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neurofibrillary tangles. On autopéy of Alzheimer’s disease patients, large numbers of
these lesions, which are believed to be a causative precursor or factor in the development
of disease, are generally found in areas of the human brain important for memory and
cognitive function. Smaller numbers are found in the brains of most aged humans not
showing clinical symptoms of Alzheimer’s disease. Beta amyloid plaques and beta
amyloid angiopathy also characterize the brains of individuals with Down’s syndrome
(Trisomy 21) and Hereditary Cerebral Hemorrhage with Beta amyloidosis of the Dutch-
Type, and other such disorders.
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Emotional lability or pseudobulbar affect becomes a clinical problem when the
inability to control emotional outbursts interferes in a substantial way with the ability to
engage in family, personal, or business affairs. These symptoms can occur even though
the patient still has more than enough energy and stamina to do the physical tasks
necessary to interact with other people. Such outbursts, along with the feelings of

annoyance, inadequacy, and confusion that they usually generate and the visible effects
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15 Bérpattast all people who suffer from major depression take their own lives. Bipolar

disorder involves majdr depressive episodes alternating with high-energy periods of rash
behavior, poor judgment, and grand delusions. An estimated one percent of the American
population experiences bipolar disorder annually.

The discovery of antidepressants at the end of the fifties marked a veritable

therapeutic revolution in the world of neuropsychiatry. Tricyclic antidepressants (TCA)
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sweating and tremor. It is a normal emotion but when it is severe and disabling it becomes
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In a first aspect, a method for treating depression is provided, the method
comprising administering to a patient in need thereof dextromethorphan in combination
with quinidine, wherein an amount of dextromethorphan administered comprises from
about 20 mg/day to about 200 mg/day, and wherein an amount of quinidine administered

comprises from about 10 mg/day to less than about 50 mg/day.
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anount of dextronet hydr obr om de adm ni st ered
adrrumsmrukm; af conbiabd Wos@Cendyiiierrin 0 whight 188 afMduyomethorphan to

ment. of the fi ISt sthe
qu"&@&&eﬂb‘ﬁ%‘? HEPRREA QSRS tqlu?‘%lg(sjﬁne are adninistered in
a cianhi sedndospectantd nibtrsdi for arasginghénxietyi & pfovided, the method
dextro t hor phan toggw ni di ne ose i

coniBiNE SRIISEIGE 1] B4RURT 5 BEE R fERo AT BT AB A" g oimation
with '@ffiane, Whetdh Yanl SmBERVHU8&ktrdrh@h&BhB Gdministered comprises from
about 20 mg/day to about 200 mg/day, and wherein an amount of quinidine administered
comprises from about 10 mg/day to less than about 50 mg/day.

In an embodiment of the second aspect, the amount of quinidine administered
comprises from about 20 mg/day to about 45 mg/day.

In an embodiment of the second aspect, the amount of dextromethorphan
administered comprises from about 20 mg/day to about 60 mg/day.

In an embodiment of the second aspect, at least one of the quinidine and the

dextromethorphan is in a form of a pharmaceutically acceptable salt.



conprising admnistering to a patient in need thereof
dext r omet hor phan in conbi nati on wi th quinidine,
woher/@ors2an anmount of dextronet hor phan adm ni sPerA32007/002931

conprises from about 20 ng/day to about 200 ng/day,

and wherein an anount of quinidine adm nistered

conprises fromabout 10 ng/day to | ess than about 50

ng/ day. I n an enbodi nent of the second aspect, the
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.In fo 0 phar eutijcally acc ble salt.ln, an .
lysinensEh AL oF Ry EHDHO et 4T 01 P PishanS SHREC! choline,
salts0 dietHaR8lagtifl, [ s A RERINRARB A1 s ofi He@umdidsalts 3f procaine,

phar maceuti cally acceptable salt selected fromthe
saltsgefguip. sdin oif Steeragidst salin ofstrest basekanoreapicapls: ssis phsyjfate, salts of
i£hi: I ' salts of potassium salts of
hym%pwghﬁ%gmggfﬁ%oﬁ%x%?@#ﬂgg ts of calcium salts of
madnasiethodiakntsofithe sysindeasped) the quinidine comprises quinidine sulfate

N .- di benzyl et hyl enedi anmj ne, salts of. chl.oroprocai.ne .
and Qb8 AEXmEALTRIHE, CoRR 6 O~ P BRI AR SaRiE B Fherein an
amo@hhyt neiabiltate SabEsefed®Ehpr{Eed rons abdg 30f mg/day to 60 mg/day

procaine, salts of tris, salts of free acids, gggts of.
and pheeeih a8 @gounh of darremethpiphian bxfiobrospidg adpmipiteredypqrgprises from

1 of ' alts of hydrobronide. In an
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ate adm nistered conprises
quididiasimbeWondineddéea)s kbodQ : 11@s dajesand wherein an
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conpr i2sd8iTer gfRAbot BEHRG/ dBY FERIRB MO Y/ fspciaed with a
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dextronet horphan and the qui nidine are adm nistered in
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SXLABMRLA0 hipE Bok 3§ do dBRE: 26O me/d
R
andtwieadih mg asyonat ofrguiagiine bédrmidsteiet lvompriees Homgbror B ngéday to less
di.sorder i rovi ded, the nmethod conpri sing
thmhﬂﬁWﬁg§PE¥$ g to a patient in need thereof
dexthr eAEERObAMGNti Bf Co@biHIAL | 3pettsi tthe qiéurbdégeaerative disorder is
wherei n an anmount of dextronethorphan admni nistered
AlzZbeimsi s sksea8¢- om about 20 my/day to about 200 ny/ day,
ancﬁn%%d@lirﬁ@n@{)ﬂﬁ@‘hiﬂf asPpub N i RRBr AR PE - A1 BSbrder is dementia.
conprises fromabout 10 ng/day to | ess ) )
In an embodiment of the third aspect, the neurodegenerative disorder is multiple

sclerosis.

In an embodiment of the third aspect, the neurodegenerative disorder is
amyotrophic lateral sclerosis.

In an embodiment of the third aspect, the neurodegenerative disorder is
Parkinson’s disease.

In an embodiment of the third aspect, the neurodegenerative disorder is

Huntington’s disease.



t han about 50 ng/day. In an enbodi nent of the third

aspect, the neurodegenerative disorder is Al zheinmer's
wdizegaees2ol n an enbodi nent of the third aspect pcrhis2007/002931

neur odegenerati ve di sorder 8s denentia. In an

enbodi nent of the third aspect, the neurodegenerative

di sorder is nmultiple sclerosis. In an enbodi nent of

the third aspect, the neurodegenerative disorder is

amﬂi’ CIJ OBRbEdinAne GH t1HRC hBFO aisoct,| theddmOHRO6H qaibidiaé ddatinistered
aspect, the neurodegeneratlve di sorder is

compasetsuﬁmrabsutcaosma@@y to abet 48rmedayrent of the third
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1y31111é tsl&ltk”ﬂf 19 A Lo &izy a1 difaink S sdlfs @DE@S%W@&&@@S&BS of choline,

al’kal i ne earth rretals salts of calcium salts

of
saltsraf) disthanejansiab+ salisf of gtbyleaediamines sgts af Neghﬁnbl@ﬁziﬁﬂts of procaine,
salts hP?’r& engell éafr%r&e i3& Stdﬁ of sEl IbQée@P{ngFébﬂ,esaléﬁﬁatlé Ahsulfate, salts of
al of “di‘et h ts of

anol am ne
hydﬁdclh}dr&imeaknchmluse)f hsdtdbsomfderregl um ne, sal ts of

pro a%gg @QO alts of rﬂt’ tliigq ngecg ats? fué e 1n prnséggfn?u&ke sulfate

andotfhe m@:@i&@ﬁi&m% cAiPrisa| dexnoindiydphdr hmxdbronhlde,aand wherein an
enmbodi nent of the third aspect, the quin

am iawEndiga isplfateradnyipisieas c%ﬁﬁ“ﬁﬁeﬁ%{éﬂb%?}& ﬁlﬂ/‘ﬂﬂ%’a‘i‘? 60 mg/day
andSPRREH aqisargflﬁa o?@é?ﬁéﬂ&%ﬁ%q{ VRSIROIEE adtRthidtél8l @bMprises from

an anount ui ni ul'tate "adm ni stered conpri ses
aboﬁtm:@édnyttoabowgﬁ(ﬁmg/dad 60 rTg/day and wher ein an

arm n%% g{g b ‘?Cth r g eq%%ﬁ ?%_5( ﬂ&hggmﬁg ghecféguxmdme are

adm1n1stered in a combined dose, and wherem a welght ratio of dextromethorphan to
quinidine in the combined dose is about 1:1.25 or less.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the principal mechanisms by which dextromethorphan is

proposed to exert its neuroprotective effects at the cellular level.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The following description and examples illustrate a preferred embodiment of the
present invention in detail. Those of skill in the art will recognize that there are numerous
variations and modifications of this invention that are encompassed by its scope.
Accordingly, the description of a preferred embodiment should not be déemed to limit the
scope of the present invention.

Emerging evidence suggests that the amino acid neurotransmitter systems are

associated with the pathophysiology and treatment of mood disorders (Sanacora et al.,



In an enbodi ment of the third aspect, the
dext romet horphan and the quinidine are admnistered in
we 20oviozned dose, and wherein a weight ratio oPCT/US2007/002931
dextronet hor phan to quinidise in the conbined dose is
about 1: 1.25 or |less. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 illustrates the principal nmechanisns
by whi ch dextromnet horphan is proposed to exert its
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patﬂﬁgﬂg& It%%g HORESENYNCbf HYSYd @Q&r%e%n@tlgﬁ% @%gﬁi%ném vivo magnetic

[1zing agents (Krystal et
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or I| cate Liti [
suo BB Tk SR AL SO i s

disdtegsessvanl amdgbutmdltafgm | dgeess sanhl somileidieited dareatrigine, have
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d their...
GemqRBRF N PORB Yo ORISR B CUeh SHL. GBI Relties commonly

assé@ﬁ@dl with | o8& SiboriBAt nfa§U bl N&st §IARF GOEF Mt € the impairment in
clinicians to seek further explanation and devel op

© glutaowetd agtinmepipeq eliaheelishpley repdhapeldpdn synaptic glutamate removal. A

hypothetical model of altered glutamatergic function in mood disorders is proposed in
conjunction with potential antidepressant mechanisms of antiglutamatergic agents.
Further studies elucidating the role of the glutamatergic system in the pathophysiology of
mood and anxiety disorders and studies exploring the etficacy and mechanism of action of
antiglutamatergic agents in these disorders, are likely to provide new targets for the
development of novel antidepressant agents (Kugaya et al., CNS Spectr. 2005
Oct;10(10):808-19).



the confines of the nonoam nergic systens. Recent
studi es have provi ded strong evidence that glutamate
weand7abep anm no acid neurotransmitters are i nePQirAUS007/002931

t he pat hophysi ol ogy and treat mnent of nobod di sorders.

