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METHOD OF TREATING OF DEMYELINATING DISEASES OR CONDITIONS
BACKGROUND OF THE INVENTION

Multipie sclerosis (MS) Is a degenerative and inflammatory neurological disease that
affects the central nervous system, and Is associated with formation of neuronal
plaques and impaired neuronal conduction due to demyslination (loss of myelin).
Similadly, extensive demyslination Is commonly reported in spinal cord trauma and
stroke (Bunge st al, 1993; Blight and DeCrescito, 1886; Pendlebury et al, 2000).

Basic research into the physiology of the action potential propagation in myelinated
fibers showed that conduction block in demyelinated fibers was partly due to the
appearance of aminopyridine-sensitive potassium channels [n areas of mysliin loss
(Bever 1996).

Action potentials propagate along normal myelinated nerve fibers by a process of
salutatory conduction, which results from a sodium current generated by the opening
of voltage-sensitive sodium channels at the node of Ranvier. Thus, at the oneet of
electrical stimulation, sodium (Na") ions enter the neuron, causing the neuron to
become more posltively charged. When the positive nature of the neuron
approaches a critical fevel, 'debolaﬂzation' occurrs. Depolarization allows a positive
core of ions to flow down the neuron, along the axon and to the nerve ending. For
the neuron to “reset” itself, the excess positive charge must be dissipated. This is
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done via the outflow of potassium ions (hereinafter *K™™) ihrough potassium channels.
When myelin is disrupted, voltags-sensitive potassium channels that open during
depolarization appear on the axolamma. The potassium currant, flowing opposite to
the sodlum current, decreases action potential ampitiude and duration, contributing to
conduction failure by decreasing the distal effective currant densities. These
conduction deficits are assoclated with disabling symptoms, Including muscle
weakness. By blocking the outflow of K* through potassium channels, the neuron
remains depolarized longer and Is more easily restimulated. Thus, potassium
channel bipckers are belleved to be useful in the treatment of diseases and
conditions which impair action potential transmission such as MS, Traumatic Brain
injury (hereinafter "TBI") and Splnal Cord Injury (herelnafter "SC{").

Potassium channel blockers, such as 4-amino pyridine (hereinafter "4-AP"), increase
action potantial duration and amplitude in demyelinated fibars and improve action
potential propagation in vitro (Bostock et al, 1978; 1981; Targ and Kocsls, 1885;
1988; Shi and Blight, 1897), facliitate neurotransmitter releass (Bostock et al, 1881;
Hirsh and Quandt, 1893; Sherratt et al, 1980), and potentiate muscle contractility
(Agoston et al, 1982; Savage et al, 1985). These observations suggested that
potassium channel blockers, such as 4-AP, could restore conduction in demyelinated
fibers in MS patients. Subsequent clinical tfal results Jend further support the
proposltion that aminopyridine treatment may improve symptoma in some MS
patients (Jones et al 1883; Stefoski et al, 1987; Davis et al, 1990; van Diemen et al,
1992; Bever ot al, 1994; Schwid et al, 1997).

4-AP has also been disclosed to be effective in the treatment of neurclogical
conditions including SCI, reduction of chronic pain and spasticity in SCI patients,
Alzheimer's disease, post-polio syndrome, myasthenia gravis, Huntington's disease,
age-related memory disorders, post-traumatio, post-stroke or post-toxic syndromes
affacting memory or cognition, and dysautonomia (Wuriman RJ and Buyukuysal R,
1989; Hansebout RR and Blight A, 1986; Hansebout RR and Blight A 1984). Clinical
studies for the use of Fampridine-SR in long-term spinal cord injured patients have
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begun (Potter et al, 1898a,b) notwithstanding safety concoms sunuundiné use of 4-
AP in the general patient population (Multiple Sclerosis, Cognos Study #51, Decislons
Resources, October, 1899; pp77-8). Several studles have shown that single doses of
4-AP can rastore same function in SC! patients when adminlstered one year or longer
after injury (Potter et al, 1998a,b; Qiao et al, 1597; Hayes st al, 1983; 1994). Positive
effects after chronic dosing have also been reported. Clinically significant functional
improvements were observed in 18 out of 16 patients after 3 months of dally ora!
dosing with 30 mg/kg 4-AP In patients with SC! of 2 years or more. Some patients
previously classifled as having complete injury were reclassified to Incomplete injury
level (Segal et al, 1989). All patients showed some degree of iImprovement in at
least somae type of neuroigic or puimonary function aftsr 3 months of daily omal
treatment with 4-AP (30mg/day, or approximately 0.5mg/kg). A lower dose was not

active.

As previously stated, 4-AP blocks potassium channels, effectively prolonging the
action potential. Unfortunately, this mechanism by which potassium channel blockers
can improve symptoms assoclated with diseasss and conditions which impalr action
potential transmission can aiso lead to epileptic-like activity. indeed, 4-APisa
recognized convulsive agent in animale and humans. Therefore, the usefulness of 4-
AP as a therapeutic agent for MS, TBi and SCl is tempered by Its pro-convuisant
Habifity and other undesireable side effects. Restiessness, confusion, and
generzlized tonlc-clonic selzures have been reported at doses higher than 0.8mg/kg
(Ball ot al, 1979; Baver et al, 1994). Van Diemen et al (1983) reported that
magnitude of improvement in MS patients {defined by improvemsent in smooth pursuit
gain) was significantly related to 4-AP serum level, (33-75ng/ml necessary for
significant improvement after oral administration). However, side effects
(paresthesia/dysestheia, dizziness/iight-haadadness, and even gait instability) were
observed at the same doses. in ancther hurnan study, Bever et al (1994) reported a
grand mal sefzure at a serum level of 104 ng/mi. Both groups of investigators
suggested that higher dosages and serum levels would be likely to produce greater
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improvemants in those MS patients which responded to lower dosas of 4-AP. Thus,
the degree of efficacy with 4-AP is dose- and side effect-limited.

Concem about the side-effects associated with higher 4-AP serum levels has led to
the development of sustained release formulations (Fampridine-SR) (Masterson JG
and Myers M, 1954; 1898a; 1996b). Fampridine-SR Is currently in Phase 2 clinical
studles for MS. Patients in prior clinical studies of Fampridine-SR have shown
improvement In a variety of functions. Depending on the individual, these
improvements have included enhanced bladder, bowel, and sexual function,
Increasad ease of movement and sensation, and reduced muscle spasticity, fatigue

and chronic pain.

