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COMPOSITIONS FOR CONTINUOUS ADMINISTRATION OF DOPA
DECARBOXYLASE INHIBITORS

RELATED APPLICATION
This application claims priority to U.S.S.N. 61/179,511, filed May 19, 2009, wixch
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herghy incorporated by reference in is entirery.
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FIELD OF THE INVENTION
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i'he prezent invenuon relates o compounds and Sormuiations vseful in methods for

reating diseases and disorders in which the dopamune leve! in the brain is reduced, e.g.

s PR

Parkimson's discase. In particular, the invention relates to arginine salis of carbidopa and

gL then.
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BACKGROUND OF THE INVENTION

dissgse 18 a degeneralive condition characio

by raduced

conceniration of the neurotransmitier dopamine i the brain. Levodopa (L-dopa or L-34-

dibvdroxyphenyielaning) 1s an immediate metabolic precursor of doparming thar unlikes
dopamine, is able to cross the blood-brain barrier, and is most commonly used for resioring

1

the dopamine conceniration n the bram. For the past 40 vears, levodona has remained the

most effective therapy for the reatment of Parkinson’s digease.
However, levodopa has a short half life in plasma that, even under hest common

)

current standard of care, resulis in pulsetiie donaminergic stimulation. Long

M therap ¥

is therefore complicated by motor fhuciuations and dysicinesia that can represent & source ¢

significant disability for some patients. A thergpeutic strategy that could ultimately deliver
‘evedopa/dopaming 10 ine brain in a2 moere contnuous and physiciogic manner would
provide the benefits of standard levodopa with reduced motor complications and is much
needsc by paients suffering from Parkinson’s disease anc other neurologicai or movement
disorders (Olanow CW; Mov, Dis. 2008, 23(Suppl. 3):5013-S622). Sustained-reicase oral
levodopa formulations have been developed, but, at best, such preparations have been

fournd to be no more eficacious than stancard fablets, Confimvons adminisuation of




L

el

fasy

o

W

[\

jevodopa by intraduodenal administration or infusion has also been attempted by using
ambulatory pumps or patehes. Such irezimems, especially Iniraduodenal, are exuemsly

invasive and inconvenient, Furiher, such freatimenis mey be associated with dopaminergic

adverse events; continuous adminisiration of lkevodopa or dopa agomsts is still associa

T A mapriode thnt ars em il iHen de Irarns AT e e Nedr 7
Wil O PEYIOCs nal are sg:I-omiung {ospt ite sondivued \_.w.l:.\t."l &Iz iz Nuir N
Mov. Dis. 2008, 23{Suppl. 31:S320-4

The metebolic iransformation of levodopa to dopamine is catalyzed by the aromeiic
L-amino acid descarboxviase ecnzvme, a ubiguilous enzyvme with particvlarly high
concenirations in the intestinal mucosa. Iiver, brain and brain capillarics. Due fo e
vossibility of extracersbral metabolism of levodopa, iU 15 necsssary 0 adimuusisr ieTes

doses of levodopa icading to high sxirecerchrzl concentraiions of dopuamine that cause

nausea in some paiients. Therefore, levodopa is usually administered concunrently

oral adminisization of 2 dope decarboxyviase inhibiior, such as carbidopa or benserazide,
which reduces by 60-80% the levodopa dose required for a clinical response, and thus
prevents certain of its side effects by innibiting the conversion of levodopa to dopamine
outside the hrain. Exactly how this cose reduction is accomplished is unceriain. Varieus
formulations comprising levodopa alone or together with inhibifors of enzymes agsociated
with the matsbolic degradation of levodope are well kuown, for example, decarboxyiess
inhibifors such as carbidopa and benscrazide, catechol-O-methyl transferase (COMT)
inhibitors such as entacapone and folcapone, and monoamons oxidase (MAQ)-A or MAD-
B inhibitors such as moclobemids, rasagiline or sclegiline or safinamids, Curmemly
available oral drugs include SINEMET® and S INEMET®CR sustained-release tabiets that
inciude carbicopa or levodopa; STALLV 0% wblets containing carbidops, enracapone and
ievodopa; and MADOPAR® tablets containing levodope end benserazide. There is an on-
going and urgent need for methods and compositions that can effect continuous stimuliaton
of L-dopa ¢ more effectively weal movement disorders such as Parkinson’'s ¢isease.
Carbidopa {(-)-L~a-hydrazino-cemethy!-5-(3,4-dihvdroxybenzene) propanoic acid

monohydrate], a white, crystaliilne comnpound, only siightly solubie in water, is a dopa

3 oy AT
a1 Of -.3.1

decarboxyviase inhibitor commonly administered with levodopa, Onlv 40-70% of
dose of carbidopz is absorbed in man, monkey and dog. Although carbidopa has bee
orallv agministered with levodopa for over 30 vears, no stable liquid formuiation having

prad £

., an sifective concenmtration in a volume swieble for use for subcutansous O

o
e

a

transdermal delivery has ever been achieved. There Is an urgent, long standing need

2
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such carpidopa formulations that can be administered more easily to patients, especially as

compared to current invasive modes such as duodenal adrainistra

SUMMARY OF THE INVENTION

Ti lmeyie am » Iymaey A - s - 4 - it -‘\ 4 A Oy I e 14
It has now been found in accordance with the PISsent mverition that an argimims s

of carbidopa can form a stable, Hguid fommulaiion, suitshie for e.g., continuous

Yty

subcutaneons, transdermal, intradermal, nravenous andior intraduodenal adminisation,

al a ohvsiclogicully acceplabls pid.  Such disclosed compositions are capabie of

substantially continuousiy adininistering carbidopa to a patient.

It bas been furiher found that substantialiy coniinuously adminisiering & dopa

decarnvoxylase inlibitor such as carbidoprn, together with discrete {e.g. woral) -

administration of igvodopa, may stimulaie L-Copa substeniizily continuously and fhus e.¢.,
extend the effectivensss of a levodopa oral dosing regimen and/or reduce the daily dosage
of levodopa, whiie effeciively freziing & movemen! and/or neurological disorder such as

Parkinson’s disease.

The present invention relaies, i one aspect, to an arginine sult of an active agent

selected from carbidopa and levodopa that ave suitable for e.g., continuous sabcutansous,
irandermal, intradermal, intravenous, oral, or Infraduodenal administration.

Also contemplared hersin are pharmaceuticelly aceeptable hquid (e.g., Iiqud at
roors temperature) or gel formulations or compositions that inciude apn arginine sall of
carbidopa, o.g., include carbidopa and arginine, that may be suitable for substantiaily

continuons administration 1o & pallent e.g. with or withour use of, for examply,

transdermal patch or subcuianesus pump (2., an insulin-ike vump). Such contemplated

iy

t

liguid compositions mey inciude uf least 1%, at least 4%. at Jeast 6% or more by weight

carbidopa, {¢.g. about 2% 1o about 6% by weight carbidopa) and therefore may faciiitate

adminisiration of smalier amounis of 2 pharmecologically acceptable formulaiion o

achieve efficacy as compared 1o a carbidopa Tormulation that is onlv capable of having iess

‘han 1% by weight carbidopa. In avother embodiment, contemplated herein is a hiquid or

gel comaposition that inciudes a molar ratio of about 1.0:0.5 to abous 1. to abour 2.3, ¢.g., i

~

1.0-1.2 moiar raiis of carbidopa:basic amino acid, e.g. carbidopaierginine. A Igumid

composition that includes carbidopa and arginine, as contemiplated hersiz, mayv have a