Studi es enpl oying in vivo magneti c resonance

spectroscopy have reveal ed altered cortical glutanmate
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dexRO¥HREPIIE DN C@h BBdak! bffétAk ERSRRMEN IDextfdNdtHbPPan is a
I ncreased recognition of the contribution nade b

nongeripefiting gniagomist odntbai VireethykB-aspratatesensHi v 5359¥fepi0 glutamate
d disord e ta.al . r i, T : H
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dextremietlorphasois datensiviehchaabolizealoi dergrodineo (@& snd rcipraker of other
opsessi ve-c ul si ‘di.sor r rqvi ded, .

mefhifeRe GafaTR B TSR Y R S B ot o e

forrBatb fadt R rPRAUrah0dext@nikthorgRa. I angibber ¢fitha popalation, 5 to 10%
i ndi vidual in need thereof are descr

of Carcariaat. Brarediesy i acHyity PINGIS iprIBe Iig‘g‘gs‘l@@ﬂggo%o‘?’f’c J. Clin.
Pha%na@bl‘., 1989; 36:315-318). Such individuals are referred to as “poor metabolizers™
of dextromethorphan in contrast to the majority of individuals who are referred to as
“extensive metabolizers” of dextromethorphan (Vetticaden et al., Pharm. Res., 1989,
6:13-9).

A number of in vitro studies have been. undertaken to determine the types of drugs
that inhibit CYP2D6 activity. Quinidine (Q) is one of the most potent of those that have
been studied (Inaba et al, Br. J. Clin. Pharmacol., 1986; 22:199-200). These
observations led to the hypothesis that concomitant dosing with quinidine could increase

the concentration of dextromethorphan in plasma.



Because of the possibility that a process involving
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non-ster atl
ZOst8t) CWhaSndlerfcaGIf qimb’e:eqmﬂg hiengal glallﬂlcrt:atses &Sﬂm@é tBlabetic neuropathy

is a;‘gg}\%&%% Iﬁggl%hgget%ij C# ﬁlggeand arlﬁgltc gsta {yl & the BRLEDoDVE the disease.

Thedid fdrﬁﬁés%‘%és%ﬂheﬁi@'aﬁhé’s Rs8d8h geftgibed A8 Buelidg Steddyepain often
unaccept able for |long-termtreatnent due to dan

e
punefugied efitle stabbing qegns; i and Siesdles peife aprhtqodipche] %@&atm The skin
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sati s eat nent or t e severé itch I Ng and rash
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medbbhiems SHbSIvad in produtheCsins Ioftl&mte ty’lﬁisl ®é noChzreﬁrur(deq:Smaui but may
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exanple, IS also a problemwhich resists treatnen
of theuma renbitivitpapain; ped udestion.orDystargiios, ofipathelarge and small fiber

ﬁmal%lfllrsogatn%{rb Q&%}Qqﬁpﬁg FoEUTifEd! Fhen pain develops. Most of the

physiological measurements of nerves that can be routinely done in patients experiencing
neuropathic pain demonstrate a slowing of nerve conduction over time. To date,
treatment for neuropathic pain has been less than universally successful. Chronic pain is
estimated to affect millions of people.

The chemisiry of dextromethorphan and its analogs is described in various

references such as Rodd, E. H., Ed., Chemistry of Carbon Compounds, Elsevier Publ.,



phantom linb pain, trigem nal neuralgia, and sciatica.

Post herpetic neuralgia (PHN) is a conplication of
wehorgloeroand occurs in approxi mately ten percegi/usk007/002931

patients with herpes zosteri2 The inci dence of
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of nol ecul es that are dt ﬂgory anal ogs of
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basic structure (including morphine) are pentacyclic compounds that have an additional

ring formed by a bridging atom (such as oxygen) between the number 4 and 5 carbon
atoms.

Many dextrorotatory analogs of morphine are much less addictive than the
levorotatory compounds. Some of these dextrorotatory analogs, including

dextromethorphan and dextrorphan, are enantiomers of the morphinan structure. In these



structure, which is depicted as follows: In this
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rnce €8 185 $9iB%ors 1 9B SR MREERS P al., Cell Mol. Neurobiol., 1988 Jun.,
8(2):149-56; Musacchio et al., J. Pharmacol. Exp. Ther., 1988 Nov., 247(2):424-31;
Craviso et al, Mol Pharmacol., 1983 May, 23(3):629-40; Craviso et al.,, Mol
Pharmacol., 1983 May, 23(3):619-28; and Klein et al., Neurosci. Lett., 1989 Feb. 13,
97(1-2):175-80). These receptors are generally called “high-affinity dextromethorphan
receptors” or simply “dextromethorphan receptors” in the scientific literature. As used

herein, the phrase “dextromethorphan-binding inhibitory receptors” includes both sigma



Subsequent experinments showed that dextronethorphan
al so binds to another class of inhibitory receptors
wohad7/@zx9cl osely related to, but distinct froRCTAISgIVE/002931
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limited clinical trials in patients with amyotrophlc lateral sclerosis (Gredal et al., Neurol.
Acta Neurol. Scand. 1997; 96: 8-13; Blin et al., Clin. Neuropharmacol., 1996; 19: 189-
192) Huntington’s disease (Walker et al., Clin. Neuropharmacol., 1989; 12: 322-330) and
Parkinson’s disease (Chase et al., Neurol. J. Neurol., 2000; 247 Suppl 2: 1136-42).
Dextromethorphan was also examined in patients with various types of neuropathic pain

(Mcquay et al., Pain, 1994; 59: 127-133; Vinik Al, Am. J. Med., 1999; 107: 17S-268S;
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Chigly:s@;fRBBmac&nﬁﬁNam@nptplhytprmlpécp,wpro(nrg}lrﬁt al., Pharmacogenetics, 1998; 8:

3253:3??}. hfgxs¥urﬁ) xhalmqgﬂlg(t}{g QbMHI ‘6% geﬁ}ofﬂ!ethorpkan to increase pain threshold

in extensive and poor metabolizers found antinociceptive effects of dextromethorphan
were significant in poor metabolizers but not in extensive metabolizers (Desmeules et al,,
J. Pharmacol. Exp. Ther., 1999; 288: 607-612). The results are consistent with direct
effects of parent dextromethorphan rather than the dextrorphan metabolite on

neuromodulation.



Pharm Pharmacol, 1998; 50: 997-1004). Both
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Ther., 1999; 288: 607- 612% To date, nost studi es have
supgseéaesq@i%\ﬁraluwéak@dbf@slgh&\‘rg wgekramhlsehansebsoo my to

' ”hgﬁlllke & g%gﬂ%?'cﬁ{rﬁgrﬁﬁﬁ@ d@ﬁ&@l‘?l@lﬂo%ﬂanbﬂrgs ]'ﬂt@le or no agonist or

st udi es hav ified a mniml dose of quinidine
antigzmn&e rzyiviey ahkatousi ather G’;hetehwgd:ptgrsc tnebiding thet mpged iaod kappa (x)

classes \gfg&atdel r]:agc%)rtgrrs]t "11h¥$ 18 @ﬂyr}l%sUéa lg spn%e aggmst or antagonist activity at
those opiate receptors can cause undesired side effects such as respiratory depression
(which interferes with breathing) and blockade of analgesia (which reduces the
effectiveness of pain-killers).

Accordingly, cognitive or neurodegenerative disorders such as dementia or
Alzheimer’s disease, or anger, frustration, or irritability associated with involuntary

emotional expression disorder, as well as depression, and anxiety can be treated in at least
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generation of active metabolites . . . Patients with the PM phenotype are at increased risk

of potentially serious untoward effects . . . “ (Guttendorf et al., Ther. Drug Monit., 1988,
10(4):490-8, page 490). Accordingly, doctors are cautious about adrriinisten'ng quinidine
to patients, and rather than using drugs such as quinidine to inhibit the rapid elimination
of dextromethorphan, researchers working in this field have administered very large

quantities (such as 750 mg/day) of dextromethorphan to their patients, even though this 1s



known that the P450 2D6 enzynme can be inhibited by a
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also yields more consistent and predictable dextromethorphan concentrations. Research
involving dextromethorphan or co-administration of quinidine and dextromethorphan, and
the effects of quinidine on blood plasma concentrations, are described in the patent

literature (U.S. Patent No. 5,166,207, U.S. Patent No. 5,863,927, U.S. Patent No.
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neurotoxicity. Dextromethorphan safety/tolerability trials in stroke, neurosurgery, and

amyotrophic lateral sclerosis patients demonstrated a favorable safety profile. The
compelling preclinical evidence for neuroprotective properties of dextromethorphan,
initial clinical neuroprotective findings, and clinical demonstrations that the

dextromethorphan/quinidine ~ combination is  well  tolerated indicate  that
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(Meoni et al. Br J Pharmacol. 1997;120:1255-1262).
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In vivo, dextromethorphan is quickly O-demethylated to its primary metabolite,
dextrorphan (Pope et al. J Clin Pharmacol. 2004;44:1132-1142) which has a similar but
not identical pharmacological profile, acting at many, but not all, of the same sites, and
with different affinities or potencies (Chou et al. Brain Res. 1999;821:516-9; Jaffe et al.
Neurosci Lett. 1989;105:227-32; Carpenter et al. Brain Res. 1988;439:3.72—5; Meoni et al.



Neurosd Lett. 1989; 105:227-32), a high affinity
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Dextromethorphan’s protective action in the plethora of in vitro and in vivo
experiments is attributed to diverse mechanisms. Dextromethorphan has been shown to
possess both anticonvulsant and neuroprotective properties, which appear functionally
related to its inhibitory effects on glutamate-induced neurotoxicity (Bokesch et al.

Anesthesiology. 1994;81:470-7). Antagonism of the NMDA receptor/channel complex is
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Huﬁhr@dirdernﬁs&sefpaa)snts (Walker et al. Clin Neuropharmacol. 1989;12:322-30).
Dextromethorphan did significantly improve levodopa-associated dyskinesias and off-
time (Verhagen et al. Neurology. 1998b;51:203-206; and Verhagen et al. Mov Disord.
1998¢;13:414-417). Dextromethorphan also ameliorated primary Parkinson’s disease
signs in two studies (Bonuccelli et al. Lancet. 1992;340:53; and Saenz et al. Neurology.

1993;43:15), although a third pilot investigation using lower doses did not corroborate the



Par ki nson' s di sease and Al zheinmer's di sease may be a

novel nechani sm by whi ch dextronet hor phan protects
woapeamoze9 neur ons i n Parki nson's di sease nodel eCiLispooeno2o31

al . J Pharmacol Exp Ther. 2088; 305:212-8; and Zhang et

al . Faseb J. 2004;| 8:589-91). The efficacy of

dext r omet hor phan as a neuroprotectant was al so

explored in a limted nunber of small clinical trials
lattbi Btk (ORhEsWLE Rt MRS PRBI-E. 1984S)-842-543)E NG 8IbSy, MRGiromethorphan

perioperative brain injury. Addifional small studies
Conasls@bswowmymlpgimloé@wéﬁtaswcﬁﬁecﬂ@vx@rMﬁéi Repetarcibhin all of 5

b DTN 4 200080 PHLICMON ) BF5SE, 1 PSSt .

