmotoxin 1), a toxin from a tarantula

[0076] In some examples, the peptide may be structurally related to PcTx1, such that
the peptide and PcTx1 differ by at least one deletion, insertion, and/or substitution of one or
more amino acids. For example, the peptide may have at least about 25% or at least about
50% sequence identity, and/or at least about 25% or at least about 50% sequence similarity
with PcTx1 (see below). Further aspects of peptides that may be suitable as inhibitors are
described below in Example 3.

[0077] Methods of alignment of amino acid sequences for comparison and generation
of identity and similarity scores are well known in the art. Exemplary alignment methods
that may be suitable include (Best Fit) of Smith and Waterman, a homology alignment
algorithm (GAP) of Needleman and Wunsch, a similarity method (Tfasta and Fasta) of
Pearson and Lipman, and/or the like. Computer algorithms of these and other approaches that
may be suitable include, but are not limited to: CLUSTAL, GAP, BESTFIT, BLASTP,
FASTA, and TFASTA.

[0078] As used herein, "sequence identity" or "identity" in the context of two peptides
relates to the percentage of residues in the corresponding peptide sequences that are the same

when aligned for maximum correspondence. In some examples, peptide residue positions
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that are not identical may differ by conservative amino acid substitutions, where amino acid
residues are substituted for other amino acid residues with similar chemical properties (e.g.
charge or hydrophobicity) and therefore are expected to produce a smaller (or no) effect on
the functional properties of the molecule. Where sequences differ in conservative
substitutions, the percent sequence identity may be adjusted upwards, to give a ;'silnilarity" of
the sequences, which corrects for the conservative nature of the substitutions. For example,
each conservative substitution may be scored as a partial rather than a full mismatch, thereby
correcting the percentage sequence identity to provide a similarity score. The scoring of
conservative substitutions to obtain similarity scores is well known in the art and may be
calculated by any suitable approach, for example, according to the algorithm of Meyers and
Miller, Computer Applic. Biol Sci., 4: 11-17 (1988), e.g., as implemented in the program
PC/GENE (Intelligenetics, Mountain View, Calif., USA).

[0079] Amiloride, a guanidinium group containing pyrazine derivative, has been used
for the treatment of mild hypertension with little reported side effect. Amiloride works by
directly blocking the epithelial sodium channel (ENaC) thereby inhibiting sodium
reabsorption in the late distal convoluted tubules, connecting tubules, and collecting ducts in
the kidneys. This promotes the loss of sodium and water from the body, but without
depleting potassium. As used herein, the term “amiloride” refers to both amiloride and salts
of amiloride, such as amiloride hydrochloride.

[0080] Amiloride analogs, as used herein, refer to chemical compounds having
biological activities similar to those of amiloride but with a slightly altered chemical
structure. Examples of amiloride analogs include, but are not limited to, benzamil, phenamil,
5-(N-ethyl-N-isobutyl) amiloride (EIPA), bepridil, KB-R7943, 5-(N-methyl-N-isobutyl)
amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride

hydrochloride. Other examples include amiloride analogs with a hydrophobic substitutent at
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the Cs-NH; position and/or on the guanidino group, as shown in FIG. 21, as well as
methylated analogs of benzamil, amiloride analogs containing a ring formed on a guanidine
group, amiloride analogs containing an acylguanidino group, and amiloride analogs
containing a water solubilizing group formed on a guanidine group, wherein the water
solubilizing group is a N,N-dimethyl amino group or a sugar group. In some embodiments,
the amiloride analogs do not to block the human Na*/Ca®* jon exchanger. In other
embodiments, , the amiloride analogs are weak inhibitor of the Na*/Ca*" ion exchanger and
help maintaining low levels of intracellular Ca®*. In other embodiments, the amiloride
analogs are very weak inhibitor of the Na'/Ca®" ion exchanger with an ICs; of 1.1 mM or
less. In some other embodiments, the amiloride analogs do not block the ASIC2a and/or
ASIC3 channels. In one embodiment, the amiloride analogs have increased selectivity for
ASICla over the ASIC3 channel and/or ASIC2 channel.

[0081] As used herein, the term “amiloride analog” refers to both amiloride analog
and salts of amiloride analog, such as 5-(N,N-dimenthyl)amiloride hydrochloride.

[0082] In some embodiments, amiloride and/or amiloride analogs are used in
conjunction with other ASIC inhibitors such as PcTx1 and derivatives thereof.
ADMINISTRATION OF INHIBITORS

[0083] Administration (or administering), as used herein, includes any route of
subject exposure to an inhibitor, under any suitable conditions, and at any suitable time(s).
Administration may be self-administration or administration by another, such as a health-care
practitioner (e.g., a doctor, a nurse, efc.). Administration may be by injection (e.g.,
intravenous, intramuscular, subcutaneous, intracerebral, introcerebroventricular, epidural,
and/or intrathecal, among others), ingestion (e.g., using a capsule, lozenge, a fluid
composition, etc.), inhalation (e.g., an aerosol (less than about 10 microns average droplet

diameter) inhaled nasally and/or orally), absorption through the skin (e.g., with a skin patch)
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and/or mucosally (e.g., through oral, nasal, and/or pulmonary mucosa, among others), and/or
the like. Mucosal administration may be achieved, for example, using a spray (éuch as a nasal
spray), an aerosol that is inhaled), and/or the like. A spray may be a surface spray (droplets
on average greater than about 50 microns in diameter) and/or a space spray (droplets on
average about 10-50 microns in diameter). In some examples, ischemia may produce an
alteration of the blood-brain barrier of an ischemic subject, thus increasing the efficiency with
which an inhibitor that is introduced (e.g., by injection and/or absorption) into the
bloodstream of a subject can reach the brain. Administration may be performed once or a
plurality of times, and at any suitable time relative to ischemia diagnosis, to provide
treatment. Accordingly, administration may be performed before ischemia has been detected
(e.g., prophylactically,) after a minor ischemic episode, during chronic ischemia, after a full
stroke, and/or the like. In some embodiments, amiloride or amiloride analog is‘administered
intravenously. In other embodiments, amiloride or amiloride analog is administered
intracerebrally. In other embodiments, amiloride or amiloride analog is administered
intracerebroventricularly. In other embodiments, amiloride or amiloride analog is
administered intramuscularly. In other embodiments, amiloride or amiloride analog is
administered intrathecally.

[0084] A therapeutically effective amount (or simply “an effective amount™) of an
inhibitor may be administered. A therapeutically effective amount or an effective amount of
an inhibitor, as used herein, is any amount of the inhibitor that, when administered to
subjects, reduces, in a significant number of the subjects, the degree, incidence, and/or extent
of ischemia-induced injury in the subjects. Accordingly, a therapeutically effeqtive amount
may be determined, for example, in clinical studies in which various amounts of the inhibitor

are administered to test subjects (and, generally, compared to a control group of subjects).
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The therapeutically effective amount of inhibitor or inhibitors may be given by a single
injection or multiple injections in a volume of 0.1-50 ml per injection.

[0085] In some embodiments, the inhibitor is amiloride, an amiloride analog or a salt
thereof and is given at a daily dose (as a single dose or multiple dose) in the range of 0.01-30
mg/kg body weight, 0.01-10 mg/kg body weight, 0.01-3 mg/kg body weight, 0.01-1 mg/kg
body weight, 0.01-0.3 mg/kg body weight, 0.01-0.1 mg/kg body weight, 0.01-0.03 mg/kg
body weight, 0.03-30 mg/kg body weight, 0.03-10 mg/kg body weight, 0.03-3 mg/kg body
weight, 0.03-1 mg/kg body weight, 0.03-0.3 mg/kg body weight, 0.03-0.1 mg/kg body
weight, 0.1-30 mg/kg body weight, 0.1-10 mg/kg body weight, 0.1-3 mg/kg body weight,
0.1-1 mg/kg body weight, 0.1-0.3 mg/kg body weight, 0.3-30 mg/kg body weight, 0.3-10 |
mg/kg body weight, 0.3-3 mg/kg body weight, 0.3-1 mg/kg body weight, 1-30 mg/kg body
weight, 1-10 mg/kg body weight, 1-3 mg/kg body weight, 3-30 mg/kg body weight, 3-10
mg/kg body weight or 10-30 mg/kg body weight. In one embodiment, the amiloride analog
is selected from the group consisting of benzamil, phenamil, EIPA, bepridil, KB-R7943, 5-
(N-methyl-N-isobutyl)-amiloride, 5-(N,N-hexamethylene)-amiloride and 5-(N,N-
dimenthyl)amiloride hydrochloride. . In another embodiment, the amiloride analog has a
hydrophobic substitutent at the Cs-NH, position and/or on the guanidino group. In another
embodiment, the amiloride analog is selected from the amiloride analogs selected from the
group consisting of methylated analogs of benzamil, amiloride analogs containing a ring
formed on a guanidine group, amiloride analogs containing an acylguanidino group, and
amiloride analogs containing a water solubilizing group formed on a guanidine group,
wherein the water solubilizing group is a N,N-dimethyl amino group or a sugar group.

[0086] In other embodiments, the inhibitor is amiloride, an amiloride analog or a salt
thereof and is administered as a pharmaceutical composition formulated as a single dose in

the range of 0.1-1000 mg/dose, 0.1-300 mg/dose, 0.1-100 mg/dose, 0.1-30 mg/dose, 0.1-10
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mg/dose, 0.1-3 mg/dose, 0.1-1 mg/dose, 0.1-0.3 mg/dose, 0.3-1000 mg/dose, 0.3-300
mg/dose, 0.3-100 mg/dose, 0.3-30 mg/dose, 0.3-10 mg/dose, 0.3-3 mg/dose, 0.3-1 mg/dose,
1-1000 mg/dose, 1-300 mg/dose, 1-100 mg/dose, 1-30 mg/dose, 1-10 mg/dose, 1-3 mg/dose,
3-1000 mg/dose, 3-300 mg/dose, 3-100 mg/dose, 3-30 mg/dose, 3-10 mg/dose, 10-1000
mg/dose, 10-300 mg/dose, 10-100 mg/dose, 10-30 mg/dose, 30-1000 mg/dose, 30-300
mg/dose, 30-100 mg/dose, 100-1000 mg/dose, 100-300 mg/dose, or 300-1000 mg/dose. In
one embodiment, the amiloride analog is selected from the group consisting of benzamil,

phenamil, EIPA, bepridil, KB-R7943, 5-(N-methyl-N-isobutyl)-amiloride, 5-(N,N-

embodiment, the amiloride analog has a hydrophobic substitutent at the Cs-NH; position
and/or on the guanidino group. In another embodiment, the amiloride analog is selected
from the amiloride analogs selected from the group consisting of methylated analogs of
benzamil, amiloride analogs containing a ring formed on a guanidine group, amiloride
analogs containing an acylguanidino group, and amiloride analogs containing a water
solubilizing group formed on a guanidine group, wherein the water solubilizing group is a
N,N-dimethyl amino group or a sugar group. In some embodiments, the pharmaceutical
composition formulated for intravenous injection, intracerebral injection,
intracerebroventricular injection, intrathecal injection or intramuscular injection.

[0087] The inhibitor may be administered in any suitable form and in any suitable
composition to subjects. In some examples, the inhibitor may be configured as ;:1
pharmaceutically acceptable salt. The composition may be formulated to include, for
example, a fluid carrier/solvent (a vehicle), a preservative, one or more excipients, a coloring
agent, a flavoring agent, a salt(s), an anti-foaming agent, and/or the like. The inhibitor may
be present at a concentration in the vehicle that provides a therapeutically effective amount of

the inhibitor for treatment of ischemia when administered to an ischemic subject.
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[0088] In some embodiments, amiloride analogs with higher water solubility or lipid
solubility are produced. In certain embodiments, the amiloride analogs ‘contain a water
solubilizing group, such as an N,N-dimethyl amino group or a sugar, at the guaﬁidino group
to improve water solubility (formula 13-16, FIG. 24). In some embodiments, the amiloride
analogs have a water solubility of 5 mM, 10 mM, 20 mM, 30 mM, 40 mM, 50 mM, 60 mM,
70 mM, 80 mM, 90 mM, 100 mM or higher. In other embodiments, the amiloride analogs
have a solubility that allows for a 10 mg, 25 mg, 50 mg, 100 mg, 150 mg, 200 mg, 250 mg;
300 mg, 400 mg, or 500 mg dose to be administered intravenously to a human in a single 10
ml injection. In yet other embodiments, the amiloride analogs have a solubility that allows
for a 10 mg, 25 mg, 50 mg, 100 mg, 150 mg, 200 mg, 250 mg, 300 mg, 400 mg, or 500 mg
dose to be administered intracerebroventicularly to a human in a single 2 ml injection.
SYNTHESIS AND SCREENING OF AMILORIDE ANALOGS

[0089] Another aspect of the present application relates to the synthesis and
screening of new amiloride analogs. Synthesis pathway of amiloride analogs are designed
based on the desired analog structure. The newly synthesized amiloride analogs are then
screened for their inhibitive effect on ASIC family members, such as ASICla and ASIC2a.
One or more ASIC inhibitors, particularly ASIC1a inhibitors as described above, may be
obtained. The inhibitors may be obtained by any suitable approach, such by screening a set
of candidate inhibitors (e.g., a library of two or more compounds) and/or by rationale design,
among others.

[0090] Screening may involve any suitable assay system that measures interaction
between ASIC proteins and the set of candidate inhibitors. Exemplary assay systems may
include assays performed biochemically (e.g., binding assays), with cells grown in culture

("cultured cells"), and/or with organisms, among others.
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[0091] In some embodiments, a cell-based assay system is used to measure the effect
of each candidate inhibitor on ion flux, such as acid-sensitive ion flux, in the cells. In some
embodiments, the ion flux is a flux of calcium and/or sodium. In some embodiments, the
assay system uses cells expressing an ASIC family member, such as ASICla or ASIC2a, or
two or more distinct sets of cells expressing two or more distinct ASIC family members, such
as ASICla and another ASIC family member(s), to determine the selectivity of each inhibitor
for these family members. The cells may express each ASIC family member eﬁdogenously
or through introduction of foreign nucleic acid. In some examples, the assay system may
measure ion flux electrophysiologically (such as by patch clamp), using an ion-sensitive or
membrane potential-sensitive dye (e.g., a calcium sensitive dye such as Fura-2), or via a
gene-based reporter system that is sensitive to changes in membrane potential and/or
intracellular ion (e.g., calcium) concentrations, among others. The assay system may be used
to test candidate inhibitors for selective and/or specific inhibition of ASIC family members,
particularly ASICla.

[0092] One or more ASIC inhibitors may be administered to a subject with a nerve
injury, such as an ischemic subject to test the efficacy of the inhibitors for treatment of the
nerve injury. The ischemic subjects may be people or animals. In some examples, the
ischemic subjects may provide an animal model system of ischemia and/or stroke.
Exemplary animal model systems include rodents (mice and/or rats, among others) with
ischemia induced experimentally. The ischemia may be induced mechanically (e.g.,
surgically) and/or by administration of a drug, among others. In some examples, the ischemia
may be induced by occlusion of a blood vessel, such as by constriction of a mid-cerebral
artery.

[0093] Another aspect of the present application relates to a pharmaceutical

composition for reducing nervous system injury. The pharmaceutical composition comprises
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an effective amount of amiloride, an amiloride analog or a pharmaceutically acceptable salt
thereof; and a pharmaceutically acceptable carrier, wherein the pharmaceutical composition
is formulated for intravenous, intrathecal or intracerebroventricular injection.

[0094] In some embodiments, the pharmaceutical composition comprises an
amiloride analog or a pharmaceutically acceptable salt thereof, wherein the amiloride analog
is selected from the group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-
methyl-N-isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl)
amiloride hydrochloride.
omprises an

[0095] In other embodiments
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amiloride analog or a pharmaceutically acceptable salt thereof, wherein the amiloride analog
is selected from the group consisting of methylated analogs of benzamil, amilor.ide analogs
containing a ring formed on a guanidine group, amiloride analogs containing an
acylguanidino group, and amiloride analogs containing a water solubilizing group formed on
a guanidine group, wherein the water solubilizing group is a N,N-dimethyl amino group or a
sugar group.

[0096] In other embodiments, the pharmaceutical composition further comprises one
or more other ASIC inhibitors. In one embodiment, the one or more other ASIC inhibitors
comprise PcTx1 or a PcTx1 derivative.

[0097] Another aspect of the present application relates to a pharmaceutical
composition for reducing nervous system injury. The pharmaceutical composition comprises
an effective amount of an amiloride analog or a pharmaceutically acceptable salt thereof; and
a pharmaceutically acceptable carrier.

[0098] In some embodiments, the pharmaceutical composition is formulated for

intravenous, intrathecal, intracerebroventricular or Intramuscular injection.
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[0099] In one embodiment, the amiloride analog is a methylated analog of benzamil.
In another embodiment, the amiloride analog comprises a ring formed on a guanidine group.
In another embodiment, the amiloride analog comprises an acylguanidino group. In yet
another embodiment, the amiloride analog comprises a water solubilizing group formed on a
guanidine group, wherein the water solubilizing group is a N,N-dimethyl amino group or a
sugar group.

[0100] In other embodiments, the pharmaceutical composition further comprises one

or more other ASIC inhibitors. In one embodiment, the one or more other ASIC inhibitors

[0101] As used herein, "pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, sweeteners and the like. The pharmaceutically acceptable
carriers may be prepared from a wide range of materials including, but not limited to,
flavoring agents, sweetening agents and miscellaneous materials such as buffers and
absorbents that may be needed in order to prepare a particular therapeutic composition. The
use of such media and agents with pharmaceutically active substances is well known in the
art. Except insofar as any conventional media or agent is incompatible with the active
ingredient, its use in the therapeutic compositions is contemplated. Optionally, the amiloride
and/or an amiloride analog may be mixed together into pharmaceutical compositions
comprising supplementary active ingredients that are not contraindicated by said amiloride
and/or an amiloride analog.

[0102] In some embodiments, the pharmaceutical composition is formulated for
intravenous injection. In other embodiments, the pharmaceutical composition comprises
amiloride and/or amiloride analog formulated for intravenous injection. In other

embodiments, the pharmaceutical composition comprises amiloride and/or amiloride analog
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formulated for intracerebroventricular injection. In other embodiments, the pharmaceutical
composition comprises amiloride and/or amiloride analog formulated for intrathecal
injection. In other embodiments, the pharmaceutical composition comprises amiloride and/or
amiloride analog formulated for intramuscular injection. Pharmaceutical compositions
suitable for injectable use include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersion. For intravenous administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, ParsippanyL NI) or
phosphate buffered saline (PBS). In all cases, the injectable compositions are sterile and are
fluid to the extent that easy syringability exists. The injectable composition must be stable
under the conditions of manufacture and storage and must be preserved against the
contaminating action of microorganisms such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the requited particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of microorganisms can be achieved by
various antibacterial and antifungal agents, for example, parabens, chlorobutanél, phenol,
ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium chloride in the
composition. Prolonged absorption of the injectable compositions can be brought about by
including in the composition an agent which delays absorption, for example, aluminum
monostearate and gelatin.

[0103] Sterile injectable solutions can be prepared by incorporating amiloride and/or

amiloride analog in the required amount in an appropriate solvent, followed by filtered
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sterilization. Generally, dispersions are prepared by incorporating the active coinpound into a
sterile vehicle which contains a basic dispersion medium and the required other ingredients
from those enumerated above. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation are vacuum drying and freeze-
drying which yields a powder of the active, ingredient plus any additional desired ingredient
from a previously sterile-filtered solution thereof.

[0104] In some embodiments, the pharmaceutical composition is provided in a dry
form, and is formulated into a tablet or capsule form. Tablets may be formulated in
accordance with conventional procedures employing solid carriers well-known in the art.

Hard and soft capsules employed in the present invention can be made from any
pharmaceutically acceptable material, such as gelatin or cellulosic derivatives. .

[0105] In certain embodiments, the pharmaceutical composition is formulated for
immediate release, extended-release, delayed-release or combinations thereof. Extended-
release, also known as sustained-release, time-release or timed-release, controlled-release
(CR), modified release (MR), or continuous-release (CR or Contin), is a mechanism used in
medicine tablets or capsules to dissolve slowly and release the active ingredient over time.
The advantages of sustained-release tablets or capsules are that they can often be taken less
frequently than instant-release formulations of the same drug, and that they keep steadier
levels of the drug in the bloodstream, thus extending the duration of the drug action.

[0106] In one embodiment, the pharmaceutical composition is formulated for
extended release by embedding the active ingredient in a matrix of insoluble substance(s) such
as acrylics or chitin. A extended release form is designed to release the active iﬁgredient ata
predetermined rate by maintaining a constant drug level for a specific period of time. This
can be achieved through a variety of formulations, including, but not limited to liposomes and

drug-polymer conjugates, such as hydrogels.
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[0107] In another embodiment, the pharmaceutical composition is formulated for
delayed-release, such that the active ingredient(s) is not immediately released upon
administration. A non-limiting example of a delayed release vehicle is an enteric coated oral
medication that dissolves in the intestines rather than the stomach.

[0108] In other embodiments, the pharmaceutical composition is formul;ated for
immediate release of a portion of the active ingredient, followed with an extended-release of
the remainder of the active ingredient. In one embodiment, the pharmaceutical composition
is formulated as a powder that can be ingested for rapid release of the active ingredient. In
another embodiment, the pharmaceutical composition is formulated into a liquid, gel, liquid
suspension or emulsion form. Said liquid, gel, suspension or emulsion may be ingested by
the subject in naked form or contained within a capsule.

[0109] In yet another embodiment, the pharmaceutical composition may be provided
as a skin or transdermal patch for the topical administration of controlled and/or sustained
quantities of the active ingredient.

EXAMPLES

[0110] The following examples describes selected aspects and embodiments of the
present teachings, particularly data describing in vitro and in vivo effects of ASIC inhibition,
and exemplary cystine knot peptides for use as inhibitors. These examples are intended for
the purposes of illustration and should not be construed to limit the scope of the present
teachings.

Example 1: Neuroprotection in Ischemia by Blocking Calcium-Permeable Acid-Sensing lon

Channels
[0111] This example describes experiments showing a role of ASIC1a in mediating
ischemic injury and the ability ASIC1a inhibitors to reduce ischemic injury; see FIGS. 2-10.

Ca®" toxicity may play a central role in ischemic brain injury. The mechanism by which
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toxic Ca" loading of cells occurs in the ischemic brain has become less clear as multiple
human trials of glutamate antagonists have failed to show effective neuroprotection in stroke.
Acidosis is a common feature of ischemia and plays a critical role in brain injury. This
example demonstrates that acidosis activates Ca**-permeable acid-sensing ion channels
(ASICs), which may induce glutamate receptor-independent, Ca2+-dependent, neuronal
injury. Accordingly, cells lacking endogenous ASICs may be resistant to acid injury, while
transfection of Ca®*-permeable ASIC1a may establish sensitivity. In focal ischemia,
intracerebroventricular injection of ASIC1a blockers or knockout of the ASIC1a gene may
protect the brain from ischemic injury and may do so more potently than glutarrlate
antagonism.

[0112] The normal brain requires complete oxidation of glucose to fulfill its energy
requirements. During ischemia, oxygen depletion forces the brain to switch to anaerobic
glycolysis. Accumulation of lactic acid as a byproduct of glycolysis and protons produced by
ATP hydrolysis causes pH to fall in the ischemic brain and aggravates ischemic brain injury.

[0113] Acid-sensing ion channels (ASICs) are a class of ligand-gated channels
expressed throughout neurons of mammalian central and peripheral nervous systems. To
date, six ASIC subunits have been cloned. Four of these subunits form functional
homomultimeric channels that are activated by acidic pH to conduct a sodium-selective,
amiloride-sensitive, cation current. Two of the ASIC subunits, ASIC1a and ASIC2a
subunits, have been shown to be abundant in the brain.