(WP
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physiologically acceptable pi, e.g. a pH of about 6.3 to 9.5, e.g., about 7 fo about 8, or
about & to abowt 9, at 235 °C,
In vet another embodimeni, contemplaizd herein is e phammacevtically acoepiable

figuid or gel composition that includes & molar ratio of 2

about 1:1.§ molar ratic of ievodopaa oy o

composition that mayv include at least abowt 4% by weight, or at least 5%, of least about 6%

(e.g. about 3% to about 7%) or more hy weight levodopa. A laqud composiiion hav

s—t
"D

O

vodopa and 2 basic amino acid, as contemplated herein, may have o pil of about 8 to 10,

g., about 8.5 to about 9.5, at 25°C.

w

Exeraplary 1

IGGIG compositions contempiated herein may be Lguid solutions. .4

S B .«

<

may be a substentinily homogenous mixture that includes carbidops and wrginine, and may
mclude water, or aliematively may be substantially nor-aqueous. In other emmbodimeants,

contemplated compositions may also nciude one or more pharmaceutically accenianis

excipients such as N-methyvipyrrolidone (NMP), polyvi._ Jpyrrohidone (PVP), propylene

giveol, antioxidants, or combinations thersof.

in some embodiments, e pharmaceutically accepiabie Houid composition of ¢
invention may comprise additional active agents such as entacapone or tolcuponc.
Also provided hercin is a Iur comprising &) a fitst composiidon saitabls for

‘

continnous administration comprising the liquid or gel formulation of the invention

comprising an arginine salt of carbidopa; b) & second compesition sunitable for oral
adminisiration comprising levodopa or a pharmaceutically acceptabie salt or ester thercof

Fad

and ¢) optionally instroctions administration of the fivst formulation in conjunction with the
second formulation.

The first composifion in the kit for continuous "GI"DI]]SH’AL]O of the argiine suli of
carbidopa may be formulated for iransdermal, iniradermal, subcutaneous, intravenous, or
intraduodenal administration suct: as Dy using an infusion pump.

The second compositior in the kit, i.e., the iazvodopa composition may comprise

levodopa, a phammaceutically acceplabie suit of lovodopa., preferably en arginine saly
thereof as Cisclosed hersin, or may be & composition the! inciudes levodops and furiher
comprises one or more decarboxvlase inhibitors such as carbidopa and/or benserazide

ne or more catechol-O-methyi transferase (COMT) inhibitors such as entacapone and/or
tolcapone, or one or more MAG-A or MOA-B inhibitors such as selegiline and/or

rasagiline, or combination thercof.

S
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Also orovided harein 18 & mehwod for wrcatment of a dissase or disonds:

PRIEE SN

characterizad by reduced levels of dopamine in & patient’s brain (2.g. Pazldnson’s discase),

/
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comprising suostantially contimnousiy admimstening to a pationt in need thoreol a

P 1

therapeutically effective amount of a2 decardoxviass inhibitor, a sali

une salt of carbidopa, or an est

v thercof, and administering a therapeuticaliy ¢

amount of levodopa or pharmaceutically acceptable salt thereof (e.g., arginine

T4 A ~y 1344 1) ey e o H s Armm sy T “ooe P N
or composition comprising levodopa (for example, adminisiering a composition .z a

tablet, having levodopa &s its sole asive agent, or a composition that inciudss jovodopa

and one or more other active agents such &s carbidope, benserazide, entzcapons. folcapons,

sclegiline and/or rasagiline

ireating or ameliorsiing a neurologics! or

i,

in one embodiment, a mathod o

et

is provided comprising: ad:

thorapeutically effective amount of & composition comprising a carbidopa basic amino acid

1A ) and administering a therapeutically effective amount of 2

28

It {e.g., carbidopa arg
compesition comprising levodopa. For exampie, a composition comprising carbidopa and

arginine may be adminsiersd  sebstentially  continuously andior thz cowmposit

comprising levodopa may be administered at discrete inftervals (for examplie by oral
adminisiration one, (wo, three or more times & day), during the substantially continuous
adrmnistzation of composition comprising a carbidopa arginire salt.

Also provided herein is a method of substantially continuously inhibiing
decarboxyvlase activity and/or a method of increasing the haif-iife of levodopa n a patient

receiving ievodopa, COMPIIs

administering (e.g. spbstantially continuous

patent & hquid or gel composition comprising a carbidopa salt such as carbidepa

For example, the disclosed methods may result in a hali~life of levodopa in the pic
patient that is at least 1.5, or at lcast iwo times, longer after continuous adminisivation of
cardidopa as compared to the half life of ievodopa in & patient’s scrum afier adrinisiering

levodove with discrete, oral acministration of carbidopa.

BRIEF DESCRIPTION OF THE FIGURES
Figs.1A-1C depict the mass specira of carbidopa (CD) arginine salt.

Figs. 2A-2C depict the mass specira of levodopa (LD} arginine sali.

h
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Flgs, 3A-3C show the mean levels of carbidopa determined in plasme of femae

Lendrace X largs white swine (30-35kg) following oral adminisiration of 3A) S
(100/25/200 myg, LD/CD/E), (3B) Dopicar+Lodesyn {125/25 LD/CD), (3C) Sinomet

CR {10025 mg, 'D.:"CD) a% and 12b, with (squeres) or withoul (aiamonds) zont

subsuiansous administration of 3% carbidopa solution
Higs. 4A-4B show brain levels of L-Dopa and dopamine (44, iofi and right pansis,
respeciively), and plasma levels of carbidops end L-Dope (4B, laft and right pansls,

respectively),  determined i CD-1 mice following oral  adminisiration of
levodopascarbidope with or without coptinuous subcutaneons adminisiration of carbidopa.

Figs. ZA-33 depict mean Jevels of Z-Dopa (3A) and carbidopa (533) determined in

=

pizsma of female Landrace » large (30.35kgy following conlinuous

o

subcufaneous administration of 0, and 4% cerbidops with oral administration of

10323 mg) gfh

“1gs. 6A-6B depict mean levels of L-Dopa determined in plasma of two female

Landrace x jarge white swine (30-35kg) {6A.Pig #3; 6B, Pig #4) following continuous

subcutaneous administration of 2 and £%; carbidopa with oral adminisiration of Dopice

1g LID/CDY + Lodesyn® (12.5 mg CD) q12h..

Fig. 7 shows the meean (=SD) LD (levodopa) concentraiions (Mg as determined

i plasma of {emale Landracs x large white swine (3C-35kyg) following orel adminisiration

Statevo (LD/CD/E 100/25/200), o8h, with or without continwous subcutaneous

benserazice or carbidopa administresion (60 my /day).

Figs. 8A-8B dzpict plasma levels of (8A) L-dope and (88) 3-O-mehvidopa (3-

-

»

OMD) as determined in plasma of female lLandrace X large white swine (30-35kg)

following continuous subcutaneous administaiion of 2% carbidopa, Witk or withour 2.5%:

rbidopa (LD/CD).

entacapons. and orat adminisiration of L-dopa/
Fig. 9 shows the resuilis of transdermal delivery of carbidopa propyl esier (CDPE).

Figs. 10A-10B depict plasma levels of (10A) ievodopa and (10B) carbidopa as
determined in piasma of femaie Landrace % large white swine (30-35kg) following oral
admiinisiration of enteric coated or uncoated 1.0 and CD as arginine salts (designazed LDs
and CDsg, respectively, 100/23 mg LD/CDj as compared tc Sinemer (100728 me LDAD).
Fig. 11 depicts the imhibition of L-Dopa decarboxylation by carbidopa and

carbidopa propyi ester (CDPE).




