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1 5 METHOD OF TREATI NG OF DEMYELI NATI NG DI SEASES CR
CONDI TI ONS BACKGROUND OF THE | NVENTI ON Mul ti pl e
sclerosis (MS) is a degenerative and inflamatory
neur ol ogi cal disease that to affects the central
nervous system and is assoclated with formation of

- neuronal plaques and inpaired neuronal conduction due

to denyelination (loss of nyelin). Simlarly,
extensive denyelination is comonly reported in spina
cord trauma and stroke (Bunge et al, 1993; Blight and
DeCrescito, 1986; Pendl ebury et al, 2000). 15 Basic
research into the physiology of the action potentia
propagation in nmyelinated fibers showed that
conduction block in denyelinated fibers was partly due
to the appearance of am nopyridi ne-sensitive

pot assi um channels in areas of nyelin loss (Bever
1996). 20 Action potential s.propagate al ong norna

nyel inated nerve fibers by a process of salutatory
coMETHQR QF TREATING QF D@yMY@dNATMiQISEaa&&aB CONDITIONS

generated by the openin of vol tage-sensitive sodi um

“channel s at the GR Qi THEBNYENZIONhe onset of

el ectrical stimulation, sodium (Na") ions enter the
Meltiplorsclesasis (M§) isteedeganerativiecandbefizonmatony eepofigidal disyase that

: jLiv ture.aqf ,the .neuron 25
SRR oM PRI B S 00 AB 0 EHAH FFurona
mrqusisaanidzetpaved abmlmmai eorﬁtnrsiid}ri ol tofjt!ﬁn&yeﬁl;']laii@ﬂﬁostscbffnhy@ﬂh).
e. neurop, al.ong the axon and to the nerve
SRR, BB R GR e B Som i hoit8ain Spifsooa tauga and
shroké (Buregecdia gro9By Sligiteardi BeCRatirg 1986 ﬁedcﬁebﬁg’ BEalY2600).
the outflow of potassiumions (hereinafter "K'

t hrough pot assi um channels. Wen nyelin is disrupted,
vol t age-sensi tive potassium channels that open during

Bsicfepsnishiinia dhe physiniedy obihe eriionreipatistwropdgation in myelinated
fibBEsAst R i ' ' '

ot SR 1 Cchidlcticr BIBLO R ARRRThAE tBors ek BAt L tothe
agoearenes of avmopyidinesgnsitive petasisiemichanhels inarabyof myelin loss

gerd9agk5nNg the distal effective current densities.
(Tﬁge@g j;o.nducti on deficits are associated with

di sabling synptons, including nmuscle weakness. By
A:Eh@‘? Eg@ggélg %r@plgg%keog\(o% n}érmélhngy?elﬁggteaor%eﬁes}iﬁjerps %{} %npr}g(l:gs’s of
salutatory conduction, which resuits from a sodium current generated by the opening
of voltage-sensitive sodium channels at the node of Ranvier. Thus, at the onset of
electrical stimuiation, sodium (Na*} ions enter the neuron, causing the neuron to
become more positively charged. When the positive nature of the neuron
approaches a critical fevel, “depolarization” occurs. 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
done via the outflow of potassium ions (hereinafter “K**) through potassium channels,
When myelin is disrupted, voltage-sensitive potassium channels that open during

depolarization appear on the axolemma. The potassium current, flowing opposite to

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

conduction failure by decreasing the distal effective current densities. These )
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remai ns depol ari zed |l onger and is nore easily

restinmul ated. Thus, potassium channel bl ockers are

bel i eved to be useful in the treatnent of di seases and

5 conditions which inpair action potentia

transm ssi on such as M5, Traumatic Brain |Injury

(hereinafter'TBI") and Spinal Cord Injury (hereinafter

"SCl"). Potassium channel bl ockers, such as 4-am no
per gase act |

RIS delERE PSR B bl b, SERpE; Ingfing muscte

fwémkngsandyi tvlpclorvgatraodumxsw dOKDBireudH péta@élﬁrlﬂaﬁtﬁhhﬂﬁ th8 neuron

fbé'g%s(c%@gﬁjanzgﬂ grg%'a aB% ?sgl%prelgygly)restfrg@g%%t 5}%@2' potassiumn
robannd|aduketd &r bdhglrz]étﬁﬁﬂt)eg &?MQP Kh@fgrgé‘t')men% 9Bdiseaddsanl
erra at a ,

6’898%7‘%\?" ’%%Pié aglion palentialitiapsmissiprstunh a M§t Trapgwgic Brain
Fuag@erdingter "t8BPAnd §E%§?CQ@§|ﬁLuYﬁgﬁé?&ﬁaﬁé¥9@%?ged t hat

pot assi um channel " bl ockers, suc 4- AP, coul
restore conduction in denyelinated 15 fibers in M

Wa&nlnﬁ chavtist %ﬁjéﬁé‘rts §uéff‘é§@|arﬂiﬁé ?kru{lﬁé mér&ngﬁé‘% 4-AP"), increase

further support thé ' proposition
acken ﬁ%‘ﬁf‘t'ﬁ‘iﬂuFatlmraﬂﬁeﬂfslylﬁpde)memyammdmerqnmd imnyireve action

t of t al
?Q%ﬁék}ﬁﬁpﬁa&#ﬁiﬁﬁ ui tr% ogt%% ggél %gz%%%ﬁ g%)?gvéﬁigﬁ cs's, 1985;
488G Shi andlight, 9997), faﬂltdteﬁdéukMamhsmrbeﬂasd(BﬁﬂtaS@éi al, 1981;

f f |.oqi -
Conﬁ%ﬂﬂ (g]uga%ltd'rt],\él% él ﬁggr eF ?a} g%)‘ %rhd agtléé‘?ﬁtg%tcbs%lﬁaqq@tractmty
aqxgnsgcpalettalpi 982; iSav&igs epall u?st S Theéé abeémBtions SlighBase that
g&ééggﬁ éh%géé’ﬁg&ﬁrgéﬁgsﬁt&ﬂsﬂhf gt%.}lts\éelgsiorel_é%gtcihcrz]ﬂotn% dgmyelmated
fitoart il mmtenrs Suosbqirdnt @Kfﬂcé]rtndil‘?é&uﬂs‘léh@f@%@?’é%ﬁbﬂ the
af f ect. 63/ or . cognition, and dysautonom a

PrRRPS! 'h mginetipaiment mag impwye svmﬁmmsqm MS
paventd (Jahbs Bt allﬁa%@ stéAahse RPA 1@ @;Q/ h{99@ @gﬁﬂ)}emen et al,

Clinical studies for the use

1990 Bevenelsdi 1R84; Sshwid etjalr 97pat i ent s have begun
(Potter at al, 1998a,b) notw t hstandi ng safety

concer ns surroundl ng use of 4- AP in the general

Paf kaw alpo paeatisolos¢did bé pffectBeIm tltnsir@atrr@ngumtﬁblugi;tal

ur.ces t ober., 1999;
%Z‘I\]/ﬂle lrogﬁ?ﬁc? ogﬁ‘@scﬁf arggu t Foic gai @ng sgag@cgtyéxp Q%pahents
M!z@éhneafa disezbo, Eoss-poto émbmeﬂmastﬁ%la@hﬂr@ THEntiNgBIM's disease,

ered one r or |on after 1njury (tPotter
‘iﬁ!%‘& ory i 5990%1"3“%@@? P%?é'gk%ﬂ B‘PS* Qe syndromes

aﬂé&ﬂi)% orid@sary ioy eogrﬁf 6#%?18 ﬂgé&bnéﬁl’&m&mﬁﬁtﬁ 'F?!‘Ehdataﬂ ukuysal R,
EP asahous PPbacd Bigh A cgobilamsedout BE-ars! B A4S, Cirical
shidi6s fo? RSt BdmPRkihy-SH @llong-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 (Muttiple 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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3 d03|ng mnth 30 ng/ kg 4-AP in patlents with SCl of 2
years or nore. Sone patients previously classified as
having conplete injury were reclassified to inconplete
infjury level (Segal et al, 1999). All patients showed
sonme degree of inprovenent ih at |east sonme type of
neurol gic or pulnonary function after 3 nonths of
daily oral 5 treatnent with 4-AP (30ng/day, or

SEREBIAS i SE Bhsoo S St ol P s

giré\deudly dhysifiedaohgring completainung wewt@mgsﬁied to incomplete injury

VR IesbelbEak s, BRI PRSI Brlread Snbiavement n a

\Ieatsln soiing aysest rwmeblguormdpmn@cmry\m@hom AR& 3 mRmitHsQt daily oral

nti.al nm ssion can.also |lead to eplleptlc-l I ke
B8l Q‘thﬁ{wag’é@mﬂ/ lap. Pisarproyi@ainind 5o/ kdnvAllawereose was not

agvd. in animal s and humans.  Therefore, the useful ness
of 4- AP as a therapeutic agent for M5, TBlI and SCl is
tenpered by its pro-convulsant |iability and ot her

lﬁﬁ(ﬂﬁé"\hé@ew §ta?éod§ AP B%Ef(@ Rot@@ﬁ%ﬁ?ﬁ%ﬂﬁélﬁa ﬁé&g@glﬁ'p‘?&onﬁmg the

general i zed 15 tonic- I C selzures

pElisy Rtantigl. Hﬁ&%%mﬁieéw éh'S meghagis@niy whicth Batdssim ehannel blockers
& Rapracy t@%m?fon@ assi')g g l\tf‘?ﬁlsgéseé},eéh n‘{orﬂltlo&}égﬁi h impar action

reported nprovene
P@F@ﬂtlﬁtié@ﬂbmissmm leald rio epmnth-lqke rastivity. ghlidepd WaaP is a

4- AP I

S 4 A A SR s o+
&Bmsra &Braﬂaubn)agemﬂduﬁ\nst TBSank!BSeﬂ fsetelrperldt by its pro-convulsant

e ESh BRleP ur b T oo, @é%@?%%&gg sioe 3 feneraiized
tbomﬂomt: senGshare b@@fﬁl?e;ﬁdrt&b/at 38y € highkr Nan(d@fﬂélkig (Ball et al,

g mai |__seizure at a serum | evel

({8 iof<bh Van Dioes el 841899 repoderbibabmaaniiuds o
iMIORIMEN SRESpARASE@EHRR] S)r Fﬁl\ﬁfo bk lﬁwg{ *lershf? gain) was

duce gr eat er I nprovenent s |n ose

%@Pﬁm i splgleglda 4P seiuem layeh £33- Essngrrm\necassaw fop Signifieant
d
AR r%ﬁ%‘ea%f%%'ﬂ*é’“eS?%ﬂé%f 100 a0 BES 1°

(aa@@m%taé@va@smasm dighipeseligi- raaadadmdaﬂy ahe ebers ghie thstability) were

SHRENRESETEE o5 S AL ]S480 epons

gI&%mal 46i9de)at a%mm ||$1:em ef §B3 hg/rtu Bbﬂﬂgﬂo)aps of iﬂb@g@a?ors
SBbbAlEdinas et ke R i Rl ey o procuce greter

mprovements in those MS patients which responded to lower doses of 4-AP. Thus,

the degree of efficacy with 4-AP is dose- and side effect-limited.

