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1 5 METHOD OF TREATI NG OF DEMYELI NATI NG DI SEASES OR
CONDI TI ONS BACKGROUND OF THE | NVENTI ON Mul ti pl e
sclerosis (MS) is a degenerative and inflamatory
neur ol ogi cal -di sease that o affects the centra
nervous system and is associated with formation of
neuronal plaques and inpaired neuronal conduction
due to denyelination (loss of nyelin). Simlarly,
extensi ve denyelination is commonly reported in
spinal cord trauma and stroke (Bunge et al, 1993;

Bl i ght and DeCrescito, 1986; Pendl ebury et al, 2000).
15 Basic research into the physiology of the action
potential propagation in nyelinated fibers showed
that conduction block in denyelinated fibers was
partly due to the appearance of

am nopyri di ne-sensitive potassium channels in areas
of nyelin loss (Bever 1996). 20 Action potentials

PMERHIBDO R TREATIREBF mktﬂﬁi-ﬁﬁwmg!%]ﬂé%@? ?QI\?%I%IONS

process of salutatory conduction, Fesu
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Qwn e ron, . a e.axon and to e nerve
Stk RERSRe} 1 s 88! and Dicheud kel BonaiSbumy st 2050)
positive charge nust be dissipated. This is done via
the outfl ow of potassiumions (hereinafter "Kt')

Badi¢ psehrdpahRse pRySBRGIVK the aclbB oA frobagation in myelinated
.disrupted, voltage-senSitive potassium chan%e\ RE
“Q%%ﬁhtgftw fhgt cendsistion hlackdn Hemyelinated fisns was paxtyl duenta.the
' ' i L. e.

B B IR el B ol AP OTarBls, R axoadotygtin toss
(Bgwer A%t i on, contributing to conduction failure by

decreasing the distal effective current densities.

These 2 conduction deficits are associated wth

Adlios giotémiglssyopagate aldngatardiahgyslirstédnerve fibers by a process of
salutatory conduction, which results from a sodium current generated by the opening
of voltage-sensitive sodium channels at the riode of Ranvier. Thus, at the onset of
electrical stimulation, sodium (Na*} ions enter the neuron, causing the neuron to
become more positively charged. When the positive nature of the neuron
approaches a critical level, “depolarization” occurs. Depolarization allows a positive
mmdbmmMWmmmwmmmMMNMMmmmmmmmmWWQFm
the neuron to “reset” iiself, the excess positive charge must be dissipated. This is
done via the outflow of potassium ions (hereinafter “K*") through potassium channels.
When myelin is disrupted, voltage-sensitive potassium channels that open during
mmmmmmm%WMMaMWmTMmmmmWMmmmmmmmm

the sodium current, decreases action potential amplitude and duration, contributing to

conduction failure by decreasing the distal effective current densities. These E
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weakness. By bl ocking the outflow of K+ through

pot assi um channel s, the neuron remins depolarized

| onger and is nore easily restinulated. Thus,

pot assi um channel bl ockers,are believed to be useful
in the treatnment of diseases and 5 conditions which
inpair action potential transm ssion such as Ms,
Traumatic Brain Injury (hereinafter "TBI") and

&mdmahon@deﬁbltb ré B¥sddigegivia dzsﬁbi|n§§krmbtorﬁé?t:ﬁ’<§t§thH}nuscle
nnel IJ% B ers such as 4£m no g di ne
r@Sﬁaf g ploeking the outfigw i &s dhroyg |Pﬁﬁsﬁmﬁhﬁfmeis the neuron
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potentiate nuscle contractility (Agoston et al,

1982; Savage et al, 1985). These observations
%ng@@gmmanhdtblocﬁ@ﬂawm @s chaminel pyblimek be sinastee h4 AP"), increase
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1994 AP has al so

(BpeuPRchn. TPhSapoBa Al JOPH-. Hasser chsenafionapucgestod that
poeassRin® gharftel blReREKs! 5@fhsad AARIHo@ r@g'ore Eﬁ%ﬁb!‘?fh Hmyelinated

hroni ¢_pain and spast|C|t in SCl patient
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di sorders post umati c, post post X1 C
Pafjents &Fﬁ!@s eéﬁf $983; iy eloakiotyal, dr98€io@awts |eoaL 189@t van Diemen et al,

r uyukuysal R, 25 1989;

1gg§js%r%)out R g% %ﬁt Rﬁq% 6; Hansebout RR and

Blight A 1994). dinical studi es for the use of

4787 e, PlebiieRl dbiosiito s et Puané Vegisnhiss Reurologica
cnm:tmnshatladmg IMCIS AfdRiclion eNElebE il aww&sﬁeutwmes@f petients,
A@Q n th ener al tient gul ation_ (Milti
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éhal sin oses of - can restore s

REg; Pw CSGOQB&*PPeM% dmﬁpw VsirterasdRband Peywkuysal R,
1989; |Hﬁ?ﬁéboutf'ﬁff] @hd'EHgHE X
989 H i yesm‘gt A | (@5 ns%%tﬂ)ﬂﬁ @(2 %?crql}ﬁ A8, Clinical
studies for the use of Fampndme-SR m Iong-term spinal cord injured patients have
begun (Potter et al, 1998a,b) notwithstanding safety concerns surrounding use of 4-
AP in the general patient population (Multiple Sclerosis, Cognos Study #51, Decisions

Resources, October, 1999; pp77-8). Several studies have shown that single doses of

4-AP can restore some function in SCI patients when administered one year or longer
after injury (Potter et al, 1998a,b; Qiao et al, 1997; Hayes et al, 1993; 1994). Positive
effects after chronic dosing have also been reported. Clinically significant functional
improvements were observed in 16 out of 16 patients after 3 months of daily oral
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effects after chronic dosing have al so been report ed.
Cinically significant functional inprovenents were
observed in 16 out of 16 patients after 3 nonths of

daily oral 3 dosing with 30;ng/kg 4-AP in patients

with SCI of 2 years or nore. Some patients

previously classified as having conplete injury were
reclassified to inconplete injury Ilevel (Segal et

dasing 889 B0 nid/kg BaAR enpatiestowitid SOV BE2 §egra® hbre. Some patients

B 028 BB ST B e oot iy
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é{ga l')y Al ovve dose was not active.
B TRt e &1 neBloicionpu B seN RGO ooahaef daily oral
teddteent With ¥-AF GoPRgHAY dr RBpraafhately @%ﬁfkg; alp lower dose was not

Unfortunately, this nechani sm by which ass
aW4%mel bl ockers to can inprove synpt ons assom at ed
wi th di seases and conditions which inpair action

otential transm ssion can also lead to
"@"ﬁi’ﬂe&'ﬁt‘ﬁ'&’ Statr@ 46Piblecks. polangiea channis, ieffeatively prolonging the

e B, B Do et Pl r iR pgnet brockers

Ther ef or e,
cgg@ﬁprchrgrswaptoﬁrﬁasmmatmmths:l:steaspe aed cbyditibiss which impair action

h I
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r@mnczedlaonm!sse lagenkia amials edmhunepsl t 'eﬁerétord Qﬁ@%sefuiness of 4-
I VSO e T N

imta;@ﬂw&nddﬂthndex@Mtﬁl& eherdffects. %ﬂ@bér@%s cditedibRethdeneratized

vement in smooth pursuit
GRS hatedesn godsiat deiey rﬂ'mﬂféhan 0.8mglkg (Ball et al,
1028-Bhiegk f
070 BR0LIA, DS DEAI B fooaf Rpork BRARET g of

WW&V@?{%N@&.W Agtans Kdafined dyiFpravesrant mmﬂ@tmmwm) was
%ﬁiﬁc&’v{tﬁﬂe%éd 10 A1 tPaéﬂrhr'ntkl‘w)et\(’j@@e?B%egﬁ'ﬁ ?éar% 1%39%@67%

oses I n anot her hunan
imReweact %fter@radradmstr@tmniul-lewaweassiereﬂectsevel of 104

GRS ARG o MFEDSSS. FHATE G b e

M@t the @amerdoseaplmamﬁherc surman sfudg, eBé@r mhi ﬁBB&) reported a
2s the

Iy ed_t €s ,0 P. Thus
30 PR BT B e o BV o B Rl b prip i ieiroators
s@geemd-thamlgm do@agéﬁand abi Iefvbl‘é wduiebelikaig i@produce greater
ssoci at.ed \‘\14 hhjgg er 4-AP serum | evels has led t
provements in those atients which responded to fower doses 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, 1994; 1996a; 1996b). Fampridine-SR is currently in Phase 2 clinical
studies 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,
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t he devel opnent of sustained rel ease fornul ations
(Fanpridine-SR) (Masterson JG and Myers M 1994;

1996a; 1996b). Fanpridine-SR is currently in Phase 2
clinical 30 studies for Ms. 4Patients in prior

clinical studies of Fanpridine-SR have shown

i nprovenent in a variety of functions. Dependi ng on

the individual, these inprovenents have incl uded
in¢reasarbeads tafd'devembnt/\m'id sensatiseyara retiucad inaBcle 4pasticity, fatigue

ase of novenent and sensation, and reduced
dnraCJ ?&?gggfs%tl city, fatigue and chronic pain. Another

approach to elimnating the undesirable side effects
associated with 4-AP 5 involves coadm nistration of

m}oﬁ%rmroaﬁhttamnmﬁ@dﬁ@hnaeﬂrm g.’aer@webtstblses&sfea w:th 4-AP

&ﬂ %hla nnel bl ockers bl ock the inflow of
nvoRes £ F'lé%lﬁ'é%“%%f 405t Yl dpperdent sodiesm @hﬁm@i blockers.
swuwh ANa7 dhhARel bTm@resro@mné/meroeme%ﬁqs&ﬁ%@ea&e the
excitabili té? | ndeed, it has been reporte

[

SESERPHING?TBE NSHI Y todanolajizatien e hitis ffectively weucemnegbnal
eRbIGMRRY. Indel, 4 HAR By &Vn%ﬁbﬁe&t!ﬁ? cbﬁgrﬂﬁgsgr ?nBH}a'f‘k@ %@Sdependent

in mce 10 (Yamaguchi and Rogawsk

SH@'UW%‘?@EW%%@B aadd’c&Pngemrﬁ@ ér&ﬁ’ﬂduced cenadsipuaindsice
d
(8o dch R FEREWARE 1P02La™ " BaF rd s580aP b BPURE broperties.
4,970,218. Al patents and other publications cited
' f
B RoRSe DEE RSN BETp PholcF] BLFA By
Ppcederes dlsandJDHJmm StatujdLRzﬁele? 3‘997@1§D$ nagphtents and other
odi um nels in vitro and in vivo
p{ﬂi’ hg‘i‘% C‘%é{'% f?%%'ec% *”‘?Q\W&f%?ﬁﬁlbkéﬁ ©A%6t, 1996) .

Voltage dependent sodi um channel bl ockers act nore

effectl durl ng conditions of cellular
f‘%lg? ?ﬁw@"%“@a JB6sgeP gl e nresand inyentien can
:ndﬁé@%ltayé Mdﬂﬁi'enﬂﬁ!éb%lﬁ ofSdciith cR8nndid'in @lrd Qﬁ%'ggﬁvo (Tang et

bl ockade of sodi um channel s during seil zures,

2l 1 89frel 99F: Tanmant Kongaamubi996h agerdapendant sodium channel
bl%@lfeﬁQ%@Pﬁ‘n@F@éﬁéd’t ely‘Hlﬁ g"E?:JIOagiBHQ lofcél ulérgﬁgg arizafion. These

pat olo con |t|ons
COMRpHEGIS V§Hlﬂhig°lt o eﬁemmrrmrml téongt, srgmihag,sbul mllow the

bIBBHT SBURGK EASNAIE ot seibdB5 head trauma or ischemia, Many of

these agents are cerebroprotective in animal models of these pathological conditions
{Madge et al, 1998).

