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The medi canment for transnucosal adm nistration of
i debenone can be prepared, for exanple, as
fast-di ssolving tablets, emlsions, solutions,
sprays,- gels, nucoadhesive tablets or pastes,
pastilles, sublingual tablets, drops, chewing
tablets, suppositories or gudas. "Each of these
application forms can be produced by conventionally
known fornul ation methods using fornulation additives
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phosphat e, algi nates, tragacanth, gelatin, calcium
silicate, mcrocrystaliine cellul ose, -

hpolyvinylpyrrolidone cel l ul ose, water syrup, mnethyl

" cellulose, ‘nethyl and propyl hydroxybenzoates, talc,
magnesi um stearate and mineral oil. The medi cament
for transnucosal admninistration of idebenone
according to the present invention can be used in the
treatnent of various mtochondria', neuroruscul ar or
neur ol ogi cal di seases. Exanpl es of diseases to be
treated include, but are not limted to, Friedreich's

- Ataxi a, Duchenne Muscul ar Dystrophy, Becker Miscul ar
Dystrophy, ‘Al zheiner's Disease, Leber's Hereditary
Opti ¢ Neuropat hy, MELAS (mitochondria' mnyopathy,
encephal opat hy, l|actic acidosis wth stroke-Ilike

epi sodes), Parkinson's Di sease and m tochondria
nmyopat hi es. The effective dosage of idebenone

enpl oyed may vary depending on e.g. the condition
being treated and the severity of the condition being
treated. In conparison to the conventional oral route
of adm nistration the dosage can be significantly
reduced for the transnucosal adm nistrati-on wi thout
affecting the activity of idebenone. It could be
shown that the plasma | evel of idebenone reaches the
required: WO 2008/ 019769PCTXP2007/ 006895 6
concentration at dosages which have been reduced to a
tenth of the dosage in oral application forns.
Sui t abl e doses of idebenone adm nistered by
transnucosal . formul ations are 0.01 ng/ kg/day to 60
ng/ Kg/ day. Preferably, idebenone is admnistered in a
dosage of 0.01 ng/kg/day to 20 ng/ kg/ day, nore
preferably in a dosage of 0.01 ngy/kg/day to 10
ng/ kg/ day and- even nore preferably in a dosage of
0.01 ng/kg/day to | ess than 5 ng/kg/day. Most
preferably, the dosage of the active ingredient

‘i debenone is between 0.1 ng/kg/day to 4 ng/ kg/ day.
St udi es have shown that, surprisingly, such | ow
.dosages - achi eve the required plasma | evel of _
i debenone if it is applied via the oral nucosae. The
requi red dosage may be ascertained readily by a
person skilled in the art. In a preferred
enbodi nent, i debenone nmay be adm nistered in



20 Active Ingredient Mglyol 812 N.144 Sol vent TPGS
96 Surfactant Water 750 Solvent Preparation: TPGS

(Tocopher ol - pol yet hyl engl ycol - 400- succi nate) is

reheated to about 60 C. Niglyol 812 N and idebenone
‘gzr”gs"ﬂf’%éd and sonicated for approx. 10 ni nECEEPYNT/PY6sS

the substance is conpl etefy dissolved (clear orange
solution). The nolten TPGS is added to the

DMaled deiscAphon oP thémivehtion and stirred. The mixture
is diluted and honogeni zed unt|I a honogeneous
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N}S%' \?@'N ng‘g§'€ﬁ'19ﬂ3 | Gosrpisal rﬂﬁmﬂ‘lya-r( H0-Hlydmxpiedyts, 6-dimethoxy-3-
mBMA-0 GogytidRexadiene-1.4-dione; Chemical Abstracts Service (CAS) registry
number: 58186-27-9) for the preparation of a medicament for transmucosal
administration to human beings or animals, which can be highly useful in maintaining
or restoring health. Transmucosal formulations comprising as an active ingredient
idebenone together with additives and excipients conventionally used in transmucosal
formulations are further described herein. Moreover, processes for preparing the

transmucosal formulations in question are also described.

idebenone has the following formula:

2,3-dimethoxy-5-methyl-6-(10-hydroxydecyi)-1,4-benzoquinone, idebenone

Idebenone, a member of the quinone family, has been promotéd commercially as a
synthetic analog of Coenzyme Q10. Moreover, it has been made the subject of
various medical studies investigating Its efficacy in the treatment of for exampie
neuromuscular diseases such as Friedreich’s Ataxia or neurological diseases such as
Alzheimer's disease. ldebenone has aiso been used in fopical appiications to treat
wrinkies. Therefore, idebenone may be regarded as toxicolagically safe which means
that it can be used as a pharmaceutical active agent in a medicament The
toxicological safety of ldebenone has been confirmed in a clinical study with 536
patients that have been freated with up to 360 mg of idebenone ti.d. (ter in die).
Compared to the placebo treated controi group, no treatment emergent adverse
events except some gastrointestinal irvitations as well as a sfight increase in
orthopedic events were observed (L. J. Thal, M. Grundman, J. Berg, K. Emstrom, R.
Margolin, E. Pfeiffer, M. F. Weiner, E. Zamrini, R. G. Thomas, Néumiogy 61 (2003},

1498-1502).

it has now been observed that, after conventional oral administration and absarption
in the gut, idebenone is rapidly metabolized during its first passage through the liver,
The major metabolites are idebenone conjugates such as giucuronates and sulphates
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| debenone, |actose nonohydrate, flavor and aspartane

are mxed in a high-shear mxer until a honpbgeneous

asriweiuae derivatiesi whdre BryisiiRnehadin ofi GiBOpareAt icBmpBUR has been
and added to the dr
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adtiv@ MksenBlevels. These high doses result in unwanted effects such as diamhea
and gastrointestinal (Gl) tract disturbances which are frequently observed in clinical

appiications.

It has surprisingly been found that high plasma levels of free idebenane, meaning
idebenone which is neither conjugated nor otherwise metabolized, can be reached by
transmucosal administration of idebenone whereby idebenone can be absorbed into
the body through mucosal absorption. Thus, although transmucosal administration of
Coenzyme Q10 has been described in an earlier publication (K. Fujii, T. Kawabe, K.
Hosoe, T. Hidaka, EP1388340 A1) we unexpectedly were able to demonstrate that
the much more polar compound idebenone is rapidly absorbed through mucous
membranes. By use of transmucosal formulations the high first pass metabolism
observed after conventional oral administration of idebenone can be circumvented.

Circumvention of the strong first pass metabolism of idebenone aflows reaching
similarty high plasma levels of this drug 1o be obtained whilst significantly reducing the
dose that has to be administered. Lower drug exposure is generally believed to be
associated with a reduced risk of adverse side effects and offers a medical advantage
 leading to improved compliance by the patient. '

In addition to circumventing the first pass effect, the medicament according to the
invention is effective and easy to handle and therefore has an advantage in terms of
practical administration, especially to patients with swaliowing difficulties.

in the present invention, “formufations for transmucosal administration” or
“transmucosal formulations” means formulations that are in a form intended to be
absorbed into the body through the mucosae. According to the invention, such
formulations constitute the basis of medicament containing idebenone for

transmucosal administration.
Furthermore, according to the present invention, the term “mucosae” includes the
nasal mucosa, the colon mucosa and the oral mucosae. The oral mucosae comprise
the sublinguat and buccat mucosa. Idebenane is preferably applied through the oral or
nasal mucosa, more preferably via the sublingual or buccal mucosa.



Spray formul ati on Table 3 I ngredi ent anpbunt Function
| debenone 10 g Active Methyl parahydroxybenzoate 2 g

Preservati ve Propyl parahydroxybenzoate 0.2 ¢
Preservative Aspartane 0.6 g Sweetener Flavour 0.6 g
WA ng agent Et hanol (96% 500 m Sol vERT/EP2007/006895

Purified water q.s. Sol vent
The medicament for transmucosal administration of idebenone can be prepared, for
example, as fast-dissoiving tablets, emulsions, solutions, sprays, gels, mucoadhesive
tablats or pastes, pastilles, sublingual tabiets, drops, chewing tablets, suppositories or

gurmis.
Ezach of these application forms can be produced by conventionally known formulation
methods using formulation additives generally used for the production of such
formulations. Such additives used for formulations described in the present invention
may contain adjuvants or expedients etc. including solvents, buffers, flavoring agents,
sweetening agents, fillers, preserving agents, gelling agents, camiers, diiuents,
surfactants and mucoadhesive polymers.

Preferred solvents which can be used in the medicament according to the present
invention are aicohols, especially ethanol, fatty acid esters, triglycerides, water and
mixtures thereof. ’

Preferred preserving agents are lower alkyl parahydroxybenzoates, especially methyi
and propyi parahydroxybenzoates.