€

p—t

wn

'\‘Jv

L]

(9%]

12A-12B depict the inbibition of L-dopa decarboxylaton (124) and the

(12B) by carbidopa and carbidopa propyl ester i 1Y

v

dopa

,,
g

DETAILED DESCRIPTION OF THE INVENTION

Digclosed hersin is a lquid composition having a phrysiologically accsptable prl

y

et includes an ar

inz salt of carbidope {&.g.. arginine and carbidopa)y thet i3 stabie a0

room temperatore. which can facilitate contmuous deliverv of an sffeciive amount

CZ:‘.'\,]LL”‘O:. ra 4 ""LLVM

in 2 minimally invesive Zashior (e.g. a disciossd Hgumd formuiation

comprises a significantly high concentration of carbidona so that adminisiration of large

contiiuous

unts of Hguid are not reguired) Such formulaions may

decarboxviase inhibition which p.rolong.s the half 1ifs of levodopa. Nor example, results

from in wivo studies, as described below, in which I-dopa was administered continuously

I parallel with oral administvation of carhidope every 6-8 hours demonstrate a pulsaiile

pattern of L-dopa plasma levels that coincide with carbidopa oral dosing regimen. but

ONGC

pitant andsor ,11‘3(}11311:1}' rcpemsu. 2., SLTIVIIANZ0US t.|0~.1‘.12 of GJ}JE JL8SETIN

infibitor (e.g. of carbidopa or a salt thereof, or benserazide) with or without

ors with discrete or cominuous administration of ;8'\'0\.1’\‘3" is more eftzctive m the

treatment of c.g. Perkinson's disease.  Further, it has been discove

or example, carbic’mpa (with or without crizcapone) sapn:

pharmacokinetic profiie of

suclk: new therapies thar include substaniially contintous administrzion of depa
decarboxviase inhibitors (e.g. benserazide or carbidopa or a sslt thereod) with or withouw!
COMT hibitors together with administration (continuous or & discrete fntervalsy of g
levodopa or a sall thereof.

Provided hersin are formulations of carbidopa that unexpeciedly allow for swble
dissolution of higher concentrations (e.t., greater than 1% by weight) of carbidope and/or

levodopa &t e.g. physiologicelly acceptable ph, for e.g, substeniially continuous

=

Q’}

subcutancous O transdsrmal adminisiradjon. Such formulations may also be suitebie
infravenous, intradermai, oral or iniraduodenal adnministrafion. For examipie, provided
herein are Zormmuiations and methods capable of obtaining substantialiy consvant inhibition

of dopa decarbuxylase activity upon administration, thereby increasing the half hife
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administered levodopu and substantially reducing the pulsati

{ levodopa plasma levels
to avoid 10w wough levels ol plesraa levodopa.

A trzatment strategy of continuous carbidopa administration in accordance with the

prese
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and/or methods of the present invention may cxiend & levodopa oral dosing regimen to

about 2 to about 5 umes:day, andror redace daily

X tiaen

~desz of levodopa, and or raduss or even

eliminate the risk of motor complications associated with standard oral levodopa

formulations in ¥

1S palie

Provided herein, in an embodiment, is & pharmaceutically acceptabie formulation

that carbidope  arginine salt for subgtanilally  continueus
adminisiration of carbidopa. For example, while carbidopa free base is practically

insoluble in aicohel, chioreform or other and oniv slightly soluble in water, nrovided

herem, for example, is a stable liguid formulation that includes carbidopa and may be

1

2N 0 coniinuous administration io a 1’121:1311 14 “'fll‘“"’ such formaulaf

suitable for substant!
may have a physiologically acceptable pH.

1 ons aspeol, the vresent imvention relaies to z carbidopa

The disclosare also provides, in an embodiment, a liquid formulation comprising a
cartidopa salt of the mvention. For exampie, & discloscd carbidopa argindne salt mav be
dissolved in an aqueous solution, .., having a pH of about § to 9.5, preferably from about

w0 about 9, more preferably from about & 10 9 at 23°C or at 30°C.  Alignatively,

carbidopa (free base) and arginine are dissoived together m 2 nqmd (e.g. an agueous

iguid) to form: @ disclosed loenid formuliation. Disciesed Houid Sormulations may inciude

about 1.0% by weight or more carbidopa or carbidope arginine salf, for example, may

include about 1% fo about 20% by wal or more carbidopa, o.¢., anoul 2% to ubout 10%

by weight carbidopa. For cxample, a liquid formuiation mzy include carbidopa and

-

arginine In molar ratio of about 1: 4.5 1o about 1:2.5, or about 1:1 10 about & 1:..2, e.g.,

-

aboui i1 or1:1.1.

Disciosed liguid formulations {c.¢. a Bowid composition comprising carbidova and
arginine or an arginins sall of carbidopa) may be stable for 24 hours, Zor 48 hours, for 7
davs, or more 2t 25°C. For example, an exemplary Iiquid formulation may melude a 130,

molar ratio of carbidopa:arginine, with about 2% io about 13%, or about 2% o anout 10%.

or 2% to about 6% by weight carbidopz. Such & carbidopaiarginine lquic formulation may
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C. are sudstanti ©omixtures. Such flquid mixtures uay

S5 comprise water other awsuta In grmbodiment
compositons wiey be substamially non-agusous.
For example, as disclosed in Example ¢, below, a stable liquid soiution can be
unexpectediy feomed from carbidopa and arginine.  Such a sojwion is sebis al 1o
mperature, e.g., 1s a substantially clear solution, even at high carbidopa concentrations of
10 2,5, 4 ¢, andor § waighl percent carhidopa.  Such solutions, e.g. up 10 about § walzil

percent carbidopa, are stable (e.g., no precipitation) at least for 4% hours. Further, because

oscd solutions, ever at high concentrauons of carbidope, have & physioiogical

such discl

acceptable pH, such solutions can be adjusted to an appropriate pH, but still |

signileant amount of carbidope In & smaller volume so that it

)

administration, without e.g. administering large volumes of solution.

7

dova and arminine (c.g., th

carbidopa) are unexpectedly more stabie even as comparsd o solutions of car

e With

3

other basic amine acids such ag histidine or lvsine, as shown below in &

Sxample C.

riher comprise

iy

Contemplated liquid formulations may, in some embodiments,
ievodopa or levodops and arginine, snd/or optionallv a catechol~-O-metayvl frensierase
(COMT) inhibitor, such as entacapone or toicapone; and/or a monoamine cxidase (MAO}-
A or MAO-1 inhibitoz, such as moclobemide, rasagiline, selegiiine or safinamide.

Also provided herein is a liguid formulstion comprising an arginine salt of

ievodopa, or a liguid formuiation cor zj;)';“isiug arginine and levodopa. Ir an embodiment,

M3 -

23 provided herein is 2 liquic formulatior that inciudes levodopa and arginine it: & moiar ratio

of about 1:1.5 to aboui 1:2.3, or about 1: 1.8 o about 1.20. Such levodopa

formulations or soiulions may have a pi of about § to about 10, for exampls, ¢

40

about 9.5, A disciosed formulation having levodopa and argimne may include gbouwt 2%,

305, 4%, 3%, §% or more by weigh' lsvodopz, ¢.g., may inciude aboui 4% or more by

Lo

weight levodopa.

In soms embodiments, & disciosed liquic formulation will be stabiz for a period 0]

3 1

day, 2 davs, 2 days. 1 week, or 1 month or more al room temperature. In preferred

o

emobodiments of the invention, a disciosed liquid formulation further comprise &

9
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pharmaceutically accepiable excipient such as eg., N-meibylpyrrolidone (NMDP),
polyvinvipyvrrolidone (PVDP), propviencglycol, or a combination of ons or more ithereoi,
and may further comprise one or more antioxidants such as, but not limited o, N-aceiyl
cysteing, sodium bisulfite, gluthatione, and ascorbic acid.  For exampie, in one
cmbodiment, provided horein is a stable liqud formulation that comprises about

~ ~

about 20% of carbidopa (e.g. about 2% 10 about 6%). about 0.25 w0 about 20% ar

about 9 1o about 30% NMP, about 0 to about 3% PVP, andior about 0 to abour 3% of oae
or more water soluble antioxidants, by weight.