Without wishing to be bound by theory, potassium channe! biockers are also viable
agents for the treatment of neuropathic pain and cytokine-related pain, including
arthritic pain. Sweitzer et al (1999) has suggested that microglial activation and
cytokine release may play a role in the hyperalgesia foliowing either peripheral
inflammation or peripheral nerve injury. Potassium channel blockers, such as 4-AP,
have been reported to block the activation of rat, mouse and human microglia (Eder,
1998). Pyo et al (1897) have reported that 4-AP can reduce nitrite release from
activated microglia, indicating that pain behaviors can be regulated via this
mechanism. In addition, 4-AP has been reported to reduce lipopolysaccahride (LPS)-



agents for the treatnent of neuropathic pain and
cytokine-related pain, inclLuding arthritic pain.
Sweitzer et al (1999) has §uggest ed that mcrogli al
activation and cytokine release may play a role in
t he hyperal gesia foll ow ng either peripheral
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Accordingly, there is provided the use of a conpound
of Formula l: (Rrn ft 11 in NF3 (Ol1lp | b5a
wherein mis 0, 1 or 2;, nis 0, 1 or 2; pis Oorl;
each R is independently hy8rogen, hal ogen,
trifluoronethyl, Cl-C6alkyl, Cl-C6 al koxy,
besrarkigxy, hydroxy, nitro or amno; each Rl is

i ndependent |y hydrogen, Cl-C6al kyl, Cl-C6al kenyl,

Cl1- Cealkigrfbyl of Bal ogen, cyano, - C(O) Cl- Ceal kyf,

- Cl1- C6 I§¥] qncﬁ,?gl Cl- Coal kyl eneNR R' wherein R and
R' are each’i pendently hydrogen or Cl-C6al kyl,

- C1- Coal il Wl @ne OC( O) C1- Coal kyf or -CH(OH) R4 wherein
R4 is hydrogen or Cl-C6al kyf; R2 is hydrogen,

Cl- CoaleRGh Folst indapengendly F@m!edlahmgem Haﬂlanyemethyt

hyd Cl- C6 | k
" p it R s PR RATREY v Ao b1 i
C, - Coaldagh ads mc@‘pﬁl@hﬁ@hybﬂj@;%nom_@jsam ¢‘¥@éélﬁ€ﬁy[

and R and R' are each 1 ndependent]l rogen,

Cl1- ceal%ﬁea&farm dralagen @Y?“ﬂhé?(é})@u'g?»saim -@:-@@HalinneCN
- whol tr
am'ong I%bl SQN(We “ﬁhé‘z%ﬁl"gj rdo%ag?o a “&%ﬂn WP“ﬁY

or a pihuadmeemn@&tlsalkgk;cept able salt thereof, in the
manuf ac ure dicanent for treating any one or
Reakyiensiity

nore ofct Plortesalidnar -CH(OH)Rs wherein Ry is
hydrogen or C-Cealkyt;
Rzis hydrogen, C+-Cealkyl optionally subsiituted with hafogen,
hydroxy or benzyloxy, C:-Cealkenyl, C1-Cealkyny!,
-C0:C1-Csalkyl, or —Rs—NR’ R” wherein Rs is C+-Cealkylene,
C;-Cealkenylene or Ci-Cealkynyiene and R’ and R” are each
independently hydrogen, C+-Cealkyl or alternatively the group
-NR'R" as a whole is 1-pyrrolidinyt; and
Rsis hydrogen, nitro, amine, halogen, C,-Cealkoxy, hydroxy or
C1-Cealkyl,

of a pharmaceutically acceptable salt thereof, in the manufacture of a

medicament for treating any one or more of the following conditions:

fraumatic brain injury,
siroke,

siroke rehabilitation,
biadder irritation, and

overactive biaddsr.



traumatic brain injury, stroke, stroke
rehabilitation, bladder irritation, and overactive
bl adder. 5b DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The conpounds of formula | Jrovi de a uni que

conbi nation of blocking properties for both the

pot assi um and sodi um channel s- These conpounds are
useful for the treatnment of Denyelinating D seases
and Conditions such as Multiple Sclerosis, Spinal

Cord In Tr | R . The
comoun{j;m%?é %@ggﬁ%@gﬁﬁ?‘?h‘ @Eﬁ%%gqggm‘?m ation,

The conhgoundsanfiemulafl nndy\adel arumuulet adribination oflpwtkingtproperties for
the ., tr.eatne f vi,sce henoki ne-i nduced

both the Kt BSRALAE Samie CaTels TRSe IR 7S ssBhl T the

treatrnél%of [berhgéﬂrﬁitmb‘ Dzlseaé\és':@nd 'Ecﬁ?da(;@é’suéh aé‘,\’ﬂﬁfh‘g‘)iﬂ Sel roszs

nis 0, 1 2, p
Spinal |G'L'tfé[§@,lﬂde ﬁ'tralymlﬂw EmglerinlUﬁﬁlaingtroke | ﬂr heocampohyds are also

useful %’ﬁ&iekﬁlehat%fation, the treatment of biadder irritaiion and dysfunction, the
treatment of visceral, chemokine-induced pain (including arthritic pain) and
neuropathic pain.
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C6al koxy, benzyl oxy, hydroxy, nitro or am no; each Rl
i s independently hydrogen, Cl-Csal kyl, Cl-C6al kenyl,
10 C1-Csal kanoyl, hal ogen, cyano, -C(O) C, -C6al kyl,

- C1- Csal kyl eneCN, -Cl Cb6al kyl eneNR' R" wher ei n Rand
R' are each independently hydrogen or C Csal kyl,

- C1- Coal kyl eneOC( O) C1- Csal kyl, or -CH(OH) R4 wherein
R4 is hydrogen or Cl- Csalkyl; is R2 is hydrogen,

Cl- Coal kyl optionally substituted with hal ogen,
hydroxy or benzyl oxy,,, Cl 6a eny ,,ﬁr-CBaIkynyI

- CO2C1- C6al kyl , or -&ghNR-\R' er2in i S

Cl- Coal kyl ene, G - Co6al kenyl &he ?r Cl- Csal kynyl ene
and Rand R’ are each independent{y hydrogen, C1-

Csal kyl or alternatively t oup~5sNR R' as a whol e
is 1 -pyrrolidinyl; and 20} R3\ls hf%&ogen, nitro,

am no, hal ogen, Cl1-C6al koxy,™N qioxy or Cl1-C6al kyl .
Definitions: 1) Denyelinating D$eases: As used
herein, Denyelinating D seageg are defined as those
di seases in which nyelinis t h primary target. They
fall into two main 25 groups: pcquired diseases and
hereditary netabolic disorders. 7 Miltiple sclerosis
WAGLif al I's under the category of acquired disease. M
usuarﬁy mani fests itself between the 20th and 50th
year snf0,l1 ée2; MS attacks the white matter of the
Cent@ﬁloﬂ$Q¥%US system In its classic nmanifestation
(90960? all” Cases), it is characterized by

al t epnaiorg;rel apsing/remtting phases -- with

periods, of. r.em ssion s oW n horter over tine.
e, S5t IR RRRERRY BGh BelRen o ATOgISHs G-Caali, Cr
par ajgRaRekS ,behgerﬂbmdwdmy nitBidplaAfh@, and _
i nconti nence. e cat eg@r of Hereditary Metabolic
D Sor RSN ih idepesdently Tadpgen, Gerfispide@r-Conlkenyl,
| euk e¥salkKaRBYICAalofBh 35 BhEMRIDSC |- ygLk Cs-
Ref S,S}r:in;(z6 di se%':léeiji °§% 'g%lraen’mui%d%%i%’p%, BQM% geN, -G
di sebsalkylpneNRiKevharaini B anddiaarereagh dndependently hydrogen or Cs-
Pel i ;as R?I‘ Mer zbacher di sease and Al exander's di sease.
The first’six are storage
-C1-CealkyleneOC(0)Cy-Csalkyl, or -CH(OH)R4 wherein Ry is hydrogen or Cy-

Cealkyi;

~ Rzis hydrogen, C;-Cealkyl optionally substituted with halogen, hydroxy or
benzyloxy, C-Csalkeny!, Ci-Csalkynyl,
-CO-C1-Cealkyl, or —-Rs—NR' R” wherein R is Ci-Cealkylene, Cy-Cgalkenylene
or C;-Caalkyny!éne and R’ and R” are each independently hydrogen, C-

Cealkyl or alternatively the group -NR'R” as a whole is 1-pyrrolidinyl; and
Rais hydrogen, nitro, amino, halogen, C,~C6alkoxy, hydroxy or Cy-Cgalkyl.

Definitions:

1) Demyelinating Diseases: As used herein, Demyelinating Diseases are defined
as those diseases in which myelin is the primary target. They fall into two main
groups: acquired diseases and hereditary metabolic disorders.
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di sorders. The lack or the mal functioning of an

enzyne causes a toxic buildup of chemca

substances. The etiol ogy of Pelizaeus-Merzbacher and

Al exander's diseases, on the other hand, renains
unknown. 15 The clinical course of hereditary
denyelinating disorders, which usually tend to

mani f est thenmsel ves in |nfancy or early childhood, is
Muliglessclepesis (B3 Falls nodaathe catdgdody efiaayuired elsciagedMs |Ijk;ua[|y

R PO 8y oG PSSRk S vt matr

gidlae sent@) n2jvobe mysteim &t ithdaskio didnifostation (6 of blﬂ&&bes) itis

e TR BB R o 33 - oo ot romiir
glewinglshoser a@mmmln@lsgn@mm@ Indfi@le ankHondiratid@lof spastic
rJlilmtedto traumatic brain

i nj ,
qﬁ?‘lﬂr?/s‘%ﬁﬁis&%k@" Q‘Q Oﬂa SBH ON#RRRFet nj ury (SCl) -
As used herein, SCl is defined as an injury to the

results in loss of function such as

dt h t
THPfracy of Aeisshergiotabok BERere malusien g ohyidemitiey
Ieukﬁ&yﬁﬁﬁ%é&e hfétéhhrbhﬁﬁ@%k&dﬁﬁ@b%'ﬁﬂfé‘u% sidised@hi ned

an injury that results i'n o the Dbrain.

aﬁé%ﬂ?'ﬁ‘%'ff’ﬂl(%’@?&y Kabbe'sidisegse, @TGWU@ionmglsCaM)Ianmlsease
PlifsR- I’h@%abﬁ&drl&é’ea%g%ﬁ% eF D8isaRYd ggﬁr}?%%tx dre storage

rapi dly stoppe Itting awn
digoeders tThesian pr the malbingtioniopoban eoa.use nguddsen tox@ibuiltep of

c@?ﬁ&%ﬁl & d%@ PRg Qt&@év?tsﬁgl%%&s WSIR%%P%E%RdSé"éF@HerS

sed |nJur occul
dé‘i&ﬁ%@ﬂa@htheamwhandtrbmaﬁreammbwhhe brai n under goes a
rapid forward or backward novenent, such as when a
person experiences whiplash. A penetrati ng head

The Jchmrgalmammofmédiaryf dahYmutsﬁ@d@btﬁé vﬁﬂé}huﬁﬁ:ill? tend to
erce Bot h ¢l osed and

TR R ARG P GPT St hedt i e Desiowsaommal
childiers aredsbrived, indhpiti prey remgﬁs th'éﬁrtﬁ EE ecl:l—rh‘?} ambulation.

F\ sultln% dlsabllltles can incl u menor oss
The prognosis is death within a few years.

2) Demyelinating Conditions - As defined herein, a Demyelinating Condition is a
condition that results in deficient myelination. Such demyelinating conditions include,

but are not limited to, spinal cord injury, traumatic brain injury and stroke.

3) Spinal Cord Injury (SCI) - As used herein, SCl is defined as an injury to the spinal

- cord that results in loss of function such as mobility or feeling.

4) Traumatic Brain Injury (TBI) - 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 the brain to
smash into the hard bony surface inside the skull. Closed head injury may also
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enoti onal disturbance, notor difficulties, including

paral ysis, and damage to the five senses. In

addition, many patients die fromtheir injuries. 10

Today, treatnent focuses ongcontaining as nuch damage

as possible in the 24-hour period follow ng the

injury. When soneone suffers an injury to the brain,

the resulting devastation extends beyond the initia

t r aurgcunwithod ditectafxi¢rpaktoandan Yo tmm@d if thertsai@undéhges a rapid

pur 1 Qo AR bRyl 78 s 1B R pPefipies

out tvﬂaplasmrotransm tter called glutamate, which can

15 soon accunulate to levels that are toxic to the

SUE T UBHEAGIAGHES ) q}éﬁ% -

used hgéhel n| tro %Jurgr?ggp tarl{%wdd(ﬁergqt%t%thgéﬁ as a bullet
i nt ePiasers be skt results in the recovery functions

that have been | ost due to stroke. 20 6) Stroke - As

Bitf iclvedd Aad @eRetrXinkf KidBinpEes hﬁay\’kﬁgiﬁt [ !Qé&&@d@nﬁ widespread, or
ockaaa bl ood vessel_or artery when a

BRge ks thebiaigr (The: ieayting Q@Gbﬂltiwalblnﬁwdﬁrf@%mgw loss and
dritRioRBPdiSturddMeB, Mofdr RIEUIRSS H{c‘ﬁjd;hé pgﬂtawisg, gpggﬁg‘%ﬁ e't3 the five

in the i nmedi ate area. Doctors cal

SgBses. depfditien mamapatientsreieden theirdnjygesl |y die within
mnutes to a few hours after the stroke starts. In
TorapKesatmeasiotessidn dazialngnal iaeh gakbgass possnb{e in the 24-hour

tj sat n 25 tragnsfer rat MIR) are cl ose
PPS?%?OA%WW e IHapy- 8@11%5'9@ ' uéérsf ah Iy 1@ dhenbreisy the resulting
daedstalidn éﬂ@fﬁk@ﬂ 1edyng tRé iritial trd0RA) A chkcAddyy "s@&ondaq damage"

Unl ess ot herwi se stated or 1 ndicated

e{‘é':‘gr/ﬁ IEW" S@WN iMinRR edlls trigaarmveliingranddhad baildup, and the
irffliredir@fle &digivdgm t%ﬂfpal%ut%é‘%é%ﬁa%rﬂg@[)y {@ﬁ!ﬁf egﬁlé%gnuart]? which can

appropriate to the fornmula, specifie
S@PNcarbons in the alkyl, e.g., Cl-Cs alkyl neans a
one, two, three, four, five or six carbon branched or

a&cumutne tcleaels tiedtird tékic ©rthalskiitbeRding A8ufdng. case nay
be, or any ranges thereof, for exarrp?e but not

5) iSﬁwedehaugZabe-, Aﬁh‘(s:cgd gﬁbinﬁ} stsrale Cgehgﬁa&a%;sonéa définéa’z%é,
i \ - e - Yy T™ I, ] -0, et C.
"%W‘%‘,qi%gﬁwswgoﬁhﬁg%coa?wﬁwwsstha& hayedieen iastcueda stroke.

the term Cr-C6al koxy denotes a straight or branched

al_kox ro having from1 to 6 carbon atons.
6) r%gé%sdq%l?med here?n a stroke occurs when a blood clot blocks a blocd

vessel or artery, or when a blood vessel breaks, interrupting blood flow to an area of
the brain. When a stroke occurs, it kills brain cells in the immediate area. Doctors call
this area of dead cells an infarct. These cells usually die within minutes to a few hours
after the stroke starts. In stroke, measures of demyelination such as magnetisation
transfer ratio (MTR) are closely related to axonal damage which correlates to motor
deficit (Pendlebury et al, 2000).