Examples of suitable camiers and diluents include lactose, dextrose, sucrose, sorbitol,
mannitof,. starches, gum acacia, caicium phosphate, alginates, tragacanth, gelatin,
caicium silicate, microcrystaliine cellulose, polyvinylpyrrolidone, cellulose, water syrup,
methyl cellulose, methyl and propylhydroxybenzoates, taic, magnesium stearate and
mineral oi},

The medicament for transmucosal administration of idebenone according to the
present invention can be used in the treatment of various mitochondrial,
neuromuscular ar neurological diseases. Examples of diseases o be treated inciude,
‘but are not limited to, Friedreich’s Ataxia, Duchenne Muscular Dystrophy, Becker
Muscular Dystrophy, Alzheimer's Disease, Leber's Hereditary Optic Neuropathy,
MELAS (mitochondriai myopathy, encephalopathy, factic acidosis with stroke-like
episodes), Parkinson's Disease and mitochondrial myopathies.

The effective dosage of idebenone. employed may vary depending on e.g. the
condition being treated and the severity of the condition being treated. in comparison
to the conventional oral route of administration the dosage can be significantly
reduced for the transmucosal administration without affecting the activity of
idebenone. It could be shown that the plasma ievel of idebenone reaches the required



Preparation: 10 g | debenone is dissolved in 500 ni
et hanol (96% and is mxed with 400 m of purified
wat er. Methyl parahydroxy benzoate, propyfparahydroxy

benzoat e and aspartane are dissolved in the mxture.
WOPHS/eT6al  vol ume is adjusted to 1000 m wi PﬁT’EEﬂ“P”f/qoéﬁﬂﬁ

wat er. The solution is fittered and fill ed into an
appropriate spray device. Exanple 4. Sublingual

R ERtoN S DS ARER iy HRER Bl o 3 i of e cosage i oral

appjn&t@nform 13, 14, 15, 16, 17-cl ecahydro 6Hcycl opent a[ a]
phenant hrene- 3, 11-di one; CAS 53-03-2) Table 4
Suiﬂagbedﬁsaﬁt of idgbendriec afimifistetaeidoby transmiOcosal formulations are 0.01

ey {4 ghbh . bl apeoreTe SRR up(ec(f s Sage oroor
mgfs@iday do 20emg/kakiayi iroee pReferabiynin #3Rpsdgd of 0.01 mofkg/day to 10
ma/kg/day and even more preferably in a dosage of 0.01 mg/kg/day to less than 5
mo/kg/day. Most preferably, the dosage of the active ingredient idebenone is between
0.1 mglkglday to 4 mg/kg/day. Studies have shown that, surprisingly, such low
dosages achieve the required plasma leve! of idebenone if it is applied via the oral
mucosae. The required dosage may be ascertained readily by a person skilled in the

ar.

in a preferred embodiment, idebenone may be administered in combination with a
second therapeutic agent, ‘wherein said second thérapeutic agent is preferably
selected from giucocorticosteroids such as 6a-methylprednisolone-21 sodium

- succinate (solumedrol®) or deflazacort (calcort®) which are routinely used in DMD
patients for treatment of inflammation and muscle weakness. Likewise, idebenone

- may be adminié.tered in combination with any medicament used in DMD patients to
treat DMD—assomated cardiomyopathy such as ACE-inhibitors, beta-blockers and
diurstics. '

- in a further preferred embodiment, idebenor_re_ may be administered in combination
with further therapeutic agenté, wherein said further therapeutic agents are preferably
erythropoietin, vitamin E, vitamin C, mitoquinone (MitoQ; K. M. Taylor, R. Smith,
WO0Q5016232A1), inhibitors of the cysteine protease calpain or inhibitors of the
proteasome. Preferred calpain inhibitors are those disclosed in WO 2004/078908 A1,

- WO 2006/021408 A1 and WO 2006/021413 A1.

ldebenone and the further active agents can be used simultaneously, separately or
sequentially in order to treat or prevent the disease symptoms. The active agents may
be provided in a single dosage form or as separate formulations, each formulation

containing at least one of the active agents.
The foliowing examples iflustrate the invention, but are not intended to limit the scope

of the invention.



Bi nder Croscarnellose 5 Disintegrant M crocrystaH ne
cellulose 30 Filler Flavor 2.5 Flavouring agent
Aspartame 6 Sweetener Magnesium stearate 0.75 Qi dant
Talc 1.25 didant Preparation: |debenone,
woRpEM?8Hne, Lact ose nonohydrate, Flavor an8CREBAPTUARES

are mxed in a high-shear’m xer until a honbgeneous
m xture i s obtai ned. Povidone is dissolved in water

8 - 10% solution) and added to the dry

appr.ox.