Ancther approach to eliminating the undesirable side effects assoclated with 4-AP
Involves coadminisiration of 4-AP and voltage depandent sodium channael blockers.
Sodium (Na*) channel blockers block the inflow of Na* ons and reduce the
suaceptibllity of the neuron to dapc;lnﬁzation. This effectively reduces neuronal
excltability. Indeed, it has been reported that coadministration of voitage-dependent
sodium channef biockers and 4-AP prevents 4-AP-induced convulsions In mice

(Yamaguchi and Rogawski, 1892). 4-AP has no sodium channel blocking properties.

The compounds used in the methods claimed herein can be synthesized via

procedures disclosed in United States Patent No. 4,970,218, All patents and other
publications cited herein ane hereby incorporated by reference.

It is known that certain compounds within the scope of the presant invention can
induce voltage-depandent blockade of sodlum channels /n vitro and in vivo (Tang et
al, 1995; 1998; Tang and Kongsamut, 1996). Voltage-dependent sodium channei
blockers act more effectively during conditions of cellular depolarization. These
compounds have little or no effact on nomal neuronal signaling, but allow the
blockade of sodium channels during seizures, head trauma or Ischemia. Many of
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these agents are cerebroprotective in anlmal models of these pathological conditions
(Madge et ai, 1998).

SUMMARY OF THE INVENTION

It has now baen discoverad that compounds of formula | possess potassium channel
blocking properties. Tha unique combination of blocking properties for both the
potassium and sodium channels means that these compounds are useful as
therapeutic agents for the treatment of demyaslinating diseases or conditions. For
axampie, they are useful in treating MS, SCI, TB! (traumatic braln injury) and stroka.
These compounds provide for a safer therapeutic agent than 4-AP because 4-AP
only blocks the potassium channel which can lead to the undesirable side sffects of
rasﬂe;ss’ness. confusion, and seizures. The compounds of formula | are also usefu_l
for stroke rehabliitation.

DETAILED DESCRIPTION OF THE INVENTION

The compounds of formula | provide a unique combination of blocking properties for
both the potassium and sodium channels. These compounds are useful for the
treatment of Demyelinating Diseases and Conditions such as Multiple Sclerosis,
Spinal Cord Injury, Traumatic Brain Injury and Stroke. The compounds are also
uesful for Stroke Rehabliitation.
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wherein

-8-
\
I
N Ry
I
(Ol
I
mlis0, 1or2;
nis0,1o0r2;
P is,D or 1;

each R is independently hydrogen, halogen, trifluoromethyl, C1-Cealkyl, Cy-
Csalkoxy, benzyloxy, hydroxy, nitro or amino;

each R; is iIndependently hydrogen, Cy-Csalkyl, C4-Cealkenyi,

C4-Cealkanoyl, halogen, cyano, -C{O)C4-Cealkyl, -C4-CsalkyleneCN, -C4-
CealkyleneNR'R” whereln R’ and R” are each independently hydrogen or Cy-
Cealkyl,
-C1-CealkylaneQC(0)Cs-Csalkyl, or -CH(OH)R, whereln R, is hydrogen or Cs-
Cealkyl;

Rz I8 hydrogen, Ci-Cgalkyl optionally substituted with halogen, hydroxy or
benzyloxy, C+-Cealkenyl, C+-Cgalkynyl,
-C0O2C4-Cealkyl, or —-Rs—NR' R* wherein Ra is Cy-Caaikylene, Ci-Cgalkenylene
or Cq-'Caalkynyiene and R’ and R" are each independently hydrogen, Cy-
Cealkyl or altematively the group -NR'R" as a whole Is 1-pyrrolidinyl; and

Rs s hydrogen, nitro, amino, halogen, C4-Cealkoxy, hydroxy or Ci-Csalkyl.

Definitions:

X S
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1) Demyelinating Diseases: As used herain, Demyelinating Diseases ar-a defined
as those diseases in which myelin Is the primary target. They fall into two main
groups: acquired diseases and hereditary metabolic disorders.

Muitiple sclarosis (MS) falls under the category of acquired disease. MS usually
manifests itse!f betwaen the 20th and 50th years of life. MS attacks the white matter
of the central nervous system. In its classic manifestation (80% of all cases), it is
characterized by altemnating relapsing/remiiting phases — with periods of remission
growing shorter over time. Its symptoms include any combination of spastic
paraparesis, unsteady gait, diplopia, and Incontinence.

The category of Hereditary Metabolic Disorders inciudes the eight Identifled
feukodystrophles; metachromatic leukodystrophy, Refsum's disease,
adrenoleukodystrophy, Krabbe's disease, phenylketonuria, Canavan diseasse,
Pellzaeus-Merzbacher disease and Alexander's dissase. The first six are storage
disorders. The lack or the malfunctioning of an enzyme causes a toxic buildup of
chemical substances. The etiology of Pellzasus-Merzbacher and Alexandsr’s
diseases, on the other hand, remains unknown.

The clinlcal course of hereditary demyeiinating disorders, which usually tend to
manifest themselves in Infancy or early childhood, Is tragic. Previously normal
chiidren are deprived, in rapid progression, of sight, hearing, speech, and ambulation.
The prognosis is death within a few years.

2) Demyelinating Conditions - As dafined herein, a Demyelinating Condition is a
condition that results in deficient myelination. Such demyelinating condltions include,
but are not limited fo, spinal cord injury, traumatic brain injury and stroke.

3) Spinal Cord Injury (SCi) - As used herein, SCI is defined as an injury to the spinal
cord that results in loss of function such as mobility or feeling.
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4) Traumatic Brain Injury (T BI)'- As used herein, traumatic brain injury is defined as
an injury that results in damage to the brain. Head injury may occur in one of two

ways:

» A closed head injury occurs when the moving head is rapidly stopped, as when
hitting a windshield, or when it is hit by a blunt object causing ths brain to
smash Into the hard bony surface inside the skull. Closed head Injury may aiso
occur without direct external trauma to the head if the brain undergoes a rapid
forward or backwénrd movement, such as when a person experiences
whiplash.

e A penstrating head Injury occurs when a fast moving object such as a bullet
pierces the skull.