Concern 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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improvenent in a variety of functions. Depending on

the individual, these inprovenents have incl uded
enhanced bl adder, bowel, and sexual function, 4

i ncreased ease of novenment and sensation, and reduced
muscl e spasticity, fatigue 4nd chronic pain. Another
approach to elimnating the undesirable side effects
associated with 4-AP s involves coadm ni strati on of

e SRS A PR B by e

2R SHENHC P@idluce t he susceptibility of the neuron to
depol ari zation. This effectively reduces neuronal
excitability. Indeed, it has been reported that

5988 B R O R Bl o7 ALy a0

invobres cofdfamigiratibh ofndaiRagd wekage d@sshdentisoiii 2Bafe! biockers.

' nnel ckin roper.ties. The conmpound ed
SRR RBine? blEfiea hiBHORR Tele peleinany vaeoite
postRptbiligof the ab@SAdo dBpbALEABNSIAHIS &M 8) redes neuronal |
4 9%8 gyl? Al patents and other publications cited
REFEPHYA ndacdy Rhos bresrprariaiiabsoadatiaisisaion of witage-pigpendent '
kodiwm dhaghelaRédkardaf® AR BES ets ALaP-hB8etC@RRuRiont E mice

resent invention can induce voltage-dependent )
Feaaueh! and BegayslkicHiel £APNas ng sodiv channehdookingrgoperties.
et al, 1995; 1998; Tang and Kongsamut, 1996).

Vol t age- dependent sodi um channel bl ockers act nore
&g @%PQ‘@I’C{} ©hed iR dhe methadsonaimeld reedinglaabe synthesized via

] ' T Lttle or na
APt A N S EEPARARRR, TR ) Wyt over
prlicilinhs cited hedéinmre harabyliscaporiars Iseicfereess, head

trauma or ischema. Many of these agents are
cerebroprotective in ani mal nodels of these

Isv m: Whg&erﬁhﬂ?@mbmgds \@ﬁmgm% ﬁéop@ of tA@@&sentliRvention can

. out, Wi shin e boun theory, potassium
'Eﬂlé?ﬁq‘écr"agﬁzs@fesﬁge%@%ﬁaée q‘gﬁa ben c@g%ﬁisgn Vo andlein vivo (Tang et
dlJ 58578 B98;0f aripeaPRSA Y PRy %@Wol@ﬁe%géﬁdéﬁl %S%nnel

ain, including arthritic pain. Sweltzer et a
tﬁ%@‘eé%%‘é@,?r@c?f%ﬁwelhﬂ@ﬁ@@PO%ﬂ’iﬁ%rL&¢fv-‘@llvléﬁdgmiari2@9iom_kifhese
SopRARGS FBYe BYr Roldef brinbfifialNeARSZ) G5t Bl Ao

ei ther peripheral inflanmation or peri
blogkadg of sedinmgihannelsatuniog seizoiks head sraomaas istheAf. 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 channel blockers are also viable
agents for the treatment of neuropathic pain and cytokine-related pain, including
arthritic pain. Sweitzer et af (1999) has suggested that microglial activation and
cytokine release may play a role in the hyperalgesia following 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 (1997) 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)-
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30 have been reported to block the activation of rat,
mouse and human mcroglia (Eder, 1998). Pyo et al
(1997) have reported that 4-AP can reduce nitrite

rel ease from activated mcroglia, indicating that
pai n behaviors can be regulated via this mechanism 4
In addition, 4-AP has been reported to reduce |
l'i popol ysaccahri de (LPS) 5 induced NO production from

e NO BFORIAGH Frofulfive fachionabd flowr BFal, 1998), e

resaRinis kgtnneeh LIRS tathize Hagalto bearnvsanrasod mandie! syatérh fortthe

?éémfgg&gorrra‘égfg ti%ﬁ‘ﬁ?fu@%?%eh SR %%Fé}g%gwt Ld %/fgf'tgrcﬁpetrent
enguhanisers aflaction (Vstayhe e, 2omy oneerabe)@brmﬁnta) indfels Wiich

the.l5 or erve have .been
Tl ol ol B i e sy B LB 4B cBMoh BE e e been
XieeelopSBR) exGidre reUraatitit paihd@Rnnetkhrd Xied 1688 Se1tzEP8RA1; 1990;
WﬁY OF T»—EQ%NVENTI ON 10 it has now been di scovered
& f formula | possess potassium channel.

bl ocki ng properties. The uni que conbi nati on of
bl ocki ng properti es for both the d}got assi um and sodi um

channel s neans t hat WMW%%WE VENSIQNef ul as
ithekarRALbddh ASRVefed Pht E&ﬁp&ﬁ TR {:H'mﬂ)é hﬂ&@é@g bB%%F:Uﬁu channe!

di seases or conditi ons. are use
Plecking Rronestiass, Tfmumqq@por(nbmtmpf kloting nrqpeﬂws;ipr ot the

Fblraggﬁm ami SRR cﬁ?ﬁ@é’é’ ﬁagrtﬁé@'tﬁgsef%@u%ﬁg Qe Useful as

herapeutic agent only
thesansuttia ageitiethansatmaniodi demyeliratihgtdisdases or conditions. For

f
esifidl] BBl B lduh b fls. ST SR TRIRRRG PRGN Era stroke.
Ubesatompammds tprovice for tmadziféd thatapentlc hdent tgod MPbecRlise 4-AP
t.at b { t

B BBl YRR PR RS B PR By aects o
@stiegsness] coﬁﬁxsltw hﬂﬂ%bhlu?espal' He ccPEﬂ'o‘NnHEBf ffrpiuta P&i’bgﬁo useful

EIN\F{EJ\IT npounds of fornmula | provid
g?ﬁ@ée 5"W§Pi‘dﬁeé'ieaﬁﬂe@1@fﬁ’@3df§i96 ﬁétuati%ancﬂ gvsfupgion, the
trémieat @ﬁﬁédéﬁél%rﬁ&ﬂh%o%@@@ iBZ(m %‘é Sing" ©

useful for_ the 25 treatnment nyel | atl ng ases
RRIORHAKINGITBNs such as Ml ti pI e Sclerosis, Spinal
Cord Injury, Traumatic Brain Injury and Stroke. The

conmpounds are al so
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

useful for Stroke Rehabilitation, the treatment of bladder irritation and dysfunction, the
treatment of visceral, chemokine-induced pain (including arthritic pain) and

* neuropathic pain.
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useful for Stroke Rehabilitation, the treatnent of

bl adder irritation and dysfunction, the treatnent of
vi sceral, chenoki ne-induced pain (including arthritic
pain) and neuropathic pain. 30 6 | wherein mis 0, 1
or 2, 5nis 0, 1or 2, pi% 0or 1; each Ris

i ndependent |y hydrogen, hal ogen, trifluoronethyl,

Cl- Ceal kyl, Ci1- C6al koxy, benzyl oxy, hydroxy, nitro or
am no; each R, is independent]y hydrogen, C1-C6al kyl,
C, - Coal kenyl, 10 C, - Coal kayro ogen, cyano,
-C(OC, - CBal kyl , - Cl- (B

C6al kyl eneNR R' wherein R 73 'N/are each

i ndependent |y hydrogen or Cl- Cé6dl kyl,

- C, - Coal kyl eneOC( O) C1- Coal : < CH(OH) R4 wherein R4
i s hydrogen or C, - C6al kyl ;} 15 [ i &hydr ogen,

Cl- Coal kyl optionally subst wi t h hal ogen,

hydroxy or benzyl oxy, Cl-C6df kemyl, C, -Csal kynyl,
-C2C, - Coal kyl, or -R5-NR R, erein R5 is
Cl- Coal kyl ene, Cl1-C6al kenyl erg(e)p or Cl-Co6al kynyl ene and
Rand R' are each independently hydrogen, C,- Cb6al kyl
or alternatively the group -NRIR' as a whole is 1
-pyrrolidinyl; and 20 R3 is hydrogen, nitro, am no,
I"f‘ﬁ]%@@n, Cl- Cobal koxy, hydroxy or Cl-C6al kyl .
Def i ”Hi'bgfrior 5l) Denyelinating Diseases: As used
herein, Démyelinating Diseases are defined as those
di seaBds0,i hokwii ch nyelin is the primary target. They
fall [r mai n 25 groups: acquired di seases and
her edH'gagy?H\rrgt abol i c disorders. 7

each R is independently hydrogen, halogen, trifluoromethyl, C;-Cgalkyl, C;-

Cealkoxy, benzyloxy, hydroxy, nitro or amino;

each R, is independently hydrogen, C,-Csalkyl, Ci-Cgalkenyl,

Ci-Cealkanoyl, halogen, cyano, -C(O)C-Csalkyl, -C1-CgalkyleneCN, -Cy-
CealkyleneNR'R” wherein R’ and R” are each independently hydrogen or C;-
Cealkyl, |

-C1-CealkyleneOC(0)Cy-Csalkyl, or -CH(OH)R, wherein Ry is hydrogen or C;-
Cealkyl;
Rz is hydrogen, Cy-Cealky! optionally substituted with halogen, hydroxy or
benzyloxy, Ci-Cealkenyl, C,-Csalkynyi,
-COC+-Cealkyl, or —-Rs—NR’ R” wherein Rs is C4-Cealkylene, Ci-Cgalkenylene
or C;-Cealkynyléne and R’ and R" are each independently hydrogen, C;-
Cealky! or alternatively the group -NR'R” as a whole is 1-pyrrofidinyl; and
Rsis hydrogen, nitro, amino, halogen, C-Csalkoxy, hydroxy or C;-Csalky!.

Definitions:

1) Demyelinating Diseases: As used herein, Demyelinating Diseases are defined
as those diseases in which myelin is the primary target. They fail into two main
groups: acquired diseases and hereditary metabolic disorders.
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Mul tiple sclerosis (Ms) falls under the category of
acqui red disease. M5 usually manifests itself between
the 20th and 50th years of life. MsS attacks the white
matter of the central nervous system In its classic
mani f estation (90% of all cdses), it is characterized
by alternating relapsing/remtting phases -- with

peri ods of renmission 5 growi ng shorter over tinme. Its,

YT BBletdisd (M) f@l’g’umﬂ\é"@étéﬁ’&g% aﬁaﬁﬁ%éi disease. MS usually

para areS|s unsteady |
RBlsriisal betwaesn tbaeﬁgbﬁ!@d &fith ma,arémfthﬁa WMIvBttadks| the white matter

@f He SRkl ASIGOLIS L elnﬁisQ:rHsslcq-ﬁﬁrﬁ s'tag%n (90% 0}}‘ all cases), it is

| eukodystrophi es:” netachromatic
REpragigrized by aftemating relapsinghieaittiod phasemhwthrfreaimhe obremission

0 navan di seas
SR Shorth e kB by BB VRGP SRR B=ton ptsnaste
Pheaphrgsig, upsteady gakstdiplapia, adl isosstimesce The | ack or the
mal functi oning of an enzyne causes a toxic buil dup of
chem cal substances. The eti ol ogy of

Phe wa@guqz—dmﬂezrbajtzh? MeatsblidlDiscrasteindludsl heasd idednfidde
5 The_clinical course of

k
RukEretPGesmgBehioaigoubant ey, Raiuets dsestdy ¢ ond
hdrenolenkddtropg W@bb@dis@aéé“ﬁﬁ@ﬁ%kélbn% |Oén‘ébér‘1 dikesd,

s tra Previ ously nor nal dren are deprived,
ﬁ“%a&ki? &X%%%C?@g QiSSﬁse and §Iegﬁfﬁderl$eia$ea$§ TheBist Bix agmstorage
8ibidR. TRB IackYt tE BRI &l 4ldhaYirsidbsds fﬁw;ys&\mp of
2) Denyelinating ns - I ned herel