Experimental Procedures

Neuronal Culture
[0114] Following anesthesia with halothane, cerebral cortices were dissected from
E16 Swiss mice or P1 ASIC1** and ASIC1”" mice and incubated with 0.05% trypsin-EDTA

for 10 min at 37° C. Tissues were then triturated with fire-polished glass pipettes and plated
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on poly-L-ornithine-coated 24-well plates or 25x25 mm glass coverslips at a density of
2.5x10° cells per well or 10° cells per coverslip. Neurons were cultured with MEM
supplemented with 10% horse serum (for E16 cultures) or Neurobasal medium supplemented
with B27 (for P1 cultures) and used for electrophysiology and toxicity studies after 12 days.
Glial growth was suppressed by addition of 5-fluoro-2-deoxyuridine and uridine, yielding
cultured cells with 90% neurons as determined by NeuN and GFAP staining (data not
shown).
Electrophysiology
[0115] ASIC

Fa S

urrents were recorded with whole-cell patch-clamp and fast-perfusion

[¢]

techniques. The normal extracellular solution (ECF) contained (in mM) 140 NaCl, 5.4 KCl,
25 HEPES, 20 glucose, 1.3 CaCl,, 1.0 MgCl,, 0.0005 TTX (pH 7.4), 320-335 mOsm. For
low pH solutions, various amounts of HCI were added. For solutions with pH<.6.0, MES
instead of HEPES was used for more reliable pH buffering. Patch electrodes contained (in
mM) 140 CsF, 2.0 MgCl,, 1.0 CaC,, 10 HEPES, 11 EGTA, 4 MgATP (pH 7.3), 300 mOsm.
The Na'-free solution consisted of 10 mM CaCl,, 25 mM HEPES with equiosmotic NMDG
or sucrose substituting for NaCl (Chu et al., 2002). A multibarrel perfusion system (SF-77B,
Warner Instrument Co.) was employed for rapid exchange of solutions.
Cell Injury Assay--LDH Measurement

[0116] Cells were washed three times with ECF and randomly divided into treatment
groups. MK801 (10 pM), CNQX (20 uM), and nimodipine (5 uM) were added in all groups
to eliminate potential secondary activation of glutamate receptors and voltage-gated Ca**
channels. Following acid incubation, neurons were washed and incubated in Neurobasal
medium at 37° C. LDH release was measured in culture medium using the LDH assay kit
(Roche Molecular Biochemicals). Medium (100 pL) was transferred from culture wells to 96-

well plates and mixed with 100 pL reaction solution provided by the kit. Optical density was
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measured at 492 nm 30 min later, utilizing a microplate reader (Spectra Max Plus, Molecular
Devices). Background absorbance at 620 was subtracted. The maximal releasable LDH was
obtained in each well by 15 min incubation with 1% Triton X-100 at the end of each
experiment.
C'a2+[maging

[0117] Cortical neurons grown on 25 x 25 mm glass coverslips were washed three
times with ECF and incubated with 5 uM fura-2-acetoxymethyl ester for 40 min at 22° C,,
washed three times, and incubated in normal ECF for 30 min. Coverslips were transferred to

inverted microscope (Nikon TE300). Cells were illuminated using
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a xenon lamp and observed with a 40x UV fluor oil-immersion objective lens, and video
images were obtained using a cooled CCD camera (Sensys KAF 1401, Photometrics).
Digitized images were acquired and analyzed in a PC controlled by Axon Imaging
Workbench software (Axon Instruments). The shutter and filter wheel (Lambda 10-2) were
controlled by the software to allow timed illumination of cells at 340 or 380 nm excitation
wavelengths. Fura-2 fluorescence was detected at emission wavelength of 510 nm. Ratio
images (340/380) were analyzed by averaging pixel ratio values in circumscribed regions of
cells in the field of view. The values were exported to SigmaPlbt for further analysis.
Fluorescein-Diacetate Staining and Propidium lodide Uptake

[0118] Cells were incubated in ECF containing fluorescein-diacetate (FDA) (5 uM)
and propidium iodide (PI) (2 pM) for 30 min followed by wash with dye-free ECF. Alive
(FDA-positive) and dead (PI-positive) cells were viewed and counted on a microscope
(Zeiss) equipped with epifluorescence at 580/630 nm excitation/emission for PI and 500/550
nm for FDA. Images were collected using an Optronics DEI-730 camera equipped with a BQ
8000 sVGA frame grabber and analyzed using computer software (Bioquant, TN).

Transfection of COS-7 Cells

35



WO 2015/026339 PCT/US2013/056011

[0119] COS-7 cells were cultured in MEM with 10% HS and 1% PenStrep (GIBCO).
At ~50% confluence, cells were cotransfected with cDNAs for ASICs and GEP in pcP” NA3
vector using FuGENES transfection reagents (Roche Molecular Biochemicals). DNA for
ASICs (0.75 pg) and 0.25 ng of DNA for GFP were used for each 35 mm dish. GFP-positive
cells were selected for patch-clamp recording 48 hr after transfection. For stable transfection
of ASICla, 500 pg/mL G418 was added to culture medium I week following the transfection.
The surviving G418-resistant cells were further plated and passed for >5 passages in the
presence of G418. Cells were then checked with patch-clamp and immunofluorescent
staining for the expression of ASICla.
Oxygen-Glucose Deprivation

[0120] Neurons were washed three times and incubated with glucose-free ECF at pH
7.4 or 6.0 in an anaerobic chamber (Model 1025, Forma Scientific) with an atmosphere of
85% N, 10% Hy, and 5% CO, at 35° C. Oxygen-glucose deprivation (OGD) was terminated
after 1 hr by replacing the glucose-free ECF with Neurobasal medium and incubating the
cultures in a normal cell culture incubator. With HEPES-buffered ECF used, 1 hr OGD
slightly reduced pH from 7.38 to 7.28 (n=3) and from 6.0 to 5.96 (n=4).
Focal Ischemia

[0121] Transient focal ischemia was induced by suture occlusion of the middle
cerebral artery (MCAO) in male rats (SD, 250-300 g) and mice (with congenic C57B16
background, ~25 g) anesthetized using 1.5% isoflurane, 70% N,O, and 28.5% Qz with
intubation and ventilation. Rectal and temporalis muscle temperature was maintained at 37°
C + 0.5° C. with a thermostatically controlled heating pad and lamp. Cerebral blood flow was

monitored by transcranical LASER doppler. Animals with blood flow not reduced below

20% were excluded.
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[0122] Animals were killed with chloral hydrate 24 hr after ischemia. Brains were
rapidly removed, sectioned coronally at 1 mm (mice) or 2 mm (rats) intervals, and stained by
immersion in vital dye (2%) 2,3,5-triphenyltetrazolium hydrochloride (TTC). Infarction area
was calculated by subtracting the normal area stained with TTC in the ischemic hemisphere
from the area of the nonischemic hemisphere. Infarct volume was calculated by summing
infarction areas of all sections and multiplying by slice thickness. Rat intraventricular
injection was performed by stereotaxic technique using a microsyringe pump with cannula
inserted stereotactically at 0.8 mm posterior to bregma, 1.5 mm lateral to midline, and 3.8
mm ventral to the dura. All manipulations and analyses were performed by individuals
blinded to treatment groups.

Results
(a) Acidosis activates ASICs in mouse cortical neurons

[0123] FIGS. 3 and 4 shows exemplary data related to the electrophysiology and
pharmacology of ASICs in cultured mouse cortical neurons. FIGS. 3A and 3B are graphs
illustrating the pH dependence of ASIC currents activated by a pH drop from 7.4 to the pH
values indicated. Dose-response curves were fit to the Hill equation with an average pHo s of
6.18 = 0.06 (n=10). FIGS. 3C and 3D are graphs illustrating the current-voltage relationship
of ASICs (n=5). The amplitudes of ASIC current at various voltages were normalized to that
recorded at -60 mV. FIGS. 4A and 4B are graphs illustrating a dose-dependent blockade of
ASIC currents by amiloride. [C5p=16.4 + 4.1 uM, N=8. FIGS. 4C and 4D are graphs
illustrating a blockade of ASIC currents by PcTX venom. **p<0.01.

[0124] ASIC currents in cultured mouse cortical neurons were recorded (see FIG. 3).
At a holding potential of -60 mV, a rapid reduction of extracellular pH (pH.) to below 7.0
evoked large transient inward currents with a small steady-state component in the majority of

neurons (FIG. 3A). The amplitude of inward current increased in a sigmoidal fashion as pH.
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decreased, yielding a pHp s of 6.18 + 0.06 (n=10, FIG. 3B). A linear I-V relationship and a
reversal close to the Na* equilibrium potential were obtained (n=6, FIGS. 3C and 3D). These
data demonstrate that lowering pH. may activate typical ASICs in mouse cortical neurons.

[0125] The effect of amiloride, a nonspecific blocker of ASICs, on the acid-activated
currents was tested (see FIG. 4). As shown in FIG. 4, amiloride dose-dependently blocked
ASIC currents in cortical neurons with an ICsp of 16.4 + 4.1 uM (n=8, FIGS. 4A and 4B).
The effect of PcTX venom on acid-activated current in cortical neurons is shown in FIG. 4C
and 4D. At 100 ng/mL, PcTX venom reversibly blocked the peak amplitude of ASIC current

by 47% = 7% (n=15, FIGS. 4

1C and 4D), indicating significant contributions of homomeric
ASICla to total acid-activated currents. Increasing PcTX concentration did not induce
further reduction in the amplitude of ASIC current in the majority of cortical neurons (n=8,
data not shown), indicating coexistence of PcTX-insensitive ASICs (e.g., heteromeric
ASICla/2a) in these neurons.
(b) ASIC response is potentiated by modeled ischemia

[0126] FIG. 5 shows exemplary data indicating that modeled ischemia may enhance
activity of ASICs. FIG. 5A is a series of exemplary traces showing an increase in amplitude
and a decrease in desensitization of ASIC currents following 1 hr OGD. FIG. 5B is a graph of
summary data illustrating an increase of ASIC current amplitude in OGD neurons. N=40 and
44, *p<0.05. FIG. 5C is a series of exemplary traces and summary data showing decreased
ASIC current desensitization in OGD neurons. N=6, **p<0.01. FIG. 5D is a pair of
exemplary traces showing lack of acid-activated current at pH 6.0 in ASICI™7 neurons, in
control condition, and following 1 hr OGD (n=12 and 13).

[0127] Since acidosis may be a central feature of brain ischemia, it was determined to

test whether ASICs may be activated in ischemic conditions and whether ischemia may

modify the properties of these channels; see FIG. 5. ASIC currents in neurons following 1 hr
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oxygen glucose deprivation (OGD) were recorded. Briefly, one set of cultures was washed
three times with glucose-free extracellular fluid (ECF) and subjected to OGD, v;fhile control
cultures were subjected to washes with glucose containing ECF and incubation in a
conventional cell culture incubator. OGD was terminated after 1 hr by replacing glucose-free
ECF with Neurobasal medium and incubating cultures in the conventional incubator. ASIC
current was then recorded 1 hr following the OGD when there was no morphological
alteration of neurons. OGD treatment induced a moderate increase of the amplitude of ASIC
currents (1520 + 138 pA in control group, N=44; 1886 & 185 pA in neurons following 1 hr
OGD, N=40, p<0.05, FIGS. 5A and 5B). More importantly, OGD induced a dramatic
decrease in ASIC desensitization as demonstrated by an increase in time constant of the
current decay (814.7 £+ 58.9 ms in control neurons, N=6; 1928.9 + 315.7 ms in neurons
following OGD, N=6, p<0.01, FIGS. 5A and 5C). In cortical neurons cultured from ASIC1™
mice, reduction of pH from 7.4 to 6.0 did not activate any inward current (n=52), similar to a
previous study in hippocampal neurons (Wemmie et al., 2002). In these neurons, 1 hr OGD
did not activate or potentiate acid-induced responses (FIG. 5D, n=12 and 13).
(c) Acidosis Induces Glutamate-Independent Cd** Entry via ASICla

[0128] FIGS. 6 and 7 show exemplary data suggesting that ASICs in cortical neurons
may be Ca®* permeable, and that Ca®" permeability may be ASICla dependent. FIG. 6A
shows exemplary traces obtained with Na'-free ECF containing 10 mM Ca®" as the only
charge carrier. Inward currents were recorded at pH 6.0. The average reversal potential is ~-
17 mV after correction of liquid junction potential (n=5). FIG. 6B shows representative
traces and summary data illustrating blockade of Ca**-mediated current by amilpride and
PcTX venom. The peak amplitude of Ca®*-mediated current decreased to 26% = 2% of
control value by 100 pM amiloride (n=6, p<0.01) and to 22% + 0.9% by 100 ng/mL PcTX

venom (n=5, p<0.01). FIG. 7A shows exemplary 340/380 nm ratios as a function of pH,
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illustrating an increase of [Ca®"]; by pH drop to 6.0. Neurons were bathed in normal ECF
containing 1.3 mM CaCl, with blockers for voltage-gated Ca®* channels (5 uM nimodipine
and 1 uM ®-conotoxin MVIIC) and glutamate receptors (10 uM MK801 and 20 uM CNQX).
The inset of FIG. 7A shows exemplary inhibition of acid-induced increase of [Ca*']; by 100
uM amiloride. FIG. 7B shows exemplary summary data illustrating inhibition of acid-
induced increase of [Ca']; by amiloride and PcTX venom. N=6-8, **p<0.01 compared with
pH 6.0 group. FIG. 7C shows exemplary 340/380 nm ratios as a function of pH and NMDA
presence/absence, demonstrating a lack of acid-induced increase of [Ca*]; in ASIC17
neurons; neurons had a normal response to NMDA (n=8). FIG. 7D shows exemplary traces
illustrating a lack of acid-activated current at pH 6.0 in ASIC1”" neurors.

[0129] The Ca*" permeability of ASICs in cortical neurons was determined using a
standard ion-substitution protocol (Jia et al., Neuron, 1996, 17:945-956) and the Fura-2
fluorescent Ca®"-imaging technique (Chu et al., 2002, J. Neurophysiol. 87:2555-2561). With
bath solutions containing 10 mM Ca*" (Na* and K*-free) as the only charge carrier and at a
holding potential of -60 mV, we recorded inward currents larger than 50 pA in 15 out of 18
neurons, indicating significant Ca®" permeability of ASICs in the majority of cortical neurons
(FIG. 6A). Consistent with activation of homomeric ASICla channels, currents carried by 10
mM Ca”* were largely blocked by both the nonspecific ASIC blocker amiloride and the
ASICla-specific blocker PcTX venom (FIG. 6B). The peak amplitude of Ca**-mediated
current was decreased to 26% + 2% of control by 100 uM amiloride (n=6, p<0.01) and to
22% + 0.9% by 100 ng/mL PcTX venom (n=5, p<0.01). Ca®" imaging, in the presence of
blockers of other major Ca*" entry pathways (MK801 10 uM and CNQX 20 uM for
glutamate receptors; nimodipine 5 uM and w-conotoxin MVIIC 1 uM for voltage-gated Ca**
channels), demonstrated that 18 out of 20 neurons responded to a pH drop with detectable

increases in the concentration of intracellular Ca®" ([Ca®*];) (FIG. 7A). In general, [Ca'];
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remains elevated during prolonged perfusion of low pH solutions. In some cells, the [Ca™);
increase lasted even longer than the duration of acid perfusion (FIG. 7A). Long-lasting Ca**
responses suggest that ASIC response in intact neurons may be less desensitized than in
whole-cell recordings or that Ca>" entry through ASICs may induce subsequent Ca”" release
from intracellular stores. Preincubation of neurons with 1 pM thapsigargin partially inhibited
the sustained component of Ca*" increase, suggesting that Ca>* release from intracellular
stores may also contribute to acid-induced intracellular Ca® accumulation (n=6, data not

shown). Similar to the current carried by Ca*" jons (FIG. 6B), both peak and sustained
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increases in [Ca”"]; were largely inhibited by amiloride and PcTX venon
n=6-8), consistent with involvement of homomeric ASIC1a in acid-induced [Ca®*]; increase.
Knockout of the ASICI gene eliminated the acid-induced [Ca?"); increase in all neurons
without affecting NMDA receptor-mediated Ca®* response (FIG. 7C, n=8). Patch-clamp
recordings demonstrated lack of acid-activated currents at pH 6.0 in 52 out of 52 of the
ASIC17 neurons, consistent with absence of ASIC1a subunits. Lowering pH to 5.0 or 4.0,
however, activated detectable current in 24 out of 52 ASIC1™ neurons, indicating the
presence of ASIC2a subunits in these neurons (FIG. 7D). Further electrophysiological studies
demonstrated that ASIC17" neurons have normal responses for various voltage-gated
channels and NMDA, GABA receptor-gated channels (data not shown).
(d) ASIC blockade protects acidosis-induced, glutamate-independent neuronal injury

[0130] FIG. 8 shows exemplary data suggesting that acid incubation may induce
glutamate receptor-independent neuronal injury protected by ASIC blockade. FIGS. 8A and
8B show graphs presenting exemplary data for time-dependent LDH release induced by 1 hr
(FIG. 8A) or 24 hr incubation (FIG. 8B) of cortical neurons in pH 7.4 (solid bars) or 6.0 ECF
(open bars). N=20-25 wells, *p<0.05, and **p<0.01, compared to pH 7.4 group at the same

time points (acid-induced neuronal injury with fluorescein diacetate (FDA) also was analyzed
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by staining of cell bodies of alive neurons and propidium iodide (PI) staining of nuclei of
dead neurons). FIG. 8C shows a graph illustrating inhibition of acid-induced LDH release by
100 puM amiloride or 100 ng/mL PcTX venom (n=20-27, *p<0.05, and **p<0.01). MK801,
CNQX, and nimodipine were present in ECF for all experiments (FIGS. 8A-C).

[0131] Acid-induced injury was studied on neurons grown on 24-well plates
incubated in either pH 7.4 or 6.0 ECF containing MK801, CNQX, and nimodipine; see FIG.
8. Cell injury was assayed by the measurement of lactate dehydrogenase (LDH) release (Koh
and Choi, J. Neurosci., 1987, 20:83-90) at various time points (FIGS. 8A and 8B) and by
fluorescent staining of alive/dead cells. Compared to neurons treated at pH 7.4, 1 hr acid
incubation (pH 6.0) induced a time-dependent increase in LDH release (FIG. 8A). After 24
hr, 45.7% % 5.4% of maximal LDH release was induced (n=25 wells). Continuous treatment
at pH 6.0 induced greater cell injury (FIG. 8B, n=20). Consistent with the LDH assay,
alive/dead staining with fluorescein diacetate and propidium iodide showed similar increases
in cell death by 1 hr acid treatment (data not shown). One hour incubation with pH 6.5 ECF
also induced significant but less LDH release than with pH 6.0 ECF (n=8 wells, data not
shown).

[0132] The effect of amiloride and PcTX venom on acid-induced LDH release were
tested to determine whether activation of ASICs is involved in acid-induced glutamate
receptor-independent neuronal injury. Addition of either 100 pM amiloride or 100 ng/mL
PcTX venom 10 min before and during the 1 hr acid incubation significantly reduced LDH
release (FIG. 8C). At 24 hr, LDH release was decreased from 45.3% + 3.8% to 31.1% £+ 2.5%
by amiloride and to 27.9% + 2.6% by PcTX venom (n=20-27, p<0.01). Addition of
amiloride or PcTX venom in pH 7.4 ECF for 1 hr did not affect baseline LDH release,
although prolonged incubation (e.g., 5 hr) with amiloride alone increased LDH release (n=8,

data not shown).
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(e) Activation of homomeric ASICl1a is responsible for acidosis-induced injury

[0133] FIG. 9 is a series of graphs presenting exemplary data indicating that ASICla
may be involved in acid-induced injury in vitro. FIG. 9A shows exemplary data illustrating
inhibition of acid-induced LDH release by reducing [Ca*"]. (n=11-12, **p<0.01 compared
with pH 6.0, 1.3 Ca®"). FIG. 9B shows exemplary data illustrating acid incubation induced
increase of LDH release in ASIC1a-transfected but not nontransfected COS-7 cells (n=8-20).
Amiloride (100 pM) inhibited acid-induced LDH release in ASICla-transfected cells.
*p<0.05 for 7.4 versus 6.0 and 6.0 versus 6.0+amiloride. FIG. 9C shows exemplary data
illustrating a lack of acid-indt
ASIC1™" neurons (n=8 in each group, p>0.05). FIG. 9D shows exemplary data illustrating
acid-induced increase of LDH release in cultured cortical neurons under OGD (n=5). LDH
release induced by combined 1 hr OGD/acidosis was not inhibited by trolox and L-NAME
(n=8-11). OGD did not potentiate acid-induced LDH release in ASIC17 neurons. **p<0.01
for pH 7.4 versus pH 6.0 and *p<0.05 for pH 6.0 versus 6.0+PcTX venom. MK801, CNQX,
and nimodipine were present in ECF for all experiments (FIG. 9A-D).

[0134] Neurons were treated with pH 6.0 ECF in the presence of normal or reduced
[Ca®’]. to determine whether Ca®" entry plays a role in acid-induced injury (see FIG. 9).
Reducing Ca®" from 1.3 to 0.2 mM inhibited acid-induced LDH release (from 40.0% + 4.1%
to 21.9% =+ 2.5%), as did ASICla blockade with PcTX venom (n=11-12, p<0.01; FIG. 9A).
Ca®*-free solution was not tested, as a complete removal of [Ca**]. may activate large inward
currents through a Ca**-sensing cation channel, which may otherwise complicate data
interpretation. Inhibition of acid injury by both amiloride and PcTX, nonspecific and specific
ASICla blockers, and by reducing [Ca*"]. suggests that activation of Ca*-permeable ASICla

may be involved in acid-induced neuronal injury.
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[0135] Acid injury of nontransfected and ASIC1a transfected COS-7 cells was
studied to provide additional evidence that activation of ASICla is involved in acid injury.
COS-7 is a cell line commonly used for expression of ASICs due to its lack of endogenous
channels. Following confluence (36-48 hr after plating), cells were treated with either pH 7.4
or 6.0 ECF for 1 hr. LDH release was measured 24 hr after acid incubation. Treatment of
nontransfected COS-7 cells with pH 6.0 ECF did not induce increased LDH release when
compared with pH 7.4-treated cells (10.3% + 0.8% for pH 7.4, and 9.4% + 0.7% for pH 6.0,

N=19 and 20 wells; p>0.05, FIG. 9B). However, in COS-7 cells stably transfected with
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ASICla, 1 hr incubation at pH 6.0 significantly increased LDH release from 15.59
24.0% + 2.9% (n=8 wells, p<0.05). Addition of amiloride (100 uM) inhibited acid-induced
LDH release in these cells (FIG. 9B).

[0136] Acid injury of CHO cells transiently transfected with cDNAs encoding GFP
alone or GFP plus ASICla was also studied. After the transfection (24-36 hr), cells were
incubated with acidic solution (pH 6.0) for 1 hr, and cell injury was assayed 24 hr following
the acid incubation. One hour acid incubation largely reduced surviving GFP-positive cells
in GFP/ASICla group but not in the group transfected with GFP alone (data not shown).

[0137] Cell toxicity experiments on cortical neurons cultured from ASIC** and
ASIC1™ mice were performed to further demonstrate an involvement of ASICla in acidosis-
induced neuronal injury. Again, 1 hr acid incubation of ASIC™ neurons at 6.0 induced
substantial LDH release that was reduced by amiloride and PcTX venom (n=8-12). One hour
acid treatment of ASIC17 neurons, however, did not induce significant increase in LDH
release at 24 hr (13.8% + 0.9% for pH 7.4 and 14.2% =+ 1.3% for pH 6.0, N=8, p>0.05),
indicating resistance of these neurons to acid injury (FIG. 9C). In addition, knockout of the

ASICI1 gene also eliminated the effect of amiloride and PcTX venom on acid-induced LDH

release (FIG. 9C, n=8 each), further suggesting that the inhibition of acid-induced injury of
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cortical neurons by amiloride and PcTX venom (FIG. 8C) was due to blockade of ASIC1
subunits. In contrast to acid incubation, 1 hr treatment of ASIC17 neurons with 1 mM
NMDA+10 uM glycine (in Mg**-free [pH 7.4] ECF) induced 84.8% + 1.4% of maximal
LDH release at 24 hr (n=4, FIG. 9C), indicating normal response to other cell injury
processes.
(f) Modeled ischemia enhances acidosis-induced glutamate-independent neuronal injury via
ASICs

[0138] As the magnitude of ASIC currents may be potentiated by cellular and
neurochemical components of brain ischemia-cell swelling, arachidonic acid, and lactate and,
more importantly, the desensitization of ASIC currents may be reduced dramatically by
modeled ischemia (see FIGS. 5A and 5C), activation of ASICs in ischemic conditions is
expected to produce greater neuronal injury. To test this hypothesis, neurons were subjected
to 1 hr acid treatment under oxygen and glucose deprivation (OGD). MK801, CNQX, and
nimodipine were added to all solutions to inhibit voltage-gated Ca*" channels and glutamate
receptor-mediated cell injury associated with OGD. One hour incubation with pH 7.4 ECF
under OGD conditions induced only 27.1% + 3.5% of maximal LDH release at 24 hr (n=5,
FIG. 9D). This finding is in agreement with a previous report that 1 hr OGD does not induce
substantial cell injury with the blockade of glutamate receptors and voltage-gated Ca®™
channels (Aarts et al., 2003). However, 1 hr OGD, combined with acidosis (pH 6.0), induced
73.9% =+ 4.3% of maximal LDH release (n=5, FIG. 9D, p<0.01), significantly larger than
acid-induced LDH release in the absence of OGD (see FIG. 8A, p<0.05). Addition of the
ASICla blocker P¢TX venom (100 ng/mL) significantly reduced acid/OGD-induced LDH
release to 44.3% £ 5.3% (n=5, p<0.05, FIG. 9D).