7) Alkyi or alkylene - Unless otherwise stated or indicated, the term “Alkyl” or

““alkylene” means a branched or straight chain alkyl or alkylene group, as is

appropriate to the formula, specified by the amount of carbons in the alkyl, e.g., C+-Cs
alkyl means & one, two, three, four, five or six carbon branched or straight chain alkyl
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sai d i nclude nethoxy, ethoxy, n-proxy, isopropoxy,

n- but oxy, iso-butoxy, sec-butoxy, t-butoxy and

strai ght-and branched-chai n pent oxy and hexoxy. to 9)

Hal ogen - Unl ess ot herw se §tated or indicated, the
term hal ogen shall nean fldorine, chlorine, bron1ne

or iodine. 10) Cr-Co6al kanoic acid - Unless otherw se
stated or indicated, the term Cr-C6al kanoic acid

mikylenm an tize cmebmay bbconamiydraingesv!ﬁerhoft for examipte Ylut not limited

(OB, 5573 Rt o BYHe0heD o100 20 B SRR o5, 0

@E-Bm%l@. C6al kanoyl shall nmean a group obtai ned by
removing a hydroxy group fromthe carboxyl group of a

fnGrtneloRg RS Sivenype sikios os indigdod 1he twdh fy-Caalkony denotes
abiagayor brah&ﬁws(ﬂkoﬂﬂgro&@ e Vi 8¥in ﬁlttabl cdBSH aftfn¥! PExamples of

ﬁ%ﬁalned by renovi ng hydr ox grou fromthe
pskige mé‘heﬁsp QS'F%(I: veamem ISRRTAPOY, InepdPEY. d2-Buleny. sec-butoxy,

dfomlr@ Aight- ah@%ﬁsﬁéﬂeweéwém E@Msxy bR hekd}@t ance,
linoleyl group derived fromlinoleic acid I's an

exanpl e of the term al kenoyl as defined above. 25

9} 2ialofHAL RRRY 'i)'tf‘?éf'bvls\é éé’t%@ R Gt d! O}faé terﬂﬁ?éléﬁ;c?r\ Eﬁl’;ﬁlrrﬂean

an acid addition salt or basi c Ition sa

flugring aklaring| roming ot iediner eat ment of patients for the

i ntended wuse. 13) "Pharnaceutically acceptable acid
addition salt" is any non-toxic organic or 30

1i0h &n-ganikaneic iadidaddilesoothsatise sfated or indivaterip theowend C-Cqalkanoic

AERE R ShopRyifdhuin Glicf B ofhe Begunis atfpghed to hydrogen

danmﬂqﬂg:toabloéfrsai 1 $0 b eatboaeatotmgdr ochl ori c,
hydr obrom ¢, sulfuric and phosphoric acid and acid
nmetal salts such as sodi um nonohydr ogen

10§ Chaphikandyat TR R C 2SR SHMIREaS H lgfdtipFobtained by
Illustrative organic acids ich formsuitable salts

rerReYitia e TyAIDxrsiRIP frem.the faropyl giaKp 6k GicCaaliansic apid, and thus
itlimdiusds BF inkined férHﬁ)i‘ Rehfand IVtﬁe lileD " THRXRRS SukaR66! Afkenoyt and

ycolic, lactic, pyruvicc, malonic, succlnic,
a@sdlsh@“ MegREroups dhiained by spmaning a lydrexyegrous dionbihe, carboxy!

L L T e

il‘ﬁlaﬂC@l linoteyd grduprderived |ff@r!ambislu lakcishis anazxan‘s)lcsam‘aasrm atkenoyl

2BRLRANESHLoni ¢ acid and 2

12)  “Pharmaceutically acceptable salls” means either an acid addition salt or a
basic addition salt which is compatible with the treatment of patients for the intended

use.

13) “Pharmaceutically acceptable acid addition salt” is any non-toxic organic or
inorganic acid addition salt of the base compounds represented by Formula | or any
of its intermediates. lllustrative inorganic acids which form suitable salts include
hydrochloric, hydrobromic, sulfuric and phosphoric acid and acid metal salts such as
sodium monohydrogen orthophosphate and potassium hydrogen sulfate. llustrative
organic acids which form suitable salts include the mono-, di- and tri-carboxylic acids.
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s hydroxyet hanesul fonic acid. Either the nono- or

di -acid salts can be formed, and such salts can

exist in either a hydrated, solvated or substantially

anhydrous form In general, the acid addition salts

of these conpounds are nore soluble in water and

various hydrophilic organic solvents and which in

conparison to their free base fornms, generally

I estrative Dﬁilﬁihm@ﬂ@érmrtdxﬁmm@lambﬁc glﬁbollé)lactac pyruvic, malonic,
Phar utl aII eptabl.e hasic addltl on sar

SHE%{HQ rico %’r&?ﬁfpc a%f'mc‘ HicgasroEd ‘Sd@?@'%&ﬁﬂwalem

beaksois, Wdr&*p@eﬁ@ﬁ@%ﬁéﬂ@lé@fetfoélﬁh&rﬂici ééhc%hca?}bh‘éiwokg}b%nzouc p-

i nt er nedi at es, nFes are al kali
0

t%lvﬁ'mt«l{en@a%%awbﬁ \fonFR 8% sHeh a8 Mefihanesulionis anid and 2-
hp@lox§sthdAbs iRhic UK. ERREIARE WS- Pak aamsauéﬁ%pa?&med and

amoni a, and 15 allphatlc alicyclic ar ona
suflysRitcCamenetdn sither aByeratad Isalviates ortsubstantighzarhyerous form. In

g@ﬁé#ap ItR® bblﬁeaddﬁb?i ‘ﬂ% ©Ff ﬁie‘%@ & p%cﬁfnh@ at& Lno:i"{;1 ggluble in water and

appropriate sa 0 one s
vagiqus eloptdicergehiscalvesits and aihgéne campadson footheilflee base forms,

g%ﬁ%% Sebniiiie éﬁ“ \{.In%lﬁl'l&ﬁ Hyﬁ&cul es 20 that di ffleutr

n the ori ion €I'r atons in space
includes mrror inmge isoners (enantl omers)

B R R el e
inocgania basm atiditige sakt$ ofothe o@nqid’meﬁs O Fashea egios AR bBils

nfeorp'ne ?r%l %xqerﬁf)les%?% gﬁ(agﬁamrc%{lf %ggqﬂ%ng{g) ggdurggqgg such as
sq&hhrﬁ&b@l&s@Uﬁh cariumiagnesiun or badai hyFoxiddseakdniéhia, and

|l eviate synptons, elimnate the causation
aiﬁ‘a"? h%‘cg FpPHRIOMALCHEBARR AninesBrEas methyjrmrinanmethylamine
amf i’c@hne.orfhbos
rp'rp sinc ity te%&%g%gg@?glfgt fm éﬂﬁop!ﬁégen Qﬂ?ﬁlﬂf@é‘%@gv@r{ to one skilled
ini éflapeutical |y effective anount" neans a quantity
of the conpound which is effective in treating the
naned di sorder, disease or condition. 11 19)
15)Ph aﬁi@re@aom@sﬂ”uq ageceral dyimefor allisceners |o$ tre mdnmdhab(moiecuies

thép{nﬁs%m a}]ﬁﬁecfrfezﬁa‘rﬂo)? eog)fl% F ﬁ?oms in asg{a CC.o 'Hg'ﬂ%‘ﬁ rgmor irpage

isgmeey (enantiomers), geometric (cis/trans) isomers, and isomers of compounds

with more than one chiral center that are not mirror images of one another

(diastereoisomers).

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

17} “Treat” or “treating” means to alleviate symptoms, eliminate the causation of
the symptoms either on a temporary or permanent basis, or to prevent or slow the
appearance of symptoms of the named disorder or condition.

18)  “Therapeutically effective amount” means a quantity of the compound which is
effective in treating the named disorder, disease or condition.
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to permt the formation of a pharnmaceutica
conposition, i.e., a dosage form capable 5 of
adm nistration to the patient. One exanple of such a
carrier is a pharmaceutically acceptable oi
typically used for parenteral adm nistration. 20)
"“Neur opat hic Pain" neans pain that results from
damage to the nervous system The nerve damage nay
be identified or unidentified. Exanples of 10
ur ' LA, .- her I ¢ neur.al gi
o egg ity aBeeiidBieRarher B £ RbfoRER Rt Bipersant,
egeiptanhladpoent ot otbleemadarial which is Bitasttiwith ki attivel ingreanrht in order

QN s conditions.such i ntersti al
QYEFFe BnaBiie SRR BPPolan deti 4 tofaadaup capabie
of admirzihtsttipndtr threplatioat. m@xf@hmm dbsunay egrtier iszéﬁhégﬁ'naceuﬁcally

s, NC in ri nar reguency, .urgency, an
RO B ool e tor T YN S O ot e ¢ ha
occurs after the strong sudden urge to urinate.
| a SIS . Qveractive bladder is made in the

2@03 g%rwaﬁf‘r&%m 'Sa?ﬁ%ff BRndaRt regyitsfEerg semagerte|the agrvous
spdte®l OieasarvatihMagy RAOH® idhtifid Dol @hbigntlied! ][@ktghgjﬂgsagfy

bl adder. _contractions due to overactivity of
NgutaPadls Prindprlade prtherpetit neyalgia, lp@lr(fm!@%ab@icmez@pathy,
PBAKtER 1fnth PAihHRBIM Al ﬁé’él%‘tnbk@%aﬁmf. the bl adder wall,
whi ch frequently goes undi agnosed. The conpounds of
formula | can effectively inprove rate and degree of
2§ L COBRAdMek ritDH T ¢ fhebAk WX i interstial cvstiti
I)gng- st a__n(gli Hg spiaﬁ‘glsﬂzég@]‘cf tﬁéﬁj &F ic}l% %Pé%l/rﬁlﬂ'gsvséuch as interstial cystitis
ang eyriradtive blazislet ofvemctive blaidtibr issedisiinue noelital soddition

_ | o ) ’ _
cER RGP NG ol Bk el A S8Rl e
intortinepeelt the achidantéd KiBs of Bené iretloaclry aftepfter ikshga@den urge to

urfn?al _lo é%ﬁ%%l%bgragp\llépgégéﬁp ig%qf?\dqg%ltﬁg gﬁwr{mal pathological
orGne@halidssiateB2tibglasinie 89mptorfs aflisthiMb ito Roluntary bladder
hal ogen; and p is O. Furt%er

hydr ogen | - C6al Kyl or C
oo Br B b SRRVt PSSRSO mHAR Gr¥oTERA! Caiiiv (1C)is
cHaoRib infiatnradfoRcERtitich éfRe ‘ﬂ;rafb%i Walwiatn traau&mgae@e

~oup. Even nore particularly preferred are

u fds of fornmulas II [al so known herein as HP184
or N-(3-fluoro-4-pyridinyl)- N-propyl-3-nmethyl-1
Hindole- 1 -amne] 12 and IIl (al so known herein as

Thegaampqunds of formula | can effectively improve rate and degree of recovery in
acute spinal cord injury and fong-standing spinat cord injury. They have properties.
consistent with use-dependent sodium channel blockade 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, triflucromethyi,
or C1-Cealkyl; R, is hydrogen or Cy-Cealkyl; R, is hydrogen or Cy-Cealkyl; Ra is
hydrogen, C;-Cealkyl or halogen; and p is 0. Further preferred compounds are those
wherein the amino group is attached to the 4-position of the pyridine group.