%W’@@’lsh'ﬁﬂaﬁge@ﬁ@ Q“P[ﬂ@woi PQIIZ@UﬁtMQﬂZbﬂChm and dsahtlsrs
HiBesiRE! & B OTW?IEAH@F%rR?ns §Hﬁ{bvﬁ{e nyel i nati ng
c are no

conditions in limted to, spinal
cord injury, traumatic brain injury and stroke. 25 3)

. h in. SCl i
78, Bithos B Ghab & Kool eriveliiiafoo it Bumbisdshabpeg o
nanifess ﬁlenisgiwson irdancyuteatty chidhiootf i tgzrgrl]d‘ @&ém@%ly Adrmal
fi r.ai n used herein
?H"Qﬂ* b Qe Pﬂ&ﬁ[@v/ ﬁgesafs’ﬂ %@J'Hshe%rwgp ApeRS). anhambulation.
Tt&spl‘ogﬁo3|§llsdﬁmgﬁfith:ﬂdf@®%?é. n. Head injury may occur
in one of two ways: 30 A closed head injury occurs

when the noving head is rapidly stopped, as when

ﬂjlﬂémywnﬁ’tmﬁ Ogﬁdnh@rkﬁ Asoﬁeﬁ’r‘féﬁ hekdin) ::?Dgh{yematﬁﬁg%mnon is a
bj.ect causing the brain
condmon that resulfs in deficient myeltnatton Such demyelinating conditions include,

but are not limited to, spinal cord injury, traumatic brain i 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, tfraumatic brain injury is defined as
an injury that results in damage to the brain. Head injury may occur in one of two
ways:

* Aclosed 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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smash into the hard bony surface inside the skull.

Cl osed head injury nmay al so 8 occur w thout direct

external trauma to the head if the brain undergoes a

rapid forward or backward novenment, such as when a

person experiences whiplash® - A penetrating head

injury occurs when a fast noving object such as a

bullet 5 pierces the skull. Both closed and

penet b@&uﬂﬁitﬂ&ﬁ@girédﬂeﬂfe'rﬁaﬁ él%%d t%StHéthehH |f|t9§ B}dui_ﬁﬁdél'ages a rapid
wi despread, or fuse, danmge

resul f‘PfWQTQjP%mkNafd moveman, ﬁucilu ae wmmagersots sxparignces

enot i lad st urbance, motor difficulties, including

paral ysi's, and damage to the five senses. In

addi tion, nmany patients die fromtheir injuries. 10

TodhyA Rﬁf@gﬁmgea%@u%@cws vhenaa iashgowis g akiaet gusagea bullet

as popferddsankdkiihe 24-hour period follow ng the
i nj ury When soneone suffers an inj ury to the brain,

sultin atl on extends ond the initi aI
0 5880 b BendlEAB8 Rkt iR aaé R Wealideisant Wicbispread, o
Inllfmse samage oM beaifeirhe réédiﬁ}ﬁgedilsémﬁﬁdsl a2 ifddad Hé'n%ry loss and
injured nerve cells begin to spill

bui | .d
ﬁ'l"“?ﬂg’ qﬂ%ﬂ&)@ﬁ?%ﬁ&%ﬂf giFfjcutties) paluging %ﬁfﬁW%’S Al eamagmto the five

$6ns0 Mh AGEIBH) g Jolicht®\UR Fofbir #jGridLXxi ¢ to the
surroundl ng neurons. 5) Stroke rehabl l[iTtation - As

oke rehabi.litation iis defi
188, i SRS Dol g W8 ich S ddinded o Bitesis juthe 24-hour
pemd fodloeingaha irljmtwmhua sbmeshe ckiffers2th B uryStd m@fbrainﬁfﬁe resulting
fin d her ei curs en a cl
Bt ion S bef B e ol o, A GRsdaa: ot copncgeary damage*

weaEsl The 6ekis's owitiSfunBldend tri)jgee waelhﬁ@’ah@ ﬂ@m Bk Oénd the
rain. \Wen a stroke occurs, it kil brain cell

IR 8815l R@n 4o sl opbieciasrelsamites Gallad aistamates wich can

&8drd s an infarct. These cells usually die within
m'nutes to a few hours after the stroke starts. In

ARb AR RIS et @?%% 1 PYRUIHGE ARt osel y
SESTRF YRR AP ROt eBliondh Rliefiesne

intdordrdion toathresulisde tisd @coder9 fundidng i thavé hech &F9due to stroke.
“A kyl" or "al kyl ene" neans a branched or strai ght

chain al kyl or al kylene group, as is
6) Stroke - As defined herein, 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 ai, 2000).

7) Alkyl 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., C1-Cs
alkyl means a one, two, three, four, five or six carbon branched or straight chain alkyl
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30 appropriate to the fornula, specified by the anount
of carbons in the alkyl, e.g., Cl1-C6 alkyl neans a
one, two, three, four, five or six carbon branched or
straight chain alkyl 9 or alkylene, as the case may
be, or any ranges thereof, fbr exanple, but not
limted to, C1-2, Cl1-3, Cl4, Cl-5, C2-3, C2-4,
Cc2-5, C2-C6, C3-C4, C3-5, C3-6, C4-5, 4-6, C5-6,

: Qir%lkyfén%) aé i8Rk RN be, gé'ﬁﬁi %ﬁh\ﬁ&e%? 1of SBI l8 rlmt not limited

i ndi cated, the term™CI- ot es

Be&rchen-al Gty Croo G- iBl.aC\}?-ﬁgCQrEJ G2:C60C8- G’fhﬂﬂeﬁ @$-6n€4 5, C4-6,
@@\gpétgs of said include nethoxy, ethoxy, n-proxy,

i sopropoxy, n-butoxy, iso-butoxy, sec-butoxy,

t-but oxy and straight-and branched-chai n pentoxy and
rﬂéx6x¢salk®<}9—pdiwsagbwseUsdlaBa:BonhUmamds mestame@ -Okalkoxy denotes

T e U R BVt roch 1.4 i Gioey Examples of

lSaideasiude Inmftbms_/e efHoxy ea-padxyi n;ﬂip%r}:tcﬁ:s}b nibh.ﬁ)xyersmbutoxy. sec-butoxy,
aci car ic acid

5\%’ @( asg' 1Ak gfﬁ”@ﬁﬁd'cge 'QtRW(P'\‘QYWHY ogen 15

or an al kyl group of from1l to 5 carbon atons. 11)

il al kano - The term Cl- C6al kanoyl shall nean a

§ oﬁ%ﬁﬁ Wtle as BWGW'%W%Oh'"HS‘PéF%*x;/J‘%PBU phajagemshal mean

fashX ¢hioBhdUWtoRinefor(ddifdal kanoi ¢ acid, and thus it
includes for instance fornyl, acetyl and the |ike. The

terns al kanoyl, al kenoyl and 20 al kynoyl shall nean
b e .
S0PR AR ELA DY AEIIAIHS, SUUARAEALD B P B2 Cuaanci
aplﬁﬁh@ﬁ/ fhegodiagcarpegtie acidve whichTthesartiaxyl grong issaitashed to hydrogen
[ leic acid is an
te)t(gﬁ)hﬁ}élﬂ %?6‘? Efe)fr%ﬂrrt]}s%digrh(gmald"gsg defi ned above. 25 12)
Phar maceuti cal | y accept abI e salts" neans either an
[ ddi t sic.addjtion salt ich |s
35} Gt e e pecerRAvSuRhh encsioup Shlined by
rermnwmtﬁai hydsgy gistip frdth ﬁ’(d f@é‘rt BYkyI @éﬁdpyof@sﬁ-@%éihér@oléﬁbﬂ and thus
on-toxic organic

| t
%ﬁu&sﬁ for EeipgossBuvh BFPHHATE P ik Bade oAl kenoyl and
o sdliate Y gfoRpsvbideds %Fﬂowﬁﬁ a'h §rdx8:gt?%-@?ﬁ6@gﬁécarboxyl

| ustrative | nor@anl C acl
9"HEP ehalkangia agidhakeneic aﬁsdcmstﬁltgyﬁcuc a@dJ reapedivalyd Thus, for

iASIREE Abfey Pgrolp ABAVE & TRbRlc £l iSars 8P’ of the term alkenoy!

as defined above,

12)  “Pharmaceutically acceptable salts” 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. lllustrative
organic acids which form suitable saits include the mono-, di- and tri-carboxylic acids.
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sodi um nonohydr ogen ort hophosphat e and potassi um

hydrogen sulfate. Illustrative organic acids which
formsuitable salts include the nono-, di- and
tri-carboxylic acids. 10 Illustrative of such acids

are, for exanple, acetic, gl¥colic, lactic, pyruvic,
mal oni ¢, succinic, glutaric, fumaric, malic,
tartaric, citric, ascorbic, maleic, hydroxynaleic,

i ' t ci pnamc, . .
HER RN or e e M x BB nOSTE, bfienlE FEFE i malonic
awcrinic) dlataric, famiade, malid) tartarice chde esobbi) inaléic, i degmaleic,

t hanesul fonic acid.. Either the . nono- or .
Bore UEIRETEN, pRPRURARL. cithais seltei aPasipryeatoic, p
tah.:eﬂ'éashmni(?adsiy dmlatsemronfe@cfﬁ@t sﬂjﬂ:rr]ins rﬁ@t?&hﬁééﬂ!ﬂoﬁlc' acid laut‘ld 2-
n rous form, In neral, the acid addition salts

YR Riedtnashicin aGida Eathas 12 W anpcliasaallsroags formed, and
S A Ay @RP &itHer AR dSSAIVARBY Sr amsistam;aﬂ? ahRydrous form. In

rison to their free base forns, generally

SRR e additen sals ofithgs spmpaundspargaore soluble in water and
varitas FyaRiphilie Arhahid S6CBARRIHRI RRsh fn @d?\q;gérisgﬂ tg ?lldéllfflr%% base forms,

means non-toxic organic or inorganic basic a
%%netr%"ydiem%tr@&mb@gﬂrj@ebmgmma (1) or any of its

i nternmedi ates. Exanples are alkali netal or

al kal i ne-earth nmetal hydroxides such as sodium

ot Weiracewighlly acgeptatie basicradditionaaitsirmasmnls non-teds organic or

: ' ' e L | or omatic,.

AOTRRc DesRdkitn R B U corfb i R T b s

integmpdiatsisi r’t‘ecaml'mm arlee: aalgdli Eetaibrta&aiirw-éamlt(h trhml | Jhydm’ddﬁs such as
ropriate salt W e _known to.on illed in the

K ?{"9'1@’)‘35%{@7Ceai?'%nﬁwne?*g%mg%mﬁw{?ewﬂﬁ-amfgpn'ar and

dliphanit, aligyclit, e drowiatic drini@infeid|steh adndthahmild, iihethylamine

on| mtﬂig'e orientation of their atonms in Space. It .