[0139] The same experiment was performed with cultured neurons from the ASIC17

mice. Unlike in ASICI containing neurons, however, 1 hr treatment with combined OGD and
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acid only slightly increased LDH release in ASIC1™" neurons (from 26.1% + 2.7% to 30.4% +
3.5%, N=10-12, FIG. 9D). This finding suggests that potentiation of acid-induced injury by
OGD may be due largely to OGD potentiation of ASIC1-mediated toxicity.

[0140] It has been demonstrated that activation of a Ca2+-permeable nonselective
cation conductance activated by reactive oxygen/nitrogen species resulting in glutamate
receptor-independent neuronal injury (Aarts et al, Cell, 2003, 115:863-877) . The prolonged
OGD-induced cell injury may be reduced dramatically by agents either scavenging free

radicals directly (e.g., trolox) or reducing the production of free radicals (e.g., L-NAME). To

involve a similar mechanism, the effect of trolox and L-NAME on OGD/acid-induced LDH
release was tested. As shown in FIG. 9D, neither trolox (500 uM) nor L-NAME (300 uM)
had significant effect on combined 1 hr OGD/acidosis-induced neuronal injury (n=8-11).
Additional experiments also demonstrated that the ASIC blockers amiloride and PcTX
venom had no effect on the conductance of TRPM7 channels (Aarts et al. supra). Together,
these findings strongly suggest that activation of ASICs but not TRPM7 channels may be
largely responsible for combined 1 hr OGD/acidosis-induced neuronal injury in our studies.
(g) Activation of ASIC1a in ischemic brain injury in vivo

FIG. 10 shows data illustrating neuroprotection by ASICI blockade and ASICI gel]e knockout
in brain ischemia in vivo. FIG. 10A shows a graph of exemplary data obtained from TTC-
stained brain sections illustrating the stained volume ("infarct volume") in brains from aCSF
(n=7), amiloride (n=11), or PcTX venom (n=5) injected rats. *p<0.05 and **p<0.01
compared with aCSF injected group. FIG. 10B shows a graph of exemplary data illustrating
reduction in infarct volume in brains from ASIC17 mice (n=6 for each group). *p<0.05 and
**p<0.01 compared with +/+ group. FIG. 10C shows a graph of exemplary data illustrating

reduction in infarct volume in brains from mice 7.p. injected with 10 mg/kg memantine
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(Mem) or i.p. injection of memantine accompanied by i.c.v. injection of P¢TX venom (500
ng/mL). **p<0.01 compared with aCSF injection and between memantine and memantine
plus PcTX venom (n=5 in each group). FIG. 10D shows a graph of exemplary data
illustrating reduction in infarct volume in brains from either ASIC1™* (wt) or ASIC1”" mice
i.p. injected with memantine (n=5 in each group). *p<0.05, and **p<0.01.

[0141] The protective effect of amiloride and PcTX venom in a rat model of transient
focal ischemia (Longa et al., Stroke, 1989, 20:84-91) was tested to determine whether
activation of ASICla is involved in ischemic brain injury iz vivo. Ischemia (100 min) was
induced by transient middle cerebral artery occlusion (MCAO). A total of 6 pl artificial CSF
(aCSF) alone, aCSF-containing amiloride (1 mM), or PcTX venom (500 ng/mL) was injected
intracerebroventricularly 30 min before and after the ischemia. The volume for cerebral
ventricular and spinal cord fluid for 4-week-old rats is estimated to be ~60 pl. Assuming that
the infused amiloride and PcTX were uniformly distributed in the CSF, a concentration of
~100 pM for amiloride and ~50 ng/mL for PcTX were expected, which is a concentration
found effective in cell culture experiments. Infarct volume was determined by TTC staining
(Bederson et al., Stroke, 1986, 17:1304-1308) at 24 hr following ischemia. Ischemia (100
min) produced an infarct volume of 329.5 + 25.6 mm’ in aCSF-injected rats (n=7) but only
229.7 + 41.1 mm® in amiloride-injected (n=11, p<0.05) and 130.4 £ 55.0 mm’ (~60%
reduction) in PcTX venom-injected rats (n=5, p<0.01) (FIG. 10A).

[0142] ASIC 1" mice were used to further demonstrate the involvement of ASIC1a in
ischemic brain injury in vivo. Male ASIC1"*, ASIC1"", and ASIC1™ mice (~25 g, with
congenic C57B16 background) were subjected to 60 min MCAO as previously described
(Stenzel-Poore er al., Lancet, 2003, 362:1028-1037). Consistent with the protection by
pharmacological blockade of ASICla (above), -/- mice displayed significantly smaller (~61%

reduction) infarct volumes (32.9 £ 4.7 mm’, N=6) as compared to +/+ mice (84.6 = 10.6
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mm’, N=6, p<0.01).+/- mice also showed reduced infarct volume (56.9.+-.6.7 mm°, N=6,
p<0.05) (FIG. 10B).

[0143] To determine whether blockade of ASIC1a channels or knockout of the
ASICI gene would provide additional protection ixn vivo in the setting of glutamate receptor
blockade, memantine (10 mg/kg) was injected intraperitoneally (i.p.) into C57B16 mice
immediately following 60 min MCAO and accompanied by intracerebroventricular injection
(i.c.v.) of a total volume of 0.4 pl aCSF alone or aCSF containing PcTX venom (500 ng/mL)

15 min before and following ischemia. In control mice with i.p. injection of saline and i.c.v.

10C). In mice with intraperitoneal injection of memantine and intracerebroventricular
injection of aCSF, the same duration of ischemia induced an infarct volume of 73.8.+-.6.9
mm® (n=5, p<0.01). However, in mice injected with memantine and PcTX venom, an infarct
volume of only 47.0 + 1.1 mm® was induced (n=5, p<0.01 compared with both control and
memantine groups, FIG. 10C). These data suggest that blockade of homomeric ASICla may
provide additional protection in in vivo ischemia in the setting of NMDA receptor blockade.
Additional protection was also observed in ASIC17" mice treated with pharmac;)logic NMDA
blockade (FIG. 10D). In ASIC™ mice i. p. injected with saline or 10 mg/kg memantine, 60
min MCAO induced an infarct volume of 101.4 + 9.4 mm® or 61.6 + 12.7 mm”, respectively
(n=5 in each group, FIG. 10D). However, in ASIC1”" mice injected with memantine, the
same ischemia duration induced an infarct volume of 27.7 £ 1.6 mm’ (n=5), significantly
smaller than the infarct volume in ASIC1™" mice injected with memantine (p<0.05).

[0144] Taken together, these data demonstrate that activation of Ca**-permeable
ASICla is a novel, glutamate-independent biological mechanism underlying ischemic brain
injury. .

Example 2: Time Window of P¢TX Neuroprotection

48



WO 2015/026339 PCT/US2013/056011

[0145] This example describes exemplary experiments that measure the
neuroprotective effect of PcTX venom at different times after onset of stroke in rodents; see
FIG. 11. Briefly, brain ischemia (stroke) was induced in rodents by mid-cerebral artery
occlusion (MCAOQ). At the indicated times after induction, artificial cerebrospinal fluid
(aCSF), PcTX venom (0.5 pl., 500 ng/mL total protein), or inactivated (boiled) venom was
infused into the lateral ventricles of each rodent. As shown in FIG. 11, administration of
PcTX venom provided a 60% reduction in stroke volume both at one hour and at three hours
after stroke onset. Furthermore, substantial stroke volume reduction still may be maintained
if treatment is withheld for five hours after the onset of the MCAQ. Accordingly,
neuroprotection due to ASIC inhibition may have an extended therapeutic time window after
stroke onset, allowing stroke subjects to benefit from treatment performed hours after the
stroke began. This effect of ASIC blockade on stroke neuroprotection is far more robust than
that of calcium channel blockade of the NMDA receptor (a major target for experimental
stroke therapeutics) using a glutamate antagonist. No glutamate antagonist, thus far, has such
a favorable profile as shown here for ASIC1a-selective inhibition.

Example 3: Exemplary Cystine Knot Peptides

[0146] This example describes exemplary cystine knot peptides, including full-length
PcTx1 and deletion derivatives of PcTx, which may be screened in cultured cells, tested in
ischemic animals (e.g., rodents such as mice or rats), and/or administered to ischemic human
subjects.

[0147] FIG. 12 shows the primary amino acid sequence (SEQ ID NO:1), in one-letter
code, of an exemplary cystine knot peptide, PcTx1, indicated at 50, with various exemplary
peptide features shown relative to amino acid positions 1-40. Peptide 50 may include six

cysteine residues that form cystine bonds 52, 54, 56 to create a cystine knot motif 58. The
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peptide also may include one or more beta sheet regions 60 and a positively charged region
62. An N-terminal region 64 and a C-terminal region 66 may flank the cystine knot motif.

[0148] FIG. 13 shows a comparison of the PcTx1 peptide 50 of FIG. 12 aligned with
various exemplary deletion derivatives of the peptide. These derivatives may include an N-
terminal deletion 70 (SEQ ID NO:2), a partial C-terminal deletion 72 (SEQ ID NO:3), a full
C-terminal deletion 74 (SEQ ID NO:4), and an N/C terminal deletion 76 (SEQ ID NO:5). -
Other derivatives of PcTx1 may include any deletion, insertion, or substitution of one or more
amino acids, for example, while maintaining sequence similarity or identity of at least about
25% or about 50% with the original PcTx1 sequence.

[0149] Each PcTx1 derivative may be tested for its ability to inhibit ASIC proteins
selectively and/or for an effect, if any, on ischemia. Any suitable test system(s) may be used
to perform this testing including any of the cell-based assay systems and/or anirpal model
systems described elsewhere in the present teachings. The PcTx1 derivative also or
alternatively may be tested in ischemic human subjects.

Example 4: Selectivity of PcTX Venom for ASICla

[0150] This example describes experiments that measure the selectivity of PcTX
venom (and thus PcTx1 toxin) for ASICla alone, relative to other ASIC proteins or
combinations of ASIC proteins expressed in cultured cells. COS-7 cells expressing the
indicated ASIC proteins were treated with PcTX venom (25 ng/mL on ASICla expressing
cells and 500 ng/mL on ASIC2a, ASIC3 or ASICla+2a expressing cells). Channel currents
were measured at the pH of half maximal channel activation (pH 0.5). As shown in FIG. 14,
PcTX venom largely blocked the currents mediated by ASIC1a homomeric channels at a
protein concentration of 25 ng/mL, with no effect on the currents mediated by homomeric
ASIC2a, ASIC3, or heteromeric ASIC1a/ASIC2a at 500 ng/mL (n=3-6). At 500 ng/mL,

PcTX venom also did not affect the currents mediated by other ligand-gated channels (e.g.
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NMDA and GABA receptor-gated channels) and voltage-gated channels (e.g. Na+, Ca2+,

and K+ channels) (n=4-5). These experiments indicate that PcTX venom and thus PcTx1
peptide is a specific blocker for homomeric ASIC1a. Using this cell-based assay system, the
potency and selectivity of ASIC inhibition may be measured for various synthetic peptides or
other candidate inhibitors (e.g., see Example 3).

Example 5: Nasal Administration of PcTX Venom is Neuroprotective

[0151] This example describes exemplary data indicating the efficacy of nasally
administered PcTX venom for reducing ischemia-induced injury in an animal model system
of stroke. Cerebral ischemia was induced in male mice by mid-cerebral artery occlusion.
One hour after occlusion was initiated animals were treated as controls or were treated with
PcTX venom (50 pL of 5 ng/mL (total protein) PcTx venom introduced intranasally). As
shown in FIG. 15, nasal administration of PcTX venom resulted in a 55% reduction in
ischemia-induced injury (ischemic damage), as defined by infarct volume, relative to control
treatment. Nasal administration may be via a spray that is deposited substantially in the nasal
passages rather than inhaled into the lungs and/or may be via an aerosol that is at least
partially inhaled into the lungs. In some examples, nasal administration may have a number
of advantages over other routes of administration, such as more efficient delivery to the brain
and/or adaptability for self-administration by an ischemic subject.

Example 6: Inhibition of ASICla Channel By Amiloride And Amiloride Analogs

[0152] As shown in FIG. 16, amiloride and amiloride analogs benzamil, phenamil and
EIPA block ASICla current in a dose-dependent manner. Similarly, amiloride and amiloride
analogs benzamil and EIPA block ASIC2a current in a dose-dependent manner (FIG. 17).
Table 1 summarizes inhibition of the ASIC1a channel by amiloride and amiloride analogs.

Amiloride was an effective blocker of this channel with an IC50 of 7.7uM.
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Table 1. Inhibition of the ASIC1a channel by amiloride and amiloride analogs.

Knockout 1la

39.1 % 3.8 (n=4)

Knockout 2a

5.14 * 0.79 (n=5)

Neuron (-60 mV)

43.3 + 1.43 (n=6)

Neuron (-20 mv)

32.2 + 6.3 (n=3)

CHO 1a 111 & 30 (n=5) EIPA
CHO 2a 31 (n=1)

Knockout 1a 35.9+ 2.1 (n=5)

Knockout 2a 20.1 + 2.2 (n=2)

Neuron (-60 mV) 82.9 + 5.2 (n=8) Bepridil
Neuron (:60 mV) 100 x 11 (n=10}) KB-R7943

Neuron {(-60 mV)

24.3+ 17.2 (n=2)

5-(N-Methyl-N-isobutyl)-amiloride

Neuron (-60 mV)

15.0+ 11.7 (n=3)

5-(N,N-hexamethylene}amiloride

Neuron (-60 mV)

14.8 + 7.1 (n=2}

5-(N, N-Dimenthyl)amiloride hydrochloride

Example 7: Reduction of Infarct Volume in Mice by Intracerebroventricular Injection of

Amiloride And Amiloride Analogs

[0153] Mice were subjected to 60 minutes of middle cerebral artery occlusion
(MCAO) as described above. Amiloride or an amiloride analog benzamil, bepridel, EIPA or
KB-R7943 was administered by intracerebroventricular injection one hour after MCAO. The

animals were evaluated one day after ischemia induction. As shown in FIG. 18,

52



WO 2015/026339 PCT/US2013/056011

intracerebroventricular injection of amiloride or an amiloride analog benzamil, bepridel,
EIPA or KB-R7943 effectively reduce infarct volume.

Example 8: Reduction of Infarct Volume in Mice by Intravenous Injection of Amiloride

[0154] Mice were subjected to 60 minutes of middle cerebral artery occlusion
(MCAO) as described above. Amiloride was administered by intravenous injection 1, 3 or 5
hours after MCAO. The animals were evaluated one day after ischemia induction. As shown
in FIG. 19, intravenous injection of amiloride effectively reduce infarct volume. The
effective CNS penetration of amiloride may be explained by the fact that blood-brain-barrier
is compromised following brain ischemia/reperfusion. FIG. 20 shows that intravenous
injection of amiloride has a prolonged therapeutic window of 5h.

Example 9: Structure Activity Relationships for Hydrophobic Amiloride Analogs on Various

Channels

[0155] As shown in Table 1, substituting the C-5 amino group in amiloride with alkyl
groups led to a decrease in potency at the ASIC1a channel . The same substitution increases
potency to the ASIC3 channel (Kuduk ez al., Bioorg. Med. Chem. Lett., 2009, 19:2514-
2518). The reverse result was obtained when substituting hydrophobic groups onto the
guanidino part of the structure. Indeed, the benzyl substituted guanidino analog, benzamil,
was the most potent- ASIC1a blocking compound tested (IC50 =4.9 uM). Taken together,
these results showed that amiloride is an effective blocker of ASUC1a with an ICs of 7.7
pM. They also provide structure activity relationships (see FIG. 21) for designing amiloride
analogs that would inhibit the ASIC1a channel. Accordingly, in some embodiments,
amiloride analogs are generated by introducing changes in the guanidine portion of the
amiloride structure. Since amiloride is only a very weak inhibitor of the Na'/Ca** ion
exchanger (ICsp = 1.1 mM). The amiloride analogs are likely be a very weak inhibitor of the

Na'/Ca®" ion exchanger as well. In some embodiments, the amiloride analogs are designed
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to have increased selectivity for ASIC1a over the ASIC3 channel. In other embodiments, a
ring structure, such as a cyclic guanidine group, is introduced into the amiloride structure to
increase inhibitory potency of ASICla currents. It is also possible that one or more of the N-
H groups of amiloride will form H-bonds either internally with the 3-amino group or with the
ion channel.

[0156] The in vivo results in mice showed that efficacy can be achieved with a plasma
concentration of 32.5uM (iv dose of 50 pl x ImM) and a total brain concentration of 12.5uM

(icv dose of 1 pl x 500 pM). It is thus estimated that only a 10-fold increase in potency is
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necessary to achieve efficacious concentrations that are suitable for a
stroke in humans. Therefore, novel analogs are screened for an increased ASIC1a IC50
potency from the 4 to 8 uM for amiloride and benzamil to <1 puM.

[0157] In some embodiments, the amiloride analogs comprise methylated analogs of
benzamil (formula 1-5 of FIG. 21) and amidino analog of benzamil (formula 6 of FIG.21). In
other embodiments, the amiloride analogs contain a ring formed on the guanidine group. In
other embodiments, the amiloride analogs contain an acylguanidino group for increased
inhibitory potency of ASIC1a currents.

[0158] Amiloride is soluble in water at 1 mM and is effective in treating ischemia in a
mouse model at a dose of 50 ul per injection. The equivalent dose on a mg/kg basis in a 65
kg human would be close to 40 mg and require an injection volume of over 160 ml.

Similarly benzamil has a reported solubility in 0.9% saline of 0.4mg/ml (1.7 mM), which
permits administration of only 5 mg benzamil dihydrochloride in a 10 ml injection..
Accordingly, amiloride analogs with higher water solubility are desired. In some
embodiments, the amiloride analogs contain a water solubilizing group, such as an N,N-
dimethyl amino group or a sugar, at the guanidino group to improve water solubility. In

some embodiments, the amiloride analogs have a water solubility of 5 mM, 10 mM, 20 mM,
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30 mM, 40 mM, 50 mM, 60 mM, 70 mM, 80 mM, 90 mM, 100 mM or higher. In other
embodiments, the amiloride analogs have a solubility that allows for a 10 mg, 25 mg, 50 mg,
100 mg, 150 mg, 200 mg, 250 mg, 300 mg, 400 mg, or 500 mg dose to be administered
intravenously to a human in a single 10 ml injection. In yet other embodiments, the amiloride
analogs have a solubility that allows for a 10 mg, 25 mg, 50 mg, 100 mg, 150 mg, 200 mg,
250 mg, 300 mg, 400 mg, or 500 mg dose to be administered intracerebroventicularly to a
human in a single 2 ml injection.

[0159] The disclosure set forth above may encompass one or more distinct inventions,

These preferred forms, including the specific embodiments thereof as disclosed and
illustrated herein, are not intended to be considered in a limiting sense, because numerous
variations are possible. The subject matter of the inventions includes all novel and
nonobvious combinations and subcombinations of the various elements, features, functions,
and/or properties disclosed herein. The following claims particularly point out certain
combinations and subcombinations regarded as novel and nonobvious. Inventions embodied
in other combinations and subcombinations of features, functions, elements, and/or properties
may be claimed in applications claiming priority from this or a related application. Such
claims, whether directed to a different invention or to the same invention, and whether
broader, narrower, equal, or different in scope to the original claims, also are regarded as

included within the subject matter of the inventions of the present disclosure.
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WHAT IS CLAIMED IS:

1. A method for reducing nerve injury in a subject, comprising:

administering to said subject a therapeutically effective amount of a pharmaceutical
composition comprising amiloride, an amiloride analog, or a pharmaceutically acceptable salt
thereof.

2. The method of Claim 1, wherein said active ingredient comprises amiloride or a
pharmaceutically acceptable salt thereof.

3. The method of Claim 1, wherein said active ingredient comprises an amiloride
analog or a pharmaceutically acceptable salt thereof.

4. The method of Claim 3, wherein said amiloride analog is selected from the group
consisting of benzamil, phenmil, 5-(N-ethyl-N-isobutyl)-amiloride (EIPA), bepridil, KB-
R7943, 5-(N-methyl-N-isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-
dimenthyl) amiloride hydrochloride.

5. The method of Claim 4, wherein said amiloride analog is benzamil.

6. The method of Claim 3, wherein said amiloride analog is a methylated analog of
benzamil.

7. The method of Claim 3, wherein said amiloride analog comprises a ring formed on
a guanidine group.

8. The method of Claim 3, wherein said amiloride analog comprises an acylguanidino
group.

9. The method of Claim 3, wherein said amiloride analog comprises a water
solubilizing group formed on a guanidine group, wherein the water solubilizing group is a
N,N-dimethyl amino group or a sugar group.

10. The method of Claim 1, wherein said pharmaceutical composition is administered

intravenously.
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11. The method of Claim 1, wherein said pharmaceutical composition is administered
intrathecally.

12. The method of Claim 1, wherein said pharmaceutical composition is administered
intracerebroventricularly.

13. The method of Claim 2, wherein said amiloride, amiloride analog or a
pharmaceutically acceptable salt thereof is given in a dose range of 0.1 mg - 10 mg /kg body
weight.

14. The method of Claim 1, wherein said pharmaceutical composition is administered
within one hour of the onset of an ischemic event.

15. The method of Claim 1, wherein said pharmaceutical composition is administered
within five hours of the onset of an ischemic event.

16. The method of Claim 1, wherein said pharmaceutical composition is administered
between one hour and five hours of the onset of an ischemic event.

17. The method of Claim 1, wherein said nerve injury is a nervous system injury.

18. The method of Claim 1, wherein said nerve injury is brain injury.

19. A method for treating brain injury in a subject, comprising:

administering to said subject a therapeutically effective amount of a ph;rmaceutical
composition comprising amiloride, an amiloride analog, or a pharmaceutically acceptable salt
thereof.

20. The method of Claim 19, wherein said pharmaceutical composition is
administered intravenously, intrathecally or intracerebroventricularly.

21. The method of Claim 19, wherein said amiloride analog is selected from the
group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-isobutyl)
amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride

hydrochloride.
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22. The method of Claim 19, wherein said amiloride analog is benzamil.

23. The method of Claim 19, wherein said amiloride analog is selected from the
group consisting of methylated analogs of benzamil, amiloride analogs containing a ring
formed on a guanidine group, amiloride analogs containing an acylguanidino group, and
amiloride analogs containing a water solubilizing group formed on a guanidine group,

wherein the water solubilizing group is a N,N-dimethyl amino group or a sugar group.

24. A method for reducing nervous system injury caused by a change of ion flux into
neurons, comprising:

administering to a subject in need of such treatment a therapeutically effective amount
of a pharmaceutical composition comprising amiloride, an amiloride analog or a
pharmaceutically acceptable salt thereof.

25. The method of Claim 24, wherein said pharmaceutical composition is
administered intravenously, intrathecally, intracerebroventricularly or intramuscularly.

26. The method of Claim 24, wherein said amiloride analog is selected from the
group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-isobutyl)
amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride. |

27. The method of Claim 24, wherein said amiloride analog is benzamil.

28. The method of Claim 24, wherein said amiloride analog is selected from the
group consisting of methylated analogs of benzamil, amiloride analogs containing a ring
formed on a guanidine group, amiloride analogs containing an acylguanidino group, and
amiloride analogs containing a water solubilizing group formed on a guanidine group,

wherein the water solubilizing group is a N,N-dimethyl amino group or a sugar group.

29. A method for reducing nervous system injury, comprising:
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administering to a subject in need of such treatment a therapeutically effective amount
of a pharmaceutical composition comprising amiloride, an amiloride analog or a
pharmaceutically acceptable salt thereof.

30. The method of Claim 29, wherein said pharmaceutical composition is
administered intravenously, intrathecally, intracerebroventricularly or intramuscularly.

31. The method of Claim 29, wherein said amiloride analog is selected from the
group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-isobutyl)
amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride.

32. The method of Claim 29, wherein said amiloride analog is benzamil.

33. The method of Claim 29, wherein said amiloride analog is selected from the
group consisting of methylated analogs of benzamil, amiloride analogs containing a ring
formed on a guanidine group, amiloride analogs containing an acylguanidino group, and
amiloride analogs containing a water solubilizing group formed on a guanidine group,

wherein the water solubilizing group is a N,N-dimethyl amino group or a sugar group.