Eéﬁ:'-&gére and granul ated. The wet granules are dried in
.a fluj sieved and added to a pre-m xture
M'CBQ'EkWLﬁls?%&E &Eﬁﬁ?l ne Cel | ul ose, Magnesi um Stearate and
TaTg The f| nal m xture is conpressed to round shaped
q BI ets. Exanple 5: Analytical quantification of

&one in plas |f;t.ﬁ@§,bﬁn of idebegnone was
npiHiER i

orned by |igui tography (1C) caupl ed

ld%ﬁrlobge with tanddmgmss dpesis fgRidisht( M5/ NB) .

ration sanples were prepared in human jpl asnma and

Mgwﬂiéfzchon”m (QC)assanpl{es g e prepared [in dog

Sanmpl e _prepar ati oj
TPGS 96 Surfactant

n

Water 750 Solvent

Preparation: TPGS (Tocopherol-polyethytenglycol-400-succinate} is preheated to
about 60 °C. Miglyol 812 N and idebenone are mixed and sonicated for approx. 10
minutes until the substance is compietely dissolved (clear orange solution). The
moiten TPGS is added to the Miglyol/idebencne solution and stired. The mixture is

diluted and homogenized until a homogeneous emuision is obtained.

Example 2:

Sublingual tablet

Tabie 2
Ingredient [mgl/tablet} | Function
ldebenone 10 Active ingredient
Lactose maonohydrate 860 Filler
Pavidone K30 45 Binder
Croscammeliose 16 Disintegrant
Microcrystaliine éeltulose 30 Fillef
Flavour 25 Flavouring agent
Aspartame 6 Sweetener

| Magnesium stearate 0.75 Glidant

Talc 1.25 Glidant




150 pl of dog plasma were treated with 10 pl of an
EDTA sol ution, prepared by dissolution of 1245 ng
EDTA- potassiumsalt in 33 nl of 1M NH40Ac, and 300 pt

of Met hanol After vigorous shaking, sanples were
WO HPTged for 45 minutes with 1960 RCF aPCHERZO0VZPISES

pl aliquot of the supernatant was injected into the
LC- M5/ M5 system All unknown, calibration and QC

P St S Do RS (RS HRE TR0 T MepurRiRd efemixed in 2

hight shearl mter ayntir @hongogensous mixtieeis loptaings. iRovidene  js gissolved in

H d . . . . '
el e Cb 1o BT B0F BGe A pLa o B apnyaie e
weSyranups aredgridd it BRAE ed dryem)sieyed and addeshina fsg;mixture of

.Schlieren, Lt zerl NAS u t e UfBs i
micggopsER; pallieee crRBACHET siidie Ay, B, FRECR ure s
comprssedto thbleétd. H20 100/ 3 (v/v) + 30 mM NH40Ac,

gradient elution (table 4). Flow 250 pl/mn and

4000/ m n. Once separated, idebenone was quantified by
ExaippleMs/ MS (APl 4000, Perki n- El ner - Eur ope BV,

Rot kreuz, Switzerland) in positive node. Table 5:
Sprayfemgatiinent program and tine events for separation

and quantification of idebenone Tine [m n] nobile
Tablpdse B [Vo] Flow [ul/min] Comments 0.01 50 250
startgradient, HPLG el uen t'g '\Qi 3.00 250 B.01

unction

Iingredierit amou
ldebenone ' 10g Active
Methylparahydroxybenzoate | 2 g Preservative

Propylparahydroxybenzoate { 0.2 g Preservative

Aspartame 06g Sweetener
Flavour 06g Flavouring agent
Ethanal (96%) 500 mi Soivent

Purified water ) g.8. Solvent

Preparation: 10 g Idebenone is dissolved in 500 mi ethanol (96%) and is mixed with
400 mi of purified water. Methylparahydroxy benzoate, propylparahydroxy benzoate
and aspartame are dissolved in the mixture. The final voiume is adjusted to 1000 ml
with purified water. The solution is filtered and filled into an appropriate spray device.