’

Both closed and penetrating head injuries may result in localized and widesprsad, or
diffuse, damage to the brain. The resulting disabilities can include memory lass and

emotional disturbance, motor difficuitles, including paralysis, end damage to the five

senses. In addition, many patients die from their injuries.

Today, freatment focuses on containing as much damage as possible In the 24-hour
period follawing the Infury. When someone suffers an injury to the brain, the rasuiting
devastation extends beyond the Initial trauma. A cascade of "secondary damage”
ensues. The brain's own immune cells trigger swelling and fluid bulldup, and the
injured nerve cells begin to spill out the neurctransmitter called glutamats, which can
soon accumulats fo levels that are toxic to the surmounding neurons.

5) Stroke rehabiliitation - As used herein, stroke rehabilitation is defined as
intervention thet resutts in the recovery functions that have been lost due to stroke.

6) Stroke - As defined hereln, a stroke occurs when a biocod clot blocks a blood
vessal or artery, or when a blood vessel breaks, interrupting blood flow to an area of
the brain. When a stroke occurs, It kliis br;in cells in the Immediate area. Doctors call
this area of dead cells an infarct. These cells usually die within minutes to a few hours

2%\
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after the stroke starts, In stroke, me.asuras of demyaelination such as magnetisation
transfer ratio (MTR) are closely related to axonal damage which correlates to motor
defictt (Pendiebury et al, 2000).

7) Alkyl or alkylene - Uniess otherwise stated or indicated, the term "Alkyl” or
“alkylens” means a branched or straight chain alkyl or alkylena group, as is
appropriate to the formula, spacified by the amount of carbons In the alkyl, e.g., C1-Cg
alkyl means a ane, two, three, four, five or six carbon branched or straight chain alkyl
or alkylene, as the case may be, or any rangas therecf, for example, but not limited
to,C1-2, C1-3, C1-4, C1-5, C2-3, C24, C2-5, C2-C6, C3-C4, C3-5, C3-8, C4-5, C4-6,
C5-6, etc.

8) C:-Cealkoxy -Unlass otherwise stated or indicated, the tarm Cy-Cetlkoxy denotes
a straight or branched alkoxylgmup having from 1 to 6 carbon atoms, Examples of
said indude methoxy, ethoxy, n-proxy, isopropoxy, n-butoxy, iso-butoxy, sec-butaxy,
t-butoxy and straight-and branched-chain pentoxy and hexaxy.

9) Halogen - Unless otherwise stated or indicated, the term halogen shall mean
fluorine, chicrine, bromine or lodine.

10) C,-Cealkanoic acid - Unless otherwise stated or indicated, the term C:-Cealkanoic
acid shall mean a carboxylic acid in which the carboxyl group is attached to hydrogen
or an alkyl group of from 1 to 5 carbon atoms.

11) C,-Cealkanayl - The tarm C;-Cgalkanoyl shall mean a group obtalned by
ramoving a hydroxy group from the carboxyl group of a C-Cealkanoic acid, and thus
it Includes for instance formyl, acetyl and the like. The terms alkanoyl, alkenoyl and
alkynoyl shall mean groups obtained by removing a hydroxy group from the carboxyl
group of alkanoic acld, alkenoic acid and atkynoic acid, respectively. Thus, for
instance, linoleyl group derived from linolelc acid Is an example of the term alkenoyl
as defined above.
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12) “Pharmaceutically acceptable salts® means either an acid addttion salt or a
basic addlition salt which is compatible with the treatment of patients for the intended

usse.

13) “Phamaceutically acceptable acid addition salt” is any non-toxic organic or
inomganic acid addition salt of the base compotnds represented by Formuta | or any
of ts Intermediatss. llustrative inorganic acids which form suitable salts include
hydrochloric, hydrobromie, sulfuric and phosphoric acld and acid metal saits such as
sodium monohydrogen orthophosphate and potassium hydrogen suffate. Illustrative
organic ackis which form suitable salts include the mono-, di- and fri-carboxylic aclds.
liustrative of auch aclds are, for exampla, acetic, glycolic, lactic, pyruvic, malonic,
succinic, glutaric, fumaric, maiic, tartdfic, citric, ascorbic, malsic, hydroxymalelc,
benzoic, hydroxyhenzolc, phenylacatic, clnnamlc, sallcyclic, 2-phanoxybenzoic, p-
toluenesuifonic acid and sulfonic acids such as methanesulfonic acid and 2-
hydroxyethanesulfonic acid. ERther the mono- or di-acld salts can ba formed, and
such salts can exist in either a hydrated, solvated or substantiaily anhydrous form. In
general, the acid addition salts of these compounds are more soluble in water and
varlous hydrophilic organic solvents and which in comparison to their free base forms,
generally demonstrate higher malting points.

14) "Phamaceutically acceptable basic addition salts™ means non-toxic organic or
inorganic basic addition salts of the compounds of Formula (I) or any of its
intermediates. Examples are alkali metal or alkaline-earth metal hydroxides such as
sodium, potassium, calcium, magnesium or barium hydroxides; ammonla, and
aliphatic, alicyciic, or aromatic organic amines such as methylamine, trimethylamine
and picoline. The selection criteria for the appropriste satt will be known to one skliled
in the art.

16) “Sterecisomers” i3 a general term for all isomers of the individual molecules
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that differ oniy in the orientation of their atoms in space. It includes mimor image
Isomere (enantiomers), geometric (cis/trans) isomers, and isomers of compounds
with more than one chiral center that are not mirror Images of one another
(diasteraoisomers).

16) “Patlent” means a warm blooded animal, such as for example rat, mice, dogs,
cats, guinea pigs, and primates such as humans.

17) Treat" or “tresting” means fo alleviate symptoms, eliminate the causation of
the symptoms either on a temporary or permanent basis, or to pravent or slow the
appearance of symptoms of the named disorder or condition.

18) Therapeutically sffective amount” means a quantity of the compound which s
effective in treating the named disorder, disease or condition.

18} “Phammaceutically accoptable camier” Is a non-toxc solvent, dispersant,
exclplent, adjuvant or cther material which is mixed with the active ingredlent in order
to parmit the formation of a pharmaceutical composition, 1.e., a dosage fonm capabile
of administration to the patient. One exampla of such a camier is a pharmaceutically
accepiable ofl typically used for parenteral administration.