34. A pharmaceutical composition for reducing nervous system injury, comprising:

an effective amount of amiloride, an amiloride analog or a pharmaceutically
acceptable salt thereof; and

a pharmaceutically acceptable carrier, wherein the pharmaceutical composition is
formulated for intravenous, intrathecal or intracerebroventricular injection.

35. The pharmaceutical composition of Claim 34, wherein said amiloride analog is
selected from the group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-
methyl-N-isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl)

amiloride hydrochloride.
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36. The method of Claim 34, wherein said amiloride analog is selected from the
group consisting of methylated analogs of benzamil, amiloride analogs containing a ring
formed on a guanidine group, amiloride analogs containing an acylguanidino group, and
amiloride analogs containing a water solubilizing group formed on a guanidine group,
wherein the water solubilizing group is a N,N-dimethyl amino group or a sugar group.
37. A pharmaceutical composition for reducing nervous system injury, comprising:
an effective amount of an amiloride analog or a pharmaceutically acceptable salt

thereof; and

38. The method of Claim 37, wherein wherein the pharmaceutical composition is
formulated for intravenous, intrathecal, intracerebroventricular or intramuscular injection.

39. The pharmaceutical composition of Claim 37, wherein said amiloride analog is a
methylated analog of benzamil.

40. The pharmaceutical composition of Claim 37, wherein said amiloride analog
comprises a ring formed on a guanidine group.

41. The pharmaceutical composition of Claim 37, wherein said amiloride analog
comprises an acylguanidino group.

42. The pharmaceutical composition of Claim 37, wherein said amiloride analog
comprises a water solubilizing group formed on a guanidine group, wherein the water

solubilizing group is a N,N-dimethyl amino group or a sugar group.
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1. A method for reducing infarct volume in a subject, comprising: administering to
said subject a therapeutically effective amount of a pharmaceutical composition

comprising amiloride, an amiloride analog, or a pharmaceutically acceptable salt thereof.

2. The method of Claim 1, wherein said active ingredient comprises amiloride or a

pharmaceutically acceptable salt thereof.

3. The method of Claim 1, wherein said active ingredient comprises an amiloride

analog or a pharmaceutically acceptable salt thereof.

4, The method of Claim 3, wherein said amiloride analog is selected from the
group consisting of benzamil, phenmil, 5-(N-ethyl-N-isobutyl)-amiloride (EIPA), bepridil,
KB-R7943, 5-(N-methyl-N-isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-
(N,N-dimenthyl) amiloride hydrochloride.

5. The method of Claim 4, wherein said amiloride analog is benzamil.

6. The method of Claim 3, wherein said amiloride analog is a methylated analog

of benzamil.

7. The method of Claim 3, wherein said amiloride analog comprises a ring formed

on a guanidine group.

8. The method of Claim 3, wherein said amiloride analog comprises an

acylguanidino group.

9. The method of Claim 3, wherein said amiloride analog comprises a water
solubilizing group formed on a guanidine group, wherein the water solubilizing group is a

N,N-dimethyl amino group or a sugar group.

10. The method of Claim 1, wherein said pharmaceutical composition is

administered intravenously.

11. The method of Claim 1, wherein said pharmaceutical composition is

administered intrathecally.
12. The method of Claim 1, wherein said pharmaceutical composition is
administered intracerebroventricularly.
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13. The method of Claim 2, wherein said amiloride, amiloride analog or a
pharmaceutically acceptable salt thereof is given in a dose range of 0.1 mg - 10 mg /kg

body weight.

14. The method of Claim 1, wherein said pharmaceutical composition is

administered within one hour of the onset of an ischemic event.

15. The method of Claim 1, wherein said pharmaceutical composition is

administered within five hours of the onset of an ischemic event.

16. The method of Claim 1, wherein said pharmaceutical composition is

administered between one hour and five hours of the onset of an ischemic event.
17. The method of Claim 1, wherein said nerve injury is a nervous system injury.
18. The method of Claim 1, wherein said nerve injury is brain injury.

19. A method for treating brain injury by reducing infarct volume in a subject,
comprising: administering to said subject a therapeutically effective amount of a
pharmaceutical composition comprising amiloride, an amiloride analog, or a

pharmaceutically acceptable salt thereof.

20. The method of Claim 19, wherein said pharmaceutical composition is

administered intravenously, intrathecally or intracerebroventricularly.

21. The method of Claim 19, wherein said amiloride analog is selected from the
group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-
isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride.

22. The method of Claim 19, wherein said amiloride analog is benzamil.

23. The method of Claim 19, wherein said amiloride analog is selected from the
group consisting of methylated analogs of benzamil, amiloride analogs containing a ring
formed on a guanidine group, amiloride analogs containing an acylguanidino group, and
amiloride analogs containing a water solubilizing group formed on a guanidine group,

wherein the water solubilizing group is a N,N-dimethyl amino group or a sugar group.
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24. A method for reducing nervous system injury caused by a change of ion flux
into neurons by reducing infarct volume in a subject, comprising: administering to a
subject in need of such treatment a therapeutically effective amount of a pharmaceutical
composition comprising amiloride, an amiloride analog or a pharmaceutically acceptable

salt thereof.

25. The method of Claim 24, wherein said pharmaceutical composition is

administered intravenously, intrathecally, intracerebroventricularly or intramuscularly.

26. The method of Claim 24, wherein said amiloride analog is selected from the
group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-
isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride.

27. The method of Claim 24, wherein said amiloride analog is benzamil.

28. The method of Claim 24, wherein said amiloride analog is selected from the
group consisting of methylated analogs of benzamil, amiloride analogs containing a ring
formed on a guanidine group, amiloride analogs containing an acylguanidino group, and
amiloride analogs containing a water solubilizing group formed on a guanidine group,

wherein the water solubilizing group is a N,N-dimethyl amino group or a sugar group.

29. A method for reducing infarct volume in a subject, comprising: administering
to a subject in need of such treatment a therapeutically effective amount of a
pharmaceutical composition comprising amiloride, an amiloride analog or a

pharmaceutically acceptable salt thereof.

30. The method of Claim 29, wherein said pharmaceutical composition is

administered intravenously, intrathecally, intracerebroventricularly or intramuscularly.

31. The method of Claim 29, wherein said amiloride analog is selected from the
group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-methyl-N-
isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl) amiloride
hydrochloride.

32. The method of Claim 29, wherein said amiloride analog is benzamil.
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33. The method of Claim 29, wherein said amiloride analog is selected from the
group consisting of methylated analogs of benzamil, amiloride analogs containing a ring
formed on a guanidine group, amiloride analogs containing an acylguanidino group, and
amiloride analogs containing a water solubilizing group formed on a guanidine group,

wherein the water solubilizing group is a N,N-dimethyl amino group or a sugar group.

34. A pharmaceutical composition for reducing infarct volume in a subject,
comprising: an effective amount of amiloride, an amiloride analog or a pharmaceutically
acceptable salt thereof; and a pharmaceutically acceptable carrier, wherein the
pharmaceutical composition is formulated for intravenous, intrathecal or

intracerebroventricular injection.

35. The pharmaceutical composition of Claim 34, wherein said amiloride analog is
selected from the group consisting of benzamil, phenmil, EIPA bepridil, KB-R7943, 5-(N-
methyl-N-isobutyl) amiloride, 5-(N,N-hexamethylene) amiloride and 5-(N,N-dimenthyl)

amiloride hydrochloride.

36. The pharmaceutical composition of Claim 34, wherein said amiloride analog is
selected from the group consisting of methylated analogs of benzamil, amiloride analogs
containing a ring formed on a guanidine group, amiloride analogs containing an
acylguanidino group, and amiloride analogs containing a water solubilizing group formed
on a guanidine group, wherein the water solubilizing group is a N,N-dimethyl amino

group or a sugar group.

37. A pharmaceutical composition for reducing infarct volume in a subject,
comprising: an effective amount of an amiloride analog or a pharmaceutically acceptable

salt thereof; and a pharmaceutically acceptable carrier.

38. The pharmaceutical composition of Claim 37, wherein the pharmaccutical
composition is formulated for intravenous, intrathecal, intracerebroventricular or

intramuscular injection.

39. The pharmaceutical composition of Claim 37, wherein said amiloride analog is

a methylated analog of benzamil.

40. The pharmaceutical composition of Claim 37, wherein said amiloride analog

comprises a ring formed on a guanidine group.
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41. The pharmaceutical composition of Claim 37, wherein said amiloride analog

comprises an acylguanidino group.

42. The pharmaceutical composition of Claim 37, wherein said amiloride analog
comprises a water solubilizing group formed on a guanidine group, wherein the water

solubilizing group is a N,N-dimethyl amino group or a sugar group.
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STATEMENT UNDER ARTICLE 19 (1)

Applicant is submitting the Amendment under Article 19 to amend Claims 1-42 by
replacing pages 56-60. Applicant respectfully requests the International Preliminary
Examining Authority’s acceptance of the Amendment.

The changes are as follows:

Claim 1 amended; Claims 2 to 18 unchanged; Claim 19 amended; Claims 20 to 23
unchanged; Claim 24 amended; Claims 25 to 28 unchanged; Claim 29 amended; Claims
30 to 33 unchanged; Claim 34 amended; Claim 35 unchanged; Claim 36 amended; Claim
37 amended; Claim 38 amended; Claims 39-42 unchanged.

The basis for the amendments is as follows:

(i) Basis for the amendment: Claim 1 has been amended at line 1 and now indicates that
the method is for reducing infarct volume in a subject. The basis for this amendment can
be found at least at paragraphs [0039]-[0041], [0140], [0142] and Figs. 18-20 in the
specification as originally filed.

(11) Basis for the amendment: Claim 19 has been amended at line 1 and now indicates that
the method is for treating brain injury by reducing infarct volume in a subject. The basis
for this amendment can be found at least at paragraphs [0039]-[0041], [0140], [0142] and
Figs. 18-20 in the specification as originally filed.

(111) Basis for the amendment: Claim 24 has been amended at line 2 and now indicates that
the method is for reducing nervous system injury caused by a change of ion flux into
neurons by reducing infarct volume in a subject. The basis for this amendment can be
found at least at paragraphs [0039]-[0041], [0140], [0142] and Figs. 18-20 in the
specification as originally filed.

(iv) Basis for the amendment: Claim 29 has been amended at line 1 and now indicates that

the method is for reducing infarct volume in a subject. The basis for this amendment can
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be found at least at paragraphs [0039]-[0041], [0140], [0142] and Figs. 18-20 in the
specification as originally filed.

(v) Basis for the amendment: Claim 34 has been amend at line 1-2 and now indicates that
the pharmaceutical composition is for reducing infarct volume in a subject. The basis for
this amendment can be found at least at paragraphs [0039]-[0041], [0140], [0142] and
Figs. 18-20 in the specification as originally filed.

(vi) Basis for the amendment: Claim 36 has been amended to now indicate that it is drawn
to the pharmaceutical composition of Claim 34. Basis for the amendment is found in
Claim 34 as originally filed.

(vii) Basis for the amendment: Claim 37 has been amend at line 1-2 and now indicates that
the pharmaceutical composition is for reducing infarct volume in a subject. The basis for
this amendment can be found at least at paragraphs [0039]-[0041], [0140], [0142] and
Figs. 18-20 in the specification as originally filed.

(viii) Basis for the amendment: Claim 38 has been amended to now indicate that it is
drawn to the pharmaceutical composition of Claim 37. It has also been amended to
remove the duplication of the term “wherein.” Basis for the amendment is found in Claim

37 as originally filed.
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Should anything further be needed in order to record the above changes, please

contact the undersigned listed below.
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S P NI AR o 7R — LS 7 SR, Bl #2450 0 3 N AR I TR ) AR A T
I FRE RS A50 o 51 , H IR/ P S S R L2 A 9 AR T 1 32 i R SR 5 1) 4 R 2
PR S K B 5 B Ca™" B 1 8 o 35 S 0L A o 453455 47 e 17 S Pk ) A B o AR S IESE T
A[BIECa” MIREUR S FiEE (ASIO KBS 25 TIRY 5% S 5B ERZ AT R &
R I 45407 FE PR T 3R ASTC IR I 0 (ASICs ) A& LRI R8T 77 [ o AN HR K ik — 2
PAE T HIASTCs PR FF] , Ho HAT 6T R YR A ASTC s 3l I8 1) B 5 A 25 )0 » LA R B v (A AR v
7E— e szt 7 2, A H g BRI T I A AS TC 1 a8 11 YR 55 e 2 1475 1) 25 W A & W A
o

[0045]  AHIIE K] —ANJ7 P R — M H T2 52 16 3 A& 50 1 77 1% ik 7 1 A 4 1)
Bk 52 ¥ 25 it V6 97 8 R0 1) 2 B e 8 AT K AR RH ST K i R AL 1) v 1k 2 40 ) 25 ) 2
) A — LSt 7 2 T AR K A P S0 e FH TR 2 A

[0046]  7E—2bsiji 7 s, BT g VR 23 L FER RIS R B L 2 2 BT 8252 1 3t 17 1 Ak
() St 77 2 s BT I v MR 2H 23 0 4 BT K& R SR B L 24 2 b AT 452 52 1 3k o 7B AH DS S T
o, B I B K R A e 3 2R FLOK R VAR AR OK IR 5— (N= 2 3 -N—- 57 T 2 ) —Faf oK 3
(ETPA) 7 1 /K JKB-R7943 . 5— (N—FH B -N— 5 T35 ) BT oK 3 ] L 5= (N, N=75 37 FH 356 ) B oK i 7]
AI5— (N, N— H 358 ) BT oK v R 2R 2 £ o 78 53 71 B AH 2 S it 77 KR, B B K& RS AR R 2R
FLRIR A AN FH O S it 77 CH S BTl BT oK i 2R A R R LK 2R ) R 240 A 78 5
AN AR G S it 7 A S BT IR BRI R A B T8 AT RS [ b 9 B8 o 75 73 A0 1) A G SE it
77 20, BT IR R K& R SRA Y 2 I IS o 78 5 AR A 5 STt 77 0 HR , BT i Bl oK RSB
BB TE T IR B 7K 3G PR R A1, H i ik 7K S8 14 2 (4] N, N—-— R o R mlom A
[0047]  7E— L5t Jy 20, BTk By Ky A1 S Bi] Ky R B e A TR 25 % T 8252 1 £
PLO. Img—10mg/kg {4 B (1) 7| & L [l 45 24 o 7F 53 A St 7 =N, 78 =y st il SE AR 4B 1) — /)
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IF A 7 R S R L A F 4 7 /NS oA BRCEE S 50 S I A U 1 — /NI 5 /DN 2 (] Tt
FriR 25 H A -

(0048]  ARHITE K 55— A5 W K —Fh H T8 T7 5216 F W03 10 7 7% Bk 7 v B 4 1a) e
52 V635 T PG 7 A R AL 75 BT oK R BT K RIS BB AT T 24 2 b m 52 1) R 1)
M EW) o AE— LS Ty T, 38w K A P R = e R TR 25 A

[0049]  7E— LSy X, BT IR AT K& R SRAL A 18 H R FLK R VAR K ZR CETPA R 35 Hhy
IR KB-R7943 5~ (N—H FE-N-57: T FE ) B K& F1] L 56— (N, N—7S M B 28 ) ] K98 A1 A5 (N, N-— H
H ) B K& I ERBR R o AEAH ISt 7 U, Bl Bi] K& RISRAUA) N 2R H LK IR o 7 T AN AE G
St 77 U, B B] K RIS A 2 B R FLOK IR B AR AU & B T T IIEE ] (1)
AR AT K3 R SATA) 5 A T AT P 0] A RIS ALA ) A 25 A T B T IS b PR 7 38 9 1 3 ]
(R RAT K R ZALLAYD 5 A i 7K 185 5 4 ] N, N-— R i S i sl o

[0050]  ACHIFH) 75— J7 I & — P F T ka2t 3k N s &8 Jo i) & 1 A2 40 S 208
PR RGP J5 15 o BTl 7 V2 A4 1) 75 B YR TT 1 5296 2 il FHYA T A R 1) B B B K3
BT E FIRA B e AT T 2427 B AT 52 K Eh i 25 A &40

(00511  AHIFER F— N J7H$ett 7 —Fh T 097 sk i 5k 42 i Jm sk iS5 B0 453
Pt 1G9 o 5 1 B e T i Pk B P ) 5 R LR T I 52 3R 3 it YR T A SR IR 3k BT OR
ISR BR IS R ZRAL Y A E AT B S VA 4y « AR B I 7 R mT L H e 1 SR sk e 9T
FRA AL A A, XL s n] B - (1) BN sk i 2 445, (2) 5 /b
(R va T BIAE A (0 4n , VA B8 B B R VR T R BRI 6 8 ), AN/ B8 (3) (A5 25076 7 1 B K I
]

[(0052] P 1EoR T ALFE AT 78 B 080 oy B A 1) 52 96 38 B AP 4 1403 14 7 4 AR 1B AT 1) 7 6
P IR22 248 AR B 20 o BT IR 25 B8 AT DAATAR] I8 B ) IR BRI AT 3 B 1 2 & b AT AE BTk T
VA TG R SR ML 52 V0 3 (B2 6 EAD ULV T, LL227R o 2 5 ol 1a) BT I J) 30 ik Ifi
()52 36 7 (1) it FHAS TCIE Bt #1157 , UL 247R H o W1 LLYVR YT A 200E In) Frids Jm 3 i i /) 5296
it FH TR S 7], DA AR 52 96 2 Ja SR IS 35 54 o 490 2 P48 AR el Hp XU B0 A 5343 1
e

[0053] &1 1)t %) Jg E e I A2 Y65 977 140 D0 2050 140 ¥ 0 Ak 14 A8 88 T el A e B %) 08 B 243 (43
un, 25 WLSETRAAT 1) o e ) b, 0 dsfe ML P il R 205 SR I AN S B) R b B, BV o ) S st i F 26
S/ 20 B R AL TT BEFEAS A2 LA = AR Ry S il If 5 35 ) 452405 o B A UG UL, EAR 2B O T 5 R Bk
I E 57497 T e A& FH S ASTCH R B 11 , JUH AZASTCLad T 1 31E N 20 B 25 7 B 5 3500
DRI, 38 36 P A AS TC L aff 38 JE 3% M vl 9820 e S A5 3, DR T e 7 Jm s e i S B30 453
o

[0054] P25 R 1 B4 0] A8 % 00 V6 97 Jm 3 i I 1) 285 0 16 7 vk v @R AT 1) s 49 42 20 R
32 341 AR B 30 o ik 2 BR AT DIATART 3 B B R BRI ART 38 B ) 4 A5 i3 AT o FE PP IR T v
ARG — FhEL 2 FRASTCHE BEVE NG, LA327R H o 22 J5 AT 7E Jay S M (1 52 v6 2 b Il pridk
PR = R IS B PR AG BI R, PA34R H

[0055] iz 45ifs

[0056] 7 HI i &t 0 FH T ek 4 52 76 3 14 #0248 5400 10 249 0 AEL A W R0 3 o e AR SCHR B A
(1), AT PR 301057 Fa 10 2 Hh 0 SR El A M 407 B0 2 BT AR 45 B 2 I B
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Sl I PR 0 T ) LA 2 B S BT, B AR IR AT I BT A H e R R R, BAT AT
B 51 R A2 Z 50 2H 2R B A B 1 437 47 BN FIPIR SO0 1 [R 35 B S B0 4 R G 24 2 Bl 4 i
) S BT P A 5 BRAN FIPIR L o £E — 28 STt J7 20, BT IR PR 22 45497 FH O R0 % T RS R 1
PRER 38 J A 1 5% A B 42 0 2% R B S B0 2 1 B FE X M R 0 (R s R4t
149 ) ARG 4% -

[0057]  WIAEASCH BT A ARIE “INHIR IR & Ta R TR ARG 0 A 8RS b e R o i 45
AN/ BT RE I HEAT A R (B JTINBET) , BUARME 5 2 AR B SL 5 2 AH DR I 5 9
BRI 5 He R IR 26 8 0 B B AE AT RN (N, 182 T R T S BN/ B 4 ) AT L IX
Wb 2 A0 R 05 SR 51 R BN FNRE RS, 40, HTVAE S A A e i 2 S 4895 (Lyme diseas) A
KNG o A — Lo STyt 77 2UH, BT IR DA N 2R AR AT P R0 2 1 o BT IR AR AT PR 0 2% 1
Y S 3] 6, FE B IR % R ER IR E (Al zheimer’s Disease) 5 30 (K SR B SE (Huntington’s
Disease) A& AR IKAE (Parkinson’s Disease)  WLZE 451 M 2 i AL 5E (amyotrophic
lateral sclerosis,ALS) H FIE LN FIBERS (MCT) o XU G045 1 A 453 45 (TBT) L 418 4H
KBTI AZ AT (AAMT ) R A o

[0058]  WIAEASCH BT I, ARIE KSR R R Fe AR TR ARME T30 T 8ifse 32 7 1
JELAE NN PRI AR PR T3 ECPRADL, o K 1 2K TR PR R R AE T I S PR R R 2, X AT A A 22 AR 20
(FE SN B R 2 T 1R 5 A L SIS RN A o P A 7 TR R RS () e , FE L B AT T2
AN BRI FEAL T AR H AR A1) ) A el e A/ Bl R A 2R L o H e R WE R AL
S BN BRI 25 1k, DL AR ST VR AR 1R AT I AR TV B0 7 T B A o s 45 PR ARG i 2R
VARG R4y ZLRE U B #H A5 (bipolar disorders) i f#9% (psychosis) A2 FEHE I
ISIE AP P IR o

[0059]  GnfEASCH B FII , ARIE “Pheisdh i N T 22 7 2 e AR F8 A (G 0 R B sl J&
e i (ARG BRI Stk 2P ERE FRE) 1 7 E K FeEENcER
BIK3Z 1A (aminergic G protein—coupled receptors)HI3Z IR, BUAHAE 5 2 AHK B
S5 ZAH IR BRI BRI o 7~ 4514 1) b 22 38 o A 5 1) 2 TR B K538 BB 10 105 B TR T 12k 2 1
T BT 95 s NS S AR B (D5 AR08 AE S I B R (R ) 5 408 A G I AR =
PR A S A A O ML e B i (N B ) ) o e B R 20380 Jo /K 1 5 22 M i RIDIR LA 58, i
I P 95 LIRS FE A A PR T 2 B 2% % v BR DORE A 48 AR TCE B PADAE 4% AR -2 R 25 A AiE
(Guillain-Barre syndrome) % N FIBE G (K #1 0 240E L £ REUAE L 2 Ok MEAE AL E
(multiple sclerosis) A XA I B2 4% 5 fE 1240 B IR s P #2208 | 41 4 L
(fibromyalgia) XUFHALKE FHIEE RS S KE #4955  SIRISRE A1 & Fhock B % 0

[0060]  IfEA S H BT I, RIE “Mh& 0 R IA” R FE TR ARSIV S B S S 42 o 4
FBE T AN/ BRI 22 T Dy e 32 4 B e 22 T DI RE P AR, BUAHE 5 2 AH QB 52 15 2 AH 9K (1) 9 1
BRI o 7 151 P 1) 1R 228 T I RE L35 o 2 AR AT P 5 i AN 2 1, Gn o] 7R % v B PRUE S 7 SR IR
PR PRORE , WLZE 4 M 0 &R A AL E (ALS) , 1R 4 AR IRE , ROINEN D) BE R 75 28 5 1F (canine
cognitive dysfunction syndrome,CCDS), ¥ Z &% (Lewy body disease),| 15 i
(Menkes disease), @ /K& (Wilson disease), i fEK i (Creutzfeldt—Jakob
disease) , &R TTE5LIE (Fahr disease) , ¥ R NG P4 B SUPE B 1 26 0 (A Jm) s it 44 B
HR I e e X BB R I ) 5 5 AR RS A DR B A R RS (AAMT ) , 52 BE A A0S (MCT)
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5535040 AH O ) 32 FE A s g (MCT) , i 7= 35 Je 25 G Ak , B4 J 2SS 15, 4 B AT, 773 14 i
11455 (TBI) , #h &2 JeAE T2 IR IR B , B DEAZ M (macular degeneration), 54EERSFHIK
IS BEARTE , B P (RLRE B I RE TS A% 45 (autism spectrum disorder) Baf i {AA& SR A 1E
(Asperger syndrome) FEFFZRA1E(Rett syndrome) ), #iflifs , B EE0 17 , ERENLTC 77, 4%
M-BERIZEEAE, 2 R HEREARE , B JR I 1 P95 , 21 4E LR » 58 BE % RS 440 2408 L 00U
RUKE PRI AT R P95 8 RERE BT ARAE AH SC I #2205 , DL A8 1 5