A cRITe: The PePCiangena Binthe aperpriaiesmivgy be daeware oge skiled

if Hesar ans) isomers, and isonmers of conpounds wth

nore than one chiral center that are not mrror inages

of one another (diastereoisoners). 25 16) "Patient" -

Tg?an%@ré’éﬁédﬁa%*’@dﬁg%r?é?éfﬁkm f&%hsgﬁis s 1 ﬁ{HRJz&%JI gioiecules

m ce, dog;i, cat s, Inea pigs, and primates suc
thatigiffer only7in thapdentation of heeatomg'in sgaes Itioclabee miadeimage

. el.jndn fi of .the s t Qs
SRS P B L LS SRR B, o oG BB Bimpounc
witheuenattham osé chiralloenter that are not mirror images of one another
(diastereoisomers).

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

17)  “Treal” 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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30 appearance of synptons of the naned di sorder or

condition. 18) 'Therapeutically effective anount™
nmeans a quantity of the conmpound which is effective
in treat| ng the naned disorder, disease or conditi on.
11 19) "Pharnmceutical ly acéépt able carrier' is
anon-toxic solvent, dispersant, excipient, adjuvant
or other material which is nixed with the active
ingredient in order to permt the formation of a

5har maceuti cal conposition, i.e., a dosage form
gbabiRbasmaeeticall,necapiable sarisrting qmtpelmsoh@e dispersant,

exa@pRhe affuvaHcdt ci‘ih&rarF\He‘ﬁ'é\l Jvﬁlgﬂ f@ﬁﬂ{eﬁ%% Wil ingredient in order

accept able oil typica use parent e
ipemikthe fermationzhp pﬁaeuﬂo@aichl eorfisitioryeans doshge fdrat capable

B?§d+hﬁ1§snfa{:8mdjﬁ’1§% |e£|9 (gng 99551 tslugl){sE:%ng%%lp‘g;@rra?ceutwally

damage nay be
accepiahie pib typicallPased i‘mqjanelﬁemaummmbnc neur al gi a,
pai nful di abetic neuropathy, phant omlinb pain and
central post-stroke pain. 21) "Bladder Irritation and

) f U‘l'@wa]i:raithluﬁ’anﬂ noaxndi gl that fasiits Ao B4raagé trthe nervous
Overactive bl adde

Stdrhy; rhe RS SiRRaS e igd o aien diac, ExaEngy o

Nyufppathﬁ: !Pmn||mtﬂudtgp¢§tlhéaﬂiéﬁlcfﬁ®%!§:ﬁciﬂ%lggﬁ g;&'&%?&l: ﬂgaﬁﬁat“%

ME ont.i nence, the acci dental
Q3 i AN o CEW%'WSE‘EH@%PQIFge to urinate.
Di agnosi s of overactive bladder is nmade in the absence

I Qcal pat hol ogi cal  or metabolic-rel ated
%UI ol BEder Irgiation apd-Bysivactieon”meansatsngitions isnok Ba intarstial cystitis

é}{&@%@factl&oﬁl‘éﬂé&t '@vrbsragtﬂfe IQ%@e‘f% ?‘E[ étl}‘q{:ltcgﬂe&calt%ltlon

detrusor nuscle. Intersti
armerizediv wmomsynaiu@mag iioary dfequbecy lusgkhey, aad rge

lgj\%k?rﬁ;ﬂfaﬁéﬁe %ﬁ%&% @%ﬁ?@sewn%%ﬁg ec%'u(:g gf?egﬁge &wggu@éen urge to
uripetey lipgnesis at overastiertdhddarisimadp m theddsbence of local pathological
AR TOR B SRS S RMEmS BB A AR any bisdder

dmhtradxtmﬂnecb:edowéﬁa%ﬂﬁtydﬁﬂﬁé d@ﬂnsormm I:M@}&@ﬂopﬁttus (IC)is a
n.viv e a safer therapeutic

Dhic BB onelionf {hehladaarall whshJEseH Soos

undRighbsed? i s hydrogen, halogen, trifluoronmethyl, or
Cl- Ceal kyl; R3 is hydrogen or Cl-C6al kyl; R2 is
hydrogen or Cl-C6al kyl; R3 is hydrogen, Cl-C6al kyl or

T{hﬁ'(«)’.?g%hnéé‘ Bf Rrinfilad cah Eielifle P i BU& Fle SRORRYPES offefovery in

acute spinal cord injury and long-standing spinal 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, triflucromethyl,
or Ci-Cealkyl; Ry is hydrogen or C4-Cgalkyl; Ry is hydrogen or C1-Cgalkyl; Rs is
hydrogen, C4-Csalkyl 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 Il [also known herein
as HP184 or N-(3-fiuoro-4-pyridinyl)- N-propyl-3-methyl-1H-indole-1-aming]



30 wherein the amino group is attached to the
4-position of the pyridine group. Even nore
particularly preferred are the conpounds of fornulas
Il also known herein as HP184 or
N-(3-fluoro-4-pyridinyl)-
N- propyl - 3-net hyl - 1Hi ndole-1-amne] 12 and ill (also
known herein as "8183"). 11 Ill HP1 84 is very

f i . brai n concentrati ons one
\Ilﬁmg{l?irmte(\?‘tggrkﬁlb@q e rlnimr?lg ?% Fon of 30 ng/ kg HP 184 in
rats (Smth et aI .1996). The i que conbi nati on of
use- dependent sodi um chapael bfockade and vol tage- 10
dependent potassi um cha kade al so
differentiates the conpQundg _of/the instant invention
from"pure" sodi um channet” bl ogkers,_such as

car banazepi ne and phenytoin. agents have been
successfully used to allev} "positive" synptons of
M5 (pai nful tonic seizureland\dysesthesia). However,
they worsen negative syngto paral ysis and

hypest hesi a) (Sakurai and Kanazawa, 1999). is
Conmpounds of the instant invdnti on enhance neurona
function due to the fact that they block the

pot assi um channel s. This aids in functional recovery.
At present, sodium channel bl ockers are believed
useful useful in the treat f pai nful synptons
and/ or as neuroprotective RN They woul d not,
however, be expected to ce rehabilitative
efforts. 20 13 In treati ng~&patNent afflicted with a
condition or disorder described ove, a conpound of
formula (1) can be adm ni st ered |n'ény form or node
whi ch makes the conpound {oavei | abl e in
therapeutically effective ~gincluding orally,
subl i ngual | y, buccally, subdy neously,

i ntramuscul arly, intravenously,,transdermally, 5
intranasally, rectally, topically, and the |ike. One
skilled in the art of preparing formul ati ons can

f de d
0181 By VR RERREN i Piorertiniar B s cRceBirp U Ater o
afnipistratiors of & tregkd EP 1i83dn a8 {GiitARt AI, 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 such as carbamazepine and
phenytoin. These agents have been successfully used to alleviate “positive”
symptoms of MS (painful tonic seizure and dysesthesia). However, they worsen
negative symptoms (paralysis and hypesthesia) (Sakurai and Kanazawa, 1989).
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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di sease to be treated, the stage of the disease, the
condition of the patient and other relevant

ci rcunst ances. For exanple, see Remington's

Phar maceuti cal Sciences, io0 18th Edition, Mck
Publ i shing Co. (1990), incorfporated herein by
reference. The conpounds of Fornula | can be

adm nistered alone or in the formof a pharmaceutica

CONPO% frbfiihg Ap &tﬁ!ﬁphﬁ%té@@lt}‘l‘at&rﬂh%'@%ﬁb‘rﬂé}%és&?ed above, a

acc table carriers the proportion and natur
nghof Tergnula ( earibe pdemiristerdipianytforna atmokie vhich makes the

dQJ"nQdSIﬁIer' (55avilabld ﬁ\%%fﬁ%lﬁﬁélﬁé‘b?ﬁg arrfolfitsC Pw%ﬁ:%ﬂg{ é%ﬁy

of adm ni strati on, maceut | ¢a
saibfingnallyr buesialiy subcuianeaysiy mtﬂéhnumlmlyu mlﬂ"averiouslye transdermally,

[ ni st ere

1ﬁfr§r§rfa‘£ﬁéity rEE{t%[hh t&@cﬂ&y Ec? r?eomeet Ong ?ﬂ@?{g‘g%%éﬁﬁj%@a”"g
feimdatiens cansgetersiioe the mopat ioomsandﬂﬁode' oladminisbeoms dependmg
@;&ﬁ"{hé‘ gaﬁﬁﬂpﬁg&ﬁﬁa&gw{ﬁgﬁ nggrrﬁﬁélé@tg Qél%lggd é]rethg condmon or
digeaxsedo jaettmlatech thecsthdjel bf)m@ diggave! thegamanioR oPthe patient and other
r%,gk% aok | péen s such as starch or |actose

G TanGes: o XAl See pRINGFAN's BRrnaceyfisal Gsiences,
18dr Bdsibay MhciaPdblishigl Gk q1 990N IrceAidh Sted lh@l‘blﬁ‘% mmbum
stearate or Sterotex; glidants such as col 0|

silicon dioxide; and sweetening agents such as 25

SUCT OFife €mBafIBaf | FBrrﬁﬁM l%n%@d&ﬁn rlfste"?'eﬁ L%edr r}gth%qsm: ofa

Fluch as pepperm nt, salicylate or oran
PPRRLTRAEUEA! cpmpesting lm@@aé@auw with ghar m@cwtlcdb!saﬂceptabte carriers,

tH@ﬁroﬁ@ﬂfoﬁ'dﬁd nc?‘ttﬂ'e%?l Wh?dhoﬁetd%tém{ﬁ%d @f ﬁ1 Jol&gllgy gglcﬁerg cal

type, a liquid carrier such as I'ene
Pa)neafaet%/ofdm comped @Rje@tgé thmchoSen rm:temyadmmtsmaﬂomtétmidard

fy.the physical form of

PRSI ercB Sl gt ralSPEh i g, Thus
tablets or 30 pi IIs may be coated with sugar shel | ac,
or ot teri.c atin ents. A syru contain
in a(ﬁl ﬁ°§ﬂ°‘l"6‘d§ﬁ &ﬁr%gg?ﬂ%q@fﬁ@%ffwy '(5‘5%9'89 ogally, tor
ezsampleBnl thg f@gﬁdﬁﬂtaﬁi@% tro€tids icApdUIes ixind, 's\é@éensﬁbf‘%s sél ﬁg

| avors. 14 The conpounds of For mul aO?V‘
e

P 150 BN AUAng 166 156 268 ey Gniaia enesosa
follplingRRIUVEARE KiMidr SuSiRhs hﬁéroﬁ@%ta‘ﬂwet%%h’)sé od_gﬂ?ﬁ tSGaanth or

ol ution, ointnment or
gdl

%W%‘P*%Sl&brﬁﬁst@@haféatttoserﬂm@grqyeg agealssuch as alginic
adl@wmagel éﬂ?hléf%{rm LS hedige bﬁc%ﬁis%u és gﬂéﬁ%ﬁ?m %%g?r?te or

| uent’s such as water an
Stgmjeg,t@gamismpb as colloidal silicon dioxide; and sweetening agents such as

sucrose or saccharin may be added or a flavoring agent such as peppermint, methyl
salicylate or orange flavoring. When the dosage unit form is a capsule, it may contain,
in addition to materials of the above type, a liquid 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
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,
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The sol utions or suspensions may al so i nclude one or

nore of the following adjuvants: sterile diluents
such as water for injection, saline solution, fixed
oils, polyethylene glycols, glycerine, propylene

gl ycol or other synthetic sdfvents: 1o antibacterial
agents such as benzyl al cohol or nethyl par aben;
anti oxi dants such as ascorbic acid or sodium

bi sul frit @ompbehdd 6%;6‘&?&)@ ofIHiS TvatiGi %‘%gsgoe?% fadmmrstered

di am net etraacetic uffers such
topicaliy, @and grhepiseastsattbe carigr mpyrauiialbly comipisa dj sefittionnointment or

i ba&é’n”rﬁ% b¥se® Wb)%ﬁg:ﬁé’ %%&%%& cﬂ'?e &Q'ngr%xcgf rp%?r%iatl]-nﬂ lanolin,

parent eral prépara ca
ritlyieidens alyeys,itregesaominelal dipldiuettts sush as waterZnBratcohol, and