The inveytion further provides a stabie lvophilized powder comprising a carbidopa
arginine szl In one embodiment, such stabie iyophilized nowder may comprise about 20~
9% of the carbidopa salt, about 0-60% NMP, about 0-15% PVP, and about (-5% of one
or more water soluble anti oxidants. The Iyophilized powder can be reconstituted into a
hiquid formulation by addition of waier alone or water with NMP, and may inciude or not
include antioxidants.

Tiquid lations of the invention mav  he esioned  jor  conbinuous

Liquid formulations of the invention mav be designed for continnous

administration of a carbidopa or lovodopa salt to & patient in need thereof. For example, a

patient may

L

be Sr.bs‘i‘aﬂ.ziizﬁl}_f continuously  admimsgtered  {e.g.  subc

ransdenmnally, intraduodenally, intradermally, or intravenously) a formulation that inciudes
the disclosed carbidopa arginine salt. while levodopa, & levodopa salt, or a composition

comprising levodopa is orally administered et discrete intervals, e.g., 2. 3. 4, or § timss @
dav.

As used herein in the specification, the term "a composition comprising levodopa®
coniemplates formulations that comprise levodopa, optionally together with one or more
decuarboxvlase mhibitors, one or more catechol-O-methy! transferase (COMT) inhibitors,
and/or one or more MAO-A or MAQ-B inhibitors. TFor exampl-e, a compositon

£~

comprising levodopa mayv include a dosage formulation that cormprises levodopa (or a salt
thereof) and optionallv one or more other dries, where the dosage formulation may be an
immediate release, controlied relfease, dual release or muitiple release formulation suitable
for oral adminisiration.

The term "decarboxyiass inhibitor” refers to a dopa decarboxylase {DDC) inhibitor,

e.g., a drug that inhibiis the periphera’ metabolism of levodopa to dopamine by aromatic L-
amino acid decarboxvlase such as carbidopa and benserazide.
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The term “pharmaceutically accepiable carrier” or “pharmaceutically acceptable

excipient” as used herein refers to any end ell solvents, dispersion media, pressrvativ:

P = $ o “s vy - Ty 23 -3 rygm ~ O e 4% B o
antioxidants, coaiings, isotonic and absorption delaving agents, and the ke, thet wve

compativie with pharmaceutical adminisiration. The usz of such media and agents fr
pharmaceuiically active substances is well known in the art. The compositions may ziso

1

contain ot active compounds providing suppiemental, additional, or

23
ol

jtay 1‘\.UJC funciions.

e

The term “physiologically acceptable pH” is understood to mean @« pH of 2g, a

composition that facilifates admirastration of the

osition to & palient

SIgNIGicant adverse eifeats, €.¢. a prl of about 4 1o ehout b.

The term "COMT inhibitors” refers to inhibitors tha® inhibi the degracdation of
levodopa to 3-methyldopa by catechol-O-methyl trensferase and prolony the action of

le '-‘odopa, such as such us entacapone or wlcapone. For example, compositions compr

levodopa contemplated herein way also nclude 2 decarboxyiase inhibitor (carbidopa or
benserazide) and entacapone, ¢.g. "iriple therapy".

The terms "MAG-A or MAQC-BE inhibitors" refer io inhibiiors that »

breakdown of dopamine by monocamine oxidases A or B, e.g., mociobemide

B ady Temes i,

selegiiine or safinamide, more preferably, rasagiiine.

Also conmempiated herein 1s a kit comprising: a) a first formulation comprist

carbidopa arginine salt and/or carbidopa and arginine, wherein said first formulation is
suitable for continuous administration; b) a second formulation comprising ievodopea or an
argining salt of levodopa, wherein said szcond formulation iz sutieble for oral

administration; and ¢) structions for edminisiration of formulation &) in conjunciion with

formulation b). The {ormulation a) comprising the carbidopa salt may oe suitabie for

coniinpous adnunistralion D\ any suitable route such as EL&BSG”’““T&JH\ IEavend ‘L.s‘\

subguteneousty, intracermally, mtramuscularly or mfraduodenally

.:-«

st formulation of a contemplated kil compr ising th

i
Lne T

¢ the carbidopa salt may be
fiquid or a lyophilized powder that can be reconstituted inte a siguid formulavon, or, for

example, may form pat of a transdermal patch, and maey be designed for comminuous
administration by anv suiteble rouvie such as, but not dmited fto, trensdermaliy,
intravenously, subcutansously, intradermally. imtramuscularly or intradnodenally. In an

embediment, the first formulation comprises the disclosed carbidopz arginine salt and is

suitable for adminisiration subcutaneousiv. The second formulation of a sontzmpiated ¥

1i
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12y include the levodopa, a levodopa ester, a levodopa sait. or a composition cony

ievodopa, and may be presented as any suitabie oral dosage such as, but not limited io,

pills, tablets, dispersible tablets, capsules, liquid, and the likse, In an embodiment, the

seeond lormat.

Hon mey be in the form of an immediate reicase, controlisd v

coenmrtela A WAt Taxe gy
SETEZIAL, OF DO LLVOL

P SR, R S o ~y Pl PO P o
reizase oral formuiation that commrises Hoth lavod

- BRI 5 . ST S P n
BTG CL*DlC‘.DPE‘.. Such oral formuiation in ihe

or the ilke, muy
comprise 2 razic of carbidops or benserazide o levodopa of gbout 1:10 fo 1:4, preferadly

rom sbout 1:4 10 1:1. Ofhor contemplated second furmuiations nelude "mmﬁuons-, e,

tablets that inciuds levodopa, carbidopa, and sntacapone, or e.g. & ¢
levodopa arginine salt and/or carbidopa arginine salt.

in another embodimient, the kif comprises 2 first lquid fo

mmulation comprising
carbidopa and argimine suiiable for, but not limited o, iransdermal, infravonous,
subcidaneous, miradermal, Dursmpuscular, intraduodanal continuous aclmini"-’;‘.ra‘iion, and &
sceond formulation in the jorm of an immediate release, controlied reiease or dual reicese
oral formulation comprising ievodopa and carbidopa. The oral formulation in the form of
pills, tablets, or the Like, may comprise & ratio of carbidopa 1w levodopa from about 7:10 w0
about 1:4, preferably from 2bout 1:4 to about 1:1.

In another aspecy, the presemt invention relates to a formulation comprising a

carpidopa ester such as. bul nol Iimited to, the ethyi,

1 ol
s AT Y
H i’ s _f" estur O

carotdopa, znd salts thereof, Ixamples of levodopa esiers contzmpiated hersin mehude the
zlicyl esters, e.g., the methvl, ethyl, proovi, or isopropyl ester, or Tae benzvl estor,
The compositions of the present invention are useful for weatment of a discase or

1
1

S D’\ reduced and/or fluctusa g tevels of UO")""’).’lLl"jf. n& B"..L‘J‘“"‘,’. 5 hrain

33 : LR
gisoraer chavad

when co-administered substantially continuously to a patient in need together with a

therapeutically effective amount of levodopa or sall thereof or a composition comprising

ievodopa. As shown m the Examples, separate cominuous administration of carindopa.

together with adminisiration of ievodopa, even with discreie (o.g. oral) administration of

levodope. to & panem results in significantly mgher levels of levodopa n the nlaswme of &
petizat upon administration as compared to « currant standard of discrete carbidons and

ievodopa simuitancous dosing. For example, discloszd methods may result in a half-iife of

ievodopa in the plasma of a patient that is at least 1.5, oy at least two times, longer 2

continuous administration of carbidopa as compared io the half life of levodops i &

12
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patient’s seriy afler admind ievodopa without confinuous administration of

carvicopa (e.g., with discrete, ora: adminisiration).