Even more particularly preferred are the compounds of formulas !l {also known herein
as HP184 or N-(3-fluoro-4-pyridinyl)- N-propyl-3-methyi-1H-indole-1-amine]
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(XN <N:/ F II' I\ 6 14 N NH NFIIlI s HP184 is
very well-tolerated in mcronolar brain
concentrations one hour after ip admnistration of
30 ng/ kg HP 184 in rats (Snjth et al, 1996). The

uni que conbi nati on of use-dependent sodi um channe

bl ockade and vol tage- 10 dependent potassi um channe
bl ockade al so differentiates the conpounds of the
amblilgatsoikmoantticoainfaso@iBpyr e” sodi um channel bl ockers
such as carbamazepi ne and phenytoin. These agents
have been successfully used to/ alleviate "positive”
synptons of MS (pai nful , ei zure and

dysest hesi a). However, mﬁ* en negative synptons
(paralysis and hypesth-» 7 yakur ai and Kanazawa,
1999). is Conpounds of the |nstgz}r+nyention enhance
neuronal function due to the that they bl ock
the potassium channels. TWrSaids in functiona
recovery. At present, s nnel bl ockers are
bel i eved useful useful imN eat nent of pai nful
synptons and/ or as neuroprotective agents. They woul d
not, however, be expected tB enhance rehabilitative
efforts. 20 13 In treating a patient afflicted with
a condition or disorder described above, a conpound
of formula (1) can be. adnministered in any form or
node whi ch makes the conpednd li oavail able in
therapeutically effectiveg , including orally,

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, 1996).

The unique combination of use-dependent sodium channel blockade and voltage-
dependent potassium channel blockade also differentiates the compounds of the

_instant invention from “pure” sodium channel blockers stich as carbamazepine and

phenytoin. These agents have been successfully used to alfeviate “positive”
symptoms of MS (painful fonic seizure and dysesthesia). However, they worsen
negative symptoms (paralysis and hypesthesia) (Sakurai and Kanazawa, 1999).
Compounds of the instant invention enhance neuronal function due to the fact that
they block the potassium channels. This aids in functional recovery. Atpresent,
sodium channel blockers are believed useful useful in the treatment of painful

symptoms and/or as neuroprotective agents. They would not, however, be expected
to enhance rehabilitative efforts.
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subl i ngual | y, buccal ly, subcutaneously,

intranmuscul arly, intravengsisly, transdermaily; 5
intranasally, rectally, topically, and the like. One
skilled in the art of preparing formnulations can
determ ne the proper formand node of adm nistration
ddpdrasting a pajtant afflictedrwillc el conditien acdisoidaridescrbed ABove, a

compBRERY Rt BEGh bt R it e e oGl vgHciomakes the

compbbad pitavaiabla g trasrpeutideg e@@é&tiv@idrﬁam%%&ﬂingefau ,
exanpl e, see Rem ngton's Pharmaceutical Sciences, tg_

sublinggafy daticcalin subaelaneeyslys intimesculadagolavenously, transdermally,

. intiangBERY, PECRE AP, e nE L TORP skdes iR B R

formuéa;iqmaa:anmemri?alme @mpmmibflb'mmmm _rrmfrsaiﬁﬁmtmibh depending

' ar ceuti ca acce e carriers, t he roportion ’
upon HREhRREGEL chfaplkriios ot Tar erased Ssjeated labhemanciipn o
diseagd tb B GEat, tHS siRIgRPANhb ffsQ4sd RRe %8@@@% g,}fg}% Eﬁﬁgﬂ’and other

t he chosen route Of adm nistration,
relevam girasstancesl For sxample . aae BeingtoslscRBanmandutienl Sciences,

o o BB P Tlpd . PLES i SR Bl e

tabl ets, troches, capsules, elixirs, suspensions,
sl utions, 20 rs{%/rups, waf ers, chew ng guns and the
| i 18 SRIEPAURP R fr ambia h €2 beradministered aldne! drgwithe form of a
hamBletteRt Smpbdis] i 6 | i .
? el ul os%m%tbrh-t r@g%%ggﬁ?%ﬁgﬁ]‘ﬁ%@ﬁé%ﬁ?&e&'gsw fteptable cariers,
the prepetiicasaret matate of whinhtareaje teirsiridagy sl ROIUBTEHIR Shshical

ik

alginic acid, Pri |, corn starch and the |ike;
propefifasridhf cbmebbnd seltrlgH eBel AT Buion obadm et alias standard
pharntoed@bAlSrassdt &% Bmérgé%nghhié}%n di oxi de; and

sweet eni ng agents such as 25 sucrose or saccharin may
be added or a flavoring agent such as pepperm nt,

n(t;ri!h | sali c%l ate or orange flavoring. Wen the
d 55%1’1%9%% of GF Ficpegt disckaaprs map be pdminisigred omtaifer, i n
examplddirt iherfol oediféisalibchés tdihiy liikﬁ‘é’,esusﬁgg%it%ﬂb,g??iutions,

carrjer such as polyethyl'ene glyco or a

syrupgwiers edeyina aumstandibenliie 2oa feayncattaieronaci mese of the

y whi | f hysi.cal form of the
olon RSt il Bk o BB At Egrcons o
gelatimgrexdiignis|stichee digratoat ledtodel biskmeafating8Idrs sulk as alginic
. Icher enteric coating agents. A syrup fray contain, ~
acid, Fimaggl, cophsiash ard Yie Hksitlubbeiastcn asuvagsesius: stearate or

Sterot%ﬁéf@?ﬁﬁéé‘ Qgﬁg 5€ Itcg@tgiggi_ &ﬁé&‘? icifb)@éee;sa%rdvsa&eiaevtgrs]ingdggeesnts? Qgch as
sucrose or saccharin may be added or a fiavoring agent such as peppermint, methy!
salicylate or orange flavoring. When the dosage unit form is a capsule, it may contain,
in addition to materials of the above type, 2 fiquid carrier such as polyethylene glycol
or a fatty oil. Other dosage unit forms may contain other various materials which
modify the physical form of the dosage unit, for example, as coatings. Thus, tablets or
pilis may be coated with sugar, sheliac, or other enteric coating agents. A syrup may
contain, in addiiion io the present compounds, sucrose as a sweetening agent and

ceriain preservalives, dyes and colorings and fiavors.
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The conpounds of Formula (lI) of this disclosure may

al so be adm ni stered topigally, and when done so the

carrier may suitably conprise a solution, ointment or

gel base. The base, for exanple, may conprise one or

nore of petrolatum |lanolin, polyethylene glycols,

been@¥pouki\Fahm®d (1) ofthil MEIMsBre $46 Bis@Be M@ingsierand

. Icohé)l and 5 enﬂélfl,ers and _ébiabl lizers: The, )
topically| 44 yhen slong GRIHer aY Hiteh!y ¢RMpERe afeligiomaingment or
¢ . . _ . . ¢ a _

gel bfte. 11 HRd oy é‘}gamﬂ@, mczmgﬁ%g bhb ®r ‘i’fg(lgr‘)%gtg pgelt‘%gt[]m, Hanolin,

wat er for I'nj ection, ol ution,

- polyelhylgret glydadsdoas wan) sinarhioibrdinentspsumbyhewaig arabaicoiol, and

her c solvents; to antibacterial agents

_ 0 yhathetic sol
emulsgftb%rﬁag %%tﬁ%ﬁrsal cohol or methyl paraben;

anti oxi dants such as ( ascorbic acid or sodium
bisulfite; chelating agents such as ethyl ene
i Jif priviansaceugRensirisdnay @seinsiusecineasr eoee af the, foliowing

d
s B4 P, B g RS ES AR P S S B
B S ot vt
antibgaieial AOPTISaHIAN 3% bea R ACoNRt o B darabearitissidents such as
ascorblt@adi §§§6muhﬂ¥i§1]ffiié3,rbhe%r%gcé’%%ﬁé su% a§%’§ﬁ;ﬂéﬂ§ Siaminetetraacetic
s f ri 0 ays or

_release in mama or ap sever al
acid; bulfens subbas amséates, tibateswelisosphated andrabanisdoatit: adjustment of

ool A S RS b RS Bl i R iy be
enclosss ﬁpath;@_spﬁispoggo@f@riﬁgsé oF hadiNk lgbsangaief _
veget abl e origin such as sesane oil, cottonseed oil,

corn oil, coconut oil, soybean oil, olive oil and

t i I \ nt hetic esters of .fatt . .

aci 0é shtgﬁig i@g P)‘/IP' ﬁe’nee%'[‘%n %ﬁ"‘%\%]sc %ﬂ(g Icgl%ﬁlr%% o5 ot s g\éqsant spvention
are qapabid eegtasead roidhse deppinmaieskipsdids *HsdvBral days or from
abmﬁresent di scl osure are prepared by dissolving a 55

CHAILY fayrypatis wier despulaigs) apd administerethae depot preparations, as
or oKD RYFREI ] e ARl RG99 b o
The peei¢wed ol aienobvagdtablecorigin sbheh assegamongl, edtienEedV6it, com oil,

cocofyb BT rofeiE bl oiiicnl B b o RGP Bie Bribpiapeieiept fatty
acidégéru?@ ‘E:ggfdﬁt%ﬁat BRI Rh A QPcdB! 8NSropfldrefldol the

The depot compositions of the present disclosure are prepared by dissolving a
highly lipophilic ester, amide or carbamate of the instant invention in a

pharmacsutically acceptable oil under steriie conditions. The oil is selected so as to
obtain a release of the active ingredient over a desired period of time. The
appropriate oil may easily be determined by consuliing the prior art, or without undue
experimentation by one skilled in the ari.

The dosage range at which the compounds of Formuta | exhibit their ability to
act therapeutically can vary depending upon the particular disease or condition being
treated and its severily, the patient, the formulation, other underlying disease states
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wo 0thg4190sage range at which the conmpounds of Forf@f,gsdmssm
exhi-bit their ability to 1sact therapeutically can

vary dependi ng upon the particul ar di sease or
condition being treated and its severity, the
patient, the fornulation, other underlying disease

that the patient WWikoguiras, ROU USSR riEEhHtionssthahaiaytheeconcurrently
and ot her, nedi cati ons t hat

admiri@bHEo hE kbl HERetiN T PamGipines o S ogtiaahivil exmibit their
theraganieriliies B @osagPe BNIsSwE et @B G0b1 %b)gpecgg{a&gétnbody

eir ‘therapeutiC activities at dosages

(ﬁ%bmggjk@pf paiiend deoyowpighiddaght / day to
about 100 ng/ kg of patient body weight/day. 5 The
follow ng exanples are for illustrative purposes only

The fatidwagesxantples tea dediitstrdtives purpdies $H8PEn@brd Rt intended to limit

di scl osure in any way. EXAMPLE ONE 10 I N VI VO
the scE JPENGEIGNSE SRENE. W TH VOLTAGE- DEPENDENT  SCDI UM
JANNEL BLOCKADE Met hods:; The experinmental procedure
was based on the nethod of Bachauf3 et at (1992).
Mal e CD-1 mice weighing 35-40 g were anaestheti zed
with chloral hydrate Under an operating

ki
m croscope, a 3mm vert&%%g/k%%mi sion was made 15

Ve PN Elbis ek oty GERARGoDBRENGENT SODIUM

expose the dura. The dura was incised and defl ected
and the distal parCRANNME. BLEMEKADAEI e carotid
artery exposed. The artery was occluded wupstreamto

Metholie iThe expefimenedliprocéyureiiat daseh %ﬁtthe&ﬁédhghid?@a\@hsm etal
fine faorceps. Infarct volunme was neasured 24 hours

(1993)5 Male (P rigmine weigiirg §5t40r paverei anasshiadizedavith chioral hydrate

(00BN OfyioP B e 3y REABRCIEE BRI was mace
2mmgreding) thenigHhouibit PThereinportiochusteivad AEMSGEd WAk Heial |

reductign was based on conparison to 1% acetic acl
cranigiomcraned puhie BXRpsR e, ¢ Eha dbras wadnneised abi efieted and

the d%k@nﬁe&%@?@?ﬁg Eg&@n%fjié‘fgti | h\éfg‘%eﬁ&}c&%@i. éﬁﬁe I?P(ﬁ'é/h\ﬁei% Agcluded
upstigginribdhe maio bifecation by bipotar eiectroaguiation with fine forceps. Infarct
volume was measured 24 hours later using 2% triphenylietrazolium chioride solution.
In this experimental paradigm, HP 184 was orally administered to non-fasted mice
{10 per group) one hour prior to occlusion. infarct volume reduction was based én

comparison to 1% acetic acid, vehicle, treated mice. Resuits are shown in Tabie 1.