Pediatr Hamrd! Opcdie2 0t 0pt©B2TLi ve in the anyotrophic

| ater sclerosis trials,, .although the doses .e oyed
wout dhtss DB R Setblol G Bl SRR I G P TR GHE S Rewrosurgery
patictse (Rkin®bredles af\ClaVRYEML. 3@96,@4:875@%3; %ﬁi}%tr%ﬁhicBiaité}al sclerosis
et al. CHn Neuropharmacol. 1996;19:189-192; and o )
patiggiendiatlagderagt al jdme MMewro/NEQRERIPY0-PhyRetiFals 4y risk Jobmen ischemia
(AL L 90 skl @qtffﬁﬁi—'{?h& %&M%'&Er&@é c#e‘f‘éﬁr&l Wtebhia (Albers et al.
perioperative brain injufy s owed” si gni T1 cant
Clin dGuetpromsacel. EFO2 ;3 30D MavEheae bafetyt tyialsadmnomstiart the feasibility of

in ventricyl ar en]ar nt d periyentricul ar, whit. ..
tongaletit pd bt s e hBRFRR of ExBRmel§iHep 48 rakenth with conditions
ass&¢TRlet veigpluearite %&Ei&&ﬁii&itf/ﬁ&l%@ﬁ dettréthethorphan was associated with
Neur opedi atrics. \997:28: 19l Synpt omat |

-7). C
doserfgfaisrepbyrrsangieniol Welien ¢t vt e ¥ ot Rtgeph 3P 26192-30; and
HoQR&R: bahieln) Wealo M ddu $61654.agt on’ s di sease patients

(Wal ker et al. Cin Neuropharmacol. 1989; 12:322-30).
De x i avethisdapdrahledsadets ingeftiei adexbrpmiethprplean and possible preliminary

- - associ at. inesias and offtime (Verhagen
G B RSP s R SRS BRM it T P . stroe
199422 : MRS-1) &at AlbetO8a; CBa MedhrddhlymabX X1 9IRTES 509 QAR Murther studies
al so aneliorated. primary Parkinson' s di sease signs in i
arey Wargels ie%ﬂVEE?g nH’é’E%tfgait‘};ét sugeestpd nibat .thi98@}f8§0jg‘§§,ﬁt seen with

dex@ideh e PEare lin Vinid¥e WAk Q9)hssokPI 43inl Ble rpid REPAR Aetabolism of

third pilot investigation using | ower doses did not )
dexgiomedhpate toheeatremhan.egthich (e asstareicedruy coppgntrations and

potglt?’aq rtﬁeraﬁgz%; @alﬁéggg%@%t al’\p@m hadgr?égf. %%QQQFIHBQW 1 gz; Zhang et

conpl etely reso eur ol ogi ca i Ci't's associ at e
al. WirhPhirtazel TheroXPB2 5y 64 -&; land fKiniglddssst abuMedotariel Exp Clin

At R A S R RS e B fom
anifhaB2f4}a, iToappehl, tHak i deRirbhittiiapieiny dbsdsehightd ithan $fpickiBS used for
e e B BoROA S g b e AbbGD. B in most prvious

neuRpiBtdcABR itGatk 248 8dhuiRel BF deh®pRALdRRt @ rbdil &k ANdela Newrol Scand.
al. Ann Neurol. 1994; 3:920-4), patients at risk for

19995948 13 eHberiseet (3l Bispke. glt994122: Ki75ck eand1Domatteig et al. Fundam Clin

P iy DB GO BNOTIG CA0ELE s,

plagnai ebycdntriatibss denonsdatattable e sbmaabiehts taftentlextromethorphan doses

that were up to 8 times the maximum antitussive dose (Walker et al. Clin
Neuropharmacol. 1989;12:322-30).

One method for increasing the central bioavailability of dextromethorphan is to
coadminister the specific and reversible CYP2D6 inhibitor, quinidine, -to protect

dextromethorphan from extensive first-pass elimipation via the cytochrome P4502D6
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weazsomozdzed Wit h gl utamate excitotoxicity, altprougis2007/002931
dext r omret hor phan was associ2zated with dose-rel at ed
adverse events (Wal ker et al. Cin Neuropharnmacol .
1989; 12: 322-30; and Hol | ander et al. Ann Neurol. 1994;
3 6:920-4). Gven the favorable safety profile of
enzyq{%‘é( YRAR BOhPha, #hE-Re%3 I THe PIS;5 NEAAGY). T approadts serves to
neuroprotectlve potential in perioperative brain
enharme uhg e(cmsmé’r t dextegmetigpbieand hont g cxposse fo dgHgprphan, which
mayf 195 e el Whil ML RORIRG o0 € palRBPRepGbivle for the
neusipggesieceideat mtsbﬁlelrhdﬂéﬂsa(ﬁtélﬁhe‘gldt ak denravict hett 1088b;39:193-197,;

dextronethorph nin clinic tr i gted W
Tregoher Féﬁll -d ﬁ‘@ﬁa{% e DYet BYFEF | 6195%@3#%@ hzg@ %té % alt Life Sci.
2008£15 F/80 G Nits WRHiGD ab iaMiose PYEhE fﬂh@n@chQm@OQm’)tm@t hl@dﬁ)ﬁlpetltwe

and potenti al t herapeutic utl||2¥ (Pope et a
NMPBHar regepior  20agbmst: fis 1adsp. jsgoppate h‘éfﬁb g{,ycgptor@meﬁc dxsturbances

(De%g ﬁa%{’ T%&%%ﬁ% ﬁélmééoz %%S'ﬁ'zf@ﬁwl %1€§rs alt al. Stroke.

macol
1998‘@6t254d258‘ i and tSzbbelgxﬂr alp oPlatrerchohdtiochsge Bebqyi | ¥hpHl:381-386).
i mal data, rs t hat tra o)
ot S8 0 Far B BB P bR B AR 4B omatorphan,
straffgl@Citmut (i86rehse 120 dvge’ G&}é,ntrﬁr didavatldislitth@se, hekd promise for the
nost previous neuroprotection trjals, are required for
treaﬁéemtcﬂfr\f@fl@e% pte puagf SeasnetivaneuralogichdiPBle Seand,

19%&2@1 fslide ;A!:J?ﬁﬁc%l Bba@bf e@&ér@é%as lp%n%ﬁat]cﬂz?(ﬁ’o&bethorphan has

tteis’et al. Fundam CHn Phar nacol
sigri Bchi Gaediryprotdoiiey emopamest fre maniyain wittonh amy ﬁ{lpﬂm mpdgls of central

di sease atlents a 0 S V6§
neryitfer B nt’uﬁysogliem%%t |egnt s a%g%)%}’s Xt r orfgg?]or plﬂ)gn 5:862-7).
Deﬂﬁtﬁﬁ&hbﬁ)&hn WBbBedsps tmﬁemmm heropectiesruim amdédefsisg] MMDA  and

dose (\Wal ker et al roph
glutpmate peusgioxigiye(Ghat Kba'- #ﬁwe@é@?m@kﬁmiggiﬁ?% J13-20). These are
beh@v@@‘(@'b'eafﬁhlzﬁarbéH?freQ?é&t {ool’ﬁ@?haﬁbgﬂﬂébtiv§ dffecBOmORonélS tofrfocal and
he specific and reversible CYP2D6 i nhi bitaor,
gIOb|a.1| isthiinie, hypoxiedniey. glwescofeRTHGtigRaFaRIaHe d¥eignand, gpinal cord
mJ%gB%sZBgﬁsaé 58 ﬂu%gzﬁﬁtahﬁﬂ"nsvg%lﬁ%aetcﬁ t QEDTRUE: Med. 1989;110:992-1000;

enzymne har macol Ther. 1992:5
Boles6H & 5 Y nesthistolagpri®aédsd 1 seivhsint (GGadingret el. tMie Chem Neuropathol.

to dextronethorphan and limt the exposure to
19§§§§?f§f§ﬂ which may itself be beneficial. Wile

t hi Reagitlyy Gei@&ﬂbt@bfﬂl@nl}ﬁs it bezh | howaspdnkibid idroglial activation

t he neuro rotective effect SO nodel s (Stei nbe %L
viaggnoye! meg @B.thaéé’ﬁﬂpeariya@ia%‘gt 1§ ecepir ggongm CLiu et al. J
Ph@flmm%f a{;?yf Rosr DeroBRas R 9’[’3&9.994111%3rt2r2t4a§&1nﬁé}ﬂm|§td¥y action is

e ScL 2003a; 72: 3), its action as a nore
proposeeinto windamiy ¢he dmgés pFllBF!)twlnl Wedenfemng aepiong én Nigpinson’s disease

mosglge(%%?éﬁlaeﬁe%?%%gl 2 Jar a4sl% 598@591‘:)' %L&dco‘m& tE)OSSlny have significant

ntes
heuristic application in Alzheimer’s disease against beta-amyloid-induced microglial

activation (Rosenberg. Int Rev Psychiatry. 2005;17:503-514). Finally, the inhibition of 5-
HT uptake by dextromethorphan has been implicated in its protective effect against PCA-
induced 5-HT depletion and neurotoxicity (Narita et al. Eur J Pharmacol. 1995;293:277-
80). Dextromethorphan has been established to decrease neuronal damage and improve

- biochemical as well as neurologic outcome in a variety of preclinical investigations.



(Dematteis et al. Fundam din Pharmacol. 1998;

12:526-37; Albers et al. Stroke. 1995; 26: 254- 258; and
wG6zekmaloy3z2et al . Pharmacol Bi ochem Behav. 1991; pCT/US2007/002931

40: 381-386). G ven the robust preclinical evidence for

neur oprotective effects of dextronethorphan,

strategies that increase the drug's central

bi oavail ability may hold prom se for the treatnent of
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An 1 npressive preclinical body of evidence has proven

dantagatin @h)tammmx@rtphvawqh&@@wrﬁt @érftec?féaﬁ-ﬁﬁfi@ieé‘cﬁu&‘épfotemon
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nervous’ sy njury rube et [ epsi’a.
and XA £B5l. SWVmﬁc@%p?Therm DT He2Plemnvelb 385@5513@ of vulnerable

anti-excitotoxic properties, in nodel.s of NVDA a .
hlngqoamgﬁlaﬁ%%)saﬁwaﬁﬂe.SFW{Pcf%Sﬁm &t 2 g Y O oﬂ‘agw 375-385)
andTrgﬁballqg&negﬂg WRte0) (BokReste & eatbeldneypehisPghe 1994;81:470-7).

ctionally related to its neuroprotective effects in
Dexmmétlsor@hari deerieasaddcagtyplainiprst gk areah PRy e ingpertyical 1schemic

da uﬁ{%ﬁ co?’toéalle%fel onaﬁ&r QBLIC ag& %nger?%rf Qs{émbe%’reg al. Stroke.

as serzure paradi i'ns
19%an9|1nuer1n1wwmgleeﬂ ZhdﬁgggzngabODOXucBBIaestﬁf?%w a33 6 and Britton

et a@?{g‘s%t %gﬁ#%lgg(%ﬁw,’l]@ %éggorzéiza%p%ef c%gcxi'oeo dlé?l}%l c}ecreasedMl)le incidence

of f?eﬁﬂctcre%’@ilhﬁfa%’cﬁfh 1h5h9br§in3t@pbﬁﬁﬁsm niciiel (Il"rlirbietet al. Neurosci Lett.
m croglial activation via a novel rrech‘igl sm t hat

198§p€i§e%ﬁISZQﬁ)r Bl & etva BYINVER S 16 TemE Hﬁiagrheg‘t‘?eé ngpronal loss
dalrg[%/sfal{x fr[ CR e T;pec[ecre%Q&l?’ appitade- i) theTrélhéxlc depolarization

antl-1nflammatory action 1s proposed to
(Galdbtes | iee alhe}\ldaxq:;cs patot é@B’V 80:10t5;ddpdomare  reeupbndVeprpsci  Lett.