[0061]  fE—b5ji 77 S rh , B iR ph R B i ph 22 R G40 405 HHIE A& Te el ph 48 RS 27
()2 U AR AL BT S B anfE AR SR B I ROE “Mig Rl 217 R A A e
214 (neuropil) i (glia) HHEE RN (neural inflammatory cell)PA 5
W KRG 27 AT N B 4l R B ZH 2R . PR i B m] DL A S E AR N 3BT AN
AEATT AL SR R B, A FE (AN R T &8 J0 . WAEA SO Bt -, ARG “Mn” Roxli A
PRI 258 AT AR5 5 B A IR 2 IR R A IR A . 2 e 3Rk 7 & AR R e 42 7t
Kt bnic), B A 22 A (neurofilament protein) NeuN(#Z G bri1CY ,
Neuronal Nuclei marker) MAP2FITITIZRG%E & H (class 111 tubulin).fFAMZCH A
2, B, 5 (hippocampal ) & J6 . B2 /= (cortical ) fH&E o i 2 2 JiZ e
(midbrain dopaminergic)fZ& It . B #Eizs(spinal motor) LG JEIE (sensory ) #1482
TG (enteric) 20 A2 (sympathetic) 14 76  BIZZ B (parasympathetic) #1476 f@
JEAEBREE (septal cholinergic) £ Tn X LR RGN/ NN #2870 - AR J BA HH BT F AR “pf
2 AN ALFE AR T BT RA0M  HHEAIE (Schwan cell) /SR AH4E i 5 4
fi(oligodendrocytes) . A A B H BT FH Y “Phee 28 P i i B 5 E AR T L 16 B 0 41 i
RN 22 J2 o 0 R P v i A Y0 4

[0062] 7 — s 5 XA , A G I 254 S AN 71D S0 TR S It B 5 Ry Sk
I A AR T B A B A5 - 7248 SCHR B I SR 3 I A i N 268 B R0/ B 2RI I 92
i it gak 2D o] 8 72 B 2 ML B S 80 HAAFEEAIR T 17 28 B A1/ 804 234t ifn i) — A
B 2 AN ML 0 38 70 B0 58 4 FH 28 (RRH ) AR 42 (4 %8 ) A/ sttt s /i 2 o Jay e i v B Pl I A
TE R 58 Sk FEAEAL | vy I s I SRR TR AN L 206 97 S5 77 AR o AT i Ifi
WD PR RS 0 VR Y SRR BRI

[0063]  fEA[ 1) 2% B BRZH 2R AT G 2= &8 Iy I ALk b , 0 75 BT JR EB i I A0 v 97 o 7= 91 2R 1Y)
8 E AN/ B A FE AR T i B K OB A ATRR (B, FRAR ) o o, JRp ik i
B 540 (B & S 2R 14 =y 50 e ot Pfr 5 1 72 P 5 R/ B0 55 ) B B AR AN SRR 5 = s It 14
I ~ R I A L A 28 9 A G 2 65 T 98 e oo 9 AT/ B8O I 2 9 (A8 a5 o 88 9 < I IR 58
(heart attack)%F) o R Jm 3 e 15 50 Ha 4 v $2 55 A0/ BR AL A M AN/ B 21, 91 an, 7
SRR 52 52 el RS B 77 AR IR BE (REBE ) 2 2Rk 98 R/ B 23 B 2 o AR AR A HR 47 1) 8- T T
J7 0] B AR IE B0 1 ke AR 2R R BE AN/ B80™ EE A

[0064] 5 J5jS & ML AH S R I8 AT A A2 Jay 3 S I AT AR J5 5 o il J5 SR ] Kk b 5 =Rk
IR R AR RN A (9, Bl JRy s s i () B2 J 2R ), /R n] KAk A8 SRy S s af () & AE 2
Ja A0/ BEL 2 A SR A 25 R fa R AR (AN, i I S St L 7 TR 2 1 B 2 PR AR R R SR
BRI 5 RS 2 SRR IR FE ) FERETE ) o 7 1 MR 1) 55 J 3 S I A oG R DR O T B0 4 DL i 2 7
SR ORI/ BOR L) AT B A A - B0 (BONZ) » BT IR DR o] 0355 Je 3 g A/ B4 B ) R v 5
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(pHFEAR) BRAR CBURRAR) « H B R AR i, 255

[0065]  7F— szt 5 2 A , BTk 5 R S A AH 5 R I A HR R o 78 A SCHR BT FE G AR XN
DG P 38 (B 430 ) A3 o ik 20 e 51 At 740 I g 30 AR L o e X7 A SRR T e A 5k M 1 (a
R BRI 7R LN B LR N IZE A RAE e Ak, Frid v JXURT 6 2 72 8 1) il i 14 42 28 (58
A ) BB b2 A0 B INAR BT R R A AR 28 o o R AR DR R AT LR 4 2, 2
(hemiparesis) B AN LU BRA  ER 000 K 55 B OS5 2 I DY BTG g DY B R TR
ANTE V0T PR X AU T R X R AR B OOUHR A 7 IR A AR L A R AT B TR A L Sk
T T AR R R IRV L SR TR B S I I M R/ B R O L B (BRI ) 5 BT R
AT 5 5 T sl (G I A IR/ B A ARt A S 4 Sfe e s A (3, IR AR Ak ) 1 B
1,5 A2 2 SR R 2 AR AR 1 R ) SO fE T IR EEL I 3B B A AR L I CTERMR T4
i, 555

[0066] iR ik ~1- 16 o T £E W) AR G ok Ut e AR B B o IE TR0 I T R A0 T e 5 B 1 8 A R
b5 R B & TR I CO2 FIH20 LA A L i B 75 SR o Jm B i i 1), el 38k = A4 51 % 1 I S8 h
BERRRBE IS BCT ALRRE M FLIR B B A, R F ATP/K R RIH B 38 0, S8 7441
(I pHIT T F% o 20 B AT pH (pHo ) 78 J 38 S5 I 1 8] 388 85 2= % 226 . 5, H 75 7™ 5 )=y S il 1fm 341 )
BB Z HPIROL R PR 226,02 F

[0067]  FREAIHINZIEH

[0068] A< HI 1R (1) 77 vE AN A W) o] B T A7 AE AP & 3040 B 22 1403 [ s A/ BRAE VR T
UG G B AR 7 A T S8 1) — B HHAELE A Ji v () 40 42 450497 1) 8 2 A AT T R 32 V6 3 o E
— il 7y U, BTIR 52 Y8 35 R R R I 52 968 3 o CE AR SCHR BT 0 e S R AL ) 52 96 N
FEAE R ER B IML  5 JR0 30 i T AE S FRER 0 SR 8 e L 3 52 A0/ s Va7 TR 4B e B ey 1 TH AR %
(1) — B B A7 E R Je v 1 S 3 e ot ) 5 S5 AR A AT AT N (N SRS2 96 3 ) s (B 32 R
o

[0069]  Ffrid 52 ¥ 5 1T LASE B4 o U AE A SO B IR, RAE “Bh#” J2 8B N2 AT A
() B4 o 715 45 12 1 AT R S8 B 0 h 4000 4% FL A I IS AR AT I S, s 25 304 (/N B« KBS,
) VRS R L B N AN R ESE R S vl R B B G ia T,
wn, SR H (A BRIEIT ) « B, BTl Zh ) n] $2 s 2 4545 (n JRy 5 i 1t ) (9 30 ) A
R, DU AR N S BRI 2590, an AR S8 (e M 0 238 0 < T 11 Bl s B 2%
(00701 W] DAATA] I 24 ¥ Am 7B e 338 A1 V6 7 10 Jo3 S iR XL 1 52 ¥ 38 o 7 491 A PR A v ] /6 3 S 38
SR 4D A AR R e A 00 D SR, < JR3 5 S i g Sk 498 1 Je3 5 e XU (B35 5 J=) B Bk ot ) fy A
(AIANEFFA M IR FH 254055 ) &5 . R B e A 7 Sk AT A 45— R B 22 YR BE A 1) J5 B8 B I )
E o AE—Se STt 5 o, B LABE VR T I 5298 38 AT B AR TR IR T IR T 2 /D 2 — L B =/
N BT a3 0 SR L PR O 97 » BV 7 TR AT (AN B 20— K+ /NI S /N BT 22 0K
BRI AR Cln i B (R R i P42 2% )

(00711 ASTCHHIIF - B K3 F FARR] K R AU

[0072]  ASTCEKJE B G B M55, A AR SC A B BT, DB AR G 4l KA b B 58 4= BH i)
Fr iR ASTCE R — AN B2 AN R 7 (B T 30 BA4h , REASTClaASTC1b ASTC2aASTC2bASTC3
FIASTCA) )i TR B P 0T o £ — LS STt b, B A 4 ) 75 P oA — AN B A 1 S i TE v
U TR B B8 88 7 (B 1 BRI LAA , 506, 4 A5 R/ s 4 8 7 ) VA 0 1 38 3o 400 o s G2k N/
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BT ) IR 1. o, BT iR BT UL &) T Z010kDalfs /N 7 BR EZ R R ol
&) SR L B S Z A A/ SR G . 54, Bk 4 5 ] i AT AT 2 R AL R
FIHIASTCH R K 51, b 7 Al LAAR , AL FETe 4 1 VAR S8 4 TG 5a 4 1t A/ BOR A 1 #0 4R
H.

[0073]  Ffpak 4000 fi) 7510 mT LA 2 4100 il B R B8 1~ 3@ T8 1a (ASTCla) T ASTCladliil 71 . ASICla, 41l
FEAR ST T I, 28k A AR R ASIClas (3 8 I . 5] 4, ZEWaldmann,R. et
al.1997,Nature 386,pp.173-177TH iR 7/~ FIPER NZEASIClatk B /iiE , H LA 5| -7
LI ET .

[0074] SRk “ASTCLaiiil 55" v H8 (1) 2 75 B A 2 35 22 A W Yl Y, ¥ FE 1) B bR (W 72 2
= B FAEASTCLafy #MaI 7R , H AL 5 5 24 53 1 ) A 9 ASTC La i il 55 1 4 0k L 5 A% B4
UNEEE =7 iliafaat P

[0075]  ASTCladiffill 5 m] LA 2 FEASTCH R N A 1L B 1 1) o tnAE A S BT I, ASTClalff) ik
PRI AR FONAE & B Bl R A (R oK) R BE R A | 1) 2 Ja 1EAT B BN (9] dn e 35 77 4 i
H) 0 TASTCLabl X T+ 5 M ASTC S G Bk 3 B il 5 i 1 4 47 FH o i 4170 s 551 o] ARG T 22
> —Fh FAMIASTCHK J i 52 (ASTC1b ASTC2a ASIC2b ASTC3ASTC 4% ) 3k b A/ 5 AH
ST T BT 53 AR ASTC S % i S0 33 1k A 1 AS TC 1 o 308 F36 1 100 o) 750 ) 4000 1) 48 P ) 528 B ] 3
I AT AR I ASTC SR R R 51, $0 skl FH A A= B ) 30 ) 550 4D R B (48 2 T Cso (7= 2 e R M )
AE 50 %6 P 417 3 5510 PR A 8 ) K L (0 o) B3 i e 2 i 00 ) SR A3 o ASTC Ladg 438 4 410 i 55
AILEAR T FH DA 22 20 —Fh S5 AN BB A 53 A ASTC R Rl 0 1) 28 /0 2 — A% DU fi B %
(RN —r 2 — W52 — 810 2 —BURAR) R B R M HIASTClayd P . K itk , ASTClaik
PR ) ) T B AR T A1) 2 > — P 5 A ASTC SR R 2 A/ 85 LA S B 53 M
ASTCK I A 2 /2 — A% DU B 5 (=4 2 — U4y 2 — Bk 43 2 — BUE A ) (1) FH LA
FNHIASTC1af) TCs0 1/ BEK;

[0076] B [ AFAELE R 2 4h, ASTCLaik 35 1 4 il 551138 AT LA A& XFASTCLas S 1 o nfE A
SCHR B R, ASTC Lalfy e 1t #0 4 FH 9 A XS T B 53 b BIASTC S JiG ik 51 (UIASTC2a il
ASIC3a) , KAk & & TASICLaft il FH - ASTCLaf 5 M 4 il 77 rT ZEAIS T FHEA 4 BT A7 )
AMIASTCSR R IR 53 1) 22 /0 29 — -5 R FER5 % LL R ) B 315509 FE R #HIASTCla. A
ASTClalfy w17 T B AT B R AMIASTCE G i A 2 b 2 — 4% (B 43 2 LA
T EFXFASICLaf) TCs0 A1/ BRK: , LAE T, U, 573 A ASTC S5 B o3 (1) 4 i A FH 22 2 K A
b (B8 A KA B o 7E — e s it 7 X, A BE T 7 85 0T FH R BRT R 3 R AH DG I AS TC La 1 il
), QOB KV F)  HE LK IR VIR AR IR 5= (N2, JE-N—5 T 35 ) ] K& I (ETPA) L % 3 i1 /K
KB-R7943 .5 (N—FF J—N— 52 T 3k ) Bi] 2K 9% ) . 5 (N, N=75 3F P36 ) ] > i ) A5 — (N, N—-— 3k )
B K& F ER R £, Pl ASTC Ladde #3814 #1061 771 2 A 06F T [R1 R A AS TC La i 18 (1) B 58 K R4 /7 5 LA
R R [ K 1

(00771 W] LAASE FHAT AR 3 B A AS TCHR 1) 551 s 40 il 57 B 2 o 451 4, W FHASTC L aide 56 4 4170 ]
FUFNAE L FE M ASTCHN 77 , B HASTC L adde £ H il 77 AT T JEASTCIE 1 5 1 (4ndEASTCIY)
FHIETE ) P NHIRSRIG ST 521078 o« £ —Le S5, AT FHASTCLaizk 56 14 1 i1 771 FINMDA 52 44 1)
N5 (I 2 BR S PR RIBTT 2967

(00781 Ffradk 41t 71 v DA 2 JOR B AL 5 IR o BT I IR mT B AT 00 B AR ) =R R A,
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WREDATANBRT A — T AW BAL AR — LS B, BTl IE T B A 2 R &5 Bk
(cystine knot motif).BtEBR4: , WAL H Al I, 85 AL & 78 DL B Btz BRI 1
A IR LB R B K] P A “4 (knot )™, Firids “487 4035 (1) B P AN 00 B AAd AT 1oZe 422 1) 32
BEI A TE R ER , DL K2 (2) 28 5t iR BRI 45 = XU A o 7E — Lo S it 47, e adk ok mT A 2 ok
I MNP (arachnid) M/B 1R (cone snail)¥)M T IR (conotoxin) o 1, prik
AT L AZEPeTx1 (psalmotoxin 1), K HEIREK (tarantula) (T B ik E &M%k (Psalmopoeus
cambridgei(Pc)) )%

[0079]  fE— LSy 5 , BT IR Bk ] 7E 8589 _E 5 PcTx LA ¢, AT Frid I 5 PeTx 1 [ — /> 8%
ZAEIERI 2D — AR RN/ B T AN [F] 9, Bk TR o] B 2 /b 24925 % B A
/L2150 % 17—, BA S 5 PeTx1 1 22 22925 % 85 3 /b 250 % (1 7 51 AR AL (LT 30)
AT REE T E 9 H R R 2E— 22 (R R AR A DL T ST 5] 3 ok

[0080]  fH— 5t AR AUME VT 0 1 DU RN 7= AR 1) S JE R T 1) X6 55 T 1 A A A3k 2 RO o
B ME R ] e IS B X 55 7 1B FE - Smi th&Waterman Xt 55 /775 (Best Fit) . Needleman&
Wunschla] 5 14 bt %7 58075 (GAP) \Pearson&Lipman ¥4 75 (TfastafFasta) , 2545, Al fEi&E B
X LM IR THREN LA S R AR F : CLUSTAL \GAP \BESTFIT .BLASTP \FASTA
FITFASTA.

(00811  nfEA S iy AT, BN IRAE B R ST P8 21— B0 Bl “— S0 W 2 BLECR
PEL JEE A 0 J87 1A SR S6oF S5, T 87 18 A [] 76 D 1) Hh ) B B 1 B 93 B o 7E — BB S A R, AS AT
() IR Bk B o7 L P Jd ok R 7 11k 28 B R 5 i AN [A] , Ferh S SRR Bk e B 4 o B R b 2
A 5T (491, PR Ay RH B 7K P ) R JEL " PR R B R B 2 , AT T LA X6 40— 1) D e A A 7 AR A5/ )
(BUAN A2 ) R o Ho b R B A DR sy P B e 7 T AN [F], AR e 51— Btk | 23 B 1) B3, T 2 A
JFHI) “HRANAE” 3% 2% 1 BT B 460 1) DR S 12 o 481 40, 38 OR S 42k 385 46 ] B v 20 i 4y T e
2R D, DR T AR I 1 B e 31— 250 & 0BG DUSR BEARDUME VR 43 o VP20 R 5 14 5 4 DA SR
PR AEACAEE DY 73 2 A 80U 23 N, HL P38 e AR AT B ) 7792 0, i 4fEMeyers and Miller,
Computer Applic.Biol Sci.,4:11-17(1988)H) & v (I w, EFEFFPC/GENE
(Intelligenetics,Mountain View,Calif.,USA)H ATH ) RKitH .

[0082] [ Ky 1) (5 ML (A fry bk v A7 AR ) g T e s I R R v T, AR Dk A |
Y FH o BA] K 3% A0 388 3 B 4B v b B Nad 3 (ENaC ) g2 28, BR T 01 ) sl ) Az il /N L T 42
AN FNER A R IR BN BRI o IX AR 3t T AN N AR BT 2R (B AN 2 JEFE B o A e AR
it FARET s RS “FAT K& R A 4 Bl K& I FARR A& R 8 2, Rl K& R ER R 26

[0083]  RA[ K& FISEALIA , a4 ST rh By IV, A2 48 B SR K& R AL A P is PE(H AE
TERS A LA B A5 25 K (R AL B o BT K& R SR ALAD 1) SE A FE AR ANV PR T 2R FL K R VAR TR
KIR 5= (N=Z FE-N-J7: T 2 ) B K3 A1 (ETPA) R 3 1 /R \KB-R7943 . 5— (N-FF BE-N-J7¢ T 2%)
RA] K 3% A1) L 5= (N, N=75 MF 35 ) B K 3 I A5 — (N, N—— F 388 ) ] K s 1) R R 26 o H e 1 s2 41 £
$ : FECs—NHo o7 BAL AN/ B AE AN b (CAnE 21 s ) B B 7K P BRI R BT K RSB , LA
SR FUAK IR ) F AR SRAUA) B TR s T IS [ b 0 A 0 BT oK s R SR AL 5 T JDTC R 1)
B A R SEACY AN G T 1l T W A P 7K 8 v A 5 (A1 P B oK RS AL, e v ek 7K 3
Vs 1 FE A N N- 2 R G SR B i o 7 — St )7 U rp , i) K9 R A 9 AN BHL i A
FIINa'/Ca® B T AT 88 o 7E 7 AN St 77 S, BT IR B K i R ZRAUA WNa '/ Ca® 88 748 4t
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BRI GIAMAI TN, I Bh 4R B KA B4R PN Ca®' o 76 55 A1 S it 77 2R, BTk B K v 1 28
LA ANa" /Ca® B F A e B AR5 55 4m 7], B 1. ImMEL R 9 TCso0. £ — L8 575 #1527
b, BT IR B K I8 R 2RA AN Vi AS TC2a F1/ BRASTC3 38 18 o 7F — 2L it 77 20, Al ik pif >k
TR AZEALY) B AT EL ASTC3I 0 A1/ B AS TC2:3 18 55 = A XTASTCla ity ide 3k

[0084]  4nE AL H it FIR) , AT Bl K R ZRALA A Fig BT K 1 R AL A7) N Bi] K78 R S4B
WO ER S 45— (N, N- 2 F 25 ) ] Ry 1| R iR 2

[0085] 7 — L szt 5 2, BT K& R FH /BT K & F AU 5 B ASTCHI i 771,
PeTx1 M HATEY A AR .

[0086] il (1) 25 24

(00871 2524 (Elhti ) , WA A SO B I A998 DAATART I8 B A IR0, R AT AT 3 B 1 2% 1
T 26 AR AN IR BT ) R AR 25 25 ] Ll H g 2 sl N ane g N D (g,
PR L5 ) R 2 e 2y T (B 7 B BAAN 5 a # l  ULIRL S 52T S Jk A A0 A =
T RS A FR /B P ) 10 (A 2, R PR 3% VB 571 TRLAAR 2H 7 56 ) IR (g & 1 A/ B80T 7Y
W NI 55770 (/N T 291 0TOK I~ 359800 BLAR ) ) 48 5z Ik (A8, >R R Rz Jk U 510 ) R/ B R g
(& 7 MBI CL AR, 5 G, 22 ask 171 s | 52 Jias A/ BBt oA 6 ) R WAL S5 e 3B AT o Rt S 25 245 mT L, 451 4, )
FHME 7 (Can S ms 741)) SIS 55 71 S5 R ST o Mg 771w DA A2 3R T st 77 GRS P 3 B2 KT 2950
Tl ) R/ B84 TR % 751) (VB T 25 LA N 29 10-50100CK ) o £E —Be Sz i 451 o, o) s e i m) A J5 345
Tl 1L 52 V6 5 ) I o o B 7 A AR Ak, R vy T DRk, S N (B JE e R S R/ B ) 32 0
LI ) 400 1) R A bl P HRIA B o 25 24 W R AT — IR IR, FE AT LA 5 SRR sk M2 A SR i
FRARTE B B IR EGHAT , LSRR T o DRI, 45 245 AT £ J) S i 48 s B i (4 2, o7 P 3)
BRI SR B R M R AR 2 e 18 1 = Sk . B TR] 58 4 Hh R 2 G SRR AT AR — B sty AU
R0 2K 3% ) B AT A R AL A 38 Ik K 2 245 o AE S A B St T T B oK 3 ) B g K v R 2
By 388 sk i P 25 24 o AE 5 A St 7 e BT A AR BB K AR AL A e o A i 2 25 245 < A
AN STt 7 T BT K I B K RS A e i LRI 25 24 o 7 S A it 77 =X, BT ok
& SRR KT RS i B N 45 24

(0088] ] jiti F VA I A R (BRI AR A 20" ) k) 1) o $ SR 6 7 B U BOR RUE
WAEA S B Y, R4 R 52 ¥0 B 4R 250 fE R BRI 3216 R B AK 1 3298 38 1 R SRk i 5
BRI PR W FE B R AR Ze RN/ B L ) i IR H0 R R AT = & PR, YR T R AR T A, 45
T, o 25 M 1) Bk S 550 25 24 28 UK IR 52 9 28 I R 7 b i e (O L @ 2 5 0 R
(1) 52 36 2 AR EL ) o F I ¥6 I7 A 202 nl il ik — Ry S LA O . 1-50mL AR AR FR I £ Ik
RG]

[0089]  7E— LSz 7y U, BT IR 1 5 S AT K ] Bi] K& R ZRA M B e AT £ 5 FE BALA
TYEE AN —H & (E R GHE R Z G &) 25 25:0.01-30mg / kg /A H .0.01-10mg /kg ik
H.0.01-3mg/kgfAEH .0.01-1mg/kgfAE .0.01-0.3mg/kg#K HE .0.01-0. Img/kgfAHE .0.01-
0.03mg/kg/AH .0.03-30mg/kgfA 5 .0.03-10mg/kg A & .0.03-3mg/kgfAHE .0. 03— 1mg/ kg ik
#.0.03-0.3mg/kgAH .0.03-0. Img/kgfKH 0. 1-30mg/kgfAHE 0. 1-10mg/kg/AH .0. 1-
3mg/kgtRHE 0. 1-1mg/kgtRHE .0.1-0.3mg/kgfA & .0.3-30mg/ kg /AR H .0.3-10mg/ kg {4 H |
0.3-3mg/kgfAHE 0.3~ 1mg/kgthHE . 1-30mg/kgthHE . 1-10mg/kgtA HE . 1-3mg/ kg R H . 3~
30mg/kg AR . 3-10mg/ kg HH 8L 10-30mg / kg A& F . 7E— /NSt /7 2UH , AT IR R K& 2R
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% H R FLK IR VAR AR K R (ETPA % % 41 /K \KB-R7943 .5 (N-FH e —N— 3 T 3% ) ] K 9% A L 5—
(N, N=75 M R 228 ) BT oKy A1) A5 — (N, N— = B ) BT R 3 R B R &6 o 78 7 A1 1) S it =0, i
Bif K 38 FI AL B AT TE Cs—NHo o7 B A0 F1 /BRI b 1 it 7K PR AR 366 o 78 573 A1 5 it g =X
o, BT BAT K i RS 36 B DA 4 H BRI BT ORI SR « ZRFLK IR B F AR &
TE BT WIS A 1R A R BT oK v RS AL 35 A T IS P B Ry R SRALL A A5 A TR A T I3
P 89 7K 85 5 1 D] 1% BT oK 3 R SR AL JHG v B 7K 186 35 1 5 (] N, N—- — i 5 S i i
5.