Table 1. Neuroprotective aciivity of HP 184 in the mouse pMCAOQ stroke model!

Dose (mg/kg, po) Time {min) % infarct volume ]
reduction
mean _sem

1 -60 213

10 -60 32+ 11"

10 -80 40 + 2.5

*=p«<0.05; *'=p<0.01

The neuroprotection observed in a mouse permanent middie corotid artery occlusion
model (pMCAO) is consistent with in vivo voltage-dependent sodium channel
biockade at this dose and time.
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reduction nean sem 1 -60 21 3 10 -60 32--', 11 10
1-60 40 2.5** 25 "=p<Q 05; "=p<0.01 The
neur oprotection observed in a nouse permanent niddle
corotid artery occlusion npdel (pMCAO is consistent
with in vivo vol tage-dependent sodi um channel
bl ockade at this dose and tinme. 16 EXAMPLE TWO
EFFECT OF HP 184 ON EDEMA AFTER PHOTO THROVBOTI C
CEREBRAL LESION I N THE BXRAMPIHATIMDal e/ Obj ecti ve:
Thr omboenbolic stroke is the third cause of death in
t heEREREE OF MBr18d.ONEDEMAARKER PH0 FODHROWVIBOTIC GEREBRAL
di si ntegrating thronbud&#310hew tiwEmpumenerated within
the cerebral circulation or formng in the heart or
Ratiqyale/@belive:and being carried into the cerebral
f‘iy %’gl at {1 Blood flowis then interrupted and an
g olicelralk i drihggcausp ohdagh by theavesterywenids It is caused

talbrpa RIS a.sﬁftegrbﬁﬁg%ro.%{%ﬁ%.th& R gﬁ@?&@h v@ﬁﬁ?ﬂ‘n%%erebrm
it conpresses the brain, pronoting i'sthaem and
cifculgtien or farpingdn Aheihaast palareavesseisiand beirfg eatriedrinto the cerebral

dchI:BﬂbP I§l§€d ﬂé\NJisofP@h |M@i"rﬁﬁ1 e é?ﬁ||§ ‘F(—fés iprf dévejqps, with

studied for its effects o IS cere

%%690%13@®W533@W!@y8r Bdemng ksdetim@otl ge-tal@se it
déﬁ'fpﬁe@%@%é Bk iﬁgm\%ﬁgls‘f:n%gﬁi@ an@ %G at{eﬁ &400 cﬁrgﬁclﬂamcai injury.

ace a stereotaxi ¢ appara
T\f\a%fﬂmwéh HR $84,evjeiit Ndﬁﬁ*sihahhelalmmr ;o sistlidligh for its effects on

W was placed in contact wwth the right
ttér?ge o?gl?hdé skull forward of | anbda. Bengal rose dye

(10 mg/ kg iv in saline) was adm nistered

Mathodndmo lﬁ;iragta!’lﬁawielyumg’(aBOGQOOfg 5\ﬁ)amédéldn|ae§ﬂ1éf sRfWwith chloral
m nut es. _The skin

t d f
BT B i 4 8 GvartorarianiacibpeTaiG: The sk was opened

to reveal the skull and a cold light (Bioblock 150W) was placed in contact with the
right side of the skull forward of lambda. Bengal rose dye {10 mg/kg iv in saline) was
administered intravenously and illumination of the skull started immediately and

continued for 5 minutes. The skin was then sutured closed over the skull and the
animal returned to its cage. Twenty-four hours after the photothrombotic lesion
animals received HP184 made up in 1% tween in water by intravenous route at 0, 10
or 20 mg/kg body weight 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 contralatera! to the lesion, using a 6 mm
diameter cork borer. Water content was determined by wet weight of tissue/dry
weight of tissue and edema expressed as % excess water on lesioned sample
compared with sample from contralateral hemisphere for each rat.

Results - Shown in Table 2
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t he photot hronbotic I esion animls received HP184
made up in 1% tween in water by intravenous route at
0, 10 or 20 ng/ kg body weight in a volune of 5

m /kg. One hour later, animals were killed by
decapitation and their brains renoved (see appendi x
for protocol). Core sanples 25 were taken at the site
'IQf the lesion, and contralateral to the |esion, using
bl 8 di aneter cork porer. \ter content was
ddireatrientéat 24h pest wei ght of tissue/dry edeghat of

ti ssue Wswredenn expressed as % egceg% wajess waiter)

| esi oned sanple coppared w th sappl et PsRpost lesion
contralhwth@iel hem sphere fogr eachjrat. ZQoResglts -
Skirvned at T@hlggiv17| Tabl 22 Tt eaf ent3 gf 4785 pOST T
e¢FEe84 heso RIyHg R EXEESS Wager) @ zbn3 DR Slp.6F = O

I &R P ok pY Tt6—231s
Sﬁﬁ'gmﬁﬁwﬁhﬁfu{(% {%&555 0.27 OdJ?ats . ANOVA pl us

4 nst.r.
H-sﬁtjgtﬁ/ |caH§Fa(tg§%§s%Hfd§a tic r‘)?o%/%me gf’ﬁon"ééﬁ%ea%m?%"}e.f@h‘f cerebral
cedexbne houcaltey éxadmimidwation at 2@ mg/kg asires ihslirsadfigen at
hours after photothronbotic |esion.

pé&&@é@?ﬁﬂ%é%%m EFFECT OF HP184 ON LESI ON SI ZE AND
NEURCLOG CAL FUNCTI ON AFTER A TRANSI ENT FOCAL

CEREBRAL | SCHEM A I N RAT&MRatEiTHRER / Obiective:. In

this study HP184 was administered | hour post-ischem a

BASECTIOF wnrmdqut&mn@rvb mﬂgﬁb@wﬁk A NAFTER
in rats. ers_ neasured | esi on size an
neur ol ogi é %QVT HOCAL CEHEBHAL ISCHEMIA IN RATS.

Lih

Rationale / Objective:. n this study HP184 was administered 1hour post-ischemia

onset in a model of transient focal cerebral ischemia in rats. Parameters measured
were lesion size and neurological function.

Methods: Male Sprague-Dawley rats [lffa Credo, France] weighing about 220-240 g
were anzesthetized with halothane (1.4%) in a nitrous oxide-oxygen mixture (70:30).
Both common carotid arteries (CCAs) were isolated. The left middie cerebral artery
(MCA) exposed via a temporal craniotomy was occluded with a microciip;, and
simultaneously the CCAs were occluded for 1 hour. Both body and cerebral
temperatures were kept at normothermia. Following surgery animals were returned
to their home cages in a room warmed at 24-26 °C.

HP184, dissolved in 1% tween (in injectable sterile water), was administered at 10
and 20 mg/kg iv 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
9 points grading scale was performed blindly.
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Met hods: Mal e Sprague-Dawl ey rats [|Iffa Credo,

France] wei ghing about 220-240 g were anesthetized
with hal othane (1.4% in a nitrous oxi de-oxygen

m xture (70:30). 1s Both cgmmon carotid arteries
(CCAs) were isolated. The left mddle cerebral artery
(MCA) exposed via a tenporal craniotony was occl uded
with a mcroclip, and simnmultaneously the CCAs were
occl ud&RADING SCALE UBEDWFORITHE NELRDEDGAC AL FUNCTION
tenperatures were kept at nornotherm a. Foll ow ng
surgery animals were returned to their hone cages in
ank@om war med at 24-26 C- 20 HRI§4, .¢i.559I ved iDrL“JEG/i’
tween (in injectable sterile water), was adm nistered
ak 1all0n ganda 20c g/ kg iv 1 hour after ischem a onset,
anele aantaiol rat s meeaipwd the vehicle accordinggo
the sane protocdt!t At 24h post-ischemia, a 0
néii*dl'ogi cal function using a 9 points grading gcal e
V@ Sa QEH‘@G%Q o] iendl‘oyre 925.1 18 GRADI NG SCALE USEDDFm
THE NEUROLOG CALFfeFUNCTI ON |t em Normial score Defiocit
Rt a0i 19gg r@asdd ons Leg hanging left forepaw 1 0 le it
lndhoVinsdal 1 O digsping reflex lgft to repaw% 0
left 1 0 Rightimghreflex head tilted left side 0

gt Qo AR AO X mai posture bfé\fg%%.nt Present .,
e
1 0

thoraxhWmtd ng 1 0 left foreli xion 1
fe ft forelim b flexion 1 0
Globalneurologicalscore 9

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

Results: Ischemia induced the development of cerebral lesions in both the cortex and
the striatum (See Fig.1 which illustrates the effect of HP184 on brain damage at 10
and 20 mg/kg iv bolus 1 hour after MCA Occlusion). 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).

EXAMPLE FOUR
MEASUREMENT OF POTASSIUM CHANNEL BLOCKADE

Methods

PC12 celis (ATCC, Rockville, MD) were grown in Dulbecco’s modified Eagle’s media
supplemented with 10% fetal bovine serum (GIBCO BRL Grand Island, NY).
Potassium channel! currents were measured using standard patch clamp
electrophysiolgy protocols as detailed previously (Rampe et al., 1998).
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G | obai neurol ogical score 9 5 Thereafter rats were
killed and brains were renoved. Fresh sections were
cut with a brain nmatrix and stained with triphenyl
tetrazoliumchloride 2% at &7C for 5 mn. The
sections were then stored in 10%formalin at 4C for
24h. Areas of infarction were neasured with an inage

nal yzer (Leica @®00). 10 Results: I|Ischem a i nduced
M@eﬂ@éﬁﬁ%ﬁ@of cerebral lesions in both the '

ortex and the striatum (See Fig.1l which illustrates
tHassiynebancy capets werenlisiter iafRQ@sae claop pude2® +40 mV from

[ & r _ i Qn);... HRP184 at.
oA RIS SOV IR PETo b Teclid Ko RSB dl diected
Qyyrent gyppjicadion B HPTIBAY 10 edl) cedwredibs agipijtidbi of it cuirent and

PRGN st Hitse A Of) PR B PSSt giend ofthe

pREE2 HFeBY Setﬂu%'é_ﬁ@_un’aﬂckm'f)lithae blyPh eF.en & HWMIhé Results are
Dul .becca' s nodified Eelljg e's nedia 20 suppl enented
CRPYRentahy Be Aotign that HI&A aely & aventBrenist eineltage drpendent K*

chefdinels BPbRERING BACAANARK statkr ents were neasured using
standard patch clanp el ectrophysiolgy protocols as

detailed previously (Ranpe et al., 1998). 19 Results

and Di scussi on Pot assi urgmp gl jgerrents were
elicited by 200 nsec clanp 'pupsgsﬁ?o +40 nmV from a

hol di ngap@hNE] i I
[ (rjl aI ggst ai negvg?ﬁqv\ggﬁ ’5 E%Aé@(?%@ER@ﬁ\tr/@ggLé FON CtﬁcgN
Application of HP184 (10 M reduced the anplitude of

Oty b e PR B B o0 P oo
voltageedepentidt Ca'd cordntinnadiobs estpypds) dilting MouddséRssry

i song BB A T e A BsemrakoeaHamilion
andhhaney, 9 90F; T akd Vel 99N at @bthelAbR, RUR Bidd\Rkkase of
nelzzs-.llr\égansmitters 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
flaccid paralysis in mice (Tapia et al, 1976) and this effect is antagonized by 4-
aminopyridine {4-AP), a voltage-dependent K* channel blocker (Tapia, 1982).