é]'hlgglt‘:grslén[&os%lﬂde?s esters, am des and carbamates of t he

esent 1 nven are capable of sustained release in
nannals for a period of several days or from about

opot Tt SHLyAR RSOk P lsR i faof pisco e fowing

aljyvaoize Bie}ﬂlmlueﬂts@i:cﬁ hsrwere etk Irﬁeﬂtlbu SRERbRIAbS, fﬁdeh! oils,
oils are of vegetable origin such as

erre i
FoBelYerBl Gy, BhsRUBE B vIone. Borolr Piher ayeiDrll Sevents
aptiyiearial @gknts Guth %s@ehzﬁ%d}'lﬁﬁoﬂ :h@tﬁyl [SHraﬁé}?lén%ﬁdants such as

hetl esters of fatty acids an functlonal

aéfg%r giﬁqﬁi'% bgﬂ%%r%elaémg ﬁg@@twse!ﬁg gs pifuileneaiaminetetraacetic
adRP B&ﬁ@r@ @Q@ﬁ la§ b@é‘tﬁté%f cftrﬁ?esFH %%g;?]hdt&%’ SR hﬁéht@rfc?r the ac adjustment of

prepared by dissolving a I pophilTc es
lHPiYSUsh asAcBimellodde ph@extmeaffhe ipAasteRbPYeparagion can be

eﬁbﬁgé@ﬁﬁ%mﬁ%'d(s&f%%ﬁﬁl@tsgﬁ{@estobaj dn&ﬂglgrdogé% aé%t ain a

condi tions SO0~ as
rel ease of the active |ngred|ent over a desired period
ed

oy oaTENTRRIpARIORLR! Sriles el Rk BESER nion

anepapabteof anstalnebyelea@e ihhmmathld for tafp%nad tof s@@erimays or from
0sa range at. which the conp gs of Formnu

A [ REF etk Wheg rarBriaied Bo Buiisiiereeian JoRol Areparafions, as

fdeemdplagwh@oméekw P blopbHpseldbied ?ﬁ&rn‘i’éce@ﬂ@é’“ytéc‘éﬂptable oil.
its severlt at1 ent

n treated and
'a?flrwgf%{fﬁdd?ﬁls 2 AeYeqgtride Ppgfﬁ@ueh §é agéar@e gl cepttppseed pibtcorn oil,
do@endadil, %}Ibelaﬁ oﬂ%lfv%rdtl%dfthg ke, A the 416" syATRREE BLIRS! fatty

t hat may be concurrent
acids and polyfunctional alcohols such as glyceroi or propyleneglycol.

The depot compositions of the present invention are prepared by dissolving a
highly lipophilic ester, amide or carbamate of the instant invention in a
pharmaceutically acceptable oil under sterile 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 consulting the prior ant, or without undue
experimentation by one skilled in the art.

The dosage range at which the compounds of Formula [ exhibit their ability to
act therapeutically can vary depending upon the particular disease or condition being
treated and its severity, the patient, the formulation, other underlying disease states
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adm nistered to the patient. Generally, the conpounds
of Formula | will exhibit their therapeutic
activities at dosages of between about 0.001 ng/kg of
patient body weight/day to about 100 ny/ kg of patient
body wei ght/day. The foll owilAg exanpl es are for
illustrative purposes only and are not intended to
Iirrit the scope of the invention in any way. EXAMPLE

y _
e T K T —
qcﬂ{glng,(g@fi itorihe ;aatlept oeedanaély vibe chepeundsot Ferma hwill exhibit their

lﬁ@ Wiid aBfvitfls %&és of betyween aﬂio%rp)})c ﬁgf\ﬁiggl@%%%zéaody

re anaest |ze
WQde%mtO@b@ual Ommglkg:ofqmmpet)ocbj WeighVeayt.i cal skin
i nci sion was made 15 2nm behind the right orbit. The
tenporal nuscle was deflected and a small craniotony
daedolevingiexamples pes wriihstretivepu rEersi@rﬁla andareé A6l iﬁ%ded to limit
and deflected and the distal part of the right mddle

_ dm:smpecdimaemye:etmnaem wdie artery was occl uded

upstreamto the main b| furcation by bipol ar
el ectroagul ation with fine forceps. Infarct volune
was mneasured 24 hours later using 2%

triphenyltetrazolium chl geyggpselgigeon. 20 In this
experinmental paradigm HP 184 was orally adm ni stered

to mpwvfcaswglENC@ecoWs?EN H*H’)/oﬁ'?ﬁd% F?NLS’EN?%‘OD!UM

occlusion. Infarct volune re ctlon was
treated m ce.

conparison to 1 % acetcgrqmlé-:}_ ggéblf&l

Results are shown in ~p<0. **=p<0. 01

et u I >t i served in use per
T Y M .
(d@ﬁgj sMe!etCMﬂmtclenfvedgMﬁ \B@Ld(ﬁ@efeﬁ@ﬁﬁéwﬁétlz%@q'h%hloral hydrate
ckade a Is dose an i me.
@I@B?} @ 8 kade at .t h d dt Tabl e
Ofon DofEC 3" GoSung phierossipe, B ericahais dndiixonas made

Srtwnctiehineghe| right bafiertde ﬂéﬁ{;}&@ n%%fe WAB Gk flect
é Preductl (?(r}]ﬁrrean sem 1- 6021 10- 6032 c?@%ﬁ&%ma!l

raniotomy carried out to expose the dura. The dura was incised and deflected and
the distal part of the right middle carotid artery exposed. The artery was occluded
upstream to the main 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 to occlusion. Infarct volume reduction was based on

comparison to 1% acetic acid, vehicle, treated mice. Results are shown in Table 1.

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

Dose (mg/kg, po) Time (min) % infarct volume
reduction
mean sem

1 -60 21+ 3

10 -60 32+£11*

10 -60 40 + 2,5**

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

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

blockade at this dose and time,
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10-6040 2.5** 16 EXAMPLE TWO EFFECT OF HP 184 ON
EDEMA AFTER PHOTOTHROVBOTI C CEREBRAL LESI ON I N THE
RAT 5 Rational e/ Obj ective: Thronboenbolic stroke is
the third cause of death in the western world. It is
caused by a blood clot or dfsintegrating thronbus

ei ther being generated within the cerebral

circulation or formngin the heart or |large vessels
and being carried into theygabg ci rcul ation.

Blood flowis then i nterrupted an an i schaem c | esion

e e O o T AR e

t he brain, prom)tlnglsc aema, ‘a also cell lysis
; injury. Treatnent with HP 184, a joint
fﬁﬁ b&i"e bl ocker, was studied for its effects on
t'Ileembmmbmlml stmlie I‘mtheilmlr&/balhmbf ddatieinSne It rPANMN8Yit is caused
% I V\§re anaest hetized with chl oral
Haraibat Piabaf fenthgrang BranS it bing Generaon wilig the cerebral

a:ppﬂammsr foiTrhihgﬁﬂﬁ trfé Nt &ﬂ&l‘i@%@eséés %%Hant Erisk h’lltd the cerebral
i obl ock | aced 1 n cont

|
A HRIGHE Blogd fhw e BtSivited el an resaants ssion enaps, with
BBl nEé68is dng apdPtodny/ é?@uséd’e 'E'Elefrrg is kriniERal | becayise it

adm ni stered intravenously and umi nat | on :
SRUIPresses thedrainmReaimeting isChaemiacansoaise nelblysis@nddnechanical injury.

ﬂ'té&tlrhéﬁt wilt) PIPSKW‘ a:q‘gﬁt NQ‘?R* éﬁgd'H{ ?Qlogt‘(@ls %gs %Yu%r od @3Fits effects on

skul I and t ani returne
mmf?bf%aﬂefﬁ\@urs after the phot othrorrbot| ¢ | esion
animal s recei ved HP184 nade up in 1% tween in water

a_iﬂoqﬂé ?p%%&ﬁle&a&s 21 8&0 g(ﬁ} Eﬁ/ gr%r bOd%eg\ﬁeqgQé wutﬂ chloral

Rydr&@d%ﬂymgﬂb@ wanatpnmdamd stdreoﬁaxi@r@pﬁﬁatﬁ§ ﬂlmé%hr(@@@opened

FRRRBH o 5P 1 250 RS TR mESES v Gt e
h@‘msam, ofusé B@lﬁoﬁrvaﬁfﬂlof @hrﬁm @en@&lﬁ’és@@?@ho N‘@?I/@d jv in saline) was
ned wer wei ti ssle

Q@T’I ent \ala det er é{]

GHRieTge iRtravepeu xﬁen%@ﬁaﬂ@@ﬁm@eemwsst@a@mgdmw@nd
COntih@sd ArSmFRANR. The %Rfﬁﬁﬁéselﬂei@‘shﬁ;ré@%tsg%g&%? skull and the
contral ateral hem sphere for each rat.

APyRhretyrnge iy s 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 mifkg. 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 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.

Resuits - Shown in Table 2 .
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17 10 Table 2 Treatnent at 24h post edema | esionn(%
excess water) at 25h post |esion vehicle264.100.12 HP
184 at 10 mk iv123.61 t0.23ns HP 184 at 20 mk
iv133.20 0.27 ** stats : ANOVA plus Tukey-Kramer
**=p<0. 001 HP 184 denonstrat’dd a significant (22%
reduction of the edema in the right cerebral cortex
one hour after iv admnistration at 20 ng/ kg and 25
hours after photothronbotic | esion. EXAVMPLE THREE
Habe@ OF HP 184 ON LESI ON SI ZE AND NEURCLOGQ CAL

PO P& 23R pdbt |

NS ENT,FOCAE N
RATS. RajkRal & iectivel. In thi S ‘%teliégs EE é $
adm ni stered 1 hour post - scEem_ a onéFéSh' qufil %1% | of
e e B el o ogi E10EE 12 o
v ow:at.f‘aemgﬁg&ague—l;&dgwﬁ L epdigaddns
r. HE 184 at 20 mi/k NMpdut 2201320 o fwer o 38002787 | 7ed

Satsh: ARPY, He ToheviBsamer a ni'f Fe. Q)i de- oxygen
m xture (70:30). 15 Both common carotid arteries
HBAR4) demenstiaiesi asignificant(22%) redctioh of therasiensd indhe dglyt cerebral

e ore RAReY e SFRR &0 DN AR RERGLr o°

B'@Q‘Ptﬁkﬂ@ﬁb@mlealohour Bot h body and cerebral
tenperatures were kept at nornotherm a. Foll ow ng

surgery ani mals were regﬁAg%gLEtl‘%F{éEe” honme cages in

a room war ned at 24-26
EFFECT OF HP184 ON LESION SIZE AND NEUROLOGICAL FUNCTION AFTER
A TRANSIENT FOCAL CEREBRAL ISCHEMIA IN RATS.