[0090]  7E 3 ARy S it 5 2 BT #0051 A B K2 ) BT oK & RIS B e A 18 3, HF 1R
JITC ) 9 AR Y6 R A BRI R B 2 A A 45 245 : 0. 1-1000mg /571, 0. 1-300mg /71 .0 . 1-
100mg/#1.0.1-30mg/75].0.1-10mg/71.0.1-3mg/51.0.1-1mg/7).0.1-0. 3mg/ 5. 0.3~
1000mg/71.0.3-300mg/71.0.3-100mg/7.0.3-30mg/7.0.3-10mg/7.0.3-3mg/7.0.3-
Img/#).1-1000mg/ 7. 1-300mg/ 71+ 1-100mg /5] . 1-30mg/ 71 1-10mg /5] . 1-3mg/ 7] . 3—
1000mg /71« 3-300mg /7] - 3-100mg /7] 3-30mg /77| 3-10mg /7] - 10-1000mg /7] - 10-300mg / 71| -
10-100mg/ 7). 10-30mg/ 7] 30-1000mg /7 30-300mg /7] - 30-100mg /51 . 100-1000mg / 71| «
100-300mg /55| 5%300-1000mg/ 7] « 7£— At 77 ZNH , BT IR AT oK ISR 3 2R FHL KK
JEARAK IR JETPA R 1 /R JKB-R7943 . 5— (N—F JE-N-J7 T 28 ) B[ K9 ] L 5— (N, N—75 7 F 2% )
iy Ko7 A5 - (N, N= 358 ) B[ oKy R ER R 26 o 75 55 A S 7 =2 5 i BT K3 R A4
H A 7ECs~NHo v B AL A/ B AR IS 10 5 K R BRI o 78 53 A s i 75 5Kk, BTk B oK v )
AL B LA A H BT K RIS < ZRFHL K IR B A SR « & A T2 R T I3 ]
) IR PRI BR] K25 R SRACLAD 2 e AT 32 140 R K 38 RS AU R0 25 A T T IS ] g K e s 1k
S5 [ PRI BeT K85 R SALAD 5 e B 7K 388 9 P 6 A DN N—— B G S S ml b 3 7 — SR S it
X, B AR IR 202 A DA FE T B DK 55 0 P 9 ST 0 = e P R B UL VR

[0091]  Frik a7 vl DMTROE B MDA B E B A S A 4 20 AE— 1
SE A8 H BT I 00 1) 700 R0 I 1 DR 2 2 b T RS2 1 2 o mT G ) B 2 A P DA B, 4514 L
IREAAR /W 7 CEAY ) S5 JE3 77— vl 2 FhIBIE 77 5 7] S R 77 6 L ViV 770 5% o ok 40 1
F AT AEIEA v DUAE 45 25 28 J= 3 e XL P 52 96 2 IsE SR AL T8 97 JR BB S 1L ) VA o7 A 5B F) Bl
T F TR )R B T AEAE

[0092]  7F—sbsijifi 7y =0, Hil4F T B A 5 KV 1 BT A 1 P B Ky SR AL o 75 S i
S g FCH S BT IR BT R 3% R AL A A AT A 5 A S 1 6 ] (nN, N— B R B R i 26 )
DA K 1 (01316, 181 24) o £E — 2852t 77 S, Birads By K7 2R Aeh P B G 5mM . 10mM
20mM . 30mM  40mM . 50mM » 60mM . 70mM . 80mM . 90mM . 1 00mMEY, 55 555 FI 7K VA 14 o £F 573 AN K) S i 77 =X,
BT IR K% R R A EL A R 78 BA VR 1OmL Y 5% o 10mg  25mg « 50mg « 100mg « 150mg
200mg 250mg + 300mg - 400mg B 500mg 1] 771l 5 it Ak 25 25 22 NAAIRT Vs i 5 o A0 A S it 7 =X
H, BT IR B K i R RAUA B A SO VEAE B R 2Ly SV K 1 0mg « 25mg « 50mg « 100mg + 150mg
200mg +250mg « 300mg +400mg B 500mg 1] 751) 5188 I {1 i 35 25 245 2 N AR TS AA FE

[0093] Rl K& FISEAUMI A B i ik

[0094]  AHIE 1) 53— AN J7 TS BB (I BT K I8 R AU A B 7 38 o Bi) K985 R SR AU i)
B 2 S FE T T TR B SRAL A 5 R TV T ) o 22 T S5 T G PR T K 9% R 2R AL A FAS TC
FRAE 5 (UIASTCLaRIASTC2a ) H) H I AR o AT 3RAT — Fhel 22 FHASTCH 71 , 45 il 2 4n_E B
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ARTASTCLaffil ) o nf DAMT 23 B 1) 75 R4S B I 77) , e rb, drd i 0 — 2 e e 40 o)
A CBGn, AL A S PR B ) AN/ B i ) A BR R T

[0095]  §ii ik W] 0, 54 73 B () U S8 AS TC 2 11 -5 i 3 2B 14y g e 00 1) 310 2 80 1700 AF B4 FH 1)
Rl R G0 For, 7 ) 1 A A I AR e vl L R s 7 v AR K P (RS R am ™ ) Fn /K
FIAA HUARR AN E (B, 549 (binding assay)).

[0096]  7E—tLs i 77 X rh , BT 40 M 0K WU 5 R el FH T 00 5 A 48 e mh % g g 100 ok 0k
BT (0, BRABURE S T30 B ASCR  AE — e st 7 b, B & N S R/ ST R . 7
— st 7 S, BT E R 48R R IEASTCE I ik 51 (UIASTC1aBiASTC2a ) ) 41 il Bl % ik
PP L _E AN TR B9 ASTCER % il 57 (UNASTCla Rl 573 Z B ASTCHR I i 52 ) 1R 5 i DA Py AN ) 20
(1 20 6, DA i 5400 1) 700 X5 It S0 o, 573 P 3 498 12k o ot s 240 oL o P 0501 B ok 5 N Ak
AR K 218 25 N ASTC R Fil IR o TE— LE St 451 7, B 17 0 LA AR, Birid Il 58 32 48 vl R FH S
TR B A R R (o, A BB kL, WiFura—2) , B A8 ) R 4R/ B 4T Bl P S
T (AT, 95 ) 94 55 1) 738 A RO 1) s T SR DR A 4 5 3R 0, R F A B 5 b I 2 Y (o g
FrE) o BT IR e 22 4 mT A FH T DA 3k 00 1) 77X AS TC SRR i i (JE L2 ASTCla) I e 1
1/ B S A F

[0097] W] fm) HLAA M 361495 1 52 6 3 (0 = 3 B I () 5296 35 ) i FH — Feh ki 22 ARAS TCHI 1551
PLIN H T8 97 #2404 B B i S0 0 20 77 o B i J= 38 i M (%) 52 ¥ 3 ] LA N BB
FE— LSt 451 o, BT S SR I 52 ¥ 5 ] it Ry SR AN/ B XU B R R G s 45
PER ZNPE Y 22 G0 A0 45 B A S 00 51 R 1) J 0 e ML AR 6 14 30 (B 17 il BRI A AR 5 /N BRI/ BROK
B o B T NI LA AR, Brid Je s e i ml DA AU (4, SRR AR ) 1/ Bl0a it 244 (1) 45 24 T
G R ) o A —LE SR b, B o3 e i m p o BE 2 , G i oK S BKBE ZE 1T 51K .
[0098]  AXHIIE 1) J5— /N5 W K I TIRAR A R B ZMA &Y B iR 25 &)
BB 8RR TR AT K I R BT K R SRA A B B A T 24 2 b m B sz ) 3 s DA e 245 % bl 8252
R38R ORE BTk 24 W 2 I ) D FH Tk 3 P 0 =

[0099]  7F— kst 75 =X, il 25 40 4 & 40 A B B K9 R A A sl L 24 2% b mT 52 11
£, oA BT By K& RIS % B AR FLOK IR VAR IOK IR \ETPA 5 41 /R \KB-R7943 .5 (N-H
FEN-5 T2 ) BT K% ) 5= (N, N=75 1 FF 368 ) o] oK 385 R 15— (N, N— 2 38 ) BT oKy ) B R 5
[0100]  7E 534y st 77 x0H , FTid 25 020 A W0 A0 & BRI RIS AU sl L 24 2 b T 8232 (1)
Eh, A T AT K 2 R S A I F IR HLOK IR B B AR A B B T BT IS [ () 3R 1)
R0 K85 F AL 7 A T AT 2 140 R K 38 R S AU R 25 A T T AT (] ) 7 3 e 5 A 1)
B A FIZRAA , e rp BT 7K B85 v M R (4] 9N N- — R R e o i

o101] 78 H4hi szt 77 =X, BT ik 5 & Wit — S & — Phiak 2 Fp L B A ASTCH ]
A AE— NS 7 S, BT — Fiak 22 B e B ASTCHI I F L FEPC Tx LEX Pe Tx 1RTAEHD o
[0102]  AHIIE 1) J5— /N5 W K —F T 0k o 2 R 51407 I 25 AL &4 ik 245 ) 4
LA R BRI R SRAL Y B IL 2 b a5z () 86 s DL R 242 b T B2 I Ak
01031  7F— s 77 xQ b, B Bk 25 ¥ 4 & W e ) o - 85 kS 5 P9 O g == s LA VE
o

[0104] 75 —/NSit 5 2, Frid Bl K& RIS R 2R 4L K IR I R AL R AU o £E 7 — A
S g S BT IR BT R e R SRA A L T R T IR [ B (38 o 7 5 — AN st g KR, BT I i
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K RISAA) A0 BRI I o 7 P — AN STt 77 b, BT BT oK & R AL 6 25 T s - I3 (4]
KSR A, e IR K S P A AN, N- R R R R 3

[0105]  7£ 4y sifit 5 A, Frid 94l & Witk — D A & — Fhal 2 Fh H e i ASTCHI i
F o FE— NS it 77 2, BT — P a2 B S AS TCH 1 77 A0 4 Pe Tx L ERPe T 1T AE M) o
(01061  GnfEASCH BT FIIY , “2527 b ] HE52 I 30R” A 36 AR R0 4 3 ARV 77 20 B/ ot S B
JE 0 TR 7 AN B R S SRS AR S LB R TR BRI S o BT IR 24 5 BT sz s AR T T2
[PIRE LK i1l 2%, BT IR A BB HE (AR T JRIBR TR, BHIR TR, DA S e AR, anol 1 il 25 45
SE VBT 26 W0 AT RE 23 75 EER) 22 MR RIS o 3K 8 5 245 S i MR BT I A o RN 24 771) )
15 R AR SR ) o B T ARART A BB 2 0 S PR 2 o A A 2 A HAE Pk 697 2
A B s A2 AT AR o AT kb, TR RAT K I IR/ BT K VS RIZRAUIR & TS A S A
SR BAT K R/ BERAT K R SR A o i kb 78 i 1 2 B A A P

(01071 7E—Lsijta 5 U, ¥ BT iR 25 W2 & W ie 1) o T KR 5 o 78 3 A0 B S 77 =X
o, BT IR 25 WA A L B BC A A FE T R S PR R K R R/ B RAT K 3 R SR AR o 7E 3 A
St 77 SR, Bl 245 W 2H A A6 T ) A P T 0 o 2 9 S R BT A9 RN/ BT K i R AR
Yo 1E S AN St 7 SN, Birad 25 24 -G 0 60 5 T ) Do 3 B8 P 3 S AR BT K R AR/ BT K
TSR RAN o AF 73 A STt 5 2UHR , B iR 25 90 26 460 25 0 1) /9 B T LIRS 3 S5 AR i) K 3
/BB K R AU o3& T S IS B 25 41 S Y B 36 TC s K IR ORISR B DL R ) BY
3 B S AR T TR A S PV B PSR ) B T 1 P4 I TR A 1) o 0 T R ik 4 24 5 0 L T S
AL 35 A T £ 7K W3 7K L Cremophor EL™(BASF, Parsippany ,NJ) Bz h 22 1 £ 7K (PBS) o 7F
FrA WG OLT S -GV R R 1, HONIE 2 5 T DA S AT 72 I 2 B B4 o Birid v
S FHAH A 0 A 13 A A7 ) 25 A T D Z R AR 1, LV 257 i A 4 (an 48 T R 3 1) 1) 75
AT RTEREE T K B Bk n] LU &8, i, /K B 2 JoBE (Flan, B 8 B RS
RS MEA TR E B R S V) B I B B 5T o A o, Je e B R Can SR AR ) B4 458
R 7650 SO AR DL T 388 1 4 358 B 75 FOORE B2, DL A e ok 3 vl MR R A A, o] fR 718 4 3
Bt o A JE I A AT AN I B ) (B, R S R FE R R ST B Y S LA LR BRI R
55 ) RN AEYIAE IR VG « AEVF 2 A5 00T, DL AE PR 206 W h AL & S8 70, 9 an ,
K2 ool (WH B0 1L RLEE) SN o BT IR 3 5 46 P 1 AR mT adE I AR B ik 4 &
Wb B, A AR AT PRI 245791, 4510 G, B I TR B R IR T S B o

[0108]  Jo Taf vAE 5 VA mT 38 ks B 75 2 X 80T A8 R AR/ BB K3 R SR ATU VRN 3 244 1) ¥ 771
L SR s KR R 1] o 38 L, 23 BB G R A S IR N S SR AR 43 B 5 RN Pl
5 T LA b iy 710 258 0] S 6 L 1l 53 B8] G TR 28 AR SR i 8 o 7 A4 10 I 9 S VA TR P A1) 8% 4] I 11 K 71
VIR T e 0 1) £ 7 v R B2 T A R T 1 L 2 BT 1) TG Bt i s A 2E s P 2
I3 T A i 75 2550 B R 771 o

(01091  7E—uLsijta 77 U, Bk 504 & W CA T8 0 T Sl SR At , 408 1 ) o v 7R Bl e
FETE T AR TR 5 SR AR 3 2 2R 4 ] 25 8 A SR BE 1) 7)o A A B R A FH ey i
R HERT AT 255 ErT Rz PRl Bl R s 4F 4E R AT AR 4%

(01101 FEREELSj 77 U, 1 Bk 254 20 & WD C 1) B DR T8 G2 6 B IR RE TR AT T
HA R, ORRER AR T E I RS TRCERAC BSOS TR 458 (CR) 2 R BE T (MR ) B3 457 S B T
(CREContin) , & HT1%& F b 77 sl ke 3 DL 52 4% 75 i I 5 1) 18] A HHE A% BT R v 1 4H. 70 1)
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ML o 358 AR 7] B3 1 3 () A0 o5 7 JFL 38 o mT B[R0 R 245 40 100 S 0 R s 1) ) B Wi i 21>
PL R AE T AR T 25907 i b sE R e B K1, DRI S T 2590306 1 A R 82 )

(o111]  FE—ANsijta 5 P, I R ANV Can 7R 0 B R B 5 3R ) 1 268 ot v A0 2 B R i 12k
o K BT I 232 A WIE ) D T2 R o Wt e R X DA d Ik 4 R 18 5 1 25 07K P e
P B ) 5% T A 95 ) 38 6 B 0 1k B 4 o X RT3 et 22 oo 1) 2R g S B, B AR ASAN PR T i
JFAR S 250 - B I 45 A1 WK

(01121 78 S —Asefti 7 3, K ik 25 W4 & W c 1 T 1 3 3R B, M T 156 75 T 3k 3
PELH 7 7525 25 FEAS ST RIVRE TR o AR R TS A4 1 I E B i 1k S 491 9 7 i Hh T IR B A s R
VA IRZY -

01131 7E WA 92 it J7 20, K BT ik 245 W 4L & W e 10— 55 0 T 3k 3 1k 20 23 BN 2B L
ol v PR 2E 53 B I G R o A — NSt SR, BT IR 25 2E 6 DA T ) D T 4 IR DASE Bl i
T T 2H 23 PROORE TR R 7)o 7 S0 — AN St 7 s, BT 25 W 40 & W0 T 1 DR A B4R TR
BB IFRECFLATE BT A R AR B B AL AT AR L R S T e 2
MEZIEERT .

(0114]  FEF—ANafta 77 s, BITiR 259 20 & W0 vl i 32 01t S Bz Ik 5328 2 U 751 DA 4% i /B
FF KR 5t FH R T P 2H

[0115] izt f3i]

(0116] DL R Syt iR 1 A A B IE BRI 5 TH AN S it 7 =X, JEI 2R T ASTCHIHIAE FH Y
ARG FIAAR A 28R B B LA B A8 1 B AR 00 o) 700 6 o S & I < X 6 s it ) P T 156 B 1
H BT T AS 222 47 385 A A PR e A 2 BH )3

(01171 SEjita {3 1 - sk L 2 W] y535 45 11 R FURK B8 3l T 1) 3 s R I 1 P LR 477

(01181 2 JLIE2-10, STt 5l 3R 7 B ASTCLafe Vi ff =30 S i v F5 45 H 1 4 FH LA 2%
ASTCTadi il P AR Joy 358 S 0 P4 453495 F4) B R0 S 36 o Caa® ' 253 1k 8 J 3 S L 44 i 453 4% P #3488 17
KM A BT A Z RIS DU K E AR R 7E T AR A R R34, 7
Jay s R I 5 A A A R P 5 1 Ca ™ B AR X LR AR A5 1 N B B o T 22 R0 0 R I ) %
DURFAE , FEAE R 5055 P33 1 OB VE Y A o ISR IE 52« B P AR IGE T AT SRS A &R
ZARTERE ECa A K AL TCF A I T 55 Ca™ I IR U B B (ASTC) S [H Bk, B =
PR I AS TCH 4 A T HRABIER (1 B2 55 , 1T I 923 Ca® I ASTC La ) 5 G ) v e N7 AUk o 75 S5
St B At AR 000G = v S AS TC 1 afH 37 771 B Rt B AS TC 136 BT M 8 47 K i e 38 ey S e I 2 45
5, H AT B R FE HUAE F =R B8 KI8T

(01191 JEH (19 KMo 7 2860 46 A 11 56 4 S804k DA 2 FLRE 2 75 oR o 72 JR S i i S 1], 0 < FE
JRETEASE K i 7 46 1) TG SRR R A o 1 D A T AR 10 ) 7 0 ) FLIRR 5 ATP K g 7= A 1 i R R
2 3 BRI SR %) R = 0 pHIR T B8 5 o fe) =5 S0 e of i 45 4%

[0120]  FRHUE & il 1E (ASIC) N —AEM LW X Al FE [l # 4 R4t &b W4 iR
IR ECAAR 5381 324 1k, O TalE 1 /N FIASTCV. BAA o 3 6 3V B 457 o () DU o % o i 1 e
pHISOE ) Th g 1 14 [ V5 22 38 (homomul timeric ) M I , DAL S AR BEE I L Rl 2K 9% sk
RH B - HL 375 o BT IR AS O B A7 R R T Fil (ASTCLaFIAS TC2a 7 B A67 ) O 9 iiE B & 27 T- K
(0121] L0 %

[0122]  Bh& LI RE 7
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[0123] SR MRIH 2 5, MEL6FE1-/NER (Swiss mice)BEPIASICI " HMIASICL /MR & [ fi#
Fll R0 2 J2 5 FFAESTC R FHO. 05 % ) B8R A BiE-EDTARE B 103 8l SR J5 FH K JE 9 ' 1) 355 7
R K 2H 2 A, L2 X 104/ FLEK L0 A / 35 35 v 1) 2% FE TRUCE TR -L- B iR E 124
FLEE FEMR E25 X 25mm¥B 38 55 I A b e AN TR 1710 % i FOMEM( B FE16/7) 85 7% ) 8§
FNFE T BT AR B i 15 77 3 (Neurobasal medium) (FFPIR)EEFE) KBS 3%, FEE12R 2 5
FHAE v, AR 3 FOEE P A RIE 9T o 300 1 R 05— 98— 2— i 80 PR T A PR 7 SR 4 240 2 Joi ) A K 6
57 590 % 182 0 (FHNeuNFIGRAPYL t ik (B R TR ) AT ) i 15 S 41

[0124]  Ha/EHf~y

[0125]  ASTCHJH vt &40 i A4t (whole—cell patch—clamp) FIPREEEF AR (fast—
perfusion technique) K1tk . 1E 41 B AR (ECF) 8L & (B AZmM) : 140NaCl.5.4KC1 .
25HEPES 207 %4 . 1.3CaCl2.1.0MgC12.0.0005TTX(pH 7.4).320-335m0sm. A4 K pHIA
W IMN T & AAS A B FRHCT o % - pH<6 . O ¥ W, R FAMESAR R HEPES DA B A 5 3 % rrpH o i
Fr AR AL (BAf7mM) : 140CsF.2.0MgCl2.1.0CaCl2. 10HEPES . 11EGTA4MgATP(pH 7.3).
300m0sm. JENa TRV F1 10mM CaCls.25mM HEPESZH % , I DA 2535 (NMDG 55, i % >k 25 /tNaCl
(Chu et al.,2002) %] HZ & #iE R4 (SF-77B,Warner Instrument/A w]) PAALVA R 1) B
AT o

(01261 44514 158 ——LDHI &

[0127] 440 FIECFYeis =R, BENLA AR TT 4 (5 BT A 419 in AMK801 (101M) \CNQX (20m
M) FJE S 1S (nimodipine) (5uM) LAV R 73 20 B 52 R R |1 42 Ca™ @8 1) VB 72 1Y) — B
o L G RMRWFE 37 C N 1E PR & Bk ol 5 77 B b BRI A & #4820 - FI HLDHIN & T &
(Roche Molecular Biochemicals/y &])7ERFFRIE A I 5E 1 LDHA) R K5 A1 Ji (1001l ) 5%
TR 296 FLEL IR P, HF 5 BT IR T R BT 2 (1) 100uL i R B IR A - 3043 %1 s , 1 FH
M1 (Spectra Max Plus,Molecular Devices’y #])7E492nmAbIE T %5 B o i 22 7E620
b SRR o B 7R S AN SR &5 )R 1% 1 Triton X-100/4 5% & 1573 8, 7E &AL 3R
13 7 BRI LDH.

[0128] Ca”Rif%

[0129]  M4AE25 X 25mm3pe ¥ 7 B b AR KR 52 J2 #1480 FHECFBE ¥ — IR, FF7E22°CF H5uM
[FIFura—2Z, k4 2% H 2R R 0 & 40 73 B, P sk = IR, P75 % AECFH % & 307> B o 75158 & 1l
B3 (Nikon TE300) _Io¥s 55 3% A B EREE =P . G B2 4080, - FH40x UVEI R A IR
BB e IR FHA HICCDIEFENL (Sensys KAF 1401 ,Photometrics /A @)) 3578 1 244  1F
Axonflifg TAEE B4 (Axon Imaging Workbench software)(Axon Instruments?i))$% i
IPCHERTF I A3 HT T H 2 MG ol ik B S A3 i 1] A e 56 (Lambda10-2) DA #5341 g
£ 34058 380nmi & I K T B I K o 75 1 Onmir) FE 5 i KA K M B T Fura—29¢ 6 ) B o S5l
PRI P (%) &40 1 B 5 X 3 b ) P 3R R LU AB 2 T B R 15 (340/380) o BT B 1 B HE 22
SigmaPlot CAMEHE— B 7347

[0130] %% ytER — ZFRIE Y o 55 Ak P e P Ui

[0131]  ZHAETE & 2R — ARG (FDA) (5uM) FNEAL A g (PT) (2uM) FIECFH i & 304>
B, 2 5 AN YR ECR e i o 7E L £ 76 4F T-PILES80/630nmAb ik /8 5 Fi st FFDATE
500/550nmAb R / 48 ST Ah ¢ Y6 I B MBS (Zed ss ) B RITHBUA7 S (FDABH % ) AZET (PT
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BEE ) () 4 o F FHEC %5 A BQ 8000sVGAR 5 KA R I L DET-7 305 B WL S A , 3 H ot
HHLE A (Bioquant , TN &) ) K0 H7 o

[0132]  COS—7 4 i fity s G

[0133]  FE&10%HSAHIL %PenStrep(GIBCO) FMEMA 1555 T COS—T4R ML « 7E ~50 % F fil &
T, F FHFuGENE6 %% 44771 (Roche Molecular BiochemicalsZAT]), K FHEpc™ &4k i) FH
F-ASTIC 5GP cDNAFLHE 4L 7 i . F T-ASTCIYIDNA(0 . 751g) F10 . 25ugf¥] FH T-GFPHIDNAKY F
TN 35mmI 7R LA o 3% HUGFP FH 4 1 240 B LA 7E 37 G 5 S e sk 48 /i) o AR EASICla
(L Gy , 72 T ik 4 e — A J5 #4500ug /mL I GA1S I 1) 15 F7 e vh . EGA 1 SIUAFEAE T, SEAF 1T
G4 1 8¢y 2 o e i3k — A M s 97 IR AL 33 > 54R (passage ) o S8 Ja A0 S A 4 2 52 O et ok
K2, FHT-ASIClalf) ik,

[0134] A ##F#Z5(Oxygen—Glucose Deprivation)

[0135] 35°C FAE&85%N2.10%HaF15% CO2M) S AK MK R4 % (Model 1025,Forma
Scientific/a®])H, fEpH 7.4846.0 F P& Jul A 7 0 %) BE I ECFBES: = IR KIF & o L/INK)
J TR R AT A S TR 0 1 A P e 40 326 o 77 3 5 o T 3R AN 7 AT BE B ECF 3-8 & 8%
FEWT 2% 1B RERIZF (0GD) o i B HEPES 2% h R ECF A A, 17N A OGDAE pHEH 7 . 38R AP A
£7.28(n=3)FH6.0MFHFKES.96(n=4).