Tapia and Velasco (1997) have reviewed the effects of RuR both in vivo and in vitro,
and suggest that RuR interacts with Ca*? sites located in the nerve ending
membrane. Binding studies indicate that RuR selectively blocks N-type Ca™
channels, and these channels regulate the Ca*? influx necessary for neurotransmitter
release. These authors also suggest that ip administration of RuR may be an
experimental model of Eaton-Lambert myasthenic gravis syndrome, an autoimmune
disease characterized by blockade of Ca*? entry and ACh release due to antibodies
that bind to the N-type Ca*? channel. Consistent with this possibility, 4-AP has been
reporied to improve muscle weakness and restore neuromuscular transmission in
patients (Lundh et al, 1977a; 1977b; 1979; McEvoy et al, 1989; Aisen et al, 1985).
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(bj ective: The inorganic dye rutheniumred (RuR) has

been reported to block 15 voltage-dependent Ca2

current in various cell typgp i ncl udi ng nouse

sensory neurons (Duchen, 2), synaptosonmes and

neur onuscul ar preparations (Ham |lton and Lundy,

1995; Tapi and Vel asco, 1997). Furthernore, RuR

Phe akility of b@&s%amnomedm(ﬂa%ﬁ)mndt ganidime by amtagonlze RuR-induced

RS b4y ULt SOAL AR e ARl rtoase
@qum@gm hmniq‘h arkbThes|Qif) 10e7s bapiamadiStiges, 1@7@) In kAy case,

[ a istration of
Yaptand Bof gl (raRREyd Do TbRLT STppaed tnat Horopippis the
r&fe@seﬁncmcetﬂb@@lt»APm ayiaagesvrnged by 4- ami nopyri dine
(4- AP), a voltage-dependent K+ channel bl ocker
(Tapia, 1982). Tapia and Vel asco (1997) have revi ewed
Ibhﬁr@%tﬁ&emfanﬁeﬁinbotdlran@nwé(@elaﬁﬁb by a\iffdrBnt m@Bﬁiamsm than

{ RURinteracts with Ca+2 sites |located in
FRIUER, &1 Bl Rgog8 ety ArAE BTG EOR dlapesaly-simulated and

spofiaabes tdiedseRUR thebeetibMs lave @él@iﬁhﬁdé}ketrweﬁt Clg"'(%ngrast HP 184
channel' s, .and these channels r egul ate the Ca
ehbaReesHAcimrindRRANSIeALSRAAIARGAUS NesrdmasmitTaelease only (Smith et

aflluitd@gf Sit Ah$§ Qlsd HRILA BH@SIZ‘SB tﬁﬁ?p%hl%hﬁaﬁé %eé’% Ra functional

be an _experi ms aton
rﬁ’?d@f’i‘(@r@@*tﬂﬁé@i 4986hdr ome, an aut oi mune di sease
characterized by bl ockade of Ca+2 entry and ACh
rel ease due to anti bodies 30 that bind to the N-type
Tog-prirpdsarm dre folowiiostxperiment vas e deteasimietii HPt 484 dthPAP could

oS e bARRE L e o Rl B e L i S rat s ents
(Lundh et aI 1lgg7a 197_7|_ﬁe 19_7|9_t|\/t:§voyoet al, 1989;
VPESTo RbieL 70l 5 e b bichies Mitgoras same) were

s&nﬁﬁataﬂdmﬁ@ﬂnulidmts@ ipjecRbYs WithirsthBARET @dyarﬂil\?eﬁlé?e (1% glacial

t e| r.ability to facilitate neurotransmtter rel eas
R R g ArATh o5 [dheniumged End il 484ndhe compound

kﬁﬁwm as "81@82») dl . )
"\gﬁ api a and Stalsg eiréb @%%%?qﬁgv gwﬁ%@r ??%1 ]ﬁﬁ ﬁéﬂﬂﬁutes after
Hers iR were plasgd depna (iaapols) a{ppmatmsnaxgyﬂmamlmsuppon

tHelt dﬂﬁ by \ME ﬁelg(ﬁe §5RBRG Pie cﬂﬁg rﬂgéﬁqg }ghtnkffew gzﬁgf%é@or%&d

a differ ani smt
Réaﬁﬁemreaemmed ag thgnembancksicodbdt could support their own body

wBlgREId b HYiof hIMbRF 6P dested. These results are shown in Table 3.
All experiments were performed between 2PM and 4:30PM.
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Both 4-AP {ip) and HP 184 (ip) can antagonize the flaccid paralysis induced. by the ip
administration of RuR. This implies that HP 184 is able to enhance neuronal
transmission in vivo, possibly via K* channel blockade. It is 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, 1993;
1996).

Doses of the sodium channel blockers diphenylhydaintoin (DPH} and riluzote (RIL)
examined in this experimental paradigm were previously shown fo be neuroprotective
in focal ischemia models (Rataud et al, 1994; O'Neill et al, 1997). Their lack of effect
in this model adds support to the interpretation that the ability of HP 184 1o
antagonize RuR-induced flaccid paralysis is probably not due to in vivo sodium
channef blockade. This is clinically suggested as well. The negative symptoms of

MS (loss of movement) are often worsened by sodium channel blockers (Sakurai and
Kanazawa, 1999).
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SOdI um C setqgure i §17 134 Gruld imRepvekaatey Hnetion goays with long-
22 EXANPHEn@h (SPHMA) < ﬁﬁﬁ !{g/%
Rati onal e and %o ectg%eg%pﬁner ‘dna) E band to compare
that, 25 'bsaﬁf&eoamtéﬂ-gwwn@@eM-AP)

Acute Treatment - i.p. administration

The spinal cords of female rats were exposed o Ianiine'ctomy (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 walking scores of 1.5 -2.5 in the Open Field Walking
Scale. The definitions for the Open Field Walking Scale {OFT) are as follows:

0.0  No spontaneous movement

0.7  Slight movement

1.0 Movement in hip and/or knee (not ankle)

1.3  Active movement at hip and knee, not ankle
1.7 Questionable movement at ankle

2.0  Movement of the limb in all three major joints
2.3 Attempts at support

2.7  Support in stance only

3.0  Active support, uncoordinated gait

3.3 |ntermitteﬁt bouts of coordinated gait
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s damage, 4- AP enhanced mVEP s foll ow ng graded
spinal cord injury in rats. Using identical
procedures, functional behaviors were neasured. These
behavi ors have been shown 4;0 correlate with m ni nal
mVEP. The objective of these experinments was
twofold: 1) to determne if HP 184 could attenuate

i nal CO{d crush-induced 10 notor inpairnents of
512 & o] srrdred ot gnide opfapdrivalksipa kpuelies ewon eeeipdserface of the

its eddtecti veness with nethyl predni sol one succinate
MPSS and 2) to determine if HP 184 could inprove
t olCopiipaticsrClifaralimbs amdtmnqﬂmtg‘»mgaanm ng (25 days)

in onpar e
‘lﬁg |?§p§? ggzda\}\'n b%;p(%tam n | ne %%ng\@?\% tk&@érﬂp
47F eaOnerar twoitog dragsnslighd vnaieadtnea’mmrmpg mfullcameéd of
mal
TN Bl e o R EPb B, AR T b R R S o too arags
each). Normal spinal cord dianmeter 20 is
AR 9 t%}]ply 2.5mMm This conpression represents a
‘nu@mé.r%l—e—rnw jury characterized by initial open field
ukﬁﬁgmaateseﬂ;cnfsh day 4§ ratsiim HPh s pedigiiEied kb
@é& &@ H:g a(i]( g Eor StI en Field V\gfd%g Sived ip
B bl fEntid mila indes ST REtersid Sias Thi
ardmrdsteation veds @péadld @h@ayma/ §ﬂ!38t MPSES N @BEtherd Hanldl Ras
nd/.or ( 5} ankl e % .3 Active novement at hip
gﬁ‘d{‘ %ﬁ@é‘nﬂfﬁﬁ& QIR at 15 mieyiest2 Berars) 4 hawseaah b hours on day 1
aBkérask. PhibRSs o Ined!
“loints 3023 Attgmgtés(:hg?u%%Sg? t ﬁde%&ﬁgjegﬁ%%t%ai in the

lilgfaiHce 284 Wffefscrhﬂmsme rediopoed in turpads. dMITSISeig cyerettly the only
diagAhbrpg TapldvettioPRithn ShinaPASE A e FiglRh L didws the behavioral

scores (OFT) of the various treatment groups over time. The normal preoperative
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

Again, the spinal cords of female rats were expdsed to laminectomy or crushto 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 were improved for all doses, including the 10 mg/kg
group, when compared to the vehicle treated group. Each point represents the mean
plus sem of 12 rats.

CHRONIC CRUSH EXPERIMENT
The spinal cords of female rats were exposed to laminectomy or crush to a diameter
of 1.6mm. This represented a minor injury, and was designed to result in OFT scores
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3.7 Lack of control of ankle or foot, wal ks on
knuckl es or on nedial surface of the foot 4.0
Coordi nation of forelinbs and hindlinbs in gait 4.3
| mproved hindlinb postural gupport, abdonmen not | ow
to ground s 4.7 One or two toe drags, slight

unst eadi ness turni ng at full speed 5.0 Nornal gait

of 4 20 25 4ay3 G RatearBBnl, “Riie s oS i etk asmnreduce the
safnecdegsée bﬂm}mdk)lmpaﬁmt%nt as HescliBéd e Grgnei AsH yee ?mg) who
ecel ve ectl! ons
hS5Ey HeAR iftueed mplayermenis i Ripdimofiriatis o LB, patar

r@@ﬁd.hg@eah@qar@ébdiﬁu and |&isih 3f uMated aarnta 8 hak BR¥o been shown to
hand, was _adm nistered at 30 ’[_r%/EHg i p 15 m nutes,

resylign demyglinglions Behaviosserses O ﬁh?W"a‘? Figure fy igure 4
showS ui\é’:%%aﬁ@ %h& gtaﬁﬁﬁe@ahsrsfmh@g@ﬂpg %%@Ith@ @eﬂﬁmons for the

otlma in terature, and mrrors’th OSIng
%ﬂflﬁelﬁ‘é@aﬁkmméeswﬂ:@s) qaglies feraimt | y the only is

drug therapy approved for human spinal cord injury.

lfif%éﬁae%n?é?ﬁv\ﬁﬁ%%o%%%é@e%ﬂgﬁuyt @ﬁg;ﬁ;%@ggp%g{mg B8y a small

vari ouds treat nent groups ov .
windsyptor anproyemsobr bsing eichRattas itoeiviegontrnl, efnsistent improvement

WL RR et Bh e B dnCRBlalordte, B4 B Ay L e
Ceasistgqnbimprovempesswas alsohmbsenedrafigh oscesa raiasaﬁp lerﬂg/kg 4-AP as
wWeftaTius PRt s RoF Siie baPekt G500 e ieBelregeh Maviduat ra
(éaﬂm raeehs ity oah contsl) dsmgﬂ\/ladm@gfgtgtey émée_s%omg]mﬁut%é;wgbﬂaral tests on

t I, |
0B 1. e gha sk ik Pedntme aha bis Aicadavass: Theys vs no drug
gRBd od.d Q%ﬁrsY\ﬂéy drsed e giveanas W&@‘dia?jl{)?]O'Tﬁe s@’@ﬁé/&ii Qhalysis is as

scores are shown in Figure 3 e nor nal
Pb’éperatlve score is 5. Rate and extent of

(=124 lifh
20 RS AR e 8 45200 s tvenci

C‘P‘Fté}it ed group. Each point represents the nean 30
plus semof 12 rats. CHRONI C CRUSH EXPERI MENT

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 fo 6h to day 1 (p=.0027) compared to
vehicle control

4-AP - significant improvement at 90 min to 3h and 12h to day 2 {p=.0027) compared

to vehicle control

Table 4 illustrates the changes in scoring for each group from pre-dosing to three

hours after the third consecutive daily dose.
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The spinal cords of female rats were exposed to

| am nectony or crush to a dianmeter of 1.6mm This
represented a mnor injury, and was designed to
result in OFT scores 24 of,4.0 after 25 days of no
treatnment. This was chosen in an attenpt to reproduce
the sanme degree of notor inpairnent as described by
Gruner and Yee (1999), who showed 4- AP induced

i nprovenents in hindli-nb mniature endpl ate potenti al
recordi ngs. This procedure arghidangth of untreated

al.so been shown to 5 result in
denyel i t""lhéﬁ'fa Hehd or 4@8R (B HBre LBAWM in | Laminec
crshgr o AUSRhoug CfYsd nedmsusthd semghrd | No crush
BRSPS ¢f.Gawe griobp8 tusi ng.G4e Ddf4.86 i onk4f3are t hd 4.87 +
@9%h Fi DDAl Ki|iy0Scal e |@cri bedd.@ar | i ef 0losr ei n. olon

8hogrsex pardaent ,| 453 +scol asoner e |SA.aght | y| Bugher | 4.87 <
@iter3ast. 51,03 eavijrgoanl y aooral | ti@.08 ndow 6oy 0.01
flgger ovepent . Usilng each fat as itls own control,

consi stent inprovenent was observed after once a day

Bigd stbosi thg chindd ihStofing,mafizedX6r 886h #8: The graph shows the
rovenent was al so observed after “onc