Rationale / Objective:. In this study HP184 was administered 1hour post-ischemia
onset in a mode! of transient focal cerebral ischemia in rats. Parameters measured
were lesion size and neurological function.

Methods: Male Sprague-Dawley rats [Iffa Credo, France] weighing about 220-240 g
were anaesthetized with halothane (1.4%) in a nitrous oxide-oxygen mixture (70:30).
Both common carotid arteries (CCAs) were isolated. The ieft middle cerebral artery
(MCA) exposed via a temporal craniotomy was occluded with a microclip, 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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HP184, dissolved in 1% tween (ininjectable sterile

water), was adm nistered at 10 and 20 ng/kg iv 1 hour
after ischem a onset, and control rats received the
vehicle according to the sane protocol. At 24h
post-ischemia, a neurologicdf function using a 9

poi nts grading scale was perforned blindly. 25 is
GRADI NG SCALE USED FOR THE NEURCLOG CAL FUNCTI ON

hang! nolEOT & SoAREO PP T MERR A EicpipuNcTion

reflexl.eft forepawlO left0 Righting reflex left sidelO

h
thotBx twisting 1 0 left fore NMmbakiexicon 1 Meficit

G oRali, geurQl Pl £al "score 95 Thereafter rats were

ki lJd rain re renoved. Fresh sections were
cut g\?\/iqi‘tahgg"!pbrai %fft\r/\rﬁ’tfw)? "and stainediwith tri phen!
tet#sazol i umchloride 2% at 37C for 5;mn. The 2
sqﬁusoplsﬁ vvggﬁeghqgnsftored in 10%formalin at 4C for
24h.” Areds of I nfianctidh®Were neasuged with an ifage
arka.‘lg%zi?nr (rLei ca @00). 10 Results: Ischenia induced

t he deyel pMEAt of cerebral lesions in both the cortex
and *tHe St riat ulfit.S8¢ Fig. 1 which illustrates the

ef fect of HP184 on brain damage at 10 and 20 ng/(f(g (Y

b1 iUL° I™ AGEr° 8P MCA Occl usi on) .A MHPI8Y at 10P nayy kgt
1 0

i\;horax twisting
ieft forelimb flexion 1 0

Globalneurotlogical score 9

Thereafter rats were killed and brains were removed. Fresh sections were cut with a
brain matrix and stained with triphenyl tetrazolium chioride 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<0.08). This reduction was significant
in the cortex (-45%, p<0.05).

EXAMPLE FOUR
MEASUREMENT OF POTASSIUM CHANNEL BLOCKADE

Methods

PC12 cells (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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significantly reduced the brain | esions by 41 %
(p<0.05). This reduction was significant in the
cortex (-45% p<0.05). 15 EXAMPLE FOUR MEASUREMENT OF
POTASSI UM CHANNEL BLOCKADE Met hods PCl2 cells (ATCC,
Rockville, MD) were grown i’ Dul becco's nodified

Eagl e's nedia 20 supplenented with 10% fetal bovine
serum (G BCO BRL Grand Island, NY). Potassium channel

Resubistisd Pigcasgivasur ed usi ng standard patch cl anp
el ectrophysi ol gy protocols as detail ed previously

(Ftargsture tharinel cdidSfly weld elfged Iy PoBMsdd é%é%gé&%s rtr% ggo mV from

sium cha‘nnel currents weré elicited b

ah NP BPisaual) -BhmVmbhisrRsaiccal nreyitecip apwstaingchputenrdly directed
cﬁﬁeﬁWAﬂ]@gﬁorﬁ’bPﬂP?Qﬁ (f@ﬁMh I' c%e{i fr%a%ﬁélhﬁ%%”gﬁﬁ? yreps gnd

outward irected curren

BRhancegiite mite wbcampitidecay When bisert wasansasamed antha rpeichf the

r n ecay. en r t measur ed
R L L s i =L N
eomdisent déhbye Adtiondttal HPT84 hets HRan aﬁﬁ%drﬁstt ?f Qoltage-dependent K*

acts as an

sisent, wth the potion that HP1 8
gﬁ{]‘é’&iﬁ(ﬁ%t&'%f‘%v@a ieRsl@ient K+ channel s by
bl ocki ng an activated state. 10 EXAMPLE FIVE I N VI VO
EVI DENCE OF ENHANCEMENT MJSCLE FUNCTI ON (bj ective: The
i norgani ¢ dye rut heni um FEAMRARIMEas been reported to
bl ock 15 voltage-dependent Ca+2 current in various

cel | typSYIVOENIRENCE PEUSNHANGEMENT NMLIGGIE FUNEFION,

1992), synaptosones and neuronuscul ar preparations
él—!arri_lton and Lundy, 1995; Tapi and Vel asco, 1997).
Biective: e dnorgaifc biye cktbemivnoad ¢éRoR) haebeat reposail td blosk

i e e e U o e T S T R
eAlroreed)ushen Reda)ri synbptosdi9gs and Defierscoulangrdabdtions (Hamilton
A1y, o R AL BELH Y98 il tiE R bltkaose o
re@r@yarsntttdrhirsbreirf $etaptcsonitlsaBrRRbIRA: B)¥d Fapia, 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*2 entry and ACh release due to antibodies
that bind to the N-type Ca*® channel. Consistent with this possibility, 4-AP has been
reported to improve muscle weakness and restore neuromuscular transmission in
patients (Lundh et al, 1977a; 1977b; 1979; McEvoy et al, 1989; Aisen et al, 1995).
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am nopyridine (4-AP), a voltage-dependent K* channel
bl acker (Tapia, 1982). Tapia and Vel asco (1997) have
reviewed the effects of RuR both in vivo and in vitro,

- and suggest that RuR interacts with Ca+2 sites | ocated

in the nerve ending 25 nenbrne. Bi nding studies
i ndicate that RuR selectively blocks N-type Ca+2
channel s, and these channels regulate the Ca+2 infl ux

MEIRESHRY Bf bSth 4EMINSbYANAE4-APY and @hﬁﬁiﬁfﬁe tE%%fpchie*ﬁﬁﬁ -induced

3 SO, s est that_ip adm nistration
¥ 'Srﬁﬂ%!bwuee& thair @atmyéptfawm mRuprangraiitesrelease
m@tnp 7 LAY b
O T S TTReR, 67 TP AR 3G, 1582). D any case,
driPiand eavabersiZapipiand Stigeshtoag) hape r@aar@dcrhanﬁan blocks the

(F@|B§J3e$ﬁ1 éed\birp Aﬁ]iﬂsslﬁggﬁb'sghl Lty, 4-AP has been

reported to Inprove WeZkness and restore
neuronuscul ar transmssion in patients (Lundh et al,

JE4LR BBl konafes’ o B Sistihenadaiyn AlrBfi foechpiiom than

glnas gwa-‘m A nigh tonaartmons, zeAReRhanechidssth eldodiadig-stimulated and

BEAHRE SRR 3T S bt o, e 14

bnmﬂceal&dlc'ﬂm&ic&fpéndérﬂéﬁonfﬁﬂ@b@s Ad\tofrhhSfitter ﬂe?&?ée ol (Smith et

coworkers (Tapia and Stiges
%%%@ EW%QS%S? yPIneTEse BRbSAANtROUS relspsgdas a functional
rolelirceico (Bmifh Fali toggynapt osomes. I n vitro, HP 184
enhances neurotransnitter rel ease by a different
mechani smthan does 4-AP. At hi gh concentrations,

ThéBupabane i BRIINGLRELhER!dak BIdIMANER HEHag and 4-AP coud

spont aneous rel ease; but these effects are cal cium
BipeeRienhthe patakaing effect of uR 8Hleriav-iejection.es

cal ci um i ndependent spontaneous neurotransnitter

rel ease only (Smth et al, 1993). It has al so been
Mehodand E@&m[tsh@towpmﬂe&lﬂmﬂs((}mﬂ e@RarldwRiver; famss gﬁffﬁé) were

{4t SRR o LR R 885 il gecin
meacuulrdthehﬁmmcagaa mapt&eum@hmﬂm@mﬁq&ﬁm ?fhé%b?npound

f tl Met d R It G -
Rk 208153 Gt PR eTs0 i isiAradany aaftingeatals minutes atter
inleprora lioe Wefe ShceH heHier

Fﬁt heni uI red a‘ﬂd vehi cl e‘ﬂ§ %l/f%@fé sagng‘g?%@aglgtydlysupport

Theif AWAPRRY weighd big. te.gid op rto Fhﬁtfmplﬂﬂnfbmtefaﬂ) WARS (E84rded.
A&iRits WEROHRDrddY NP hiASber ié&m nu céﬂla %Péﬁc?llt &bi¢ Sn body

this paradigm Starting at es a
weight versus the total number of mice tested. These results are shown in Table 3.

All experiments were performed between 2PM and 4:30PM.



injections, mce were placed near a "fl agpol e"
apparatus and their ability to support their own body
wei ght (ie, to hold on to the flagpole and not fall)
was recorded. Results were recorded as the nunber of
m ce that coul d support thei® own body weight versus
the total nunber of mce tested. These results are
shown in Table 3. 25 Al experinments were perfornmed
bet ween 2PM and 4: 30PM 21 TABLE 3 drug, dosedrug ,
dosel5 m n30 m n45 m n RuR, TABLEh29 out of 6919out of
6BAR dvst Of | GAgTUBES | PRPSRn 5780- 4%Pmih 0/ KI[%3%in

RUR,F0 2513} oufhy of 2512 é’glbupéfei-}b Ay ﬁP PES7 038 out of 64
§) 148 outo9i5eh4

/kgit- 12 put of 148 o 4 (30.4%)
APS5 /%n/lggﬁl,gk oyt o ¢
1515 out of | & nah ?1000 009 253‘) 2Ry I ;&5”80{25
of ~I5IZ out ort 4{-§ - 8Q%73
30nmy/ kgl13 o Eefqg/ﬁ%ut &M Fout ?gi‘qt)fzw ‘57”;\2;14
8183(928% 354 ““"“’ "‘1 1—autof2010_out- o1 20F
out of 20 DPH %gf{& 5% ot SRUT 9535 o} T8 0ukeil5

+ £ .4C 6—794-{ 24 7a) RO h{100%s)

154 out of 1L ,}%‘f@d{g’%F“ (;5@ é%}(" 6. TR 93 Tonk i LSHL, 15

5 Bot-h—4— AR \ﬁand HE %) _n) _c 48R} agoni 7 p(7339%)

DUTTr 1

flacc|d arlg 0&G ndudd of pd i ) 13 outof 14 14 out of 14
par Y18 e ip

8%) (92.8%) (100%)
100 mg/kg 1 1 out of 20 10 out of 20 10 out of 20
DPH {55%) (50%}) {50%)
30 mg/kg 4 out of 15 3outof 15 4 out of 15
DPH (26.7%) (20%)
{26.7%)
10 mg/kg RIL | 9 out of 15 4 out of 15 4 out of 15
(60%) (26.7%) (26.7%)

Conclusion:

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* channef blockade. Itis also possibie, 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 channet blockers diphenylhydaintoin (DPH) and riluzole (RIL)
examined in this experimental paradigm were previously shown to be neuroprotective
in focal ischemia models (Rataud et al, 1994; O’Neili et al, 1997). 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 probabiy not due to in vivo sodium
channel 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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adm nistration of RUR This inplies that HP 184 is |

abl e to enhance neuronal transm ssion in vivo,

possi bly via K+ channel blockade. It is also possible,
as it is for 4-AP, that HP 184 enhances neurona
transmission, since in vitrdbrain slice experinents
support increased brain neurotransmtter rel ease
(Smth et al, 1993; to 1996). Doses of the sodi um
channel bl ockers di phenyi hpdaipteidix(DPH) and riluzol e
(RIL) examined in this experlnental par adi gm wer e

previously ShOV\QP"@ALb@ t il fi,ggﬁ\mgﬁ\dg@fjﬂ%al

i schem a nodel s (Rat au at al,

%hale'aﬁﬂl Objbase: Gfrur@rf&?%ej(%%] shBived sess QQ affer spinal cord
EPort to the interpretation that the ability ©

aiags, 4-4R axanced nﬂdﬁpua{@ug‘wgfgr@@e,d spipalcard/jwy msrats Using
R:lé'r’h@&l' prodeurél ?urﬁcﬁ’iohé‘l BN QWe@qeﬁE@%e lThBE(tQ %ﬁﬂg\ﬂors have
This js clinically este he ne
beapebawn & COW@I \wﬂsmmmﬁbv@@ﬁt Thapejecﬁ\teeof ﬂmess ex;mhments

Rassedign channel bl ockers (Sakurai and Kanazawa,
1999) 22 EXAMPLE SI X SPI NAL CORD CRUSH DI SEASE MODELS
Rat i onal e Brid deigreing i{BP B4oeuld atttmeté $9i0Q) cort @westh-induced

enhanced D et 8 maiRidls pt i Gieniattipliana
rats. Usi mpnpgesits etectiveness with snethyipeidnisoinehriamb®y MPSS),

wer e neasmgn%d These behavi ors have been shown to
correlate Wth mnimal mVEP. The objective of these

exper i ment2) to daigrrhinefibHE: 184) coutd Merevetmdtoriflindidnlif fats with long-
cord crush-i nduced 10 notor

coul d attepnuate
i mpai r ment°&d ’15# %&%FESP‘H?"&%WW“WW Hinrinigpgity [apdda gompare

to conpar gisigiecelitietldnViRBEERIIN {mﬁpt hyl pr edni sol one
succinate (MPSS), and 2) to determne if HP 184 could

i mprove notor function in rats with long- standing (25
Mé)rréé}mk_gfgra@@ﬁbuégorpf mnor intensity, and to

conpar e 'ts h 4-am nopyridine (4-AP).

e seinp} ea1drent femple ratadmenei expascidote faminectomy (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 Aftempts at support

2.7  Support in stance only

3.0 Active support, uncoordinated gait

3.3  Intermittent bouts of coordinated gait
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The spinal cords of female rats were exposed to

| am nectony (sham n=12) or crushed to a dianeter of
1.4mm (5 groups, n=12 each). Normal spinal cord

di aneter 20 is apprOX|nateI¥ 2.5mm Thi s conpression
represents a noderate injury’characterized by initia
open field wal king scores of 1.5 -2.5 in the Qpen
Field Wal king Scale. The definitions for the Qpen

BiZe| dLY dficogtriiast| stkier Fvor nalke Sorf klucRIgs or QnQné\éﬁaI surface of the
spon;&?fous novenent 25 0.7 Slight novenent 1.
Move in hip and/or knee (not ankle) 1.3 Actlve

A/ e MeBbrdMatibh Bf ARElIMKBE 8nd AMAIIABY irfgaitl. 7 Questi onabl e
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foot 4.0 Coordination of forelinbs and hindlinbs in
Teea roved hindlinb postural support, abdonen

ht . ..
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injestons ofA 0 5 or Dong/kg in b6 e_iﬂactuairmt:@ aciﬂa&hlozeurms hno

in th nut of crus
2286, Rt YerdaiBh BB Hau e MBSt Ee Sloer b ivs
administeret ab8s rrtg‘/k%(b athﬁ& mﬁlu‘&fjs 0 o Hours, Hd®B Réirdlon day 1
B P s e hd dbed s i n e
liteliztur SArRY mﬁrcﬁli; tRDdGBAK Perdrnitid ih hufandt W?Psé |§"'6\5+Fe§'rﬂy4he only
hours and hours on day 1 after crush. This

dygit Wga@eﬁs‘&r@v@ s humasysriral eprdvisivna sFigpa aﬁhowsn trtehieehavnoral
édo?é?el’ @Fm%i tHRNh IS R ﬁpémeq{gﬁ’ﬁ’é ﬁ%r"?iﬁ‘fef Of B Rorhiat preoperative

humans IS current
score is 5. Rate and extent of lmprovement 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 spinat cords of female rats were expo'sed 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 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 represent_ed a minor injury, and was designed to result in OFT scores
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15 drug therapy approved for human spinal cord injury.
Figure 2 shows the behavioral scores (OFT) of the

vari ous treatnent groups over tine. The nornal

preoperative score is 5. Rate and extent of

i nprovenent were significanﬁﬁy different fromvehicle
treated rats for both the 20 and 5 ng/ kg dose groups.

Each point represents the nean plus semof 8-12 rats.
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381t BBl R bR BV 758 v 1 o
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saxultes defdyélintion. BBRwWior stoldsyOFT) dre $hewm@v Fighre 4. Figure 4

eoperative score i.s 5. Rate and extent of
RIS s BRENS80% S1aRRGLATEOT of the) grouRs wsing e, Pefinitiaps ardne
OpeAtFidg WakPBcah 885 ¢iBBR 2k AEr héreiie vehicle treated
group. Each point represents the nean 30 plus sem of

12 rats. CHRONI C CRUSH EXPERI MENT The spinal cords of
frethis ePesmeniP T sepres aere slighiiinigher dnp-4%), leaying any small

AL oy, Ul Sl PASRARA, ot ony g throvemen
wRe Opsoryed gfter encena day eral sieping oTHiPs! 8deen BaY £6n27 ANGAS.

Bbh&8Rht %rb@&ﬁ%@é@ﬁ@%& obSAVEq dREY e%&e gﬁﬁ?@g{qg)@g/%%ﬂp as

I pal rment’ as By uner an
whbWe® staliRicahdifierdcesyesy basedtuponrthaichahgasfoneadheindividual rat

I i al r.qi Thi [.OC .
FRaRB At S B b sPouoh BRI Eatas” YERE SRR HEBAoraltests on
dﬁslu ldty2 and elay@ wfr@t;@eWm@?Taﬂi;]mfrs aﬁﬁw @a@@:'lfhegi was no drug
shown i i, gu .. _Figure shows t ans -
Goaihan cBva (15l aitarind i Siue g e gey B TR salitieahanalysis is as
folews:he Open Field Wal king Scal e descri bed earlier
herein. In this experinent, OFT scores were slightly .
20 gisdsa { signitigantymprovgneny abd ip dayshin=-002) cpmpassd togiehicte
tdAwopvenent . Using each rat as its own control,
consi stent inprovenent was observed after once a day
oral dosing of HP 184 on Day 26, 27 and 28.

HPARYR SSanitERT MG BneRE: ) i ARPSH 512 Al ED1 Hifinhred 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 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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well. The statistical differences were based upon the

changes for

tests on

(first day started to give drug was day 0).
follows: 20 ng/kg -
i nprovenent at 3h to day 3 (p=.002)
0 ng/ kg - significant
h (p=.014) conpared

statistical
si-gni fi cant
conpared to vehicle 20

i mprovenent at 30 mn and 3hT?%ief12

15 dayl,

each i ndi vi dual
control) using Mann-Witney U-test.

r at

Al l

(each rat was its own
t he behavi oral

day2 and day3 were perforned at 3
hours after gavage. There wds no drug given on day3

anal ysis is as

cont

r ol 1

The

to vehi tVehiclent falABND/ Kipo HET 9Nl FO T 1[IRPVENENt aminec
at 30 m neiush6h tendday 1 (Ras027) ckRAPAr §¢nidh 25 Ng crush
vRfures € CoBrbrol [4-AF - S fgRy T Cany Jgmprov at P87 +
Ndoset 0 3hpaRd 124 oy day 12 §p=. 002%)010_0”735“' 1O 1gp1
e Lot —3 e, LtustTates—the_changes+
\sgfﬁﬁtfjgg fggéétach ﬁfggj% fr:ﬁ?ﬁ%?e-dagi‘?g}t to|th iz% oduf‘i%i
Hos8" thre‘ﬁird coisecutifve daily Q8e. 24014 e 400
Vetrche4-AP20-HP—16—HP-3—HPtamnee

- rushcrushNo crysh Prior to4.52 4.43
T bR UE YR SCalig Bola Pissisnost thaoaioeh shows the
lobangel ol rde bSftet. thdelbcobdedutibé dhy8 6 dagihg (from pre-dosing to three
I ast 0..030. 020..020. 030. 040, Oc]i o )
hours after e third consecutive daily 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 * 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
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 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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dose Fig 5 shows the changes in scoring, normalized
for each rat. The graph shows the 5 change observed
after three consecutive days of dosing (from
pre-dosing to three hours after the third consecutive
daily dose) with either 0.6 2%y/ kg 4-AP (i.p.), 20 or
10 or 3 nmg/kg (p.o.). Lam nectony refers to a sham
group. The nmean semfor each group (n=12) is shown
in Fig 5. io EFFI CACY | N LONG STANDI NG SPI NAL CORD
INJURY Thirty-five days after a noderate degree of
spinal cord injury, oral admnistration of 3 ng/kg HP
184 (po) inproves motor Mé&bf&y after a single dose,
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eftective. A tabu ar representationjof thel results

from bot h ¢hroni c spl ngl cord injury studies (drugs

i e R A A R S

1
pi nal ord crush)
re shown ih Table 5. TABLE 5 Tr eat rent Day| 25

Qfﬁm Z ™t |e Jrilsord r@gsog'gxter
Ang? #rprove"ren? dosdg(:hl gdf?elst" score ¥ 5) Control 4.52
374.53 076 012%4 AF (0. 6rrpk 4. 443 .0304 53

DD -.1.04

Tggde2) o) tgrn reat %ﬁﬁ;&"sgﬁ DR iéﬁg‘;‘;w e
(noder at e) ( a% e))l np '%B%@hagfl br 3 hrs ter | ast
0 .0743. 9§0§ 2% 4- AP

dose Contro

SSafiPR379p 4.08%‘.*6‘7&’ : éQZM" T 751 2%
4-AP {0.6mpk, |3.95+.084 4.17 £ .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 controlled design. The effects of HP184 previously observed
at 3mg/kg, po, were confirmed using 4AP (0.8mg/kg, ip) as a positive control.
Furthermore, the effect of all treatments on myelin staining was examined
histologically.