Contemplated  admivistation of e.g., cabidopa and ievodopa, foliowing ihe

typically can be carried out over a defined time poriod {usually weeks,

depending upon the combination selected). Contemplated therapies wre
ntended to embracs adminisireiion of muliiple therepeutic agents it manner whorein @
dopa decarpoxviase iphipitor is administersd subsiantially continueusiy while evedopa (3
administerad at digscoreie intervals, as weli as adminstration of contemplated therapeut!

agents, or at lsast two of the therapeutic agents, in a substaniially simulteneous manner.

Ctn, oAl

Sy Vheell

3 e e a1 By eftandad s geynr asaeer e Al adaTies s sy
Admindstration can be effected v any appropriate rouie including, bul

roiats, Taveuous TOULLE, IQWARAISULET TOULSs, Mirademme. TOLTAE,

subeutaneous!y, trapsdermally, and direct absorption through mucous mambrane tissues.

In some cmbodiments, ievodopa can be administered by the same route or by

different routes as compared to adminisiration of e.g a contemplzied carbidom:

formulation.  For exampie, carbidope mayv bo admimistered subswancously, <.z,

substanitaily continuwously, while levodopa may be adiministered orallv, e.g. at
imtervals,  In an embodiment, « disciosed liguid car bldO‘p& composition (e.g. baving
carbidope and arginine) i admin stered substantially continnously, while an oral

composition that ncludes levodope (end may also mciude ons or more oiner active ag=

T

such as a dopa decarboxviase inhibitorj is adminisicred ai discrete intervais. Alternatively
for example, both levodopa and carbidopa may be administered subcutaneously or
trapsdermally,

ine i tne hren

5=

The discase or disorder characterized by reduced levels o7 dopami
contemplated herein are neurciogical or movemen: disorders including resiless leg
syndrome, Parkinson's diseasc, secondary parkinsonism, Huniingion's discase,
Parkinson’s like syndrome, progressive supranuclear palsy {PSP), muliiple svstem atronhy

-

{(MSA), emvowophic lateral scizrosis (ALS), Shy-Drager gyndrome and oconditons

resuliing from brair injury including carbon monoxide or mangangese intoxicaion. Inons

preferred embodiment, the discasc to be treated is Parkinson’s diseas

In preferred embodiments, the contemplated decarboxyvlase mhibitor is the arginine

<

sait of carbidopa. A disciossd carbidopaierginine formulatior may be adminisic

substantiaiiy continuousiy using v.g. & iguid formulation, ror SXampie

’l)

~ate of obous

subcutaneous infusion (insulin pump) at an average

13
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preferably aboutl 5-83 ulhour, in conjunciion with cral adminisiration of isvedops, an

arginine selt of levodopa, or composition comprising levodope.

i

For example, according to the invention, a pharmaceutically effective amount of &

composition comprising cerbidopa and zrginine {(the carbidops ar

of *h2 invention) car be administersd subsian

P ~ .-
COmMPOSIN0I 0L tig

patient for treating a neurologica! or movement disorder e.g., ¥

iposition of the kit comprising levodopa or a sali thereof, e.g., the levodopa

the second co

argining salt, is admmn confinuously 1o the patient,

In soms embodiments, the composttion comprising a cardidopa and arginine may

be licuid al room tempersture.  The composition mey be adminis substantially

continuously over 12 howss, 1 day, | week, or morc. The composiiion comprisi

&
34
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SUS, LN . S
oral formulavion compri

jevodopa and opticnally benserazide or carbidone, and may be

administered 1, 2, 3, or 4 or more times a day, for example, by oral administration (e.g. by
tabist).

Also provided herein is & method Tor ireziment of & disesse or disorder
characterized by reduced levels of dopamine 1n a patient's brein, (e.g., Parkinson’s disease)
comprising co-administering  substantially continuousiy 0 a patien: i need a

therapeutically effective amount of & disciosed izvodopa salz.

The invention now being general.v described, i will be more readily undorstood by

reference to the following exampies which arc included merely for purposes of iliustration

of certain aspects and embodirents of the present invention, and are not Inlended to himit

the iveniion in any way

EXAMPLES
Yxample 1 Preparation and Charactertzation of Carbidopa-Arginine Salt
Cerbidopa (CD)-Arginine salf was prepared as foilows:
Carbidopz [Teva Pharmaceunticals Lid., Israel] was weighed in a suitabie container
with L-arginine {Merck] (at molsr ratio of 1:1) and & (.2%, sodium bisclfite [Sigmael
solution in water was added 10 obiain a final concentration of 4.0% carbidopa. The
mixture was heated to 65=10°C with constan’ stiming. When the solids wezre completely

dissolved, solution was filtered using 0.45 1M nylon membrane. The filtered solution was

.__1
s




tn

[\
L)

2
<

immediately frozen in dry ice and subsequently subjected to lyophilyzation. Off-whiie

crysials were obtained and subsequently subjeciod o MS

results cleariy showed carbidope and L-argining ions

L

represenis carbidopa + Na (226+ 23) with fragments:

represents arginine +2H (174+2) with fragments: 13

Example2  Preparation of Carbidopa Solution/Formulation for Subcutancous
Administration

A

A 4% Carbidopa solution/foruniation was preparsé as follow

Carbidopa [Assia Ltd., 17 was weighed in & suitable container and water was
then: addad to obtain 72% of the total project T Wa
:e:n;.)if:'ezis.trs for 20 mincies. Sizme) was added o e mixitire o oodlaln &
molar ratio 111 with carbidopa. The mixture was heated 1o 65=10°C with corstant stirning.

When the solids were completely dissolved, N-methyl 2-pyrrolidone [Pharmasolve, [SP]

was added o obiain the Snal conceniraton of 1( Sodium bisu

sorution was preparsd and added 10 obtain a fnel concentretion of 1% (v} StITing was
coniinued for edditional 30 muinutes at 6523°C. Thersefier, PVP Polyvinyipyrrelidone,

Sigmal soluiion was prepared and added to obtain a final conceniration of 1% (v/w).

Stirring was coniinued for 30 minutes at 63=3°C. Heatling was stopped and the preparaion

was aldowed 1o coor down to room tomperaire.  Soluuon was fitered using & ste
0.22uM PVDF memibrane.

Carbidopa-arginine solntions/formuiations, 2 and 3%, were prepared by diluting the
kS o »

4%, carbidope-arginine solution/formulation with the respective amount of double dist

watgr {DDW .

Example 3 - Preparation of Carbidopa Solution/Formulation for Subcutaneous
Administration

A 0% Carbidepa solution tormuiasion was prepared as follows:

Carbidopa {Teva Pharmaceuticals 1id, Isracl] ané L~argininc [Merck] (molar ratio

1:1.1) were weighed in a suitable container and waler was then added to obtain 84% of the

-

oial projected pawch weight N-methy!: 2-py:rolidons {Pharn'l_aso‘:v ISP} was addad 10

obtain the final conceriration of 2% (wy) sodivm bisuliite [Sigma! solurion was prepered

and added to obtain a final concentration of 0.1% {(vAw). The mixture was ez

keea

N
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62=10°C with constant stiring, When the solids were completely dissolved heating was

stopped and the preparation was allowed to cool down fo room temperature. Solution was
filiersc using a sisrile 0.220M PVIF membrane.