GRPGP S oo IRG THeBORRECUl paysrelaiasing: (rgm pisrdosing o thres
ithdré aﬂWﬁéithﬁécﬁwd@éﬁ% 4B HJsBPWRR @RA&0. é%géﬁg;i‘ﬁ*hp (i $ ), 20 0r 10

i ndi VI dual rat (each rat 'was its own contr
{kgi P9y Lamiwctomy refersdoaetham graap. fldstreeam+issm for each

gﬂr@u&(nﬂk@%%%%yﬁ were performed at 3 hours after

vage ere was n% drug given on day3 (first day

started to give drug was day 0). The statistical

ERfdCASYSIN ISOBE STANDIMG: SRIBIAICOGD INJIUGY f i cant

i nprovenent at 3h to day 3 (p=.002) conpared to

vehicle control 20 10 ng/kg - significant

Thiny-fveedayst afelr a3Bodémtadegrab of Qp;ihal dord DwrQlc?r)aI adftn:n:stranon of 3

hi cl |
P e
mmtmaam@@ rbSultedSin cehtiske §r§1:ﬂ§t§éiélnéd ﬁﬁprovéﬂngﬂi tgé&?ﬂfpon the

rovepent at 90 mn to 3h and
c{eﬁ itigs tlteo%glp gégidy\galbngg,T@sgdwbe@pamer hereln 4-AP, at 0.6

mg/kg (ip) was similarly effective. A tabular representation of the results from both
chronic spinal cord injury studies (drugs first administered 25 days after a mild spinal
cord crush and 35 days after a moderate spinal cord crush) are shown in Table 5.
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30 Table 4 illustrates the changes in scoring for
each group frompre-dosing to three hours after the
third consecutive daily dose. 25 Table 4 Vehicle
4-AP 20 HP 10 HP 3 HP Lam ngc crush crush crush
crush crush No crush Prior to 4.52 4.43 4.54 4.36
4.32 4.87 dose 0.04 0.03 0.02 0.01 0.05 0.01
3hours 4.53 4.53 4.60 4.44 4.47 4.87 after |ast
0.03 0.02 0.02 0.03 0.04 0.01 dose Fig 5 shows the
changes in scoring, normalized for each rat. The
graph shows the 5 changgy q?grved after three
consecutive _days of dosing rompre-dosing to three_

Tieatmentaf t er] Del@S5t(mildld ¢ Oay@8dmildle daPelia dqJe possitin
either 0.6 |pgpkg 4- AP (B.hss gfterd@stor| 10  or] "MPREFReNt
(p.0.). Lardinectony refl@8to a sham group {Mighrs! §e05H = 5)

Cemtrolf or eadk.52gr OGP (n332B4 $28hown -Ph Fi g2 10
EFFI CACY | N LONG STANDII NG SPI NAL CCORD | NJURY
Thirty-five days after ja noderate degree aof spinal

ipfpo) inproyes notor reg¢overy after fa singlie dose, and

400 @ 8rmplur | 4.4%rwl03adni PEA3raoPdn of | -30 ng/iKd-5¥4° 184
daily dosing for 4 nnge days resulited inicontinued

HERNG458mbki fad2imon6venprtd7ia®ds uponifhe 122.0%"
pojefinitiong for the Op¢n Field Wal ki ng Test descri bed
earlier herein. 4-AP, at 0.6 nu/kd (ip) was

Teiatmérar | y effag@6i ve. A|Dapdbar reprid3¢iat at|i% possible he
resul ts fraimbddrate) chr gliodarpiehal clor d i nj|improveroelites
(drugs firgtpriadm ni st erf 8dwL8ftetdysy dfter aim | d spinal
cord crushiand 35 days jdbser a noderate spinal cord

Contgslh) ar e |gloown. 074 TahBe9s: .088 TABUE 5 Trd%4t nent
bay 25 (milid) Day 28 (mild) Delta % possihle prior 3
his after llast i nprovenent

4-AP (0.6mpk, |3.95+.084 417+ .047 .22 22.1%"
ip)

HP 184 (3mpk, |3.89+.054 4.17 + .058 274 24 8%
po)

As shown above, HP184 at 3 mg/kg/day by oral gavage from 35 to 41 days after
moderate crush injury produced significant improvement. It was noted in this study
that there was more myelin at the site of injury in the injured spinal cords of rats that
received HP184. This data provides evidence consistent with the assertion _that HP
184 is either enhancing remyelination or decreasing an ongoing demyelination
process.

Further studies were carried out to determine the lowest effective dose of HP184 in
the in the moderate chronic (35 days post-injury} crush paradigm in a double blind
placebo and positively controlied design. The effects of HP184 previously observed
at 3mg/kg, po, were confirmed using 4AP (0.8mg/kg, ip) as a positive controi.
Furthermore, the effect of all treatments on myelin staining was examined

histologicalty.
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dose (highest score = 5) Control 4.52 .037 4.53.026
.01 2% 4-AP (0.6npk, 4.43 .030 4.53 .023 .10 17.5%
ip) HP 184 (3npk, 4.32.016 4.47.035 .15 22.0% po)
Treatment Day 35 Day 39 Delja % possible (noderate)
(rmoderate) inprovenent prior 3 hrs after |ast dose
Control 4.00 .074 3.99 .057 -.01 -2% 4-AP (0. 6npk,

3 95, 084 4.17.047 .22 22 1% ip) HP 184 (3npk, 3.89
rialfsiges 4.8% po) s As shown above,

HP184 at 3 ng/kg/day by oral gavage from35 to 41
days after noderate crush injury produced
Qe hiuntiegniifty mlbﬁﬁ@miatwmar ratss 2001380gi Welgm sbtdinadyfrom Charles

ﬁ'bé'tW&&eﬁ& s i naﬁr ﬁlcmég g‘llrﬁ‘feé%?“%\%h 8?88 *Véax”e (HSC) Centrat

t he |nJure cor
FHFhI@hFad‘ fifies ((d}m%) fpr aviedssomy wdekcBurdranthas tigtet thel Were exposed to

A BBPARR b Bire o b Ty S P VS A Pha i . e

vidYe rondizsidailf- fort heeeckd pdoed seegegycarried out to
determne the | owest effective dose of HP184 in the

in the noderate chronic (35 days post-injury) crush

ma%@namétt!@etli@ubuﬁn@hwfﬁlrarﬁé 38300 el (PORiA) ihe'abi appropriately
ntr I | ed .desi The effects of HP184 (grew ous
edurgitals Ith'n pBie \efE- chemgesied (193 n@QMP body weight,

(:B GEBAKG! t r
Sy L50) o2 aURIAOND G50 hroe T B RIEME, Spra coc

WEIR AR {epatseesgids avithya 3§ mm wide modified coversllp forceps (Blight
1991, procedure revised by Rathbone laboratory). The forceps were closed to 1.4

mm for 15 sec, which produced injury level equivalent to the mid-level (moderate)
ouicome on the Gruner scale (1996). The compression injury was otherwise

performed according to the procedure described by Blight (1991).

The animals were observed to determine pain behaviours, for presence of urinary
tract infections or urinary retention. Pain was treated with Tynenol (0.8 mg/10gm body

weight orally).

To prevent the urinary infection, Septra (Trimethoprin-Sulfamethoxazole) was given
orally (4.5 ml in 300 ml water) 1 day pre- and 5 days post-operation, and were treated
with manual bladder expression. in the case of infections, i.e. any urinary tract
infection, indicated by cloudy or bloody urine, Baytril (enrofloxacin, 7 mg/kg b.w.) was
injected subcutaneously (SQ) twice a day.

Changes in locomotor behaviour and segmental reflexes were assessed up to 5
weeks post injury. Animals were tested in an open field walking task, hind limb
placement and foot orientation. The animals were evaluated on days 2, 7, 14, 21, 28
and 35 after surgery. By 35 days after surgery, almost no further spontaneous
recovery occurs. Therefore treatment began on day 35.
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(1) Behaviourial Assessnent One hundred fifty adult
female Wstar rats, 250-300g wei ght, obtained from
Charles River were housed in the McMaster University

Heal th Sci ences Centre (HSGg Central s Ani nal
Facilities (CAF) for at |east one week. During that
time they were exposed to the perfornmance tests

?ﬁglbed e%i to ensure they were famliar with
dit yed i tRrdiged {pyipcleypd), dajesizsd praversetasmosis water
Stb”ﬂﬂl@fﬁ)’w:ﬂR@lﬁ:idVeé@ti%né‘é& et & hdit$ bBP I'OSRilldfr\ﬁzri‘tEr 4-AP (Sigma,

g‘lﬂ’ 1 Unn) in an a_rlJ_groprl at el equl
IW§lQ t &4. 12t Henkomyska Temgésile '(9}32(.')3Gng19kgetbady1999) was

P%bggz%% e"r1 ;H@éﬁglgﬂélﬁﬁu%e%e( ?%?ggﬂ%é ng}é‘]'lds gdﬁmlsqered by ip.
tiestipad Qreogiaupssk tsvivehicke sorﬁrcrhﬁ wedeivemwyf Dexdl gavage vehicle.
s T T T
hmrﬁ dheresitered hevmtheham wdwcs:darmeqi enydaye3s: | Al otldratts received

h t e S n.the G uner
b 1 g Sl RGeS dum) or .40
(8 frayke d.pgomromthicig (\tem;dlda eoptralcy) dince adG?C?h b@@l tsbyo 42 days after
o determ ne

t (1 Th wer e obs
Sube, chiDPEs ev® BePaPaud 1655 Sretadong, ipmadiaialy pror o receiving
ﬁthgaohgeDaSS and @4iHoary theed-aet. 0en, fial rﬁtsV\ﬁéretﬂe‘%l%EStﬂj on _lcjay 43 after

enol . (0. 8 ng/ 10gm body 20 wei ght orally).
@?iﬁﬁ%ﬂ?ﬂ%‘”ﬂﬂ(‘ festiPg- i nfecti on, Septra

(Tr| met hop(n Sul famet hoxazol e) was given orally (4.5

%1 0 m water) pre- and 5 days
dee f%%ﬁfasu%ﬁhe Mamﬂeafttewgeusmwﬁsw ivasudeneobadidys 35 to 43

SepkBrhpn. In the case of infections, i.e. any
urinary tract 25 infection, indicated by cloudy or
bl oody urine, Baytril (enrofloxacin 7 rrg/kg b.w)

Yatichllafifh s, MR HOARARLT o, o Wbl ofpeife using, GR-stat ppe

e Pe 'ﬁbs debadog) Scords weesef Iasalynﬂ biy rthflrlyrr(zsléthfngI@ nr?gparametnc
wal ki ng.tas in

a‘é‘% agghlgq?h%ngﬂpgﬁ&oﬁoékt i GATPFIRONSVRE dNage, Wsing Mann-
WhManﬂ&ﬂstsan days 2, 7, 14, 21, 28 and 35 after

surgery. By 35 days after surgery, alnost no further
spont aneous recovery occurs. Therefore treatnent

Thegavanisw esiovely: ofdpen field locomotor ability was assessed by the mean OFT
scores for each groups, which are shown in Figures 6a and 6b These resulis show
that the performance of animals treated with HP184 or 4-AP was significantly different
from that of control animals receiving vehicle. ANOVA for repeated measures shows
treatment effect (p<0.01) on days 35-42.

The results show that both 4-AP and HP184 have beneficial effects, improving

behavioral testing after moderate chronic spinal compression. Although all three

concentrations of HP184 had beneficial effects, the 3 mg/kg of HP184 produced the
best recovery of locomotor function thereby confirming the effects of HP184 observed
previously at this dose. These results also indicate that the lowest (0.3 mg/kg)
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HP184 was di ssolved in sterilized (autoclaved)

dei oni zed reverse-osnosis water acidified with
glacial acetic acid (0.1 m acid per 10 m of water).
4-AP (Sigma, nolecular weight 94.12; Jankowska E. et
at., 1982; Guner et at., 1999) was dissolved in
physi ol ogi cal saline (0.6ng/kg b.w.) and was

adni nj stere i.p. 5 injection. One group of rats
Bl 56 ¥ 15 e o, 66 i oweil oo chsel @ P14 in this
fehdighourial testing was done inmmediately prior to
recei ving the gavage and at 3 hours thereafter.
Then, the rats were scarified on day 35. Al the

HishZbqgitAstudesFrBomms chit her HP184 by oral gavage
0.3, I, or ng/ kg bw dependi ng on the group) or

4-AP (0.6 ng/kg, i.p.) or vehicle (vehicle

&% - . : t / P .
£ ol @4 Agen eSS 404 RS, B0 g of oo i
ienwilh aedejaigripag tewn spinal vordgcrush dnjgayvalgen atimtistackd long after

ARHS reafter. Then, the rats were perfused on
%ﬁ‘y gg aP{Ugr? the | ast behaviourial testing. Video
recordi ng of the behaviourial testing using H -8, was

Ng.: to 4 fter surgery. Statistical )
ﬁ%a 5 géeﬁsgc%/ég eﬁ%gne r@g r(?ﬁesg %gﬁge?%ﬁ/ﬁ% i"ﬁ t"ges ﬁg‘cbe&ﬁﬁl?f‘é MR Usgd for this
SGBISt at ppc 6.5.2. The behavioral scores were
anal yzed by the Kruskal -Wallis nonparanetric

anal ysis of variance (ANOVA). Post hoc conpari sons

OQrepestopdetiusidag Manhe eXpelihchie¥ubletestsre ddtly anesthetized with
en field. |loconptor ability was

BB DERob HHHE S0 MG bodE B or b aH FriuEp Franscardically -
fivdli With 300 BNONOSMNpFbEPHARS b@ge@%ﬁr@@-mﬁé?%@nf ﬁrﬁhq Eﬁ% heparin,

&g&g that the performance of aninals treategvvl _

f 4 By 3Q0-8P0 ks of i4gmiprralamraldendef (EFAM Se@nentsrh9 to L1 of the
s , I A0 o =YMY1 ' ol _ r

plvel ot SRI SRR THICh C Bt VE B % fuer S Bylcana frozen
af AR Cain- 1924 % pelyvisyLidicehal o 4.265% polyethylbnaRyiyood HP184

have beneficial effects, inproving behavioral

testing after noderate chronic spinal conpression.
Argagmeand bf aach cdrdercluding dos esitnr sitei phuns 10 fnlRIstral Badl caudal to the

ef i.Ci e t.he,-3 / of HP184 produced the
I%Ed& _Spéc%\lé}%r ér["g%&?%% dﬂo?'&?@ ujﬁ%i g Her %’a sections were cut
longitbdinatiyngt 200grrefntaotis @f a drikato ey givd SUcEYh As! stained with
at. 1h B dase. T,esg?_ results_ al so indicate that the
iqxg(l\fggt IH@- qr HHP ). he evaluation was performed by observers blinded as to
treatment, on coded slides. Sections were examined under a light microscope for the

extent of demyelination (the area without luxol fast blue staining).