The compounds of formula { can effectively improve rate and degree of recovery in
acute spinal cord injury and long-standing spinal cord injury. They have properties
consistent with use-dependent sodium channel blockads and voltage-dependent
potassium channel blockade in vivo. They provide a safer therapeutic than 4-AP.
Particularly preferred are compounds wherein R is hydrogen, halogen, trifluoromethyl,
or Cy-Csalkyl; R, is hydrogen or Cy-Cealkyl; R2 Is hydrogen or C¢-Csalkyl; Rs is
hydrogen, C4-Cpalkyi or halogen; and p Is 0. Further preferred compounds are those
wherain the emino group is attached to the 4-position of the pyridine group.
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Even more particularly preferred are the compounds of formulas Il [also known herein
as HP184 or N-(3-flucro-4-pyridinyl)}- N-propyl-3-methyl-iH-indole-1-amine]
and Iif (afso known herein as "8183").
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HP184 is very well-tolerated in micromolar brain concentrations one hour after ip
administration of 30 mg/kg HP 184 in rats (Smith et al, 1898).

The unique combination of use-dependant sodium channel blockade and voltage-
dependent potasaium channel biockade also differentiates the compounds of the
instant invention from “pure” sedium channel blockers such as carbamazepine and
phenytoin. These agents have been successfully used {o alleviate “positive”
symptoms of MS (painful tonic selzure and dysesthesia). However, they worsen
negative symptoms (paralysis and hypesthesia) (Sakurai and Kanazawa, 1899).
Compounds of the instant invention enhance neuronal function due to the fact that
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they block the potassium channels. This aids in functional recovery. At present,
sodium channel blockers are believed useful useful In the treatment of painful
symptoms and/or as neuroprotective agents. They woulkd not, however, be expected
to enhance rehabilitative efforts.

in treating a patient afflicted with a condition or disorder described above, a
compound of formula {1) can be administered in any form or mode which makes the
compound bioavailable in therapeutically effective amounts, including orally,
sublingually, buccally, subcutaneously, intramuscularly, intravenously, fransdermally,
intranasally, rectally, topicaily, and the like. One skilled in the art of preparing
formulatione can determine the proper form and mode of administration depending
upon the particular characteristics of the compound selected for the condition or
disease to be treated, tha stage of the diseass, the conditioh of the patiant and other
refevant circumstances. For example, see Ramington’s Pharmaceutical Sciences,
16th Edition, Mack Publishing Co. (1880), incorporated herein by reference.

The compounds of Formula | can be administersd alone or in the form of a
pharmaceutical composition in combination with pharmaceutically acceptable carriers,
the proportion and nature of which are determined by the solubility and chemical
properties of the compound selectsd, the chosen route of c?minisbatlon. standard
pharmaceutical practice and other relavant criteria.

The compounds of the prasent invention may be administered orally, for
example, in the form of tablets, troches, capsules, elixirs, suspangions, sofutions,
syrups, wafers, chewing gums and the like and may contain one or more of the
following adjuvants: binders such as microcrystalline cellulose, gum tragacanth or
gelatin; excipients such as starch or lactose, disintegrating agents such as alginic
acid, Primogel, com starch and the like; lubricants such as magnesium stearate or
Sterotex; glidants such as colloidal silicon dioxide; and sweelening agents such as
sucrose or saccharin may be added or a flavoring agent such as peppemint, methyl
salicylate or orange flavoring. When the dosage unit fom'.l is a capsule, it may contain,
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in addition to materials of the above type, a liquid carrier such as polyéthyleno glycol
or a fatty ofl. Other dosage unit forms may contain other various materiais which
madify the physical form of the dosage unkt, for example, as costings. Thus, tablets or
pills may be coated with sugar, shellac, or other enteric coating agents. A syrup may
contain, in addition to the present compounds, sucrose as a sweetening agent and
certain preservatives, dyes and colorings and flavors.

The compounds of Formule ()) of this invention may also be administered
topically, and when doné 80 the carrler may sultably comprise a solution, cintment or
gel base. The base, for example, may comprise one or mors of petrolatum, lanolin,
polysthylene glycols, bee wax, mineral oll, diluents such as water and aicohal, and

emuisifiers and stabilizers.

'

The solutions or suspensions may also Inciude one or ",;om of the following
adjuvants: sterile diluents such as water for injection, saline soiution, fixed olls,
polyethylene giycols, glycerine, propyiene glycol or othar synthetic solvants;
antibecterial agents such as benzyl sicohol or methyl paraben; antioxidants such as
ascorbie acid or sodium bisulfite; chelating agents such as ethylene diaminetatraacetic
acid; buffers such as acetates, citrates or phosphatas and agents for the adjustment of
tonicity such as sodium chioride or dextrose. The parenteral preparation can be
enclosed in ampules, disposable syringes or multiple dose vials.

The highly lipophilic esters, amides and carbamates of the present invention
are capable of sustained release in mammals for a period of several days or from
about one to four weeks when formuiated and edministered as depot preparations, as
for example, when injected in a properly selected pharmaceutically acceptable oil.
The prefarred oils are of vegatable origin such as sesame oil, cottonseed oil, com oil,
coconut oil, soybean oll, oflve oit and the like, or they are synthetic estars of fatty
acids and polyfunctional alcohols such as glycerol or propylenegiycol.

The depot compositions of the present invention are prepared by dissolving a
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highly lipophilic ester, amide or carbamate of the Instant invention in a
pharmaceutically accaeptable oil under slerile conditions. The oil is selected so as to
obtain a release of the active ingredient over a deslred period of time. The
appropriate oil may saslly be determined by consulting the prior art, or without undue

experimentation by one skilled in the art.

The dosage range at which the compounds of Formula | axhibit their ability to
act therapsutically can vary depending upon the particular disease or condltion being
treated and its severity, the patient, the formulation, other underlying disease states
that the petient is suffering from, and other medications that may be concurrently
administered to the patient. Generally, the compounds of Formuta | will exhibit their
therspeutic activities at dosages of between about 0.001 mg/kg of patient body
weight/day to about 100 mg/kg of patlent body welght/day. ‘

/

The foliowing examples are for llustrative purposes anly and are not intended to limit

the scope of the Invention in any way.