Example 4 - Preparation of Carbidopa Solution/Formulation for Subcutaneous
Adminisiration

A 4% Carbidopa solution/formulation was prepared as follows:

Carbidope {Teva] and L-arghune Merck] (molar retio 1:1.1) were weighed in 2

suitable confainer and water was added to obtain 89% of the total projected batch weight.

N-methyi Z-pvrrolidone {Pharmasoive, ISP] was added o obtain the fina conceniration of

Hon was preparsc end added e obla

3.3% (wew). Sodium bisulfie [Sigmel sol

concenirniion of 0.03% (vAw). The mixture was heaizd to (5=10°C with constant siirs

-

wWhen the solids were completely dissolved, heating was siopped and the preparation was

N

aliowsd o cool down 1o room wrpera awe. The solution was 7

using 4 steriic

0.22uM: PVDF membrane.

Carbidopa-arginine solvtions/formulations, 2 and 3%, were prepared by diluung the
3 M i
4% Cardidops-arginine solution/ formulation with the respective amouni 0 doubje distilied

water (DDW) containing 3,39 N-MP, with or without 0.G3%% sodium bisoliiic.

Exampie 5 - Preparation of Carbidopa Formulation for I ransdermal Delivery
An 2% Carbidope Jormulalion was prepared as follows:
Carbidopa [Teve] and L-argimine [Merck] (molar ratic 1:1) were weighed in a

of the 1o

suitable coniainer and propylene giveoir (Merck] was added to obtain
projectzd hatch weient, Sodium bisulfite [Sigmal solution wes prepared and added 10
obtain & final concentration of 0.05%. The muxture was heated fo 65+10°C with consfant
storing. Wher the solids wers compistely dissoived, lheating was stopped and the

preparafion was aliowed o cool dewn o room temperaturs.  PEG-40( 0% of

o

the fotal projected batch weight, was added. The pi was adjusted to 7.5 with 85% lactic

&

acid [Finkaj.

Example 6 - Preparation and Stability of Carbidopa-Arginine, Carbidopa-Lysine and
Carbidopa-Histidine Solutions/Formulations
Ca

idopa solutions/formularions were prepared as {vllows:

16
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Carbidopa [ Teve] was weighed in & suitable container with T-arginine [Meroid or

L-lysine [Sigme; or L-histidine [Sigma] (& molar ratio of 1:1, 1111 or 120 and water

added. N-methy: 2-pvirolidone [Pharmasolve, ISP] was added to obiain the final
oncentration of 5% (w/w). Sodium bisulfite [Sigmal solution was prepared and added to

i concents

obiain & i

The mixwre was heated o 6823 °C with

ant

congant stonng, Wi

) At A e e o
1 the solids ware cm TSl LissOIN C'l. e

prevaration was allowed fo cool down 1o room: iemperature. 5 2%

71

CIxlysine and 2% CD:arginine 1:1.1 molur ratic) were further subjec L.C analysis

at 1=0 and t=7days at 23 °C.

The results show the significant difference berween the three basic am

763 L-lysine (PI-9.74) and L-histidine (PI-7.53%)) wiih rvespect 10 their

v

- £ - TrtEr s Tiaia o YA Ay o tlaen
v of carbidops in agueous solution: Table 1 indicates the

eifect on the solubility and stabil

tv and stability of carbidopa in these aqueous solutions with basic amino acids

{(arginine, lvsine or histidine) as determined visualiy (Tabie 1A) or by UV HPLC (Tabie
1B). With arginine, & stable solution of 6% carbidopa was prepared, whoreas a solulion

with oniy less then 4% could be formuleizd with lysine (Table 14, Puthermors, 4

solnfion of 2% carbidopa with lvsine was less stable thar with arginine after 7days at 25°C

(Table 1B). In addition, a stable solution with histidine at concentrations = % could not be
mude (Table 14).

Table 1A
Carbidopa and Arginine Solation
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Exampie 7 - Preparation of Levodopa-Arginine Salt
Lzvodopa (I.Dj-arginine salt was prepared as follows:
Levodopa [Teval was weighed in a suitable container with L-arginine [Merck] (at

molar ratio of 1:1.8) and & 0.2% sodium bisidite [Sigma, solution in water was added o
obtain 2 final concentration of 4.4% L-Dope. The mixture was heated to 62=10G°C with
constant stirring. When the solids wers compietely dissolved, solution was fiitered using
0.45 .M nyion membrane. The fiitered solution was immeadiately frozen n dry ice and
subsequentiy subjzcied ie fvophilization. The filtered solution was immediately frozen in

dry ice and subsequenily s d to iyophilyzation. Off-white crystais were obtained and
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subsequently subjecied to MS analysis. The MS analytical results (shown in Fig, 2) cleatly

Fatanl -~

showed 1D and Arginine fons. LD: 197 with fagments 17€.97, 151.9¢, 135.98 (Figures

G o , 5

2a & 2b); Arginine: 175 with fragments 130, 116 (Figs. 2a & 2¢)

Fxample 8 - Preparation of Carbidopa and Carbidopa/Entacapone
Solutions/Formulations for Subcutaneous Administration, and Their Local Safety
Evaluation in Pigs

A 10% carhvidopa and 4/6% carbidopa/entacapone solutions/formulations were

preparsd us ollows:

Carbidopa [Assia Ltd.] was weighed in a suitable contamer and water was then
added W obtein T3% of the total nrojecied batch wal MiNturs was al room
l:emperamrc r 20 minutes. L-Arginime [Sigma] weas addsd to ihe mixture to obwin a
moiar rafio 1:1 with Carbidopa. Ths mixture was heatad to 63=10°C with constant stirning.

When the solids wore completely dlssolved, N-insthyl 2-pyrrolidone [Pharmascive, 18P

-

ag added fo obtain the fnal concentration of 10% (w/w).  Sodium bisulfite [S

~ g
{

solution was prepared and added 1o obein 2 Tingl concenvaton of 1% 11w)

-

contmued for additional 30 minutes at 65£3°C. Thereafter, PVP [Polyvinvipyrrolidone,

1 ~ o

Sigms: soluilon was preparsd and radesd to obtair e final concentration of 1% {wAv),

Stirring was continued for 30 minutes at 65=37C. Heating was stopped and the preparation

was ailowed to cool down (o room femperaturs,  Solution was filiered using a s

0.22uM PVDF membrane. The filiered solution was immediately frozen in ¢ry ice and

su‘t):seqmnf;]j-: sublectsd to lyophilization. ILvophilized crvstals woere re-constituted with

A

deuble distiled waier to obtain 4 and 0% carbidopa solutions. Entacapons [axiva

1

from Comtan®, Novartis! was added to the 4% carbidopa soluiion fo obtain a final

L

Both Sommulations (10% CD and 4/6% CDVE} wers

P
3

conceniration of 6%
continuously administered sc to pigs for a period of 21k to svaluaie poteniial local
reactions,  Macroscopic and microscopic evaluations ndicated thar 21k coniinuous
subcutancous admindstration of these carbidopa solutions/Termulations was safc, (Table 21
Tablz 2 indicates e results of # histological evaluation of skin biopsies obtained

from female landrace > large while swine following continueus sabeutaneous

adminisiration of 10% CD (carbidopa) or 4/6% CD/entacapone for a period of 21h, at a

- onzg P el AN
raze of 25 or 82 uih.
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Fxample 9 - The Effect of Continuous Subentaneous Carbidepa Administration on
the Pharmacokinetic Profile of Levodopa and Carbidopa in Pigs

-~
b
t-t

gl

1 this experiment, the purpose was io determine the effect of continuous
subculancous adminisiration of carbidopa, with co-administration of oral L-dopaicarbidopa,
oz the pharmacokinetics of levodopa in pigs

Pigs weighing 30-35 kg were administered orally with either Stalevo & (Novartis,

100/23/200 mg, LD/CD/E), Dopicar® [Teva] + Lodosyn® (Merck & Co) (125725 mg,

15 /CDY or Sinemet CR® (MSD,100/25 mg, LD/CDj thrice or twice daily (g8 or 12k,
respeciively) with or without carbidopa (60 mg/pig/d) for a total period of 68k. Blood
samplcs were collected at pre-deiermminzc time pomis and piasma lovels of L-dope and
curpidopa wers anajyzed by LC-MS.