[0136] [kt PRI

[0137]  JEIERIH1.5% T 70 % N20FI28 . 5 %6 O 11 Jok B (1) e 7 ART3E AP g 1 KBS,
(SD,250-300g) F/NiR (LA [ 25 RC5TB16MI TS 5, ~25¢) [ K i v B ik i 2844 (MCAO) 1 51
RV TP JEy ek PR R L o DR IR A2 1 PR AR R R R KT R B AL R P 4E R 3T C =
0.5°C o8Ik 28 ' 22 5 ok W WU 350 AL 98 o 0053k I8 A P46 {120 % LA R 1R 3040 o

(0138]  J&jfiih i 24/ N0 J5 FHZK A SRS 2R LB A o PR T HE i 8 10 B Lmm (/> B B 2mm (K
B TR, I IR AN TE ARGk (296)2, 3, 5- = 2R BL U EUMe 2h G 25 (TTC) v ke e £, 3 1
A J S R I %) 2 B 4D T R ik 2 R 0 e L P 2 Bk mp i TTC Y € ) 1B X 3R T S BT T
R B AN BT A U R BT AR e L) JE B R ORISR AR AR R BB AR JE R T
IX10 . Smm 130 Z5 281 . Smm L K J5 A0 23 A i 563 . Smm ) 37 44 58 67 R 8 N 958 1 Ak v
B I SR E AL B AR AT T R R 06 2 R S o T TR R R RN 4y BT S48 AN BT R T A
AR SR AT

[0139] 4R

(0140]  (a)ER BEIUE /DRI EMZ JCHIASIC

(0141]  E3FI4E R Tk TREFR/D R B2 JZ M4 T B AS TCI e AR 3 2% 245 3 2 (1) 7 4
Kt . BISAFI3B A K R 1l i pHEH 7. AR 2 B/ 6 pHAEL 1T 0% B AS TCHE AL Y pHAH G 1 1T 1]
o B B 275 & 2 A 6. 1820, 061 °F- 34 pHo sHIHi 11 4 (n=10) . B 3CHI3DNE /R T
ASTCHIHE i —HL R Ok RIVEIZR (n=5) AL ES /N I~ T ASTCHE It [ 52 1) 7E-60mV | id 3%
FIARAELL o B AAFNAB Y EIZR T BT K8 I BT 3 i AS TCHEL 1 PR 771 2 44K i 1 BEL 4 P 11 3% TCs0 =
16.4+4 . 1uM,N=8. B 4CHI4D A 7~ T PcTXEE & it B A ASTCHE It A BEL VA i B 326, seskp<
0.01.

[0142] 03 T 1595 /NI B2 JZ A2 TEIIASTCHLIR (B ILIKI3) o —60mV I 4EFF L 34, 7E K
ZH T AN pH(pHe ) 20 FRFBAKT7.0% &k T BB D BRSNS H B K
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M 2 A 1r) RV (13 ) o PN T L WAL PR S 52 I 5 pHe ) R BT BASTE BT, A2 R 176,180 061
pHo.5(n=10,&I3B) . 3R1§ T LM 1-V& R AR T Na P 351 1 % (n=6, KI3CHI3D) . X
S A U S < B pHe P 00 /0N BR 1) B2 4048 o A i ILIASIC

[0143] R 7 BT K38 ], ASTCHY A4 T P BEL i 771 5 BRI 2 i (2 LI 4) - il 4
FIT 7R 5 ] K 3 ) 751 A gt o S BEL s T JE AR G PR O ASTCHE I, TC50 916,44 1uM(n =8,
KI4AF14B) o [ 4CHN4DH B IR T PeTXEE 20 K J2 #4070 Hh B PR U0 FL U Y 52 . £ 100ng /mL
T, PeTXFEZ AT HiFH v 7 ASTCHL LI AT % =7 % HIVEAE IR B (n=15, K 4CH14D) , % B [F] 5
(R ASTCLaXof Ak P I T FEL U7 11 3 2 D ik o 76K 2 30 B2 JE g o, 3 sy Pe TX IR B2 A
2> SERASTCHL VIR B (0 HE— 2 10 I (n=8, i R R ) , R R X e pp & b L
PeTXANBBUBRAIASTC(f U, YR HIASICla/2a) .

[0144]  (b)iEik BEFUL o 30 BR 1 3G 558 1 ASTCHi 3.

[0145] &5\ R | R HHAIOL JR) 0 s ML mT $2 75y ASTC R 14 1) s 451 12 250408 - I BATH — 2R 51
R T 1N I0GDZ S5 ASTCHE T AR 52 1140 b T 0 2 SR FH 8 B 1) s 45112 v 28 Bl 5By
[ % 1 AEOGDFHZ JG HR AS TCHA JAt i B 11 b P PR M5 14 2540 1 e 3%, N= 401144, %p<0.. 05, [&]
5CH— RFNEIR T LEOGDAHZ T H ) B A AS T CHA, It 25 SBURKAE FH I 7 497 1 hi 288 AR R 55 12 %
& N=6,%%p<0.01. 5D — X TR T 1N I0GDZ J& , 5 4 4F R AEASTCL i Je i 48
pH6 . O = R FL IR ) /s P Hh 26 (n=12F113) .

(01461 TR 5 1T BE A2 Mo =) S R L 1) B BEARRAIE , 0 o8 PUHRAS TCA: 15 W A J=y 3 s i 2% £
B T DA % S S R IR 7 R A I e T )RR, 2 L5 o A sk LN R AR 325 (0GD)
JE ARG TTH BIASTCHL IR « T8I 1T 5 < » W — 4R 15 24 AN 25 860 28] 0 1740 40 i /1 (ECF) Y ik = I
T2 06D , [ I8 06 HE 5 77 W42 52 25 460 26 B XY ECT 1) B 3 I8 o LK) 40 B 335 77 i B 2 v i
B o LN JE I 75 BT o AL 05 7 o b FH A I o 5 7 0 B 40 AN 5 7 ) B I ECF IR0 & 1%
TR 2% 1E0GD o 2R J5 MM TR LS 52 L AR LR, 7EFTIR0GDZ 5 1/NE e SR ASTCHE
- OGDI VAT T3 1 ASTCH i 1M B2 1~ 2% b (R REZH HH 1520 &= 138pA ,N=44 ; 1 /NI OGD
JE 25 6 H 1886 £ 185pA ,N=40,p<0. 05, EI5AFI5B) o B 55 B[4 A2 , HEL I T8 0 (14 A ) 3 4
[P G R , 0GD-F 2L 1 ASTCZEHBURAE I SERFFAR (X B4 H814 . 7£58. 9ms ,N=6;0GDJi5
fry 4 tH11928.9 4315, Tms ,N=6,p<0.01, B 5AFI5C) « ML T2 1l 78 18 Ty #0220 7 1 B
% (Wemmie et al.,2002),7EKEASICI /INRIIRE I35 K 2 M o, pHEH 7. 4R AIK 56 . 09F:
AN BE AT AT Y R FL IR (n=52) o TEIX L 422 JuH , 1N B OGD I AN 2 3G sl 35 R 5 K
By N (5D, n=12F113) »

[0147]  (c)Eh & 5| KA HASIClalt 5B G IR MICa> I HE N

[0148]  [E6AITE IR T HK MK ZMZ SCHRIASICH LR A IE K Ca®, H.Ca HisiE M ]
B FASTCLalf 7R Bt £ d . I 6A R 7~ 7 H 2 10mM Ca® ) JoNa TRIECF/E AN AT 1) Ha gy 4
SRAFHI NI 1 28 o 7EpHE . O R ic s 7 N A FEL IR B IE VAR R S 95 (n=5) 2 G I T35 101 %
H 34 A ~—1TmV . I 6BIT. 7~ 17 5% H i A i8I AP e TX 7 238 3 Ca™ A 5 1) B VAT 14D L ¥ PRI A
M i 28 AR 1k B - Ca™ A T 110 HL A P Ve L8 3 3k 1OOWMEBR] K 74 ] (n =16, p<0. 01 ) [
ZTHRZHAE )26 % +2% LA S i# 3 100ng/mL PeTXEF & (n="5,p<0.01)[%%E22% +0.9% . [&
TARIR T R HpH%E 6.0 S 81 [Ca® 1i i T B AE A pHiT o 5 7= 1 1 1 340/ 380nmLE
PR TR N B A F T R 1] 455 Ca® 3 38 O BH 7 7) (5uM JE ZE P Fl oM o —“FIZ 5 &
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MVIIC) A1 & RS2 44 (10uM MKSOLAI20uM CNQX) )& 1.3mM CaCloff) & #ECFH o B TAR /N
PR IR T 7 94 X 100MBR] K i A5t [ Ca®' iR 5 5 B0 30 o B 7B 7R 1 [ R ARLL T
pH6 . OZH. , i K85 FIIFIPC TX B3 25 [ Ca®" 11 IBR 175 5 L T 180 00 1) P s 45102 P W45 4 K, N =
6-8,%kp<0.01 . B 7TC 7~ 1 NMDAH L/ 855 Ji5 Bsf ' 24 pHIR) ek 50 7= 45 14 11 340/ 38 0nm Lt 2., 4
SEASTCL ™ #HZ Te B = [Ca® iR TS 5 _ETH s A2 7T H AT XINMDA K IE % Wi ¥ (n=38) . & 7D
R T HBEAEASTCL 125 71 7E pH6 . OB 5k = FR s v V7 10 7 451 it 2

[0149]  FIFHFRAER TE#H 7L (Jia et al.,Neuron,1996,17:945-956) FlFura—2% Y X
R Ca? Bifg AR (Chu et al.,2002,].Neurophysiol.87:2555-2561)#fiE | K EME TG
HRASTCIICa® B3 1 R FH & 10mM Ca® [V (AN S Na RIAS S K AR AU 1) HR A 2%
PEIFAE-6OmVIAERF L33 1, FATICR T 18APHZE G R 1 15 H Y 1A FL 3 K F-50pA , s
REZHR JZ A 0P INASTCI) i 25 1K) Ca® VBT 1 (JE16A) o 5 [FIVRAS TC L JE 1) i A — 2,
10mM Ca® BT K 1) R 7 4 4 S PR AS TCREL 387 751BRT K 745 R FIAS TClafe 7 PR H P TX 85 2%
R K HBEL 35 (PI6B) o« Ca™ A1~ 5 H Y70 F4) U6 {2015 i 388 35k 1.0 0nMBA] K75 1) (n =6, p<0. 01 ) B & 5%
P26 % 2% LA Sl ik 100ng/mL PeTXEE & (n=5,p<0.01) P %22% +=0.9% (EH T F %
Ca® Bk N IR A2 1K) FH ¥ 751 (1% 45 B R 32 AR FUMKS01  10uMAICNQX 201M ; 1% B J& | ] 455 Ca 1
B JE S T-5uMAT o —FIEEERMVIIC 1uM) IAFAE N, Ca® BARIE L : 20N Je R I 184
SFpH R B AEH 7 M S, F B n R U B A AR N Ca™ ([Ca™ 10) MR BE 1 7 i (B 7A) o — 1T
5, [Ca®" 115k A 2 10 AR pHVA I A K AV VR A B) T 13 o 75— o4l o, [ Ca®" ] v ) R 8 )
B R KT RRREEM R 18] (B TA) o K HRFSE1K) Ca® i B 38 B 75 TE 3740128 76 Hh IR AS TCHi [z
A g 2 L AE A 40 10 55 A T /D b gl 2 UK, SR BH 4R R ASTCHICa™ F HE N W] B R B J5 1) H
A N A6 1) Ca” 8o R FH LuM B2 5 37 A 58 (thapsigargin) I 4128 I T & 36 7 Hu 4 )
T Ca® THE I Ay, W B 40 Y A4 10 Ca® R 1 AT B AR 5 S 40 i PN Ca® 1) B AR (n
=6, AR IR ) « FAUTFCa® B F AR E 1 H It (BI6B) , [Ca™ i ¥y (AR 82 T w2 9t By oK 7%
FIFIPCTXEE M A MM H] (B TARITB,n=6-8) , iX 5% F [ Ca®" 1 1 T T [ JHASIClaf
Z 50— B ASTCLIE R [ FE B 72 BT A M & oo TR ERR TIRE S [Ca™ 1 T s i A 2 8 m
NMDASZ A A S ) Ca® Wi 32 (P& 7C,n=8) o B F7 4R A AR 52 1 524NASTCL Y #hZe e 1) 52
ANTEPHG . O4b B = FRITE HEL AT » X S5 ASTCLadl B A (1 i i AH — 350 2R 1T, s pHI% 225 0554.. 0,
FES2MASTCL FIZ TT R I 24 B 1 RTAS I 2 1) HL U 26 IR 6 4 4 ST AP AS TC LalF B2
B L (B TD) o 33— 25 B AR B SRR 9T R WAASTCL 20 I0 B f 4% e, I [ 253 38 AN
NMDA \ GABASZ A4 [ 145 38 18 1) 1E 5 o B2 (B AR v ) o

(01501  (d)ASICHIBHF PRI T IR 55 51 K 5B AR KN #h & Tu it

0151] K8 /R | RIIRIE & ] 5] K 54 2 1R 32 44 T S 52 ASTCHY BH ¥its Pl R 47 B #P 42 Tt
P00 B 7GR HCH o P 8ARIBBIE. 7~ 1 A EL T A [R] B 18] st (1) pH7 . A2H Gl b =2 A7 #1248 0 1) 4 A
PRGL B FBE T M2 o R AL TR E (PT) e, i o #lr 1 2R 3 — BRI (FDA) I R 175
SHE L), B B E A JCAEPHT .4 (SE0FF ) 86 . 0 (25 0o A ) IECF R 8 & 1/ (&
8A) Bk 24 /NI (I 8B) BT 51 & 1) 55 5F 18] AH 5% A LDHBE ) 72 4914 040 1 P 36 L N=20-254L , *p<
0.05, LA fxxp<0.01 . [&I8C .7~ T 1 1 100uMBI] K i F 5k 100ng/mL PeTXHF & it i i) IR
75 SLDHRE B 4041 B 2 (n=20-27,%p<0. 05, LA Srskp<0.01) o %F T Fr A {5256 , ZEECF
PIAEAEMKS01 . CNQX 1 JE& ZL b ~F (& 8A—C) o
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[0152]  Z ILIKIS, WFFT T #EpHT . 4816 . OFF) EMKS0 1 . CNQX AN JE B b P ECFH 1% & 1Y 24 5L 5%
FEWR EAERK AT IR S B0 . 8L e 5 A ]S B AR A6 (lactate
dehydrogenase, LDH) {J B il (Koh and Choi,J.Neurosci.,1987,20:83-90) (K SAFISB)
B SEAT /SR M) SO S e T AR 40 o AHLE T-pHT L4 T AR BRI A TT , 1/ H TR
5% & (pH6.0) 51 & 1 LDHARE A B (8] A O PE 38K (BI8A) o 2478t J& 5 Bl K T Bt KLDHBE I
45.7% +5.4% (n=254L) .pH6 .0 N I RFELALFE 5] K& T 5 K40 35115 (8B, n=20) . 55
LDHI 72 #H— 35, K 2 M 2 = LR BE AR PO E 1K) =247/ FE T2 G 8 8 o Hh 2R ABL) H 17N
PR Ab B 335 RS 1) 40 PR BE T A 38 K (B4 R 57 ) o R FpH6 . S IECF I NI R & R AL 51K T %
FHHEL R HpH6 . OFECF 5 /D I LDHBS I (n=84L , F ¥z K How ) o

[0153] I 1 FA[ oK & R FIP TXEE 2 4 R 175 ‘T LDIRE IS () 52 , LA 3 ASTCIR B =& 15 2
H5TREFN . SRAMRZIET R T4 o 78 1/ N BRI B < H1 1) 1073 Bh =l 3 8] n
A LOORMRA K% F 55 100ng/ml. PcTXEE 2 & 3 P 1 LDHAE L (K 8C) o &3k 24 /N, LDHFE i
FH45.3% £3.8% HEp KI& I 231 .1% +2.5% LA P TX B EF £27.9% £2.6% (n=
20-27,p<0.01) o JREAAE FHRA K& R 458 A0 & (5140, 57N ) 38 50 1 LDHAE T, {H AEpHT . 4
[RYECFH 8 IR K& M BLPC TXFE R 5 /N HEA 2 R L L LDHBE T (n =8, F i R W) -
[0154] () [FUFASTCLalfy i 2 it Ble 2 51 R I 1 40 1) Ji AT

(0155] 9N — RHIZIHRHASIClan G S 1 RSN ER 175 5 45107 161 7= 49 14 £ i 1) 141
R EIARIR T R IE I B AR L Ca® ] R AM | B2 175 T LDHBE ) 7% B 14 2548 (n=11-12,, %p<
0.01,AHELFpH 6.0,1.3Ca*") . FIBE R T MIBRIRME & 51 & 1 fEASTClal ety i =JE A % Y
[1)COS—7 40 A H 1 LDHRE 5 3G 1) 7~ 451 14 £ 4 (n=8-20) o [ K& 1 (10OwmM) #1 1] T ASICla
YL i o B 5 SLDHBE I (6 17 . 416 016 . 0L 6 . 0+Fi] K% A1] , %p<0.05) . IIC IR T
B BEASTCL ™ HP 2 TT P IR S 40007 10 B 2 R S A ] 2K i R RNPCTX 25 25 (0 A 377 (4 7 451 1 Kt
(B Hn=8,p>0.05) . KIDE R T [EBEAEOGD N 55 F= ) B2 JZ #4128 70 H LDHRE UK R 175 5 4
KRB £ s (n=5) il i 45 & 1/ 0GD /B2 HR 25 1111 51k B LDHARE A 2= K i PR 4 A=
ZE(trolox) AL e il 2k S 2 B IS (L-NAME) BT 3] (n=8-11) . fEASTC1 ™/ #1455 H 0GDFF:
NS 1R R SR LDHB F TpH 7.4 pH 6.0,%%p<0.01, LL K% TpH 6.0EL6.0+PcTX
B2, #p<0.05) X T AT E 1S5, FEECE R M7 7EMKS0 1 . CNQX AN JE St ~F (] 9A-D) .

(01561  7E% #MEL Ik /D 1) [ Ca® T AEAE S FpH 6. OFKJECFAL B #1128 71 LA 5&E Ca® [ 3 N\ 2
BRGS0 7 /EH (S WE9) . dnfF FIPcTX# L #ASICla, Ca® Hi 1. 3% 0. 2mM
it 7 BR % S A LDHBE R (H140.0% +4.1% 4 %21.9% +2.5%) (n=11-12,p<0.01; &
9A) o AMRAF Ca® VT, R [Ca® Tl 58 A RS B v] e ¥R K I 4 HH Ca® U PH 25 1
TEIE P ) FEL AL X AT AR L T T A A B AR ARG L A 8 I BT K R FIPC TX (R4S S
I S ASTC1aBH ¥ 77) ) BRE I B AR [ Ca® Je i X R F2 473 1 4 A1l 26 B - mT VB3 Ca® I ASTCLaff
BUET e S5 TG FHE ot .

[0157]  HIFFY 1 AL YL AASTClakk 4L COS-T A M i BR B , LLER(EASIClal s 2 5 1
R 545 1 573 7R IE 38 - COS—T7 A3 5 F F-ASTCHI R IE R 4IAE & , 1X 2 KA HL B = Py Y5 P 0 38
T8 il 5 (At 36-48/NK] i ), FpH 7. 4886 . OFECF AL TR 40 A 1 /NI o B2 0 B ) 24 /NN I 28
LDHAE T8 - #HEL FpHT . 44 EE A 4HAE , FIpH 6. OFECFALHE K % YLt COS—7 41 Ay 7 /N 2 i I LDH
FEUP) A (3 TpH 7.4,10.3% *=0.8% , LA A& T pH 6.0,9.4% +0.7% ,N=19F1204L ; p
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>0.05,KI9B) . SR , 76 A4 52 YL ASTC1aff COS-TZH M , pH 6.0 T it 1/NINH i 7 {8 LDHRE % F
15.5% +2.4% B EMK 524 .0% +£2.9% (n=87L,p<0.05) . Z£ X LL 40 g , ] K3 F1] (100
UM R 1 1 B 5 T I LDHRE A (E19B) .

(01581  [AFEAFT 1 ¥R F 4 i3 GF PRI cDNABKGFP IHASTC La ] c DNARGE I 5% %L i) CHO4H B I iR
145 o BT il i e 2 5 (24-36 /N0 ) , IR PRI (pH 6.0) 5% & A 1 /INSF , FEAERR I 5 19 24/
i 2 S 0 5 20 5405 o — /NS PRI 09 B AEGFP/ASTC1a i, b iy A8 FH B ik I GF P A% G fr 28 Hh A%
KHLIF > T 5247 B GEPFH P4 21 i (CBed ok W) -

[0159]  HEAT T &F XISk A ASTCT " HIASTCL ™ /INBRL 1 355 35 ¢ J2 1 48 76 1) 4 755 1k S 36, DA g
—BAESEASTClafE MR 5 51 K M A 105 5 . B — kL, ASTCT M2 TCAE6 . OB ) 1
ANET R B 51T BB K s R NP TXHE 2R B i 1 o] W LDHARR i (n=8-12) . #ATfi1 , ASTC
IR TCI /N ER AL B IR S A 24/ N Ji i R LDHBE SR B 3 K (W FpH 7.4,13.8%
+0.9%, LA X TpH 6.0,14.2% £1.3% ,N=8,p>0.05) ,iX i/ H X £ 3125 70 5% B 452 459
(i 73 (E19C) o T34k, ASTC S BRI ) i B (R A YV B 17 Bl K R FNP e TX B 22 4 R 175 5 IR LDHBE
TR (B 9C, %% Hn=28) , it — D R BRI K% R AP TX B 2= % [ E M E Tu R 75 5 451403
[ 30 1 (B 8C) A& B FASTC LIV Az 1 BH 7 o 5 R 0% & AH S » F LmM NMDA+ 1 0nMH 2 & Xt
ASTC1 ™ R TTIR LN AL BE (ZEAS S Mg (1 [pH 7.4 JECFHh ) ZE24 /NI 5 51 R 1 #3 RLDHRE T
[1184.8% +1.4% (n=4,E9C) , &7~ t o B 20 B 453 497 4ok R 00 45 A 7

[0160] () HEFLLI) Ry sk I IE S ASTCINR 1 B H 35 5350 5 A Z R T R I M & e 4
(01611 F-T-ASTCH YAt I R /0N ml A i st 1L 47 A 5 JHK (140 40 B RH A 28 A2 1 4628 DU 0 1 F
FLER R 3K, HLBE BB A2 , ASTCHL It 1 25 OB AE F mT B 400 o 3 sk L iy 2 3 PR AR (=
JLEISAFASC) , Ay F5 U0 7E S 3 S R o B AS TCHY M £ 7 AR B ™ M e i o A T
KB IX MR, A A48 TG AE AURE FIRF (0GD) S84 R 4252 /NI R R AL B . 75 BT A B W A
AMKS01 \ CNQX AN J& S 4l ~F- LA 401 & [ T 425 Ca 38 18 1 5 0GDA % [ A R IR 32 AR/ 5 1) 41 i
1455 - TEOGD 25 1F K HpH 7. 4FIECF I — /NI B85 B 7E 24 /N JE AN 51 & T e RLDHRE )
27.1% %3.5% (n=>5,E9D) « XA K I 5456 15 2B 52 A4 A H 1145 Ca™ S8 38 (1 BEL ¥ 1/
I I OGDAS 2 51 & S BRI 4R B 55 I 78 e 41 5 (Aarts et al.,2003) AHAF o SR 1M, 1N )
0GD, 45 & B 5 (pH 6.0), 51K T & RLDHRE I 73.9% +4.3% (n=5,&9D,p<0.01) , B4
KT A OGDIN 18 51 & B LDHEEJE (2 WLIEI8A, p<0.05) - ASIClalH i fIPc TXE: 2 (100ng/
mL) R ISR /OGD 51 i 1 LDHAE JBC e 25 P4 5244.3% =5.3% (n=5,p<0.05,E9D) .