EXAMPLE ONE
IN VIVO EVIDENCE CONSISTENT WITH VOLTAGE-DEPENDENT SODIUM
CHANNEL BLOCKADE

Mathods: The experimental procedure was based on the method of Bachaup et al
(1892). Male CD-1 mice weighing 35-40 g were anaesthetized with chloral hydrate
(400mg/kg). Under an operating microscope, a 3mm vertical skin inclsion was made
2mm behind the right orbit. The temporal muscle was deflected and a small
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craniotomy carred out to expose the dura. “The dura was inclsed and deflected and
the distal part of the right middle carotid artery exposed. The artery was occluded
upstream to the maln bifurcation by bipolar electroagulation with fine forceps. Infarct
volume was measured 24 hours later using 2% triphenyitetrazolium chioride solution.
In this experimental paradigm, HP 184 was orally administered to non-fasted mice
(10 per group) one hour prior lo occlusion. Infarct volume reduction was based on
comparison to 1% acetic acid, vehicle, ireated mice. Resulis are shown In Table 1.

Table 1. Neuroprotective activity of HP 184 in the mouse pMCAQ stroke model

Dose (mg/kg, po) Time {min) % infarct volume
reduction
mean sem
1 -60 21+ 3
10 -80 32+ 11 ’
10 80 40 + 2.5™ V.

*=p<0.05; **=p<0.01

The neuroprotection observed in a mouse permanent middie corotid artery occiusion
model (pMCAOQ) is conslgtent with ln vivo voltage-dependent sodium channel

blockade at this dose and time.
EXAMPLE TWQ

EFFECT OF HP 184 ON EDEMA AFTER PHOTOTHROMBOTIC CEREBRAL
LESION IN THE RAT

Rationale/Objective;

Thromboembolic stroke is the third cause of death in the westem world. It is caused
by a blood clot or disintegrating thrombus either being generatad within the cerebral
circulation or forming In the heart or large vesse!s and being carried into the cerebral
circulation. Blood flow is then intermupted and an ischaemic lesion develops, with
edema, necrosis and apoptosis of tissue. Edema is detriments! because it
compressas the brain, promoting Ischaemia, and also cell lysls and mechanical injury.
Treatment with HP 184, a joint Na'/K* channel blocker, was studied for ts effects on
this cerebral edema.
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Method: Male Sprague Dawley rats (180 - 200 g bw) were anaesthetized with chloral
hydrate {400 mg/kg ip) end placed in a sterectaxic apparatus. The skin was opened
to reveal the skull and a cold light (Bloblock 150W) was placed in contact with the
right side of the skull forward of lambda. Benga) rose dye (10 mg/kg lv in saline) was
administered intravenously and illumination of the skull started immediatsly and
continued for 5 minutas. The skin was then sutured closed over the skull and the
animal retumed to its cage. Twenty-four hours after the photothrormbotic lesion
animais received HP184 made up in 1% twaen In water by intravenous routs at 0, 10
or 20 mg/kg body welght in a volume of 5 ml/kg. One hour later, animals were killed
by decapitation and their brains removed (see appendix for protocol). Core samples
were taken at the site of the lesion, and contralateral o the lesion, using a 6 mm

15

2%

30

diameter cork borer. Water content was determined by wet waight of tissue/dry
weight of tissue and edema axpressed as % excess water on lesioned sample

comparad with sample from contralateral hemisphere for each rat.

Results - Shown in Table 2

Table 2 .
Treatment at 24h post n edema
leslon (% excess water)
at 25h post leslon
vehicle 28 4.1040.12
HP 184 at 10 mg/kg iv 12 3.6110.23 ns
HP 184 at 20 mg/kg iv 13 3.20%0.27 **

stats : ANOVA pius Tukey-Kramer

HP 184 demonstrated a significant (22%) reduction of the edema in the right cerebral

** = p<0.001

cortex one hour after v adminlstration at 20 mg/kg and 25 hours after

photothrombotic lesion.
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EXAMPLE THREE

EFFECT OF HP184 ON LES/ON SIZE AND NEUROLOGICAL FUNCTION AFTER
A TRANSIENT FOCAL CEREBRAL ISCHEMIA IN RATS.

Rationale / Qbjective:. In this study HP184 was administarad 1hour paost-lschemla
onset in a madel of transient focal cerebral ischemia in rats. Parameters measured

ware [esion size and neurological function.

Methods: Male Sprague-Dawley rats [Hfa Crado, France] weighing about 220-240 g
were angesthetized with halothane (1.4%) In a nittoua oxdde-oxygen mixture (70:30).
Both common carotid arterles (CCAs) were Isolated. The left middle cerebral artery
(MCA) exposed via a temporal craniotomy was occluded with a microdip, and
simultaneously the CCAs were occluded for 1 hour. Both body and cerebral
temperatures ware kept at normothemmia. Following surgery animals were ratumed
to their home cages In a room warmed at 24-26 °C.

HP184, dissolvad in 1% tween (in injectable sterile water), was administered at 10
and 20 mg/kg v 1 hour after ischemia onset, and control rats received the vehicle
according to the same protocol. At 24h post-ischemia, a neurological function using a
8 points grading scale was performed blindly.
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GRADING SCALE USED FOR THE NEUROLOGICAL FUNCTION

item Normalscore Daficit

Placing reactions

Leg henging laft forepaw 1 0
la ft 1 0
Visvail 1 1]
GQrawping reflex leftforspaw 1 -]
laft 1 L]
Righting reflax
head tilted left alde 1 a
right 1 a
Abnormal posturas Absant Prasant
thorax twlialing 1 [«
fell foralimd frexion 1 ]
Gloebal neurcleglcalscaoare L

~

Thereafter rats were killed and brains wera removed. Fresh sections were cut with a
braln matrix and stained with triphenyl tetrazolium chiloride 2% at 37°C for 5 min. The
sactions were then stored in 10% formalin at 4°C for 24h. Areas of Infarction were
measured with an image analyzer (Leica Q500).

Resylts: 1schemia induced the development of cerabral lesions in both the cortex and
the striatum (See Fig.1 which Hiustrates the effect of HP184 on brain damage at 10
and 20 mg/kg iv bolus 1 hour efter MCA Occiusion). HP184 at 10 mg/kg Iv
significantly reduced the brain lesions by 41% (p<0.05). This reduction was significant
in the cortex (-45%, p<0.05).