Results showed that the co-administration of continucusz subcutansous cerbidopa

20 with any oral LD preparation significuntly increases (more than »2) {(he half live (114) and

20
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AUC of levodopa. In contrast, increased carbidopa oral dose or frequency did no!

considerat

y improve the PK profile of levodopa, as shown in Table 3. Also, constan,

LA

levels of CD weas mainiained av 164234 nganl during the 68 Lours of

)

us SC administration of carbidopa (60 mg/pig/day). This was in opposition to the

tuating pattery and very jow wough ieveis of CD obtained after administre

stendard freaiment (Figs. 2A-3C) No stuns of treatment related Jocal or sysiemic toxiclly
were observed throughout the entire 68k study period.

Thie mrgrvigeainatia mo- atare A7 ThavyAmnz F—— : — A
e IAIACCKINSH S paramSiars 4 12avoaona detemmined in plasmea of {zmals

Landrace » large white swine (306-35k¢) following oral administraiion of

Stalevo

(100257200 mg, LD/CD/E), (B) Dopicar~Lodesyn (12525 mg LD/CD), {(C) Sinemet CR

QL

103725 meg. IZD/CD) ¢f and 12h (a8p=every § hours), with cr withou! contin

subentaneous (SC) administration of 3% carbidopa (CD) solution, with results depicts in

2

Tanie 2;

Table 3A.
Oral Treatment | Stalevo (100/25/200 mg)
PK Parameters

i SC Treatment Cmux o E rfmuu; i T 1/2 «'\1"(4(»;]
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Table 3C.
I oy . : PPN ~
" Oral Treatment Sinemet CR (199725 mz)
| PX Parameters
SC Treatmen: ; T, .
i Cn*.nx -rm:m

ouiSCCD | 1691 09 1z |47
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Example 10 - The Effect of Continnouns Subcutaneous Administration of Carbidopa
on Brain Distribution of Levodopa and Dopamine in Mice

in this oxperiment, the purpese was to determine the effect of continuous
subcutaneous adminisiration of carbidopa (13 mg/kg/d) on the leveis of levodops and

dopamine i the brain folowing oral administration of isvodopascarbidops (3278

TID) in mice.

Mice were implanted subcutaneously with Alzet pomps containng  Saine
(Nezgative Comrol), Vehicie or Carbidopa solution. A day following impiantation LD/CD
was administersd orally u8h. The level of levodopa and dopamine in the brain was
determined following the 4% oral dose of LD/CD. The resulis showed dopamine levels
szven hours post-adminisiration of oral 1D 1o »e significantly higher in the waing of mics

contipnously administered SC with carbidopa (Fig. 44), concurrently with higher levels of

o2

int
piasma LD (Fig. 4B).

Example 11 - Dose Effeci of Continnous Subcutaneous Carbidopa Adminisiration on
L.ocal Toxicity and Pharmacokinetic Profile of chodupa and Carbidopa in Pigs

In this experiment, the »urposc was fo determine the dose offect of carbidope
confinuously adminigtered subcutaneously to pigs on local tolerance and ihe
pharmacokizetics of L-dopa.

Pigs weighing 30-25 kg were administered orally with Smemet® (Merck & Co.,
100/25 mg, 1.D/CD,), thrice daily (g8h), or Dopicar® (Teva) + Lodosyn® (Merck & Co.,

(12325 mg LD/CD), twice caily (g , wWith condnuous suscutaneous vehicle, 2% or 4%

0

carbidopa (G, 40 or 80 my/pigid, respectively) for a toial period of 24h. Blood samples
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and plasme levels of L-dops and carbidopa

were colleeted from the infusion ites
immediately, 1 and 2 weeks post-adminisraton and local tolerance was evaluaied oy

1y of H&E stained glides, No b cal treatmeni-related abnormalities

No significant dose efizet on the plasma levels of 1-dopa was observed when 2 or

3. SA-510 or Don

4" carbidope solutions were co-admi Sinemet

+ Lodosyn® (Figs. 6A-6B). Thus, under the cxperimental conditions employed, it was
suggasted that continuons subeuianeons adminiziration of 2% carbidopa, or izss, mev be

sufficient ¢ maintain optimal nhibition ¢f DDC {dopa decarboxyiase) i pigs.

Example 12 - Effect of Continnous Ssubcutaneous Administration of Carbidopa. with
and without Continuwous Subcutancous Adminisiration of Entacapone, on the
Pharmacokinetics of Levodopa in Pigs

In this experiment, the purposc was to determine the plasma levels of T.-dopa,

foilowing coniinuous subcutenscus adminisiration of carbidopa, with or withou

cntacapone. concomitantly with oral administration of L-dopa/carbidopa iv pips.

« ~

ey rpate A Y . P rame PO TTTIOP e S SO 5 & S ST Sl S Y e 3 [T T raney T ey
levels of T-dopez were measurad by APLC-RECD.  The resuin in Figo & showed ihat

entacapone effectively reduced the levels of 3-OMD (3-oriho-methyldopa) (8B8) but it did
not further extend the phamacokinetics of lovodopz (84), suguesting that eniacapone

and/or COMT inhibition mterferss with carbidopa/DDC-dependent, or other, LD metabolic

painways.

Example 13 - The Effect of Continuous Subcutaneous Administration of Benserazide
on the Pharmacokinetics of Levodopa in Pigs

In this experiment, the purpose was to determive the plasma levels of L-dopa,
ioillowing co-administration of oral L-dopa/Carbidopua with continuous subcutansons
administration of another DDC inhibitor, benserazide. Plasma levels of L-dopa were

measured by HPLC-ECD.

Tho results showed that benserszide exicnded the pharmacokinetic profiie of LD,
suggesting that coniinuous dopa-decarboxyiase (DDC) inbivition, by any DDC inhibitor,

increases the elimination baif life of LD, as shown in g, 7.
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Example 14 - The Transdermal Delivery of Carbidopa Propyl Ester (CDPE) Through
Full Thickness Pig Skin Ex-Vivo using the Franz Cell Delivery System.

In this experiment, the purpese was to deiermine the transdermal delivery of
carpidopa pronyl ester through o full thickness porcine skin, 2x vivo using the Franz celi

de‘zivcr}’ sysiem. (el formulations conizining CDPIL were prepared.  Sampics we

) afi

recelver cell at time 0, 16, 19 and 22 hours afier formmlation appiication
1

& amount of CT) compounds in the reseivey cell fluid was dstermined by

te “hat CDPE

a spectrophotometer at 280 oM. The results shown

venciates the siin 1 an enhancer-dose dependent manner,

Example 15 - The Effect of Oral Administration of Levodopa Arginine and
Carbidopa Arginine Salts on the Pharmacokinetic Profile of Levodopa and

Carbidopa

In this experimont, the purpose was to determine the pharmacokingtics of 1.D and
CD administered oraily as arginine salts, either enieric-coated or not. Pigs were oraily

adminisiered with 235/45 mg LD-arginine salt (LDsyCD-arginine sai (CDs) to 30-35k¢

1

pigs in gelatin coated or norn-coated capsulss (corresponding to 100/25 LD/CD). Plasma
levels of LD and CD were meusured by HPLC-ECD.
The results in Figs. 10A-10B showed that LDs and CDs were absorbed more

rapidly and efficiently as comparsd to LD:CD {Sinemet@®), anc that oral administaiion of

snteric coated LDs/CDs extended the PK of plasma LD {10A) and CD (10R).