Pa i sease nodel s
109zl [Pigh: B wgef)er rheﬁaopgg{ffftd&e i |o§; dﬁgt\;cémgﬁlg%}%n age not limited
to HYpBkicshjuey.appl i cation in A zhe| mer's di sease agai nst

bet a- anyl oi d-i nduced m crogli activation 6@3 sen

| nt Dre{Fomsthorhenr 935 255 aflt?m?@?éi 51 4y rorm{ PR/ OBYCR andl chemical
ev1gém§ebéft£ %t cg H%tﬁn’ﬁe l\mfn}%)@tré? NRELAT RAAN 9BRR46:144-8). An

een inplic ts pro ective effect against
eFFREADIN dagledalscefEbwé pblepd oo nGCRENr wesxduekesjed Nar¢angritaite to the

Phar mac 995 1 h
QEWFéﬁé? h8F¥HaN® ﬁase ]treoérﬁété(g a%tgl srheg)mswn ecPgl dschemia, ‘smfe
dene3H @RGiphale Mg adsitihie rshrpy eoditisdirverit mh 1@ sCRE| duripg reperfusion in

therlgglrg‘ga{lgg‘lggq on ?l%g%vlregr%tl%/y%&ﬁtg Of g%%gxlbce:xag et al. Neurosci Lett.

19901 PN 0G) CAlcoriifhradle Memlatiou | &Eﬂ@é@l%eﬂ@& hgp@erﬁﬁfdﬁigﬁas found
In glutamate toxicity nodels (DeCost

withedsgppoiethesphan isdneenpish goBet q%?bf%)gléﬂ??é?lag’faﬁ%ﬂﬁaaﬁeal Brain Res.

19 %ng%& 17’)/ %‘@%@Hﬁ%&#g&%}ﬂé}@ G @%n g H{Isitdgfri %Sa% fod-)’&g‘lrxégatg@ $mprovement

in &%Yﬁﬁy&ﬁoﬂ 18- Qﬁi)troaseth\gphara@qlﬁ@teﬂ geepvsty gﬁmq:eqomﬂt@ensory evoked
pot@ﬁ&oc agfrgg 1@8 6: ﬁrglfzg_ gégéur ?951 , fg.%S—%B, and attenuated
electroencephalographic (EEG) dysfunction in these and other ischemia studies (Y ing et
al. Zhongguo Yao Li Xue Bao. 1995;16:133-6; Tortella et al. Brain Res. 1989b;482:179-
183). This is consistent with findings of improved neurological function in focal ischemia
(Schmid-Elsaesser et al. Exp Brain Res. 1998;122:121-7; and Tortella et al. J Pharmacol
Exp Ther. 1999;291:399-408).



and gl obal ischem a nodels (Bokesch et al.

Anest hesi ol ogy. 1994;8 1:470-7). Dextronethorphan
woecsr/@masrd cerebral infarct size, areas of seveCe/Us2007/002931

neocortical ischem c damages and cortical edema after

i schem a and reperfusion (Steinberg et al. Stroke.

1988a; 19: 1112-11 18; Ying et al. Zhongguo Yao Li Xue

Bao. 1995; 16:133-6; and Britton et al. Life Sci. 1997;

60:5ih{RByAGhe Fe@ﬁct%‘rﬁnfﬂl Qippexhp@TRIaRnEphan glebaeashemia with
the i nci dence of frank cerebral infarction jn a brain

dexmwgmomhagéh@nﬁétm@ g1e Yapisi ch@pmvement Kb gRpabiatjearugg ¢ and memory
8 6) n [
(Blod:gx t %? %ﬁor pﬁgs 195’&”741 1§§ 5.9 ona % d?idr@ﬂﬁlﬂs cord injury models,

r one an reduced me oss and
dexfysibthogpliannredwaed fldsiblogicad abdc beabeniahpldnagte (Iofhaime et al. J

Neuggigaure: (0515 (S AP B ATt SNSGPGSEre (BTt 001 ge4 a0, blocked
trauhdalicDpreddE U6 ressis [lg’ﬁfl@% eed bpreadlof emlumatitc 1n]ury (Church et al. J

dextr onet hor phan are not Timted to hypoxic injury
Ne@emmezw%‘aw A e siscamRipYed i TReRgTERls State (Golding et al.

l l zn VZVO
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metﬂﬁfﬁbﬁé&ﬁﬁﬁﬁ'@(lﬂﬁﬁﬂi)m@t&dﬁlt BeamhReD, 2q0551t0509@beﬁ)1 o models of
rise in rCBF during reperfusion mtheiéﬁchemcc re d
Parkingon’ fphigsrsel Vd%laaywoﬁ%é‘iflé’(cf’a%l‘&nm(“gf’g basttyalipn gnd associate

intr N8 Cleakifld ]px t Pesies2 G0 ?1 ABn16QORALARRo studies showed that
oS

attenuation o -| schem ¢ hypoperfusi on was found
demom«aﬂdzaphmmw@i glutamite upml@yrpf dpparginstigurensr @fsehni et al. Brain

Re58§§8§ gb? TZ%%?:%?' | a as mﬂarl%rrria Q)n%q' m:cl‘%é?akl)'ré ate&‘&ggéheratlon of

ere was S rong evi nce
dopaffih€ natiees Ilﬁ@ﬁd&ﬂam?hbopdlyhicahdhcfeuﬂcﬁﬂ)omd MPTP, even at very low

dext ronmet hor phan facilitated regoyer ) .
CONSEERNSTE % &Pg?ﬁ%%‘ib@&*ﬁat@hﬁfrgaﬁ St et ?é’tog 8:789-91; and Li et al.
FaJXSUfJO%OSE%Mwb%?l Fidell3 Zé’e'iu%}neu@dighﬁi tibuaiead agamst the 5-HT

el ect roencephal ogr aphic (EEG dysfunction in thes
demtmeffwmf?i?%sn P sadies (griéa etl. E%éﬁégaaa%iol% P77 80;

ancqg Eé‘%g?raz%sggsg 1%91T5%r8t 1®Jol Ay ﬁt b fail B q rHoFﬁ)S in a third study

'S consi St ent wt findi ngs
(Faéficl emlrbpbdvmfmi Ebcpgihelalwﬁﬁl,ﬁ@ﬁlfiéﬂ ~150. Destbmetshphanattenuated the

PohSHINLST S13855°50 sy B B s TR o peia ma
par%@&ﬁﬂ?%lsma&gn ¢ 8hegnrek lhﬁbﬂ9|rz|¢m Résﬁx 9HIGSER: 1 0911l I).
Ip amge 1n obal ischem
qex&bg;ng%ﬁw gqq:ggeéie ﬁ.@grkt Slepwnsmaes, &ag (&efxtqowmmtpossesses
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996; 741. 15 brain and spinal cord injury
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other neurodegenerative diseases (Collins et al. Ann Intern Med. 1989;110:992-1000;
Mattson. Neuromolecular Med. 2003;3:65-94; and Wersinger et al. Curr Med Chem.
2006;13:591-602). Dextrorphan, the main active metabolite of dextromethorphan, was
found to be neuroprotective in many of the same studies as dextromethorphan,
particularly glutamate/NMDA toxicity and ischemia models (Steinberg et al. Neurosci
Lett. 1988b;89:193-197; and Choi et al. J Pharmacol Exp Ther. 1987;242:713-20). This is



Neurotrauma. 1996; 13:79-84; Topsakal et al. Neurosurg
Rev. 2002; 25: 258-66), bl ocked traumatic spreadi ng
woem7aesizon | imting the spread of traumatic i BRCEAUB2007/002931
(Church et al. J Neurotraureda. 2005;22:277-90), and
al so i nproved the bioenergetic state (CGolding et al.
Mol Chem Neur opat hol . 1995; 24: 137-50).
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nt “of vari ous neurol ogi cal disorders. These

paradlginude stetegkive  ejgimaepsysceptyst -aatrgRnist bbkicked njdsmomethorphan s
neua?%rgga LLg act:)tr al Ohg Qe BRLGhE Bt o%rotgéijé' d&8i8h o? dextrorphan,

neur odegener ative | Seases Col l'ins
thu@ﬁm@hcatﬂrl’g’ltﬂermghm-lI\I&deptdlgﬁﬁthblpr@tegﬁﬂe m@@mxsxmat{w girp and in vivo

o B L o AV ORaSe BLoMAg RopRlnton ranees

(CHBRI & ACtJ V@apREANOkIS amef. dest; EWIMDanbwgsetf alundeurol Res.
to be neuroprotective in many of the sane studies as

199%96q:1 &tr8Phor phan, particularly gl utamate/ NVDA toxicity

and 891 8, PRI Stk el Fiibs8herdl evidiat bOS&iceh®btions as low as
198 oA g 9“193 7 SA SRR %% et al. J Pharmacol

Exp
10 ThEs mldIQM,, IR Al pONPIEHY Ig,rot@tlgn @bta@@&@té@o mlcroM (Choi. Brain
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2001;37:116-32; and Werling et al. In: Matsumoto RR, Bowen WD, Su TP, eds. Sigma
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initial hyperem a, however,3aas not found by all

I nvestigators (Schm d-El saesser et al. Exp Brain Res.
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propavies by sctiyrg fhiraught 2 patativcipoasymapti¢ pmd/ oy priesynaphe intracellular target

ooty ol bR Bh B o, AP ETeeB R s i
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Pharmacol Exp Ther. 1987;242:713-20; Berman et al. J Biochem Toxicol. 1996;11:217-

26), as well as in vitro and in vivo ischemia models (Steinberg et al. Neurosci Lett.
1988b;89:193-197; Goldberg et al. Neurosci Lett. 1987;80:11-5; and Monyer et al. Brain
Res. 1988;446:144-8).

As discussed above, dextrorphan acts on many of the same sites as

dextromethorphan but with different affinities or potencies. While specific reported



neur opepti de Y (NPY) have been proposed to be

potential endogenous signma |igands (Roman et al. Eur J
w6heo7oazab. 1989; 1 74: 301 -302; Ault et al. SchkCzmske07/002931

Res. 1998; 31 :27-36; Nuwayhi4d et al. J Pharmacol Exp
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Evidence suggests that dextromethorphan binds the serotonin transporter with
high-affinity (Meoni et al. Br J Pharmacol. 1997;120:1255-1262), which might also
confer neuroprotection in some paradigms (Narita et al. Eur J Pharmacol. 1 995;293:277-
80), while dextrorphan does not. There may also be other sites at which dextromethorphan

or dextrorphan act, and it is unclear if the parent compound and metabolite bind the exact

same site within the NMDA receptor-channel complex (LePage et al
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wonrbiTmiopaab nmechani sns by whi ch dext r omet hor pharCirass2007/002931
proposed to exert its neuropsotective effects at the
cellular level. Sonme neuroprotective action in several
preclinical nodels, as well as side effects, nmay be
attri butable to dextromethorphan's active netabolite

Neflopnbonpbidbgy. Provsess: i M6).efd @Gk Sre £rdb%lfbrd@%§fa%ph 3fhdies show a
and dextronet hor(s)han have been c not e
1

diffreptinhredernfitindipg fonrsdicdabelnd dextromphaneibon f@(@ﬁxmerrethomhan or
T
e 47 5 B BB o RSN 56] py ato irren
frofrs shgna ssiten d®osh (bt i nbefigretcal ExpeThas cl|995t,=2r7t7 1823-1836). Such
1 88Q'8 93-197; | dber g .et . al urOSCI Lett. 1987;
meg%aqls &3 g}. eé?fﬁ:ef\/t?ﬁv aggou qgf rBt'hglchf p@g‘ua 19@goa%ectwe efficacies of
deﬂﬂ&n&horpﬁ‘én dh& QUSSR PhAP BV Gari S XEAERA] Rﬁ%@%@e&r‘mﬂﬁ? Ynodels (Kim
sanme sites as dextronethorphan but wWth

et %1 %éf@@n%o%raf%ﬁ% -83; amd Ekﬁm@n@t als J Bjpritien Epdedif 1996;11:217-26).
rep
dex??%cr@%ﬁge; éfgét&ét ﬁgd%ﬁfoergﬁnﬁ{) EE:QHRI%%%Bgd effects of dextrorphan.
Forwstepewinpdocal ésthemid ondy ISamnbérg\eaa}y suggesied thriexabmythorphan’s

t dextror han..ha ctI reater

ne b BR i M CHBREPHER ko Bt o Yafe SGrpmipg glasma and
brairf 969126332‘17’653163‘\93r Al n%hfdpﬁoté&tw@ Levéﬂébfpd'@&mﬂin- inl88%ame model