OIO
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EXAMPLE FOUR

MEASUREMENT OF POTASSIUM CHANNEL BLOCKADE

Methods
PC12 cells (ATCC, Rockville, MD) were grown in Dulbecco’s modified Eagle’s media

stpplemented with 10% fetal bovine serum (GIBCO BRL Grand Island, NY). .
Potassium channel currents were measured using standard patch clamp
elactrophyslolgy protocols as detailed previously (Rampe et al., 1998).

Resuits and Discussion

Potassium channel curvents ware elicited by 200 msec clamp puises to +40 mV from
a holding potential of -80 mV. This protocol resulted In a sustained outwardly directed
current. Application of HP184 (10 M) reduced the amplitude of this current and
enhanced the rate of current decay. When current was measured at the end of the
pulse, HP184 reduced current amplitude by 75 + 4% (n = 4). The results are
consisent with the notion that HP184 acts as an-antagonist of voltage-depsndent K"
channsis by blocking an activated state.

EXAMPLE FIVE
IN VIVO EVIDENCE OF ENHANCEMENT MUSCLE FUNCTION

Objective: The inorgenic dye ruthenium red (RuR) has been reported to block
voitage-dependant Ca*2 curmrent in various cell types, including mouse sansory
neurons (Duchen, 1992), synaptosomes and neuromuscular preparations (Hamliton
and Lundy, 1985; Tapi and Velasco, 1997). Furthermore, RuR blocks release of
neurotransmitters In brain synaptosomes (Meza-Ruiz and Tapia, 1978; Tapia and
Meza-Ruiz, 1977) and neuromuscular junction (Alnaes and Rahamimoff, 1975;
Person and Kuhn, 1979). In vivo, intraperitoneal {ip) administration of RuR causes
flaccld paralysis In mice (Tapia et al, 1976) and this effect is antagonized by 4-
aminopyridine (4-AP), a voltage-dependent X* channel blocker (Tapia, 1862).
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Tapia and Velasco (1997) have reviewed the effects of RuR both in vivo and in vitro,
and suggest that RuR interacts with Ca*? sitas located in the nerve ending
membrane. Binding studies indicate that RuR selectively blocks N-type Ca'2
channels, and these channels regulate the Ca*? Influx necessary for neurotransmitter
release. Thess authors also suggest that Ip administration of RuR may be an
exparimental model of Eaton-Lambert myasthenic gravis syndroms, an autoimmune
disease characterized by blockade of Ca™ entry and ACh release duse to antibodles
that bind to the N-type Ca*? channel. Consistent with this possibility, 4-AP has been
reported to improve muscie weakness and restore neuromuscular transmission in
patients (Lundh et al, 1977a; 1877b; 1979; McEvoy et al, 1989; Aisen et al, 1985).
The ability of both 4-aminopyridine (4-AP) and guanidine to antagonize RuR-induced
flaccid paralysls Is possibly dus to their abllity to facliitate neurotransmitter release
(Lundh, 1978; Lundh and Thesleff, 1977; Tapia and Stiges, 1982). In any case,
Tapia and coworkers (Tapla and Stiges, 1582) have reported that RuR blocks the
release induced by 4-AP in synaptosomes.

In vitro, HP 184 enhances neurctransmitter release by a different mechanism than
does 4-AP. At high concentrations, 4-AP enhances both electrically-stimulated and
spontaneous releass, but thasa sffects are calcium dependent. In contrast, HP 184
enhances calcium-independent spontaneous neurotransmitier release oniy (Smith et
al, 1893). It has also been hypothesized that spontaneous release has a functional
role in vivo (Smith et al, 1996).

The purpose of the following experiment was to determine if HP 184 and 4-AP could
antagonize the paralyzing effect of RuR after co-injection.

Method and Results: Groups of 4-5 mice (CD-1; Charles River; 25-35 grams) were
separately but simultaneously injected ip with ruthenium red and vehicle (1% glacial
acetic acid), ruthenium red and 4-AP, or ruthenium red and HP 184. The compound
known as "8183" was also tested in this paradigm. Starting at 15 minutes after
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injections, mice were placed near a “flagpole” apparatus and their abllity to support
their own body weight (ie, to hold on to the flagpole and not fall) was recorded.
Results were recorded as the number of mice that could support their own body
weight versus the total number of mice tested. These results are shown in Table 3.
All experiments were parformed batwean 2PM and 4:30PM.

TABLE 3
| drug, dose drug, dose 15 min 30 min 45 min
RuR, 30 veh 29 qut of 89 190ut of 69 18 out of 64
| mg/kg ip (42%) (27.5%) (30.4%)
0.3mg/kg 4- |22 outof 25 13 out of 25 12 outof 25
AP (88%) (52%) (48%)
06mg/kg4- |12outof 14 |8 outof 14 8 out of 14
AP (85.7%) (67.1) {57.1%)
30mg/kgHP [ 15outof 15 15 out of 15 15 outof 15
184 (100%) (100%) {100%)
10mg/kgHP |14outof 15 [12o0utof 15 | 11outof 15
184 (93.3%) (80%) (73.3%)
30 mg/kg f3outof 14 |13outof 14 | 14 outof 14
8183 (92.8%) (92.8%) (100%)
100 mg/kg 11outof20 |10outof20 |10outof20
DPH {55%) (50%) (50%)
30 mg/kg 4 outof 15 3 outof 15 4 out of 15
DPH (26.7%) (20%)
- (26.7%)
10 mg/kg RIL | 8 outof 15 4outof 15 4 out of 15
(60%) (26.7%) (26.7%)
Conclusion:

Both 4-AP (ip) and HP 184 (ip} cen antagonize the flaccid paralysis induced by the ip
administration of RuR. This implies that HP 184 Is able to enhance neuronal
transmiselon /n vivo, possibly via K* channel blockade. Itis also possible, as it Is for
4-AP, that HP 184 enhances neuronal transmission, since in vitro brain slice
experiments support increased brain neurotransmitter release (Smith et al, 1893;
1996).
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Doses of the sodium channsl blockers dipheny!hydaintoin {DPH) and rluzole (RIL)
examined In this experimental paradigm were previously shown to be neuroprotective
in focel ischemia models (Rataud et al, 1994; O'Neill et al, 1987). Their lack of effect
in this model adds support to the interpretation that the ability of HP 184 to
antagonize RuR-induced flaccid paralysis Is probably not due to in vivo sodium
channel blockade. This is clinically suggested as wsil. The negative symptoms of
MS (loss of movement) are often worsened by sodlum channel blockers (Sakural and