Example 16 - The Inhibitory Effect of Carbidopa Esters on the Activity of Dopa-
Decarboxylases (DDC) In Vitro

bl

i s a1 " 1 H v affant F rarhidans
I this experiment, the purpose was to determine the inhibiiory offect of carbidopa

asters (CDEs) on the activity of dopa-decarboxylases, DDC enzvmes wers obtained fom
porcine liver homogenate and their activity was measured by comparing LD concentrations
with and without carbidopa propyi esier (CDPE). Liver homogenaie preparation was bascd
on the method described by Uinezawa et al; (7. Antib, 1975, 28(12):947-52),

AlL samples were separated on high pressure Bguid chromatography columms and
zd by HP UV-H

the identity and concentration of L-Dopa and dopamine were determi

anzalysis at 280aM.
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The »osniis shown in Figs. 11 and 12A-128 demonsirate that CDPE inhibits the
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While specific embodimenis of the subject invention have been discussed,

4, the

above specification 18 {ustraiive and not restrictive. Many variations of the iov

o I e art upon review

Eaga

beoome apparent W tho i8

7

scope of the nvention should be determined by reference to the clanns, along with their

2

~

full scope of equivalents, an

cation, elong with such variaiions.

otherwise indicated, all mumbers cxpressing guantifics of ing,rreciie:mzs.,

reacton condifions, and so forth used in

» o

he specification and claims are to be undersiood

3
b

&8 being modified in all Instances hy the term “zboul.” Agcordingly, unicss ndicarsd 1o
the contrary, the numerical paramsiers set forth in this specification and attached claims

are approximations that may vary depending upon the desired properties sought to be

yhtairzed by the presert invention.
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CLAIMS

1. Anargining salt of an active agent seiected from carbidopa and ievodona.

2. A pharmaceniically scceptable liguid or gel o ion comprising

1 1, optionally comprising a pharmaceuiically acceprable excipient.

-

-~ e
s XX~ I‘IL*'C—MT\ r

a8 Dnarmace l‘tl-m vV alliy iable LL il COMPOSITON or L, Wheran e

liguid composition comprises carbidops arginine salt.

A ] P Fr iy an N A T I - o | ~rp Tt qIne
4. A pharnacenticelly acceptabic llauid composition comp rginine; anc

(b) ax ective agent sslected from: carbidope, levodope or & combination thereo?.

5. The pharmaceutizally accoptable Hauid composition of claiin 4,

: composi‘-im- comprisss preferably at least about 1%

arginine and carbidopa., whersin

by weight or at least about 4% by weight carbidope.
wherain the

€. The pharmaceutically acceptabie liquid composition of claim 5

carbidopa and the arginine have a molar ratio selected from about 1:0.5 1o about 1:2.5. or

abowr 1T oehout 1:1.2.

— g 1

The pharmaceutically acceptabie lquid compositon of claim 4, comprising at

Y,

ieast abour +%6 Dy weight levodopa.

8 The pharmaczuncally acceptable Bgumd composition of claim 7, whersin the

levodope and the arginine bave a molar valio of abows 1:7.5 ¢ about 1:2.5,

9. The pharmacenticaliy acceptabls liauid compesition of any one of claims 4 o &,
further comprising a phanmacsutically acceprabie excipient preierably sziected o N

methylpyrrolidone, polyvinvipyrrolidone, propviene glyvcol, antioxidants, or combinations

i pverary 6
LOeTCOIL.

10. The pharmaceutically acceptable liguid compesition of any one of claims 4 to

9, further comprising waier.

11. The pharmaceutically acceptable liquid composition of any one of claims 4 to
1C, wherein the composition is substanzially non-aqueous.

r)/
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12, The paermaceutically acceptable Hguid compoesiton of any one of claims 4 i

[

1 - Ay men i o ~
11, forther comprising entacapons or toloapone,

i

13. The phanmaceutically acceptable liquid composition of any one of claims 4 to

12, wherein the liguid compesition i3 subsiant cal 25°C for 48 hours or more.

i+, The pharmaceusoally aceepiabie lguld composition of any one of clalms 4 0
-y A T - - -y o~ . =L eyt ) S e -
i, ornntation has & pH of abowi .5 to about 9.5 at 23°C

cally acceptable liguid composition of any one of claims 4 to

&, whereir the liguid formulaiion has & pH of ahout § 1w about 9.5 a1 25°C.

3 The pharmaceutically aceeplable Liquid composition of any ong of claims 4 10

T

15, wherein the Houid composizion is a liquid solution.
5 ] p {

17, A i comprising: &) & {irst composition suits s contnuous adm

comprising the liguid or g-’ formudation of env one of claims £ o 16; ©) a szcond

somposition suitable for oral administration comprising levodopa or o phatmaceutically

acceptable sait or ester thereof; and ¢) optionzlly instructions

sdmbistiation of the first

Hanor.

ion in conjunction with the sacond for

. The kit of cleim: 17, whereln said Jrst formuladicn for continuous

sdminisiration is for wansdammal, mradermal, subculaneous, infravenous, or intraduod

administration such as by using an infusion pumm.

19. The kit of claim 17 or 18, wherain the kevodopa composition furtber comprises

bersorazide, entacapone, toleepons, or a combination thersofl

20. The kit of any one of claims 17 to 19, wherein the levodopa composition
comprises a pharmaceutically acceptable salt of levodopa., preferably an arginine salt

therso

21, A method of ueating z newolngical disorder selected from: restless jex
syndrome, Parkinson's disease, sceondary perkinsonism, FHuniington's discase, Parkinson’s
like syndrome, progressive supranucleer palsy (PSP). muliiple system atrophy (MSA), or

) -

amvotronhic lateral sclercsis (ALS), comprising {1) admiuis’;ering. 10 @ patient 1 necd
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thereof, 2 levodona composiiion comprising a therapewiicaily effective emount of levoedopa

i3

or & phamnaceutically acceptable salt thersof, and (i) administering substantaly

o ) i aint S e tlameaemd - e .. TS, S et
continuously o the paiient in uced thersol a therapeutically efzciive amownt of a

composition comprising dopa cecarboxylase inhibitor.

1

2. The method of claim 21, wherein the dopa decatdoryviase inhibitor is an

arginine salt of carbidopa.

23. The method of claim 23, wherein the commposition comprising the dopa

decarboxylase inhibitor is the pharmaceutically acceptable liguid composition of any one

24, Themethod of apy one of claims 2 7 1o 23, wherein the levodopa composition
is orallv administered 10 said patient, for example, & the form of a table, liguid, capsule,

gel capsule, or dispensible tablet,

e method of any one of claims 21 to 24, wherein the levodopa compx

comprises an arginine salf of levodopa.

26. The method of any one of claims 21 o 25, whercin the hali-life of levodopa in

the plasma of said patient is at least 1.5 times longer after administration of the levodopa

- vy v - x

with continuous acminisiration of the dopa decarbexylase inhibitor, as comparsd fo the
half iife of ievodopa it & patient’s serum afier adminisiering levodopa without continuous

adminisiration ¢f carbidope

r T

27, A method of trsain

/.

g or ameliorating Parkinson’s diseass 1

]
(D

z patient in reed

£

thereof, compri

substantially continuously administering fo said patient an effective amount of &
liguid composition comprising arginine and carbidopa; and

concurrenily orally administering, at discreic mtervals, an effective amount of

Ayt ot 11
TOL0 saic panent.

levodopa o7 & pharmaceciically acceptable sait th
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