10

5

20

25

30

ip) HP 184 (3npk,3.89 .0544.17 .058.27424.8% Po) s
As shown above, HP184 at 3 ny/kg/day by oral gavage
from35 to 41 days after noderate crush injury
produced significant inprovenent. It was noted in this
study that there was nore fyjelin at the site of
injury in the injured spinal cords of rats that

recei ved HP184. This data provi des evi dence consi stent

1) Behidown s abtdésyindrpat HP 184 is either enhancing
remyel i nat1 on or decreasing an ongoi ng denyel i nation
i 0 process. Further studies were carried out to
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exam ne o Ita ehavi ouri al
Assessnent One hundred fifty adult female Wst ar rats,
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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, Baytrit (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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performed according to the procedure described by

Blight (1991). The animals were observed to determ ne

pai n behaviours, for presence of urinary tract

infections or urinary retention. Pain was treated with
Tynenol (0.8 ng/10gm body Vas) wei ght orally). To

prevent the urinary infection, Septra

(Trimet hopri n-Sul famet hoxazol e) was given orally (4.5
nHansm 'dlSSﬂWbﬁ“h ﬁedazedp[aw‘tocaé\iéoﬁ dbiviized reverse- 33mosts water

0 were treated , wth nmanual bl ad
SRR sRial ACHdSERoI0.T ThEeiop 10 ol ohmpten. £AP (Sigma,
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o%g rine, Batr| enr of | oxaci n, ngy
i 45 ‘f%g '%LFHHQP %‘n(#d@)fimg(h&ebw)dapd '@ﬁ&r@t@nlstered by ip.
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t Behavipurigl t’@%é’\fﬁsf fene| imeRialaly PHok fo ecwiving rhﬂua :gevage and at 3

FHO‘-!E@ ﬂ%‘?&a@?dgg&gttgé’ rré]tg'lrgﬁé s%nfley“@n 3%'5555«"?% ?:ther rats received

eval uat ed on
stﬁh@éHWBB@y%almvsgam 8r 1, sarymgikg b depending buthichgroup) or 4-AP
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cial ace aci.d 10
e Gt 4ot 2 B0 Bl BEShe TR dnd, e Pogiscin da 43 attr
Jben last\séfsaviourial tedting.1982; Gruner et al., 1999) was
di ssol ved i n physiol ogical saline (0.6ng/kg b.w.) and
was adninistered by i.p. 5 injection. One group of
M!ldeb fecehrdicd ©f GanbeRdvidurial &&ih Q.I%lr’@’ HRS a‘/vag"l‘fgﬁg% days 35 to 43
hicle. Behaviourial testing was done i me nI
?6?”96 receiving the gavage and at 3 hours
thereafter. Then, the rats were scarified on day 35.
Al'l the other rats received either HP184 by oral
&éﬁi&@@af(@ayseﬁ wetie perfieymag oy ad esindosty compiitee usinguBB-Stat ppe

g{?ﬁ?‘r A Q%%n%@a@%oreb Wer éﬂa%%%? 5 g-ne( Z@Lésk%ﬁléaphslrepnparametnc

§Dﬁ@%$ yOf Grriarices éAN@yA) bE’bs’tv hocirdoaiparissts wereemda® ausing Mann-
q} % prior to receiving the gavage at 3 and 24
hours thereafter. Then, the rats were perfused on day

43 after the |ast behaviourial testi ng. Vi deo
testing using Hi-8,

of the ehav rial
ﬁ%g %Hleg/agggog%ryto open Jqlg Iggqr@togqpllﬂg Was asdessed by the mean OFT

scores for each groups, which are shown in Figures 6a and 6b. These results show
that the performance of animals treated with HP184 or 4-AP was significantly different
from that of controt animais receiving vehicie. 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 dqse. These results also indicate that the lowest (0.3 mg/kg)
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Statistical analyses were perforned on a Macintosh
conputer using GB-Stat ppc 6.5.2. The behavi oral
scores were analyzed by the Kruskal-Wallis
nonparanetric analysis of variance (ANOVA). Post hoc
conpari sons were made using2Rann- 20 Wiitney U tests.
The overview recovery of open field |loconotor ability
was assessed by the nmean OFT scores for each groups,
winncentsatens hb WP 1184 Fngy mes teathentbwelst efibetbe desaibt $IP184 in this
fﬁ%‘f@' hat the performance of animals treated with

qu 4- AP was significantly different 25 fromthat
of control animals receiving vehicle. ANOVA for
r t ed asures.shows treatnent effect (p<0.Ql) on
%&@m]ﬁé-&@@showthat both 4-AP and HP184
have beneficial effects, inproving .behavioral
testi ng after npderate chronic spi nal conpr essi on.

A EiSdR tast whetherthsolreaimeshwiththidted affeqtpd dhe pengunt of myelin in
hatekitie hﬂide%tfz%ﬁ terﬁh@piﬁai“@rﬁ%r&gh leﬁg%"r%r OQMﬁffﬁiérgg long after
repy con

best recovery ocormtor unction Irmn
ﬁﬁ@%?‘?@df‘lk‘%f HP184 observed previously at this
dose. These results also indicate that the | owest (0.3
E%ﬁ‘kg) concentration of HP 184 may not be the | owest

eRRINa) ecalids oot ratPriesciibed above jmathadagpessment were used for this
\%Llﬁ,?ol ogi cal study of Spinal Cords 5 A study to test

ether the treatnent with HP184 affected the anount
of nyelinin rats with noderate Iong termspinal cord

P T B e BB 0ot i

sodthpasebmn?r(Bmw agieesbdyoweight, t& pI Sérhﬂgwerh?éd transcardlcally -
eraLive e experjnental_subjects were

BRE et oS8 s hStectias Pt (RS IR g Gh-2 heparin

fﬁllbk@d hgd30MBOQIIL of 4% pardRfimBRichysedrEA |
1s first with 100 0 %)%M phosp hgt eqbuf)a;%w;aﬁﬂtscﬁb t¥ L1 of the

BRIRY) CArdh ver e, Farkgncp%omﬁe FEHC- WOteOﬁQd ino%E sbgrogecolion wnd frozen
- f f th
R B Aol b ¢ R BOY S P BEBy

30% sucrose solution and frozen at -700C in 10.24%

RYYMIAY bt SO il #2%288h XRS B?ﬁlsel?) mf EBAr and caudal to the

lesion site was embedded in Tissue Tek medium. Serial sections were cut
longitudinally at 20 ym intervals on a cryostat. Every third section was stained with
luxol fast biue for myelin. The 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-TCWS8 image
analysis progrém by an investigator who was blind to treatment group.

Statistical analysis was performed on a Macintosh computer using GB-Stat ppc 6.5.2,
The histological results were analyzed by the Kruskal-Wallis nonparametric analysis
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20 A segnent of each cord including the lesion site

plus 10 mmrostral and caudal to the Ilesion site was
enbedded in Tissue Tek nedium Serial sections were

cut longitudinally at 20 pm intervals on a_cryostat.__
Every third section was stai*fed with |uxol fast blue

for nyelin. The evaluation was performed by observers

bl | nded as to treatnment, on coded slides. Sections
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bl ue staining). For determ nations of the nmaxi mal
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HP)S fation At A iagh f'Oé‘gt s SR (r @Rarebpble that the data

mwlrépregbm Bi ghotes FRlthenaley o fl‘os%hef’“?@eﬁrﬁ En@@tllﬁere was no
at all three_ concentrations) h
B@%?é‘?ﬂcé gy ther pelent ob emyeliatingy iroihe vtmctronir@t groups control 1and
I o
E6MFdI-S! BvHIuAbE Rt fH égﬁ'{?’f;i’r‘édag @En&?kﬁg‘ﬂx})g u ts.

t hose groups, ani rra ed w HP 184
showed the | east denyelination. Therefore 4- AP or

HP184 appears capabl e of j re- nyelination at
a stage long after spinal %gﬁpﬁgury It is

iy € OMINTRAYENQUS HB' 184 ON'BLARBERIRAITATION INOTHE RAT
in the rate of Ioss of nyelin, since there was no
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 umbreila cell barrier function, and physiologic urine
concentrations of KCI (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 bfadder during continuous infusion, was
utilized to determine the effect of the drug on bladder irritation. When the bladder is
irritated, it contracts more frequently éuring the same filling rate due to sensitization of
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difference in the extent of denyeliation in the two

control groups, control land 20 control-2, evaluated
at the beginning and end of the experinent. EXAMPLE 7
THE EFFECT OF | NTRA VENOUS HP- 184 ON BLADDER

| RRI TATION I N THE RAT 25 Thi3% experi nent shows the
effect of intravenous HP184 in the KC nodel outlined
by Fraser et al (2001). Fraser et al conbi ned
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due to sensitization of 31 C-fiber afferent nerves.
Figure 8 illustrates the dose-dependent decrease in
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only LPS treatnent was found to be significantly

RELE St tiauiby A Foalvohtsiitateral Sanaiiion of e L6 nerve to
prodtice chronic nerve injury. Following recovery from surgery (3-7 days post
operative) animals were tested for paw withdrawal threshold to mechanical stimuli
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 following 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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I ndependent |y hydrogen, Cl-C6al kyl or alternatively
the group -NR R' as a whole is 1-pyrrolidinyl; and R3 |
i s hydrogen, nitro, am no, hal ogen, Cl-C6al koxy,
hydroxy or Cl-C6al kyl, 43 or a pharmaceutically
acceptable salt thereof, in ‘bhe manuf acture of a
nmedi canent for treating any one or nore of the
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ci: @%§PE9IC?"’FEL9U%§ Ogy%g’f'gb'gﬁll'or Cl-Ceal kyl; R2 is
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hal ogen; and p is 0. 3. A use of claim2 wherein the

compound is 4. A use of c 2 wherein the conpound
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R I
R
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N
= ~
| R
S
7
©O),
_ |
wherein
mis0,1or2;
nis0, 1or2;
pisOor1,;

each R is independently hydrogen, halogen, trifluoromethyl,
C1-Cealkyl, C1-Cs alkoxy, benzyloxy, hydroxy, nitro or amino;
each Ry is independently hydrogen, C+-Csalkyl, C4-Cgalkenyt,
C:-Cealkanoyl, halogen, cyano, -C(0)C;-Csalkyl, -C4-CealkyleneCN,
-C+-CealkyleneNR’R” wherein R’ and R” are each independently
hydrogen or C¢-Cgalky!,
| -C4-CealkyleneOC(0O)C4-Csalkyl, or -CH{OH)R, wherein R; is
hydrogen or C4-Cgalkyl;
Rz is hydrogen, C4-Cgalkyl optionally substituted with halogen,
hydroxy or benzyloxy, C¢-Csalkenyl, C4-Cgalkynyl,
-C0O,C-Cealkyl, or -Rs—NR’ R” wherein Rs is C1-Csalkylene,
C1-Csalkenylene or C¢-Csalkynylene and R’ and R” are each
independently hydrogen, C4-Csalkyl or alternatively the group
-NR'R” as a whole is 1-pyrrolidinyl; and
Rsis hydrogen, nitro, amino, halogen, C-Csalkoxy, hydroxy or
Ci-Cealkyl,
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or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating any one or more of the foliowing conditions:

muitiple sclerosis,

traumatic brain injury,

stroke,

stroke rehabilitation,

bladder irritation, and

overactive bladder.

2. A use of claim 1 wherein R is hydrogen, halogen, triflucromethyl, or C;-
Cealkyl; R¢ is hydrogen or C4-Cealkyl; Rz is hydrogen or Cy-Cgalkyl; Rj is
hydrogen, C4-Csalky! or halogen; and p is 0. '

3. A use of claim 2 wherein the compound is
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4. A use of claim 2 wherein the compound is
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