36; 160-1 ﬁg) and dextrorphan has been shown to be
(StgigBere 8t @ gitdr et ER L X hih3 e Rurbraneisr pheH edmiystration of

deXWheth &HRRA Ofnt@NERJ t ;4 Tppbe p

1994 3§@Supp g @ ?ﬁ%’.ﬁ Dé:xtB %r%ﬁ%ﬁ% C}ggg%agr%é’??‘?ﬁ Sfudy  was
ne‘EPPHOFFé’“NR/D@(mSCé\ﬁPml iResi nyPOB dat gd-3h @ﬁeaggm Yao Li Xue Bao.

h
199(}2% ?%-@ %‘htné Véﬁ&b%clg n?)I e%)r%sset? é[; A% eeir,U%?s Itl'lng %ram (Steinberg et

xt'rome hor an in sone
al. Neurad Rs. L@llS 198308Wyhdal&; Divipt lMl eiabelbzsﬁbsh 180aj27: 9§€!|S30 Britto et
88: 446: 44 8: man et a J Bi gchem Toxi co
& MghivyDispos sy Sl FEAE 200 tnif wsreas Sna A gh v e fevroprotective

prop&_\ti%B O A8k te®h G oihah llikfé ﬁot(@@@l@%tn%ﬁbcﬁfsn?{o ar H&%%etabohte
Clin Pharnmacol. 1998 26- 7: Al bers et al.

at lgggmop do Sl exispt aqfﬁaﬂpéfh%by figyt-pass, mnawmbo&smmemo In this
Behaextrb 3 hd = PRSI NVRA oni act | .

ECan bet%xt r e?ﬁhiﬁ% E)lgl%rrlgggexhag%3 Etﬁﬁoe r ecgg{}%tr%gl Q\?Zeltc,t 08 S4Fels against

glufagpatér e dn stcukﬂmreé ardgiqabededton® ehietitekdht & whet higibtransformation of

o AL AR . 0 500 e SO0 A T o
dem@meﬂm‘rphmtkrmmn ot Ct@nthﬁr&Stddxﬁ'oEiﬂ?éhr QdifRadbrfan) protected against

.dextrone han s nmore effective_at inhibitin
seifH i ARG oot (VU et oF @b Jike1 8. FBFes pabimeet al. Br J

thmggogéw@bgagg) gated calciumflux (Jaffe et al.
Neurosci Lett. 1989; 105:227-32; Carpenter et al. Brain

ResDerggmethgrphan shas: begadreTenibediseovered Eplmtepfsreawﬁhg@ﬂlammatory
resﬁﬁg% RRAt %res6a§s c}atg&’t&htﬂrff&ﬁo@ég%gefﬁ LSBT &SSP RLSises such as

ave
Parkinson’s d1sease and Alzheimer’s disease (Rosenberg. Int Rev Psychiatry.

2005;17:503-514; and Wersinger et al. Curr Med Chem. 2006;13:591-602). This novel
mechanism is proposed to underlie dextrOmethorph‘an’s protection of dopamine neurons
in both in vitro and in vivo Parkinson’s disease models (Liu et al. J Pharmacol Exp Ther.

2003;305:212-8; Zhang et al. Faseb J: 2004;18:589-91; and Thomas et al. Brain Res.
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sodium-dependent fashion, to the brain serotonin transporter (Meoni et al. Br J
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ranging from 0 to 189 ng/ml) (Albers et al. Stroke. 1991;22:1075-7; and Albers et al. Clin
Neuropharmacol. 1992;15:509-14) Huntington’s disease (N=11; dextromethorphan serum
levels ranging from 0 to 280 ng/ml) (Walker et al. Clin Neuropharmacol. 1989;12:322-
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events included nystagmus, nausea, vomiting, somnolence, hallucinations, and agitation.
Reversible hypotension was seen with higher loading doses of 200 to 260 mg/h. More
severe adverse events such as apnea or deep stupor were observed in patients given the
highest doses of dextrorphan. Lower doses (loading doses of 145 to 180 mg, maintenance

infusions of 50 to 70 mg/h) were better tolerated and rapidly produced potentially



ischema (Steinberg et al. J Neurosurg. 1996;
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Although amyotrophic lateral sclerosis studies have produced disappointing
findings, sub-neuroprotectant doses were employed in these investigations. A
randomized, double-blind, placebo-controlled trial with amyotrophic lateral sclerosis
patients (N=45) did not demonstrate an improvement in 12-month survival with a

relatively low dose of dextromethorphan (150 mg/day; about 2 to 3 mg/kg) (Gredal et al.
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180mg/day (Montastruc et al. Mov Disord. 1994;9:242-243). None of these three
Parkinson’s  disease investigations employed neuroprotective methodology.
Dextromc::thorphan also significantly improved levodopa-associated motor complications
in two small trials (N=24 total), although with a narrow therapeutic index (Verhagen et al.
Neurology. 1998b;51:203-206; and Verhagen et al. Mov Disord. 1998c¢;13:414-417).

Interestingly, the researchers coadministered dextromethorphan (mean dose 95 to 110
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shown a dose-dependent decrease in ischemic or seizure-induced neuronal damage (Kim
et al. Neurotoxicology. 1996;17:375-385; Gotti et al. Brain Res. 1990;522:290-307; and
Yin et al. Zhongguo Yao Li Xue Bao. 1998;19:223-6), although a clear relationship
between dextromethorphan dose and degree of brain protection was not always found

(Prince et al. Neurosci Lett. 1988;85:291-296; and Tortella et al. J Pharmacol Exp Ther.
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Neuropediatrics. 1997;28:191-7). In the other three clinical neuroprotection trials, oral
doses of only 1.5 to 6 mg/kg/day were employed, which are about 10 to 20 fold below
known neuroprotective doses (Gredal et al. Acta Neurol Scand. 1997;96:8-13; Blin et al.



route-specific effects on the disposition of

dext r onet hor phan and dextrorphan in the plasm and
woOnrad7orazst be considered (Wi et al. J Phar macetCTRESp007/002931
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imprS&R hde %'%gdu%%rhtys' ﬁ{‘ héﬁﬂré&netﬂb&ﬁﬁﬁdﬁ%&&@nﬁ\ﬁ@r RBAR WASg linear

det ectabl'e i n onl anyotrophic | ateral
relagiohghipsivas phsdreet befa’teest @q@;@nﬁtmrehén tioee npd mlasma Zoncentration,

whé?&&ipuscﬁned\%gg a%n’;" gmé}eé w;t%tlhgr%asmg ﬁoses of d Qtr%é%%ép%%}é (Zhang et
al. Clin Pharmacol Ther. 1992;51:647-55). Finally, inhibition of dextromethorphan
metabolism limits exposure to dextrorphan (Pope et al. J Clin Pharmacol. 2004;44:1132-
1142), implicated in psychotomimetic reactions and abuse liability (Schadel et al. J Clin
Psychopharmacol. 1995;15:263-9) '

The use of quinidine to inhibit the rapid first-pass metabolism of

dextromethorphan allows the attainment of potential neuroprotective drug levels in the



(rmedi an 7 ng/ kg/ day) of dextronethorphan in a safety

study (Hollander et al. Ann Neurol. 1994; 36:920-4). As
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vivo studies, dextr onet hor phan doses 0 to 80 rﬁg/ li\%
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ocqurisneepf adverseadvents, Prrticwadylin Brigerhwith npgggdegical disorders. Clinical
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se al one was not ropr ot ect
genﬂflzlilbﬁsreljiwbt’atitd tahthaug}ﬁ) thagidcg]{ehcmf M\@m@eﬂtﬂmdappnar to relate to

St ei nbe e Neurosm 995; 6
aeATRT B 405 BBy SRLr Ll loh LR ERr Sle QPR A PRLE42). Safety
evalB4tHne A SleM By ldﬁtgectgl EXbiab Mei120y thtaﬂed)ﬂﬂk daiog aSSasectﬁmem 120 mg

36 to 38 ng/kg/d (concentratjons of about &O 1 8
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headedness, dizziness, and nausea. No electrocardiographic abnormalities were observed.
In particular, there was no clinically significant change in the QTc interval. This is
important, because quinidine use has been associated with QTc prolongation and the
occurrence of a torsade de pointes based arrhythmia (Grace et al. Quinidine. N Engl J
Med. 1998;338:35-45; and Gowda et al. Int J Cardiol. 2004;96:1-6). However, the low

doses of quinidine required to maximally inhibit dextromethorphan metabolism, and to



known neuroprotective doses (Gedal et al. Acta Neuro

Scand. 1997;96:8-13; Blin et al.din Neuropharnacol.
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the central bioavailability of dextronethorphan may

increase its therapeutic potential as a
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. ma concentration,
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beyond uncompetitive NMDA receptor antagonism. In some models of central nervous
system injury, dextromethorphan has a greater neuroprotective potency than dextrorphan
(Kim et al. Life Sci. 2003a;72:769-83). This methodology is therefore worthy of

exploration in the neuroprotective arena.
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2004;63:1364-70; and Panitch et al. Ann Neurol 2006;59:780-~787) for the treatment of
various acute and chronic neurological disorders.

By pharmacologically inhibiting the release and harmful actions of glutamate via
NMDA  receptors, as well as blocking multiple routes of calcium influx,
dextromethorphan could serve to protect neurons in various neurological disorders in

which excitotoxic mechanisms (Collins et al. Ann Intern Med. 1989;110:992-1000) play a



In particular, there was no clinically significant

change in the QIc interval. This is inportant, because
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lateral sclerosis studies of dextromethorphan evaluated neuroprotective indices, with
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unique, pleiotropic mechanism of dextromethorphan, its possible therapeutic applications
have only begun to be explored.