For determinations of the maximal demyelinated area of the cord, the whole section
was digitized on photographs using a Zeiss microscope. The extent of demyelination
was measured at the lesion center using a computerized Bioquant BQ-TCW98 image

analysis progrém by an investigator who was blind to treatment group.

Statistical analysis was performed on a Macintosh computer using GB-Stat ppc 8.5.2.
The histological results were analyzed by the Kruskal-Wallis nonparametric analysis
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29 concentration of HP 184 may not be the | owest
effective dose of HP184 in this paradigm
Hi stol ogi cal study of Spinal Cords 5 A study to test
whet her the treatnent wth kP184 affected the amount — -
of nmyelin in rats wth noderate |ong term spinal
cord crush injury V\,hen adm ni stered | ong after
i.nal cords

[ 0 The s m_r at .
TR VAL IANGTAY Bostrfod, E6abBiithle Hafec ackqiing Mane- Whitney U
taalsly. On postoperative day 21, the experinental
subj ects were deeply anesthetized with sodium

pent obar bi tal (50-60 ng/ kg body weight, i.p.) and
ﬂ'éefmﬂ df iensednationalol Yhe sixseipﬁehﬁbnmtg'?o%ﬁo@'ﬁr -8 Mngikg bw

ﬁ (afcrat e guffed sal Iy ne %PBS) contai ni n
ERENING op dhe GRUP B 44D Do Biofg ef velsle control 1 and 2) is shown in
B@Wé or Ilﬁé Behy®erdsehfihe MW%D&S deéfi'i%éfnaﬁ?zearea at the crush

i.nal ¢ rds were taken out, then cr tected
Y85 uer %angbl U?F%ﬁsaﬁﬁwf'ﬁb’lﬁéﬁhs alonpamtnm ar@Bi6of variance

(JXN[(YVAI)V h’h@'cﬁi@H%ti@é‘ Fbsﬁlt% @Ejl \ﬁghéﬁﬁhgﬂc}?ﬂ?ﬁ&hw 811 602/AP treated

ment of each cord inc ' esion site
hasssigaificantly graalenmyebnatag ar¢acthiaprthat afesahlas controls That is,

ﬁh@&ﬁ@@‘ﬂoh{‘aﬂ_ @/h-[:‘ﬁkregng' ”}eh?faer fnie%ctl&i%hgg is,ngglflg?ntly greater

cut Iongltu nal I'y at erv
¢rayslinaiacarea duar it ofeithet lalerl 8d onitAP treatedlanirasls. bl ue

for nyelin. The eval uation was perforned by observers
blinded as to treatnment, on coded slides. Sections

Tiesr Bistolegidahadalysideshowed itigdttboth EIPA8¢ gaealfl BiFed é&zceﬂﬁatlons) and 4-

b%‘hhgoé tbgﬁ%ﬁ’ﬁg?)/ﬁ#e,_c agégr? ’H"f‘hﬁlﬂﬂw a@W\g%Q%'émlﬁégf H’H{’ atlgé behavioral
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EXAMPLE 7
THE EFFECT OF INTRAVENQUS HP-184 ON BLADDER IRRITATION IN THE RAT

This experiment shows the effect of intravenous HP184 in the KCi model
outlined by Fraser et al (2001). Fraser et al combined protamine sulfate treatment,
thought to breakdown urothelial umbrella celf barrier function, and physiologic urine
concentrations of KC! (500mM). The effects of intravenous HP-184 were compared
to vehicle alone (n=4/group) in a cumulative dose-response study in urethane
anesthetized rats with acute bladder irritation. Continuous open cystometry, which
measures the filling and emptying of the bladder during continuous infusion, was
utilized to determine the effect of the drug on bladder irritation. When the bladder is
irritated, it contracts more frequently during the same filling rate due to sensitization of
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30 of variance (ANOVA). Post hoc conparisons were
made using Mann-Wiitney U tests. The extent of
denyel ination for the six experinental groups (0.3,
1, or 3 ng/kg bw s dependijjg on the group or 4-AP
0.6 ng/ kg or vehicle control 1 and 2) is shown in
Figure 7. The bars represent the nunber of pixels of

ge[ryel I nated area at the crush center. ("P<0.001,
pilipr gferaqt nepgs- Figure § illvstrpiesdhe dese-dependesit dearbase in bladder
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resul ts. ﬁ%?@%@ﬁﬁ@%ﬁ%ﬁ?&ﬁ%&@@%ﬁ%ﬁ@ kg
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vehid th‘@ﬁ# TATION I N THE RAT 25 This experi nent

shows the effect of intravenous HP1 84 in the KCl

nodel outlined by Fraser et al (2001). Fraser et al

conbi ned protan ne sul fat tnent, thought to

br eakdown ur ot hel i al umrgxﬁw barrier function,

and physi ol ogi ¢/RNG4TR A NEOERIA BHICORAINMAGEL (500M) .
The effects of intravenous HP-184 were conpared to

vehi cl e al one (n=4/group) in a cunul ative

AdaR endl me"%@- | 2500 i t
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opératite) MiMakaLed4btBE &P WiRHEWANHHEhSIY 1o WSthanical stimuti
applied to the affected paw. This was determined by the application of calibréted von
Frey monofilaments to the plantar surface of each hindpaw. Only animals with a 50%
decrease in withdrawal threshold in the ligated paw were employed in the study, and
were randomly assigned to one of 6 groups: three groups receiving one of three
doses of HP 184 (0.3, 3 and 20 mg/kg, po), a fourth group receiving a single dose of
another compound referred to MDL (10 mg/kg, ip), a fifth group receiving gabapentin
(90 mg/kg, sc), and a sixth group receiving vehicle only. Behavioral testing occurred
45 minutes following the gabapentin (90 mg/kg, sc), and 3 hours foliowing the HP
184, MDL, and vehicle. A difference score between the ligated and non-ligated paw
withdrawal thresholds is calculated for each animal, and these differences were
subjected to ANOVA with group as the main factor. The results are shown in Figure
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utilized to determ ne the effect of the drug on
bl adder irritation. When the bladder is irritated,

it contracts nore frequently during the sane filling
rate due to sensitization of, 31 C-fiber afferent
nerves. Figure 8 illustrates the dose-dependent

decrease in bl adder contraction frequency from
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Claims 1. Use of a conpound of Fornmula I: (R)in (R)
claimsl N7 R3 (Op | wherein nis0,1or2; nis O,
1 or 2; pisOorl; each Ris independently hydrogen,
htl tigerof atgorpowrichoRFdwhula I:C - Csal kyl , Cl1-C6 al koxy,
benzyl oxy, hydroxy, nitro or amno; each R is

i ndependent |y hydrogen, Cl-C6al kyl, C1-Csal kenyl,

Cl- Csal kanoyl , hal ogen, cyano, -C(O) Cl-C6al kyl,

- C1- Coal kyl eneCN, -C1- eNR R' wherein R and
R' are each indepen oggm{Bs) C1- Coal kyl ,

- C, - Coal kyl eneOC( O) C1- C6a r - CH BH) R4 wherei n
R4 is hydrogen or C1-C6al kyl; i s hydrogen,

Cl- Coal kyl optionally sub Nd\vvl th hal ogen,
| Ii Ry
N
R

(0)

on
CT1
r

I
d

p

|
wherein

mis 0, 1 or 2;

nis 0, 1or2;

pis 0 or 1;

each R is independently hydrogen, halogen, trifiucromethyl,
C+-Cgalkyl, C4-Cs alkoxy, benzyloxy, hydroxy, nitro or amino;
each Ry is independently hydrogen, C4-Csalkyl, C;-Cgalkenyl,
C+-Cealkanoyl, halogen, cyano, -C{0)C4-Csalkyl, -C-CgalkyleneCN,
-C1-CealkyleneNR'R” wherein R’ and R” are each independently
hydrogen or C4-Csalkyl,

-C1-CealkyleneOC(0)C4-Csalkyl, or -CH(OH)R, wherein Ry is
hydrogen or C4-Csalkyl;

Rzis hydrogen, C4-Cealkyl optionally substituted with halogen,
hydroxy or benzyloxy, Ci-Csalkenyl, C+-Cgalkynyl,
-CO,C+-Cealkyl, or -Rs—NR’ R” wherein R is C1-Cgalkylene,
C,-Csalkenylene or Cs-Cgalkynylene and R’ and R” are each
independently hydrogen, C1-Cealkyl or alternatively the group
-NR'R” as a whole is 1-pyrrolidinyl; and

Rsis hydrogen, nitro, amino, halogen, C-Cgalkoxy, hydroxy or
C1-Cealkyl,



hydroxy or benzyl oxy, Cl-Csal kenyl, Cl1-Csal kynyl,
-CO2C, -Coal kyl, or-R5-NR R' wherein R5 is

Cl- Coal kyl ene, C1-C6al kenyl ene or Cl-C6al kynyl ene
and R and R' are each independently hydrogen,

Cl- Coal kyl or alternativelwsthe group -NR R' as a
whole is 1-pyrrolidinyl; and R3 is hydrogen, nitro,
am no, hal ogen, C, -C6al koxy, hydroxy or Cl-C6al kyl,
43 ara gharmacewitely acaplapiasalbienl andbe manhiachos of 4 n

e L T R T U T

injury, stroke, stroke rehabilitation, bladder
irritation, and. qveractive bladder. 2. A use of

cl ai m 1 WRHELE DEER YWY dr ogen, hal ogen, -
trifluoraegekbyl, or G- Céalkyi; R is hydrogen or

C, - Csal kyl ; is _hydrogen or Ct-Csalkyl; R3 is

hydr ogen,stroke gghwbili§atiosr hal ogen; and p is o. 3. A use

of claim i compound is N N 4. A use of
claim 2 edf’%?&ﬁ?ﬁgﬁ'%ﬁpound is OBN NRN/ F 44

METHOD OeveRielTe Nadder. DEMYEL| NATI NG DI SEASES OR
CONDI TI ONS ABSTRACT

2. A use of claim 1 wherein R is hydrogen, halogen, trifluoromethyl, or Cs-
Cealkyl; Ry is hydrogen or Ci-Cealkyl; R; is hydrogen or C4-Cealkyl; Rs is
“hydregen, C4-Cealicyl or halogen; and p is 0. ‘

3. A use of claim 2 wherein the compound is

AN
- N
N

4. A use of claim 2 wherein the compound is

N

A
—H

—_—

\
N F
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5 N(Pyridinyl)-1Hindol -1-am nes of fornula I

provi de a uni que conbi nation of blocking properties
for both the potassium and sodi um channels. These
compounds are useful for thé4treatnent of

Denyel i nati ng D seases and Conditions such as

Mul tiple Sclerosis, Spinal Cord Injury, Traumatic
BMETHODOF TREATING OFKBEMYELINATINGHSEASESSOR GONDITIONS

useful for Stroke Rehabilitation, the treatnment of

Bl adder Irritation and Dysfunction, and the
treatment of Neuropat hi cABSTRA@Td Chenoki ne- | nduced
Pain. (No suitable figure)

N-(Pyridinyl}-1H-indol-1-amines 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 useful for Stroke Rehabilitation, the treatment of Bladder
Irritation and Dysfunction, and the treatment of Neuropathic Pain and Chemokine-

Induced Pain.

(No suitable figure)