Kanazawa, 1889).
EXAMPLE SiX

SPINAL CORD CRUSH DISEASE MODELS

Rationale and Objective: Gruner & Yee (1899) showed that, 25 days after spinal cord
damage, 4-AP enhanced mMEP's following graded spinal cord injury in rats. Using
identical procedures, functional behaviors were measured. These behaviors have
besn shown to comelate with minimal mMEP. The objective of these experiments
was twofold:
1) to determine if HP 184 could attenuate spinal cord crush-induced
motor impairments of moderate Intensity if given acutely and to
compare its effectiveness with methylprednisolone succinate (MPSS),
and
2) to determine if HP 184 could improve motor function in rats with long-
standing (25 days) spinal cord Injury of minor intensity, and to compere
its effect with 4-aminopyridine (4-AP).

Acute Treatment - i.p. administration

The spinal cords of female rats were axposed to laminectomy (sham, n=12) or
crushed to a diameter of 1.4mm (5 groups, n=12 each). Normal spinal cord diameter
is approximately 2.5mm. This compression represents a moderate injury
characterized by initial open field watking scores of 1.5 -2.5 in the Open Field Walking
Scale. The definitions for the Open Field Walking Scale (OFT) are as follows:
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0.0 No spontaneous movement

0.7  Slight movement

10 Movement in hip and/or knes {not ankle)

1.3  Active movement at hip and knee, not ankie

1.7  Questionable movement at ankle

2.0 Movement of the limb in all thres major joints

2.3 Atftempts at support

2.7 Support in stance only

3.0 Active support, uncoordinated gait

3.3 intermittent bouts of coordinated galt

3.7 Lack of control of ankle or foot, walks on knuckles or on medial surface of the
foot

4.0 Coordination of forelimbs and hindlimbs in gait

4.3 Improved hindlimb postural support, abdomen not low to ground

4.7 One criwn toa drags, slight unsteadiness tuming at full speed

§.0 ‘Normal gait and base of support, no loss of balance on fast turns, no toe drags

Drug Treatment
Within 15 minutes of crush (day 1), rats in HP 184 designated groups received Ip

injections of 20, 10, 5 or 0 mg/kg in 1% glacial acetic acld vehicle. This
adminlstration was repeated on days 2 and 3. MPSS, on the other hand, was
administered at 30 mg/kg ip at 15 minutes, 2 hours, 4 hours, and 6 hours on day 1
after crush. This MPSS dosing schedule has been described as optimal in the
iiterature, and mirrors the dosing performed in humans, MPSS Is currently the only
drug therapy approved for human spinal cord Injury. Figure 2 shows the behavioral
scores (OFT) of the various treatment groups over time. The normal precperative
score is 5. Rate and extent of improvement were significantly different from vehicle
treated rats for both the 20 and 5 mg/kg dose groups. Each point represents the
mean plus sem of 8-12 rats.

Acute Treatment - po administration
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Again, the spinal cords of female rats wene exposed to laminectomy or crush to a
diameter of 1.4mm. In HP 184 groups, rats were orally treated 5-10 minutes prior to
crush, and then once a day for days 2 and 3. MPSS was dosed as described before.

Behavior scores (OFT) are shown In Figure 3. The normal preoperative score is 5.

Rate and extent of improvement wers Improved for all doses, Including the 10 mg/kg
group, when compared to the vehicle treated group. Each polnt represents the mean
plus sem of 12 rats.

CHRONIC CRUSH EXPERIMENT

The spinal cords of famale rats were exposed to iaminectomy or crush to a diameter
of 1.6mm. This represented a minor injury, and was designed to result in OFT scores
of 4.0 after 25 days of no treatment. This was chossn In an attempt to reproduce tha
same degreas of motor impairment as described by Gruner and Yee (1999), who
showed 4-AP Induced improvements in hindlimb miniature endplate potential
recordings. This procadure and length of untreated damage has also been shown to
result In demyelination. Behavior scores (OFT) are shown In Figure 4. Figure 4
shows the means and standerd errors of the groups using the Definltions for the
Open Fleld Walking Scale described earlier herain.

In this experiment, OF T scores were slightly higher (4.3-4.5), leaving only a smali
window for Improvemant. Using each rat as its own confrol, consistent improvement
was observed after once a day oral dosing of HP 184 on Day 26, 27 and 28.
Consistent improvement was also observad after once a day ip 0.6 mg/kg 4-AP as
well. The statistical differences were based upon the changes for each individual rat
(each rat was Its own control) using Mann-Whitney U-test. All the behavioral tests on
day1, day2 and day3 were performed at 3 hours after gavage. There was no drug
given on day3 (first day started to give drug was day 0). The statistical analysis is as
follows:
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20 mg/kg - significant improvement at 3h to day 3 (p=.002) compared to vehicle
control

10 mg/kg - significant improvement at 30 min and 3h to 12 h (p=.014) compared to
vehicle control

3mg/kg - significant improvement at 30 min to 6h to day 1 (p=.0027) compared to
vehicle control

4-AP - significant Improvement at 80 min to 3h and 12h to day 2 (p=.0027) compared
to vehicle conirol

Table 4 llustrates the changes in scoring for each group from pre-dosing to three
hours after the third consecutive dally dose.

Table 4

Vehicle |4-AP 20 HP 10 HP 3HP Laminec

crush crush _crush crush crush No crush
Prior to 452+ 443 + 4.54 + 436+ 432+ 4.87 =
dose 0.04 0.03 0.02 0.01 0.05 0.01
dhours 1453+ 4.53 + 4.60 + 4.44 + 447 4.87 +
:ﬂer last |0.03 0.02 0.02 0.03 0.04 0.01

0S8

Flg 5 shows the changes in scoring, normalized for each rat. The graph shows the
change observed after three consecutive days of dosing (from pre-dosing to three
hours after the third consecutive dally dose) with either 0.6 mg/kg 4-AP (I.p.), 20 or 10
or 3 mg/kg (p.o.). Laminectomy refers to a sham group. The mean x sem for each
group (n=12) Is shown in Fig 5.