Dextromethorphan for Involuntary Emotional Expression Disorder

The discovery that dextromethorphan can reduce the internal feelings and external

symptoms of emotional lability or pseudobulbar affect in some patients suffering from
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involuntary emotional expression disorder, depression, or anxiety without tranquilizing or

otherwise significantly interfering with consciousness or alertness in the patient. As used

herein, “significant interference” refers to adverse events that would be significant either

on a clinical level (they would provoke a specific concern in a doctor or psychologist) or

on a personal or social level (such as by causing drowsiness sufficiently severe that it
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di sease
simultaneously administered) at the preferred ratio of 1:1.25 or less twice daily, three

times daily, four times daily, or more frequently so as to provide the patient with a
preferred dosage level per day, for example: 60 mg quinidir;e and 60 mg
dextromethorphan per day provided in two doses, each dose containing 30 mg quinidine
and 30 mg dextromethorphan; 50 mg quinidine and 50 mg dextromethorphan per day

provided in two doses, each dose containing 25 mg quinidine and 25 mg
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mgl quisidfre: eboe. 30Tbe 3\ P3| BYdES, G, 3738 gbyblat:@ ifg @xtromethorphan in
er apeut.i.c dosgﬂ i% extronethorﬁhan i n conbi nati on
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Antdﬁpkéssﬂﬁ§e xﬁanddem;vmhmwamdmx@mmyj NARLEKAEL h(citalopram);
LUVOX® (fluvoxamine); PAXIL® (paroxetine); PROZAC® (fluoxetine); and
ZOLOFT® (sertraline). = Anti-dementia agents include but are not limited to
acetylcholiesterase inhibitors, rivastigmine and donepezil. Agents for treating Parkinson’s
disease include but are not limited to levodopa alone or in combination with another

therapeutic agent, amantadine, COMT inhibitors such as entacapone and tolcapone,
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or more ingredients. In general, the compositions are prepared by uniformly and
intimately admixing the active ingredients with liquid carriers, finely divided solid
carriers, or both, and then, optionally, shaping the product into the desired presentation.
For example, a tablet can be prepared by compression or molding, optionally, with

one or more additional ingredients. Compressed tablets can be prepared by compressing
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sui tabl e route of adm nistration can be enpl oyed for
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dextromethorphan of a specified level in pg/mL plasma, with a maximum preferred

specified dosage of dextromethorphan and quinidine based on body weight. The target
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sensitization, which results in overstimulation and hyperexcitability of nerve paths.
Central sensitization, including the phenomena of wind-up (progressive increase in the
number of action potentials elicited per stimulus that occurs in dorsal horn neurons due to
repetitive noxious stimulation of unmyelinated C—fibers) and long-term potentiation (long
lasting increase in the efficacy of synaptic transmission that may be precipitated by

repetitive episodes of wind—up), involves activation of NMDA receptors.
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dorsal horn neuronal responses, and both have been termed wind-up, a form of
nociception-dependent central sensitization. Animal and human experiments have shown
that both forms of wind-up depend on NMDA and substance P receptor systems. Wind-
up of second pain in patients with fibromyalgia is enhanced compared with normal
control subjects and is followed by exaggerated wind-up of second pain aftersensations

and prolonged wind-up of second pain maintenance at low stimulus frequencies.
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receptors on striatal medium spiny neurons is associated with alterations in the sensitivity

of glutamatergic receptors, including those of the NMDA subtype.  Functional
characteristics of these ionotropic receptors are regulated by their phosphorylation state.
Lesioning the nigrostriatal dopamine system of rats induces Parkinsonian signs and
increases the phosphorylation of striatal NMDA receptor subunits on serine and tyrosine

residues. The intrastriatal administration of certain inhibitors of the kinases capable of
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transmission), but blocks the sustained activation of low glutamate concentration under
pathological conditions, i.e., to protect against excitotoxicity as a pathomechanism of
neurodegenerative disorders.

Neuroprotection for Ischemia and Head Injury/Traumatic Brain Injury
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IB§ krowgknofvnt tvéschivDiypersensgievityFiiiectdeoreabed pain thresholds in response to
gut distension) is a biological marker of disorder. We have evidence that patients with
IBS and visceral hypersensitivity also have cutaneous hypersensitivity in response to
experimental thermal pain stimuli. These new findings differ from previous
investigations that indicated IBS-associated hypersensitivity is limited to the gut. Rather,
our data suggest that patients with IBS have alterations. in central pain processing
mechanisms that may represent the underlying pathophysiological basis for viscerai and

cutaneous hypersensitivity. Based on our preliminary data, we propose that alterations in
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symptom relief. Antidepressant-like effects of NMDA receptor antagonists in animal
models implicate the glutamate system in depression and mechanism of action of

antidepressants. Certain sex hormones in the brain (neurosteroids) are known to interact

with sigma-1 receptors. Sigma-1 receptors regulate glutamate NMDA receptor function
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Migraine

Spreading depression (SD) is a profound but transient depolarization of neurons
and glia that migrates across the cortical and subcortical gray at 2-5 mm/min. Under
normoxic conditions, spreading depression occurs during migraine aura where it precedes
migraine pain but does not damage tissue. A mechanism capable of transforming

episodic to chronic migraine is attributed to hyperalgesia and related neuroplastic
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Treatment of non-conductive olfactory disorders is to a large extent an unsolved

problem. Potential mechanisms for hypothesized effect include reduced feedback
inhibition in olfactory bulb as consequence of NMDA antagonistic actions and
antagonism of excitotoxic action of glutamate.

Inner Ear Tinnitus
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anticonvulsant drugs. Dextromethorphan has antiepileptic and neuroprotective properties.
However, use of dextromethorphan in these new clinical indications requires higher doses
than antitussive doses, which may therefore induce phencyclidine (PCP)-like adverse
events (memory and psychotomimetic disturbances) through its metabolic conversion to
the active metabolite dextrorphan, a more potent PCP-like non-competitive antagonist at
the NMDA receptor than dextromethorphan. Therefore, the identification of

dextromethorphan metabolism phenotype, an adapted prescription, and a pharmacological
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therapy for patients with both malignant and inflammatory diseases. Methotrexate

(formerly amethopterin) is an antimetabolite used in treatment of certain neoplastic
diseases, severe psoriasis, and adult theumatoid arthritis. Symptoms can present in acute,
subacute, or late setting form, and can range from affective disorders, malaise, and
headaches, to somnolence, focal neurological deficits, and seizures. While the
pathogenesis of MTX-Ntox is likely multifactorial, one potential biochemical pathway

leading from MTX to neurotoxicity involves the folate dependent remethylation of
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Central Nervous System Myelination in Multiple Sclerosis

Because neuronal integrity is required for central nervous system myelination, it is
postulated that neuroprotective molecules, such as dextromethorphan, might favor
myelination, and thus be effective in treating symptoms associated with multiple sclerosis.

Clinical Study — Emotional Lability

A clinical study was conducted determine if a combination of dextromethorphan
and quinidine was effective in suppressing or eliminating emotional lability
(pseudobulbar affect) in patients with amyotrophic lateral sclerosis, multiple sclerosis or

stroke.
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were separated by a 1-week Washout Period to reduce the possibility of carryover effects.

The efficacy of the treatment was determined by comparing the scores of the emotional
lability questionnaire administered before and after each Treatment Period.

The protocol listed the following inclusion criteria: (1) patient had to be 20 years
of age or older; (2) patient had to have a diagnosis of amyotrophic lateral sclerosis,
multiple sclerosis, or stroke; (3) patient had to exhibit explosive tearfulness and/or
laughter; (4) patients must have had normal hematologic, hepatic, and renal function as
determined by standard laboratory tests (CBC, SMA-12, and urinalysis). The protocol
specified that patients must not meet the following criteria: (1) patients whose intellectual
functions were impaired sufficiently to interfere with their ability to offer informed

consent or their ability to understand instructions; (2) patients with cardiac arrhythmias
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Treatment Period (1 or 2) in which the subject would receive
dextromethorphan/quinidine. Neither the patient nor the treating physician was aware of
treatment order. Subjects self-administered the dextromethorphan/quinidine capsule or
placebo twice per day at 12-hour intervals for 28 consecutive days. The twice-daily dose
of 30 mg dextromethorphan and 75 mg quinidine was derived from an earlier published

study by Zhang et al., 1992,
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questionnaire. Change in the total score was used to determine the response to therapy.
Efficacy in this study was assessed only during the two double-blind portions of the study.

The primary efficacy variable was a 65-item self-report measure that provided a
score for total labile affect. A response to treatment was to be described as a change in
the total score measurement recorded before and after Treatment Periods. This

questionnaire evolved into the abbreviated 7-item self-report measure named CNS-LS



lability questionnaire on the first and | ast day of

each Treatnent Period. This questionnaire was scored
woQooramsazne t he response to treatnent. The pri raryusg@aloo2o31

of this study was to deternvme if a conbination of

dext r omet hor phan and qui ni di ne was effective in

suppressing or elimnating enotional lability in

patients with amyotrophic lateral sclerosis, nmultiple

used Gh @4tesktadie®r Th Ak o FaseiblOghies fo ties aNSsL és oaoss& M cut-off
conbination with enptional lability is a severe an

scogfef 13 vas pelerted Sudhis scalgdeeausayt magldaiél? gae%én%{emental validity
€,

(M%%9%,21'sig:?ga%c?ma?%\é%c@%gﬁggéemﬁﬁgg&tts m(gs%%ozsgpg_ﬁ%onoml lability

for T&l’?&tmﬂéphrtﬂémantsdsvlﬂveaesalexpanat@ Ol8¢ and -anspdcifitithofit0.81. This

Period t.0 assi bilit f carryover effect
aepaniyie; 8 465 O S dattmane bt B FRP LGRS riGihcial tabitey
for QS RahiaAGotlphisCeRS seibrosReuBjERtsl onal | ability

qguestionnaire_adm ni stered hefgore and after each

Tr enAkRes Pér FEFac h¥apaieh dByOlvpd te dWMONESHBIRPoufvrRyPeriod,  two-

u a: ¥
Se e e B e oo i 3 s & ftrmine if &
congbrpatioroptfi dextaormethbrideherndi guiniding i wie affscvesing suppressing or
eli Slté{%r ?%lerr]réogi Songﬁ b?myl gﬁgﬁ?gntg Zl}blatmai%xxgyl ﬁ? irériges fﬂ I,s]clcarosxs multiple
scldrasis nmmalromemwmpgmg 1thtﬁpﬁettieﬁts acided endl plfadﬂfmi i ®he asalyses of

determ n by standard | bor at tests
effigay Wersh §1¢y§¥dsynm?ﬂ wéé?aﬁ?lng lpsgf’reeﬁ‘iz the 65-item
seim@bnre%odmﬁt lthﬁ?r fqalaétfa%ﬁge Crhis&héRurd ﬂr)avﬁﬁh's@&teﬁ for total labile
whose intellectual functions were inpaired
affepyf Cbengenin|the tajal; mp@rwz’esrf@ g ushd theetermaibe Ithe sespenseitd grerapy. The
b nf e r t
anch i T e-ERORHiob por?S) 88 i YechlGntiNOAEQ DL pertood on the
basid @f:ﬂwdbllpWﬂigJaﬁgﬂaﬂ;l@f vmﬁa&rcez{lANOHAarmocthlséhmeoim total emotional

g normal e ectrocar d| rarrs atients w tF gpovy .

lability spqreyi o §F aﬂu"P{F’Eﬁ figean 21)‘3 Bhi%SSHERCY T wHFct due to patient

withindgi@Mefde PWHRBNAGY tdlheeas €, effdl dﬁétté eRhEndMt Hrandom error It was
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asspmedr et dherehdomt er g dedi # giererl tdigribatien-t s Féficacyeanalysis was

coriuby’ orTRly! %ﬂ&ylgnﬁgﬁﬁeﬁ OO GhaP I AREHRS at least t qoe dose of
i'schem ¢ cardiac disease, etc. (each patient was

clirdedl| tuak watariabl (thie duht-jo-jreat ((BY T)ompxémcm)mhﬂw@eeeral Lmear Models

progégﬁgsgg%’%gn%r)gl_g&?g \?%ntths %%JS@ L) negrl{llt were Qgedt g r%x%élmtll e statistical

andfyseg.ory of major psychl atric d| stur bance The

i nvestigator co i sconti nu [ nd| i dual

o e 20 st WAST RS 48P weR kAT g o level of
0.05% aet@ed £4 H&@msalﬁ%nc@ 9&/\@%%@1 ERBHorR 1MUY BYtivkdh patients

wi t hdraw at’ any ti ne. atient discontinued, the
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dat£§?e3 vil ﬂj{h%cfgﬂ{g ﬂ_%a‘ithﬁgn If a patient wthdrew or

scon I nue e study before conpletion,
every effort was nmade to conpl ete the schedul ed



assessnents. During the two doubl e-blind portions of

the study, patients were random zed to receive pl acebo
wonoaawezenet hor phan/ qui ni di ne at a total dail pcuaseosho2931