[0162]  FISKREASICL /IR IS IR e AT T FIREI 236 o AR 1, AN F T35 A ASTCT )
2T, 25 LrOGDANBR K 1 /NI AL FRAEASTCL ™ 2e yo P AR RS 2 /81 1 LDIRE (126 1% =
2.7%F+%30.4% £3.5% ,N=10-12, E9D) . XK IR W : 0GDifE Bl 1 R 51 A& i 451453 1) i
JIAR AT 6 2t T-OGDAN ] 7 ASICIA- T+ # .

[0163]  CLESKH s B R/ B T R T v8 35 Ca™ B e B M BH B8 145 S 10 05 S 3
T 58 R BZ TR A e84 (Aarts et al,Cell,2003,115:863-877) . 454k 7l il
ot BB B p 2 (0, K P R AR FRE ) B> B pR SR A (B, A T i 2 R R
I ) >k i 2 B AR HHOGD 51 & R AR M 2497 - 9 1 8 F2 BHOGD 5 R Hh B 1 45 6 BT 51 R B # 2
TCH TR B AR AL S K36 1 /KU 11k 4 2B R E RN A2 Jie il 22 0 20 R 1 %+ OGD / R 15 3
(R LDHABE T 2 SR - 4n 9D R 7 , Jo 18 7KV P 4 A FRE (5001M ) it 22 /o Jié il J 4% 2 8 HH I (300
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uM) , AN B X 45 6 1) 1/INRFOGD /8 HH 25 5| R A 48 ST 450497 D B R AR (n=8-11) . 3 A1
S8 B AIE 92« AS TCFH ¥ 71 B] 2K 1 A FIP e TX 75 2 X TRPM 7@ 18 (1) 1% S 2 (Aarts et
al.supra) .25 b, X R IA SR B AERAT A 7T, ASTCIT ETRPM7 38 18 FSaE 1R 7T
RE A1 B ZE A 1 1/ OGD /B8 Hh 25 51 R IR e o i 43 () B A

(01641  (g) AP Jay s e o 1 o 452455 HH ASTC 1 aff) B

(0165]  [E[10E7x 1 [ RE Ak PR i Je S e i , A7 AEF AS TC TR i 751 RHAS TCT 225 (] e Bk 1T 1 28 £R
PHIEE R 10AE R 743 E TTCY i R V) A F s Bl B s i B 2, e BoR TR
B 7aCSF(n=7) B K& F(n=11) 8{PcTXEE Z& (n="5) 1 K 5 1 R0 119 G o A B ( “R BT
A ), 5aCSFEEST 4L AL , %p<0. 05 F1%+p<0. 01 . B 10BE =~ T B R FHASICL /MR K
i R ) BB ZEAR AR I 982 (- 2Hn=6) s B PE SR I B 3R, 5+ /+ 4 AR LE , %p<0. 05 Fllxxp<
0.01.B10CE R~ T 9k H 18 =751 10mg /kg 36 4 NIl (memantine ,Mem) 5% & I8 i V3 4 36 4
I [ 2 00 0 2 7 56 Pe TX 5 2 (500ng,/mL ) B9 70 5t A4 AR oG H 140 A58 BE A% AR ) 9 20 B4 7 A7)
AR IR, 5aCSFyE S AEEE FR7E 32 S NI 5 £ S MI+Pe TXEE 2R Z (8], #%p<0. 01 (£-4n=5) .
I 10D 7 1 B S 1 B s v 25 A W AS TCL™* (wt ) BRASTCL ™ /)N B 49 K ki v ) A5 4 Ak
(R 98 1R 7R A5 1 A 1 R 3R (- 8Hn=5) , %p<0 . 05 FT*+p<0. 01,

(01661 IR 1 7 87 Jay b 1k e oI %) K SR ABE 28 A i) DR 3% R FIPC TX B 3R AR 7 3528 (Longa et
al.,Stroke,1989,20:84-91), LAHfiEASTClaf Bidi & 5555 7 1A PN Ja S g ot 14 o 453475 o 3
1ok 5 %7 Hb 2 KB Bl ik (MCAO) 1T 51 % 1 S Ifil (100438 ) o 75 BT IR J& 38 R i 2 HiF 11 30
A3 B AN S AN == R T S L 6L A B ) N3 CSF (aCSF) 25 Bl 2K % ) (1mM) FfaCSF  BY 7
PcTXEE 2% (500ng/mL) o FH -4 4 R B P o = FE Bl A2 RRUA T A ~ 601l o 1B 2 T\ 1) B
K% R AIPC TX IS 51 Hb 3 BT CSE A, JU) TR BAT K 85 ) A 9 55 2R ~ 100mM F2 Pe TX P 9 B Ry ~
50ng/mL , Jb R 48 5 307 241 o 455 7% S 06 A A R R B o SR R L i 24 /N B S sk TTC S e
T HEBEAAF (Bederson et al.,Stroke,1986,17:1304-1308) . &l &k i (100434 ) £E 33 5
aCSFII R =4 7329525 6mm” FIAE AR (n="7) , {EL7E 3 5 Bog K74 ) i K R AR A
229.7+41.1mm*(n=11,p<0.05) L K AETESPCTXEE & 10 AR A 130. 4+ 55 Omm? (FEAK
T ~60%)(n=>5,p<0.01) (& 10A).

[0167]  ASIC1™ /NE BE Tk —BiF SEASIClafEAR P 5 3 B i i d s P i 2 5 . iz
R BT IA 1 (Stenzel-Poore et al.,Lancet,2003,362:1028-1037) , ff#fE{EASICL™ ",
ASTC1™ " HMIASICI™ /IR (~25g, BA [F1 25 RC57B161Y §) 832604 4 IMCAO . 5l 1+ ASICla
) 245 4 2 BEL s 0 CR 9 Cln B BTk ) A — 8, 5 +/+ /MR (84,6 £10. 6mm” ,N=6,p<0.01) 4
EE =/ —/INBR s H B R AN (FRAIK T ~61% ) BIAAE AR AR (32,94 Tam® ,N=6) o +/~ /N B
o RN A BEAR AR (56946 . 7Tmm® ,N=6,p<0. 05) (& 10B) .

[0168] 1 i€ fE AT IR S AR FH T I 15 52 T, ASTCLaif & [ BH fiir BAS TC1 I PR () i B A2
T AEAR N SR AL AN AR S, T ZE 603 2R AIMCAOZ Ji5 SR [A] CH7B16 /N BRI (1 . p. ) VRS
4 (10mg/kg ) 3 L1 % 78 R BB S I 2 BT I 1543 4 al 2 S MK 2 (1. c.v. ) VES SR R0 . 4
LI B fF) aCSFEE & Pe TXHE 2% (500ng /mL ) [KaCSF 761 . p . JE ST A B 2R K I i .. v. JESitaCSF
et /N ER Y, 6043 BHIKIMCAOKE /& 17 123.6 5. 3mm® [IAE AL AR AN (n="5, B 10C) o 75 B8 1 v 45
55 4 W) ELA G =5 93 565 aCSFEA /NG H 5 A [ 45 820 8] f) Jog 3 B L i J 17 73 . 8 6. 9mm® {1 A5 AT
A (n=5,p<0.01) AR , FEVES S S RIFIPCcTXF Z /N A, A& K 1747.0+ 1. Imm’ )
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FEAEAR AR (FAEL T FRZH AN 26 4 Wl ZH ,n="5,p<0. 01, & 10C) - ixX Lo H5 45 2 B [A] YHAS ICLalfI fH
i ] 7ENMDASZ A4 BEL 5 14 1 55 1 5 CEAA P a3 i L A B R 4 P AR 3 o B4 A AR 9 3 ] A
25 4INMDARF 3 Ab 2R (R ASTCT /N AW 2 21 (1 10D) o £ 1 . p . VE ST A B 2h /K B 1 Omg / kg K 42
WIFIASTCLY /NG 1, 6043 BHRIMCAOZY B3 A 7101 .4+9 . 4’861 .6 = 12 Tmm> (i) BEFL AR AR
(%40 n="5,E10D) AR , TEIF 5 25 S RIMIASTCL ™ /NG HH , A [R5 2 0F 10 (14 J 30 e 1f 36
BT 27. 71 6mn’ IRESEARAR (n=5) , B /N FIE S 2 S RIIIASTCT /N I ZE AR AR (p<
0.05),

[0169] 47, X SeHHEiE ST : AT V8B Ca® IASTCLalf s 2 ¥ 8 . 5 8 E M L 2T
JRy s St 0L i 53 4 1) A= ML

[0170]  Sjiti {812 : PeTX #H R ORI AT B[] T

[0171]  Z DL L, ASSE G I8 7 I Wk U7 sh 4 b IR AR G PeTX 8 2R 7EAN R [B] T (1 4
Z AR R s B ) S8 - TRT I 5 2, i 3k BH 2E K 10 Hh 3l ik (MCAO ) 1T 51 & 1 W 4 Zh 411
06 JR3 ER R CH X)) o 7E 51 % J5 R Fi 2 B TR R, T 2% /S 6 U 3l 420 000 00 i =5 33 N N 3¢ oG VR
(aCSF) \PcTXEE (0. 5uL,500ng/mL A ) BUOKTE () B3R - W L1, PeTXEE R 45
ZIAEH KR AR Ja — /N R = /INEF 384 A R R I8 D T 60 % o 5341, 25 FEMCAOTT 46 5 Fo /N
{5 B3R YT AT AT SRR a0 A A AR ek 20 o DRI 5 i AS TCRA 0 8] BT 500 A2 A 3 T LA o
RN JG 2K T BRI (R B 73 RS2 8 3 R XU GG 250 NI S5 76 97 H 3R 2 . ASTC
BEL 7 75 HH XU 28 R4 5 THT R 3 AN R B SR FH 8 20 B 355 70 7110 (1 NMDA 52 A7 Ffy 460 3 i B i (S 56
P REIT I B H bR AR 58 .12 5 N 1k, A B A RIE U A Wtk A ASTClaik %
PRI BT 7R R I PP R A1 i 28

[0172] St f51]3 : 7o~ M5 1 Je 0 BR 465 ik

[0173]  Jb St AR T 7= B 1 1 e R &5 Bk, L35 A K Pe TXRIBR AR Pe TXRTAE W, FLvT 7
15 7% 20 P 4 0 2, E R SRR AL 1 B (A, g 15 B, /s BR BB ) HliAg, A/ sl it
FZ R B i N K263

[0174] P12 7R T LAS07R H ()7 5] 14 Jok S R &5 A P Tx L 1) DA L B G 1) E B R IR T

AN ER TR AL, P bR SRR 552 .54 . 56 L AE RN R 45 5 58 o TR ik i T AL —
A8l 2 AN BT B X 360 AIAT 1E H ) [X 4562 o Nty [X 4564 F1 Cii X 35,66 T 157 - Fir i e 2 e 485 33t
FERIPI o

(01751 1387 1 B 12/ PcTx 1 K505 1% Ik 1 22 o (51 14 S S 477 AR MDA S5 B AT LE 03X
SEHT AW AT LS  NER ER S T0(SEQ 1D NO:2) \#4rCoiii B2 72(SEQ 1D NO:3) . 4xChimi 74
(SEQ ID NO:4)FIN/Cuig#h 276 (SEQ ID NO:5) . HBERIPcTxI YAl 645, B0, fE4ifr 5
JRUGPCTx1 7 FI 22 20225 % 5L 2150 % 17 S AR 30— BCPE ) [RL B, — a2 AN R
R R VRN BB o

(01761  AIAG IS AP Tx AT AW L FEVEADRIASTCHE F I B8 J1 A0/ BB X =) 8 5k 1L 1 2%
FCRAEWE) o ] K AR E B BRI 2 48 LA AT 6045 A i B 31 A BTk PR A ] £ 225 14
H I e R G0 AN/ BRSP4 1) A W o [ A By ade b, o] 7 Jey s e . 1) N 2852 96 2 R
K MR P Tx 1HTA4 o

[0177]  SEjiffl4 : PeTXEF 2 0 ASICLaffy ik et
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(01781  JLSFIH IR 1 AHXS T~ 85 7R 4 M b KA 1 H B ASICE H BRASICEE H I H & , M E
PeTXHE &R (M R AFHIPcTX 155 K ) X BRI ASTCLa ) 2 £ M i 5256 . FIPcTX#5 &K (25ng/
mL, &1 % FRIEASTClaff) 4l il ; PL K 500ng/mL , £ X FKIXASTC2a . ASTC3EASTClat+2af 4 ) 4b
R IA TR € BIASTCHE H B COS—T A o 7E18 38 - B R BUFH I pH(pH 0.5) 7 Wl 5 18 1 FE 3 » 4
K147~ , PeTX B 25 fE25ng/mLIF 8 1 Bk B N AR COR HBFHE ¥ 1 FHASTClalR] 5@ 18 /i S
W, AE500ng/mL T % o [F) VS I ASTC2a ASTCIER S5 (IASTCla/ASTC2a 4 S 1 L Vi Ve 7
i (n=3-6) . fE500ng/mL N , Pc TX# 28 A~ 2 5 M) by L e WO A4 [ ] 458 38 38 (451 41, NMDA FIGABA
AR IE ) B T8 1 (4, Na™ \Ca® FIK 838 ) A S A HL I (n=4-5) . iX L5246
T PeTXHEE R L HESRAR P Tx LK 9t [R] YR T AS TCLa iy e 5 1 BEL i 771 1) FH stk 22 144
FRLER) I 78 ZR 45, R IAE 22 Fof -G S R B R P g e 440 1) SR AR AS TCHI ) 4 FH ) 28 e #4
(g, 2 WALTit13) .

(01791  SEjifif§5: PeTX B3 25 1Y S IS 25 24 (1) & AR 3

(01801 M i jifi (9 3R 1 1 BH 4% B Jis it FHP e TX 75 2 76 v UK B A5 RS 22 45 b 4 =) s
1 51 1 45349 B R 73100 7 P 40 3 3t P 2E K i vh 2 Jik 78 PR /N R R 51 R T G Je R
Mo 7EFH ZE T 46 5 — /D, B sh A 5t B AL B Bl HPe TX 3 R A (& 18 5 A\ 500l 5ng/mL
(BEA)MPCTX) . A 15 Fr 7 , FHXS T 55 BRALEE , PeTX B & 1) & 15 45 245 5 B A FE AR R Al
SE SCH) SR I 51 & ) 45493 (BB R L 12 45 35 ) BRAIK 1755 %6 o & s g 24 ml AR A 2 A BT

5 J 0T T RN it e R e R AT/ B T A A D A MR N it R 1 AR S R T S B 7R ST
g, S G ZiAREE T H S B4 2 R AR T BV 2 B0 A, G0 B A A a2 2 KN R/ B
ET Rk AZ G FH I E E A2

(01811 S f51]6 « ] K3 I FRBH] K i R ZRAU AT ASTC L ail T8 114 01 il /E

(01821 4N 167 , Al K i FANFAT K RIS 2R FHL K R VAR AR K ZR FETPA LA 77 & 44 it
(1) 77 CBE AR T ASTClak 3t o« AL, AT K3 R B 2K i R S AL A FL K IR FIETPA LA I & 4
1) 77 SBH A 7 ASTC2am it (B 17) o R L 4 1 ] K& FIFIRA] K % RS X ASTC L a1
(A FH o B K38 R A 1 36 3 1 A Rl 371, A7 . TuMfI 1C50,

[0183] R 1FAT K& FIFARA K& FIZEAUI AT ASTC Ladd 18 (1) 14 F
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PR 1a 39.1+3.8{n-4)
R 2a 5.14 4 0.79 {n=5)
2 70460 mv) 43.3+1.43 {n=6)
#122 T64-20 mV) 32.2+6.3{n=3)
\CHO 1a 111 + 30 {n=5) o
CHO 2a 31 {n=1)
R 1la 35.942.1 {n=5)
FR PR 2a 201422 {n=2)
2 J6{-60 mV) 829452 {n-8) FEH/R
22 7T, {-60 mV) 100 + 11 {n=10) KB-R7943
[0184]
22 IT.{-60 mV) 2433172 {n=2) 5-(N-FE-N-F T ) KEF
22 T6{-60 mV) 15.0+11.7 {n=3) 5-(N.N-75 T 57 Z5) B K&
22 7T {-60 mV) 14.8+7.1{n=2) 5-(NN-Z B E)EDKEFI 2R E
(01851 S {5117 B K v 1 RHRA] A AR S AL o) A0 fid 2 3 S0 o A1 17 /0 B Y A A4 AR
(01861 4 L firids , 1 /)N R 2252 6043 By BH & Kb Bl ik (MCAO ) s MCAO & — 7N 38 3k (] fig

VR I it FH ] K8 R BB K R SR A AR LK 7R R /R (bepridel ) \ETPABKB-R7943.
JREBER I 51— KGR B4 - G B 18 I B K78 AR BB oK 345 RS R FLK IR R 1
IR ETPABKKB-R794 31 M Ao == 33 5 B R8> 1 RAEARAN

(01871 Szt {5118 : B Ky ) 0 et ok v S B ARG 17 /0N BRI R AR A

(o188] 4 L Firid , £ /0N KR #2252 6043 AU BEL ZE K i 7 2 ik (MCAO) oMCAO Ji5 1+ 38K 5 /)8 3@ ik
B IR B it FHBRT K3 ) o JR R ML 5 K — RIS PR B0 - W 19 I 7 , Bl K R AT e ik v 455
ARk T FEAEARAR o ] K3 R A R R ONS Y233 R 38 5L i J=) 35 e of. /P VR O /G B 17 I i

29



CN 105592849 A 15?, 2 :F!' 26/27 T

e B P S SIOR AR o I 20 27 1 BT K78 AR i ik i S LA BhIR KB 97 4

(01891 5Lt {519 it /K A T BAT K 34 R SRALL A o] 25 ol 16 1 &5 PTG P R &R

[0190] W L FroR , FH e S BUAR BT K& R C-H 2 JE T 2 1 XFASTCLadf i 1 2 1 I/ o
B S 7 AASTC3IM s (1) %% /1 (Kuduk et al.,Bioorg.Med.Chem.Lett.,2009,19:
2514-2518) o 2420 B 7K P 22 [ AR 21 45 A R WIS 358 0 i, 2 SRAFAH I I &8 3 o S |, %
SERUARBIATEE A CRFLOKIR) A 1) S o I AS TC LaFH A AL A 40 (1C50=4. 9uM) ) « &
2, X e g B IR < B K Y ASTC a1 (1) A6 255, B 7. TuM TCso. EATTIR IR AL T
CERNEPE S R (S LK 21) L T3 1 a7 408 AS TC L adf 33 1R B K& F 254 o PR, 7E — 1
St 7 3, 38 3k 7R BT K R £ R IR 2 51N A S 7= 2 B K8 R ZRALL A o Bl BT oK i
ML AENa"/Ca® B A8 4 8 H A 530 057 (1Cs0= 1. 1mM) o BIT 3R B[ K% RIS A4 tH AR 1T
REAENa'/Ca® B FAS e 2R 1 AR 59 ) N7 o 78— e St 5 s rp , BTk B K R ot 158
THAEA L ASTCIEIE 5 = £ XFASTClaff) e #1478 73 AN it 77 2k, 78 B K 1 45 4
H BN T IR EE AL (U R ITEE ) DA R AS TC LakH YL AR 410 410385 77 o BR) K% I — A B 2 ASN-H
S AR P 8 2T i 5 3- A 1 PRI 51 5 B R HAg:

(01911 /NER AR PN &5 SR SR 7R < 7232 . SuMIK) I 2 4R (501 X ImMI) ik 771 &2 ) 12 . 5uMr)
SRR A BBE (1L X 500RMF) M fing 5 771 &) T SR Th A% o i B A Al i« N SEBLE - A 28 X
[ 2 IE T B RO FE AN TR AR B3 K 1065 Rk, 97 37 8l ) 2R AU LL{EAS TC la
TC50 285 77 Fh X5 T BAT K75 ) FI IR HL K 7K SR 1 1 4 22 BuM A 1 22 <1uMs

[0192]  7E— s 77 3UH , T3 B] K i R 2 AL 60, 3 2R LK IR 1) R A0 28 (I 2111
20 1-5) FZE LK IR KL 0 (B 21506 ) o 75 53 A S it 7 2, BT S By A 74 R ALl )
AL T BT IS B B3R o 78 5 A s it 7 5K, B BT R i RIS A 6 & B T v
ASTCLa LIt A 47 1) 25 77 AT BRE AT

(01931  Fa] Ky F LA ImMAE A V& T /K B, HLAESOuLAF4 ) 7B T £E VA TT /N USRS ) J= 3 ok
it 2 R - fE65kg A5 B AHE] 778 (PAmg / kg T ) 7] RE 2421 40me , HL 75 BT
160mL A7 SRR Sl , DA S IRFHOK /R A A 7E0.9% A # £ /K 190 4mg/mL (1. 7TmM)
[TV A 523X A0 VFAE 10mLYE S VR P A Bmg ALK IR b R BRI 4R 25 . R ok, 75 B LA W i 11
KV RTBRT K R AU o £ — e s it 7 20, B B K& RIS AE IS | A 7K 3 v
PEIEM], AN N- RS SR o I, DA K I o 7E — s it 7 = QS BT o oK 7 R 2548
W) B A 5mM 10mM - 20mM . 30mM . 40mM . 50mM . 60mM , 70mM . 80mM . 90mM . 100mME}, 5 7= ) /K Vs 14k o 7
Ty A S 7 2CH S BT IR BT R i R 2R A B A A VR AR B IR 1 OmL Y S o 1 Omg L 25mg
50mg+100mg 150mg +200mg » 250mg  300mg  400mg 5%, 500mg 1] 7] & 38 i i ik it FH 28 N\ AP V4 fide
JE o TE TR S AR it 7 S, BT IR BRI RS A B A o VR 78 B I 2mL VR SV 1 0mg
25mg .50mg . 100mg « 150mg . 200mg « 250mg « 300mg + 400mg 5% 500mg ) 751) 2 168 18 {0 ik ==t FH &=\
PRI AR o

(01941 DL FFTiR HIARA ol W — N ERE AN B AL IR A ) R B %N KB EL B
FARE R T7 A T o IX AR 3% 1 7 2, B FE AR SO 28 T AR o) R 1) L Ak s it 77 =X AN N2 BARR
P A 2 B A, DR O IE ] LA V22 B AR IR o AR R BRI 2 RV FEAS SCRT A R & Fle &
U AE  THRE R/ B BE 1) 4S8 1 7 B ANk S5 T 5 DL 24 VR L4 o DA BB SR s 5]
fa o TR E AU FAE T 2 WA H A R A AR TG R VRHAE S ThAE A/ sl b RE ) 3L
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EH AR AR A B AT A BRI S B 5% HH R 8 0SB LA HA A o R B o S A
ANER, ToA A2 75 F5 1A AN R (14 % B ARR] R A B BL RTS8 2 75 B B A6 BRI 25K 1K) fr 37 v
B B9 B SR BN A BT RN B & T AR QIR R I 22 N
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[20

63 R R I ) 32 7R
v 24

] 5% ¥4 3% 1its FH ASICIE 3 P 3 41) 551)

22

K1

30
3 Pt

PRAF— AP B Z Bl ASIC e A #1771
v 34

RSN B3R — T m 2 o 0 it 791 %6 g o R AL ) 32
RERCR (WRER)E)

K2

32



CON 105592849 A i B BB 2/18 7

3A AB
7.4
—_ — 1.0t °
7.065 ™ 0.8+
' E 067
= 0471
6.0 o
<é|_ E:E 0.2t
5.5 ) 0.0+=4+—+F—+—+—
1SEC 8 7 6 5 4 3
5.0 pH
3C 3D

IDE 4 4:0 4

= .80 -40 80 mV
- i m

= F-0.5

-1.0+
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