EFFICACY IN LONG STANDING SPINAL CORD INJURY

Thirty-five days after a moderate degree of spinal cord injury, oral administration of 3
mg/kg HP 184 {po) improves motor recovery after a single dose, and daily dosing for
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4 more days resulted in continued and sustained improvement based upon the
definitions for the Open Field Walking Test described earlier herein. 4-AP, at 0.6
mg/kg (ip) was similarly effective. A tabular representation of the resuits from both
chronic spinal cord injury studies (drugs first administered 25 days after a mild spinal
cord crush and 35 days after a modarate spinal cord crush) are shown in Table §.

TABLE 5

Treatment Day 25 (mild) | Day 28 (mild) Delta % possible

prior 3 hrs after last improvement
dose {highest score = 5)

Control 4,52 + 037 4.53 +.026 .01 2%

4-AP (0.6mpk, |4.43+.030 4.53+.023 10 17.5%"*

Ip)

"HP 184 (3mpk, |4.92%.016 - |4.47 £.035 15 22 0%

po)

Treatment Day 35 Day 30 Delta % possible
(moderate) {moderate) improvement
prior 3 hre after last

dose

Control 4.00 £.074 3.99 +.057 -.01 -2%

4-AP (0.6mpk, |3.85+.084 4.17 + 047 22 22.1%"*

Ip)

HF; 184 (3mpk, |3.89 +.054 4,17 +.058 274 |24.8%"

PO

This data provides evidence consistent with the assertion that HP 184 is efther
enhancing remyslination or decreasing an ongoing demyelination process.
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1. A method of t'reatlng Demyaslinating Diseases said method comprising
administering to a patient in need thereof a therapeutically effective amount of a
compound of formule

(R Ry,

— |
=}

A5 NG
CT =
-
'i‘ Ry
(),
|
wherain ’
mis0,10or2;
nis0,1or2;
pls0orf1;

each R is independently hydrogen, halogen, trifiuoromethyl, C+-Cealkyl, Cs-
Cealkoxy, benzyloxy, hydroxy, nitro or amino;

each R1 is independenlly hydrogen, C1-Cealkyl, C1-Cealkenyl,

Ci-Cgalkanowi, halogen, cyano, -C(0)C-Cealkyl, -C1-CealkyloneCN, -Cy-
CsalkyleneNR'R" wherein R’ and R" are each Independently hydrogen or C,-
Cealkyl,

-C1-CealkyleneOC(Q)C+-Cealkyl, or -CH(OH)R, whersin Ry is hydrogen or Cy-
Cealkyl;

Rz is hydrogen, C1-Csalkyl optionally substituted with halogen, hydroxy or
banzyloxy, C1-Cealkenyl, Ci-Cealkynyl,

-CO3C+-Cealkyt, or -Rs-NR' R" wherein Ry is C,-Cgalkylene, Cy-Cealkenylene
or C4-Cgalkynylene and R’ and R” ans sach independently hydrogen, C4-
Caalkyl or altematively the group -NR'R" as a whole Is 1-pyrrolidinyl; and

Rs is hydrogen, nitro, amino, halogen, Ct-Cealkoxy, hydroxy or C-Cetllkyl
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or a pharmaceutically acceptable salt thereof.

2. The method of claim 1 wherein R is hydrogen, halogen, trifluoromethyl, or C,-

Cealkyl; R, is hydrogen or Ci-Cealkyl; Ra is hydrogen or Ci-Cealkyl; Ra is hydrogen,

C1-Cealkyl or halogen; and p is 0.

3. The method of claim 1 wherein the Demyalinating Disease is multiple
sclerosis.

4, The method of claim 2 whersin the compound has the following formula

A\
, D{N\/\

5.  The method of cisim 4 whereln the Demyelinating Disease is multiple
sclerosis.

8. A method of treating Demyelinating Conditions said method comprising
administering to a patient in need thereof a therapeutically effective amount of the
compound of claim 1.

7. The method of cleim 6 wherein R Is hydrogen, halogen, triflucromethyl, or Cs-
Cetlkyl; Ry is hydrogen or C1~Cealkyl; Rz Is hydrogen or Ci-Cealkyl: Rs Is hydrogen,
C1-Cealkyl or halogen; and pis 0.

8. The method of claim 6 wherein the Demyelinating Condltion is Spinal Cord
Injury.

9. The method of claim 6 wherein the Demyalinating Condltion Is Traumatic Brain
Injury.

10.  The method of claim 8 wherein the Demyelinating Condition is Stroke.

11.  The method of dalm 7 wherein the compound has tha following formula
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N\
N
N—

12. The method of claim 11 wherein the Demyelinating Condition Is Spinal Cord
Injury.

13. The method of claim 11 wherein the Demyelinating Condttion Is Traumatic
Brain Injury.

14. The method of claim 11 wherein the Demyslinating Condition Is Stroke.

15. A method of Stroke Réhabllitation sald method comprising administering to a
patient in need therecf a thérapeutically effective amount of the compound of claim 1.
16.  The method of claim 14 wherein R is hydrogen, halogen, trifluoromethyl, or
C+-Cealkyl; R, Is hydrogen or Cs-Cealkyl; Rz Is hydrogen or C,-Cealiyl; Ry is
hydrogen, C1-Cpalkyl or halogen; and p is O.

17. The method of claim 16 whereln the compound has the following formula

N\

N
\
N

v

18. A method of blocking the potassium channel in a patient in need thereof by
administering to a patient in nead theraof a therapeutically effective amount of the
compound of claim 1.
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19. The method of claim 18 whersin R is hydrogen, halogen, trifluoromethyl, or Cy-
Csalkyl; Ry Is hydrogen or C1-Cealkyl; Rz Is hydrogen or C-Cealkyl; Rs is hydrogen,
C+-Cealkyl or halogen; and p is 0.

20. The method of claim 19 whereln the compound has the following formula
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ABSTRACT

N-(Pyridinyl}-1H-indol-1-amines of formula | provide a unigue combination of blocking

5 properties for both the potassium and sodium channels. These compounds are
usaful for the treatment of Demyelineting Diseases and Conditions such as Multipls
Sclerosis, Spinal Cord Injury, Traumatic Brain Injury and Stroke. The compounds
are also useful for Stroke Rehabilitation.
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