60 ng dextronet hor phan and 7650 ng qui ni di ne. Each

capsul e of active drug consisted of one capsul e

contai ni ng 30 ng Dextronet hor phan USP and 75 ng

Quinidine Sulfate USP. Cinical trial nmaterial (CTM

was packaged by , Bellevue,

Washi ngton. Each)dose of placebo c¢nsisted of one

inert capsule. Al paLifRisseiede to receive two doses

of CTMdaily forjup to 4 weeks per |study period. The

dose was to be taken oral Iy aL,npdfine_igL15

consecuti ve days—after—which—anonni pg—dose Was 0] be

added if the nighttine dysi@ had been el | teakerated

At this time, the médPEETIR™MES tq bp Setkeeihsbyues y ) at

12-hour interval s, Patienfs were treaf e POF A Weks,

after which t herretiecatton—or—ptacebo-was—stopped—Tor

a 1-week Washou Per;j,agg;;mfirgafter, participants

entered a secony 4oweelelidd, e@tsrent Peri od usi ng active

drug or pl acebol DextrBt#¥¥8r phan/ qui ni di ne was

adm nistrated in a randonﬂzed, doubl e- bl i nd,

pl acebo-control | g0, Ccross-over_design. 1A clinjca

study coordilnat or mandonly |assi gned e Treat nment

Period ( 1 Jr 2) 5Pt ch tihe | eayen ecei ve

dext r omet hor phanieui-rhdi ne. Neith Hent nor

the treatTpng pnysicran_yas awdre Qf; trdat fentygrdef.

Subj ect sceglctedadinm nivethered [ hg Completed Withdrawn

dext r orrethorptian/ qui ni di ne _capsul € or pl acebo tw ce

per day at 12-hour intervals for 28 consecutive days.

TheThaviteateiai traat gopelatibn 3oclnged elt traodrstized platipnta nhay seceived at

teas Bl ot S AimiaD L ol s BRLLE by RURERRHPEha at 1east one

effi6RYAAsuPtherR £ BEAtORAL IMBi/idn0 BRficdt s anilysen wede performed on the
_ starting at |east_l-week befaore the. s Qé At thed tients wh
integl-§2-Eet PRPUALIGn e ThA woIEEY gapgption H&lwif?ii hiandggpiged patients who
recdiSEELMEaTRAL GBtd ONSidiSlWisigHathhl. 10§ sdfefAlABREs Akredpdiformed on
concomtant condition or illness, with the exception .
the chfeaty populationvbetansafrosadvessroeventraiverserreprdsd. Fhaggteristics of the
exceptions inhcl. the followi ng: sedatives,
Ixm§§§1 épr %?g%%§H?23572 am triptyline, fluoxetine),
anti psychotics (e.g., fluphenazine, |ithium
antianxietolytics (e.g., diazepam, hypnotics
(triazolanm), and drugs that affect dopam ne (e.g.,
L- dopa, amantadi ne). Any drug known to be a
neur onuscul ar bl ocki ng agent was al so excl uded
(particularly succinylcholine, rubocurarine, and
decamet honiun). No ot her investigational products or
medi cati ons were to be used by any patient during the
study. Use of all nedications and the reason for
taking them were




to be recorded. The treatnment schedule is provided in
Table 1. The primary efficacy variable was a 65-item
weebdrmwepert measure/ questionnaire that provi dedTaseees02931
for total labile affect. Thi7s questi onnaire contai ned
65 questions concerning the noods of the subjects. The
guestions were identified through interviews with ten
anyotrophic |lateral sclerosis patients identified by
their physicians as havi ngraffeective lability or |oss
of enotional control. Wenever, possi bl e, each
patient's i diate fam.ly mepbersnciRigaabsOQuinidine
i ntervi ewed. |RESpoONSEs wefe used to comdtruct

pot enti al qust%Q@a@rre I 2By hwere submtted tp

five neurol ogi s#sgn famligar with both amyotrophic

| ateral sclerjosis®ngt affective | abil Bty?2 for review
nal itens Ir

and suggesti dns<69The ori g ed were:
| abile fl'ust421¢gﬁm I_npat S

pat hol ogi cal |SsEghter; an
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e

T

questions werje Maked on al 1-5 point sE&FE with 1
i i H e ! . 2 0° X
i ndi cating tHatZ¥HE ppod- YT -

never applies

Diaongsis . .
descri bed ap ig%ganﬁi of

8

; oSt—61 i - HYe- :i\n‘(g-:iﬁoes ehSs—we
phrased such fttgk ra—scorerof—=% suggest £k, g nor e
response and [S—HUgUESted AN OVerTeact iy esponse:
These 65 itens WBLE, A €T | CONUENSEd 1Tl §held O7- T LEM |
questi onnal r ex{ VB Rk &1Efni Alternilsererbhis; ANGD = RREr hil:dn Metenls;

item Center fosaNeutimd Qg€ akoplf; vy =lpakd it SRS

(CNS-LS). The* sgvens guéstheng. pai red down fromthe

65-i t em quest | @nmatiep& azeedniopomat ed any redundanci es and

speci fical |y T'OATTYF Magrotast feswperght er and

tearful ness. A response to treatnent was descri bed as

ac o u :

oot e I B e paanally Ih bile in total
emgperrid dabilityt frore dtomh bessbing taetbe oeplttiondef Brenstndy tikament period.

. ] i h-1hi tud .
B

of ThentimbadPeridhd (Dayrd)y aefilid ead yofv Trdadhbt Paxsod 16004 @8), at the
sel.f-report neasure .that ovi ded, a s¢co for total
beghiing BF BFUERT TEBCp I oA b ChbEepgemsdenod 2 (Day 65).
Thél@%41lenRRbnablaBil B 3R38s fob ehdtepdrRfdaindSGeh SeIRASINVBFERnmarized by
recorded before and after Treatment Periods. This
desgijidts sfafistisse TWIE FeBrovides a pemaishyr ey teiplegmptippad fpbility score by
seqiBhden@RRfibameasure named CNS-LSused in later studies.
The range of possible scores for the CNS-LSis 7 to
35. A cut-off score of 13 was selected for this scale
because it provided the highest increnmental validity
(Moore et al., 1997) accurately predicting the
neur ol ogi sts di agnoses of enotional lability for 82%
of participants with a sensitivity of 0.84 and a
specificity of 0.81. This questionnaire is the only
val i dated instrunment for the nmeasurenent of enotiona
lability for use with amyotrophic lateral sclerosis
subj ects. Anal yses of Efficacy Variables involved a
two-treatnment, two-period, twosequence



crossover design. The primary objective of this study
was to determne if a conbination of dextronethorphan
weando7porazbdi ne was effective in suppressing or PCT/US2007/002931

elimnating enotional |abil#ty in patients with
anyotrophic |l ateral sclerosis, nultiple sclerosis, and
stroke by conparing it to patients treated with

pl acebo. The anal yses of efficacy were focused

primarily on changes fromikbsed.ine in total score of

t he 65- |tpmqplf_Lgpgg=%%gal J_&h.lntu _
questionnaire. ' D i : s Scop
| abil e affect. (hanﬁmtmnwwa }ELQ_LA core Tigannept Reaiod ’Ch

I L, Ch atment ange
use% to detern1%@eﬂﬁe t%%ﬁrﬁét i§ﬁ¥hé?%g§blTﬂ§;y oo

SRt e S EEt T oL ; 773

S St 'w:eén o et NELe peg,%ggﬁ}ms (9{]465_49 (h%‘%.k S Ofmttﬁﬁ (2330
. U'-Séa%‘i‘r'r”i’ 8“'0“ y>172 g0l VaphgliCe A)igindel T ax@ange 618
i ppyflApaermt | onalost abi kil S¢ Qﬁ.ﬁz?f efiiecy pf (@Bs | (16.86)

o @L@gmmmhﬁﬂeﬁjcﬁgﬁmﬁue TO0 sequence + effect due to
patient within sequence + effect due to period +

ef f”quét cHiHEe 1P tdthiIeahsRital i AeBeLh 6@ bastlinbfor aashsBfhence was
that the frandom error had a nornal distribution,

sumﬁfng@\dab’ nsing \deberinive Haiiliget ot BHURRTY pheigesin total emotional
east one

b g R R Bl o T et
(1 TT) popul ation). The Ceneral Llnear Mbdel s
procedures (PROC GLM of the SAS(r) system were used
to performthe statistical analyses. It was estimated
that 22 subjects would provide a power of 80% and an a
| evel of 0.05 to detect a significant difference in
the total enotional lability score between patients
recei vi ng dext ronet hor phan/ qui ni di ne and patients
recei ving placebo. Patient distribution data are
provided in the follow ng chart. The intent-to-treat
popul ati on included all random zed pati ents who
recei ved at | east one dose of clinical trial material
and had a basel i ne nmeasurenment and at | east one
ef fi cacy nmeasurenent after treatnent initiation.
Ef fi cacy anal yses were perfornmed on the intent-to-
treat popul ation. The safety popul ation included al
random zed patients who received at | east one dose of
clinical trial material. No safety anal yses were
performed on the safety popul ati on because no adverse
events were recorded. Characteristics of the
popul ati on are provided in Table 2. The anal yses of
efficacy for this study focused primarily on change in
total enotional lability score frombaseline to the
conpletion of the study treatnent period. The tine
poi nts for evaluation by the 65-item self-reported
nmeasure were at the beginning of Treatnment Period 1
(Day 1), at the end of Treatnent Period 1 (Day 28), at
the begi nning of Treatnment Period 2 (Day 36), and at
the end of Treatnment Penod 2 (Day 65).



The total enotional lability scores for each period

and each sequence were sunmari zed by descriptive
webtaivoizes. Table 3 provides a sumary of t ot &aCT1/US2007/002931
enotional lability score by7sequence and peri od. The
change in total enotional lability score from baseline
for each sequence was sunmmari zed by using descriptive
statistics. A summary of change in total enotiona
lability score by sequencergnd4treatment are provided
in Table 4. An ANOVA npdel was used to analyze the
treatnent effect, thel peschahet Erale indneh ERetiealUSRINE Score
ef fect on changes in fotal donal | abi |fi t Pifscgrebetveen
from basel i ne. gThe re uL?gmggg%m?gggm ed | %AﬁﬂpnﬁPhubo

There wgs no statistifal PPUS gnifi@émﬂmperlod ef fect.
"Ree Qif_Qr‘J: y Wwere {\-‘6)

Fgf’_t‘gﬂiﬁgiﬁ MR Flacsbe) b 5237 P s | 462 (4.15)
J ‘e'”%‘*q{m&mmm@é; it § 234 P dne e %GR |
'iﬁ'"g%T°m"¥5mﬁrm?§P?'gﬁaly3|s of the change in tota

enoti on ab|I|t score fro seline wa orne

o (e NN EL S Seo SaRAET i T AT teP s Roct, and
the USEELLO cBER I NZB a0 HS 1ht6R1 BMBtiosdl | &GlityaRErePREIAAseline. The results

effect. The results denonstrated that there was a

are sprggansed émlTaples Sgn Thireates thce statshicaliyr sigaiiceppeneh effect.  The

.St j cant period
el it MIFSUIT el FLSMRBLIK BB T

singl e-center Phase 2 study was to determne if a
conbi nati on of dextronethorphan and qui ni di ne was
effective in treating enotional lability (pseudobul bar
affect) in patients with neurodegenerative
di sease/ di sorder (including anyotrophic |latera
sclerosis, nultiple sclerosis, or stroke). The study
was designed as a doubl e-blind, cross-over,
pl acebo-control l ed study. Patients were random zed
into two groups in a 1: 1 ratio to receive either
active drug or placebo. The 9- week study had two
4-week doubl e-blind Treatnent Periods separated by a
1-week Washout Period. Previous research had indicated
t hat achieving a high concentration of
dextronet horphan in patients diagnosed with enotiona
lability provided synptonmatic relief and consequently
i mproved quality of life. The primary objective with
this study was to establish the efficacy of
adm ni steri ng dextronet horphan and quinidine in
treating enotional lability in patients with certain
neur ol ogi cal di seases/di sorders. The cross-over design
of the study allowed for the patients to be their own
controls. By conparing the total score of the
enotional lability questionnaire before and after a
doubl e-blind Treatnment Period, it was possible to
determ ne the effect of active drug versus placebo.
Even though this was a snmall study (N=I 2), it is
clear fromthe data presented in

I
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Table 5 that the drug is active conpared to pl acebo.
This highly statistically significant result
wORwD/023) denonstrates that this novel conbi rariusR00602931
dext romet hor phan and qui ni disee is an effective way of
treating a severe and debilitating synptomof a
l'ifethreatening disease. This conbinati on seens to be
wel |l tolerated and safe without any nmmj or adverse side
effects, because no treat mgnire £Mergent adverse events
pere reportedduring the stady. (There were no deaths,
seri ous advense evenhﬁuﬁnyﬁﬂiscon1inuations during the
5t udy. ) The ¢diat Bmpiion! BbilgeXdoronet hor phan Panbtke
ui ni;ﬁ.”i"e wag stireibst i clal | PMBRgni | feanengf|f ebdriode | Requence
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be construed in |ight of
Table 5 that the drug is active compared to placebo. This highly statistically significant

result {(p=0.0001) demonstrates that this novel combination of dextromethorphan and
quinidine is an effective way of treating a severe and debilitating symptom of a life-
threatening disease. This combination seems to be well tolerated and safe without any

major adverse side effects, because no treatment-emergent adverse events were reported



nunber of significant digits and ordi nary rounding

approaches. The above description discloses severa
worbitadss2zand material s of the present inventi orCT/TS2®7/002931

invention is susceptible to mswodifications in the

met hods and materials, as well as alterations in the

fabrication nethods and equi pnent. Such nodifications

wi |l beconme apparent to those skilled in the art from

duing S sAALA {Rrdfwdrbind 8éated, AeHbEs alvREACLERS Of dise&mmuanons
i nvention”di scl osed herein. Conse quently, it i's not

dusing Ewdeedy-hakhe eAmbinpiemef wtﬁém?thmph@@l ang quinadine was stansncally
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SRRSO T2t S RASTEhtoBihgt B by oo i
amybieophic tatgrebpderand. spirit of the invention. WHAT | S

.CL IS, 1. method for treating depression, the
gﬂ#ﬁﬁ% Q /#A ering to a patient in need

t heR%@cﬁltsdBiﬂtlﬁ@@a&jﬂé}f&hﬁféaé&eﬁﬁgﬁidﬂﬁﬁﬁ@@v% tahalyzed in to determine
qui ni di ne, wherei n an anount of dextronethorphan
effigaey 9f deairemetnrphans @ad fquimirinsoin teating Aoast, tforstbtion, upset, and
n
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aanf 8 SN0 b Thb Pty Sortohnl s Mi0LGSS & R igaphan and

quiafdifd B theating\WAgE® ifstr At IPsbR bis ﬁi‘anﬁ@%&tﬁ&ﬁﬁiﬂ%ﬁ{cﬁﬁ%ﬁ] lability.
adm ni stered conpri ses from about 20 ng/ day to about
60 ng/day. 4. The nethod of Claiml, wherein at.-|east
one of the quinidine and the dextromethorphan is in a
formof a pharmaceutically acceptable salt. 5. The
method of Claim1l, wherein at | east one of the
gui ni di ne and the dextronethorphan is in a formof a
pharmaceutically acceptable salt selected fromthe
group consisting of salts of alkali nmetals, salts of
[ithium salts of sodium salts of potassium salts of
al kaline earth netals, salts of calcium salts of
magnesi um salts of |ysine, salts of
N, N - di benzyl et hyl enedi am ne, salts of chl oroprocaine,
salts of choline, salts of diethanolamne, salts of
et hyl enedi am ne, salts of neglum ne, salts of
procai ne, salts of tris, salts of free acids, salts of
free bases, inorganic salts, salts of sulfate, salts
of hydrochloride, and salts of hydrobrom de. 6. The
nmet hod of Claim 1 wherein the quinidine conprises
qui ni di ne sul fate and the dextronmethorphan conpri ses
dext r omet hor phan hydr obroni de, and wherein an




anmount of quinidine sulfate adm nistered conprises
fromabout 30 ng/day to 60 ng/day and wherein an
wearmariw22bd dext r onet hor phan hydr obr om de adm niperaisea7/002931
conprises fromabout 30 ng/day to about 60 ng/day. 7.
The method of Caim1l, wherein the dextronethorphan
and the quinidine are adm nistered in a conbi ned dose,

and wherein
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All references cited herein, including but not limited to published and unpublished

applications, patents, and literature references, are incorporated herein by reference in

their entirety and are hereby made a part of this specification. To the extent publications

and patents or patent applications incorporated by reference contradict the disclosure

contained in the specification, the specification is intended to supersede and/or take

precedence over any such contradictory material.
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3. The method of Claim 1, wherein the amount of dextromethorphan
administered comprises from about 20 mg/day to about 60 mg/day.

4, The method of Claim 1, wherein at least one of the quinidine and the
dextromethorphan is in a form of a pharmaceutically acceptable salt.

5. The method of Claim 1, wherein at least one of the quinidine and the
dextromethorphan is in a form of a pharmaceutically acceptable salt selected from the
group consisting of salts of alkali metals, salts of lithium, salts of sodium, salts of
potassium, salts of alkaline earth metals, salts of calcium, salts of magnesium, salts of
lysine, salts of N,N’-dibenzylethylenediamine, salts of chloroprocaine, salts of choline,
salts of diethanolamine, salts of ethylenediamine, salts of meglumine, salts of procaine,
salts of tris, salts of free acids, salts of free bases, inorganic salts, salts of sulfate, salts of
hydrochloride, and salts of hydrobromide.

6. The method of Claim 1, wherein the quinidine comprises quinidine sulfate
and the dextromethorphan comprises dextromethorphan hydrobromide, and wherein an
amount of quinidine sulfate administered comprises from about 30 mg/day to 60 mg/day
and wherein an amount of dextromethorphan hydrobromide administered comprises from
about 30 mg/day to about 60 mg/day.

7. The method of Claim 1, wherein the dextromethorphan and the quinidine
are administered in a combined dose, and wherein a weight ratio of dextromethorphan to
quinidine in the combined dose is about 1:1.25 or less

8. A method for treating anxiety, the method comprising:

administering to a patient in need thereof dextromethorphan in .
combination with quinidine, wherein an amount of dextromethorphan

administered comprises from about 20 mg/day to about 200 mg/day, and wherein
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an amount of quinidine administered comprises from about 10 mg/day to less than

about 50 mg/day.

9. The method of Claim 8, wherein the amount of quinidine administered
comprises from about 20 mg/day to about 45 mg/day.

10. The method of Claim 8, wherein the amount of dextromethorphan
administered comprises from about 20 mg/day to about 60 mg/day.

11. The method of Claim 8, wherein at least one of the quinidine and the
dextromethorphan is in a form of a pharmaceutically acceptable salt.

12. The method of Claim 8, wherein at least one of the quinidine and the
dextromethorphan is in a form of a pharmaceutically acceptable salt selected from the
group consisting of salts of alkali metals, salts of lithium, salts of sodium, salts of
potassium, salts of alkaline earth metals, salts of calcium, salts of magnesium, salts of
lysine, salts of N,N’-dibenzylethylenediamine, salts of chloroprocaine, salts of choline,
salts of diethanolamine, salts of ethylenediamine, salts of meglumine, salts of procaine,
salts of tris, salts of free acids, salts of free bases, inorganic salts, salts of sulfate, salts of
hydrochloride, and salts of hydrobromide. ‘

13.  The method of Claim 8, wherein the quinidine comprises quinidine sulfate
and the dextromethorphan comprises dextromethorphan hydrobromide, and wherein an
amount of quinidine sulfate administered comprises from about 30 mg/day to 60 mg/day
and wherein an amount of dextromethorphan hydrobromide administered comprises from
about 30 mg/day to about 60 mg/day.

14. The method of Claim 8, wherein the dextromethorphan and the quinidine
are administered in a combined dose, and wherein a weight ratio of dextromethorphan to
quinidine in the combined dose is about 1:1.25 or less.

15. A method for treating symptoms associated with a neurodegenerative
disorder, the method comprising:

administering to a patient in need thereof dextromethorphan in
combination with quinidine, wherein an amount of dextromethorphan
administered comprises from about 20 mg/day to about 200 mg/day, and wherein
an amount of quinidine administered comprises from about 10 mg/day to less than
about 50 mg/day.

16. The method of Claim 15, wherein the neurodegenerative disorder is

Alzheimer’s disease.
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17. The method of Claim 15, wherein the neurodegenerative disorder is
dementia.

18. The method of Claim 15, wherein the neurodegenerative disorder is
multiple sclerosis.

19. The method of Claim 15, wherein the neurodegenerative disorder is
amyotrophic lateral sclerosis.

20. The method of Claim 15, wherein the neurodegenerative disorder is
Parkinson’s disease.

21. The method of Claim 15, wherein the neurodegenerative disorder is
Huntington’s disease.

22. The method of Claim 15, wherein the amount of quinidine administered

comprises from about 20 mg/day to about 45 mg/day.

23. The method of Claim 15, wherein the amount of dextromethorphan
administered comprises from about 20 mg/day to about 60 mg/day.

24, The method of Claim 15, wherein at least one of the quinidine and the
dextromethorphan is in a form of a pharmaceutically acceptable salt.

25. The method of Claim 15, wherein at least one of the quinidine and the
dextromethorphan is in a form of a pharmaceutically acceptable salt selected from the
group consisting of salts of alkali metals, salts of lithium, salts of sodium, salts of
potassium, salts of alkaline earth metals, salts of calcium, salts of magnesium, salts of
lysine, salts of N,N’-dibenzylethylenediamine, salts of chloroprocaine, salts of choline,
salts of diethanolamine, salts of ethylenediamine, salts of meglumine, salts of procaine,
salts of tris, salts of free acids, salts of free bases, inorganic salts, salts of sulfate, salts of
hydrochloride, and salts of hydrobromide.

26. The method of Claim 15, wherein the quinidine comprises quinidine
sulfate and the dextromethorphan comprises dextromethorphan hydrobromide, and
wherein an amount of quinidine sulfate administered comprises from about 30 mg/day to
60 mg/day and wherein an amount of dextromethorphan hydrobromide administered
comprises from about 30 mg/day to about 60 mg/day.

27. The method of Claim 15, wherein the dextromethorphan and the quinidine
are administered in a combined dose, and wherein a weight ratio of dextromethorphan to

quinidine in the combined dose is about 1:1.25 or less.