Example 4:

Sublingual tablet with Idebenone + Prednisone (1 7-hydroxy-17-(2-hydroxyacetyl)-
10,13-dimethyl- 7,8,8,10,12,13,14,15,16,17-decahydro-6H-
cyclopenta[alphenanthrene-3,11-dione; CAS §3-03-2)

Tabie 4
ingredient [mgftablet] | Function




400 3.75 95 400 end gradient 4.50 95 400 - 4.51 50
400 - 5.90 60 400 - 5.91 50 250 _ 29.99 50 250

WO 2008/619769 PCT/EP2007/006893

idebenone 10 Active ingredient
Prednisone 25 Active Ingredient
L actose monohydrate 5?.5 Filter
Povidone K30 45 Binder
Croscarmeliose 5 | Disintegrant
Microcrystalline celiulose 30 Filer
| Flavor 2.5 Flavouring agent
Aspartame 6 Sweetener
Magnesium stearate 0.75 Giidant
Talc 1128 7 Glidant

Preparation: Idebenone, Prednisone, Lactose monohydrate, Flavor and Aspartame
are mixed in a high-shear mixer until 8 homogeneous mixture is obtained. Povidone is
dissoived in water (approx. 8 - 10% solution} and added to the dry mixture and
granulated. The_- wet granules are dried in a fiuid bed dryer, sieved and added to a pre-
mixture of Microcrystaliine Cellulose, Magnesium Stearate and Talc. The final mixture

is compressed to round shaped tablets.

Exampie 5:

Analytical quantification of idebenone in plasma

Quantification of idebenone was performed by liquid chromatography (LC) coupled
on-line with tandem mass spectrometry (MS/MS). Calibration samples were prepared
in human plasma and quality control (QC) samples were prepared in dog plasma.

Sample preparation

150 il of dog plasma were treated with 10 pl of an EDTA solution, prepared by
dissolution of 1245 mg EDTA-potassium salt in 33 mi of 1M NH,OAc, and 300 pi of
Methanol. After vigorous shaking, samples were centrifuged for 45 minutes with 1860
RCF at 4 °C. A 50 i afiquot of the supematant was injected into the LC-MS/MS
system. All unknown, caiibration and QC sampies were subjected to the same assay

procedure.



punp shutdown 30.00 95 20 Fromtinmes 0.01 to 3.75

mm a |inear gradient was used. |debenone conjugates

such as gl ucuronates and sul phates have been

uantified after acidic hydrolysis as described b¥ R.
WONMPRUATO . ol ome, M A. Vil aseca, A Ar adFPCTgF2007/006895

Pineda, J. Neurosci. Meth!® 115 (2002), 63-66. Exanple

6: Pharnmacokinetic data after sublingual delivery of

r,gﬁggea@,@ a? BPHoR 1O%E A GlENaN0MNIDAR Ased immBLiatsy
Sa vel s o%t?rggbengﬁg were studied after the

adm nistration of a mcro-enul sion, prepared as

Ch?&@?b?%ﬂidébn@i&éﬁ?' e 1, to dogs (n = 3). The
subl i hgual adm nistration of 4 na/ kgﬂg% cg@ig{’eds_ ™ 4
ideenane was§eraatadandauantibad byHPbir-Me/Mp: Hop sEH, groyneral ™ 4u
Ml@f—&ipg 50 B 90fmi 2EBNAS (PheRo@Ehesx Catlefep! Sviberand) was used.
after "adm nistration. Concentrations of i g@iki&ggne L0
Coirers IRmRRFAIrG; A0S . MO Phase A e+ 20mit NELPAC, mofle phase
: . & T hieEIatOY (1abie 4). Flow: 250
R Pl Rt e S o et 0 o B
Hi/mimand ARG/ e concentrationthe tinme when maxi mum
Onglra] eP@raféH? GRibehahd Qas MRantsEby eSi-ME/MS @PIl 40be, PéRm-Eimer-

t he plasma concentrations versus tinme curve -
EurapgrBY.iRatkreur SwWzedand)impestix®mMo480, | m). The rel ati ve
bi oavai l ability of idebenone after subli ngual
adm ni stration conpared to the oral admi nistration
TaMeS: infgigratiest hrrgraAnehd dRte budhie ReTsEphiatiad ahd quBAtifigation of
. AUC values. The AUC ratios of the nmetabolites were
al so '¢e8ePMSited. In addition, Crax ratios, normalized

to : S€5 ct-ated—Theobt-arned-
r esu Tigear e {EABIPNase Fabl dF18 and 6 bdCOMMEUDI e 6
Mean [pirgr maciekdi net i ¢ par angpémm} of i debenone and

tot al—Tonjugatred (1. €. T hactive) netanlidfe 1 ar
or al rﬂ(4f ngfkg) vs. subling4gl (4 ng/k%ghc Br&f:ér‘fg
adm &t rat [Bh in dogs. Nyfbers in roypsbrac etts
I ndijcate.the m ni mum-and fgexi-mim-val-ugs—observed-
Dosi fidgpPar ajret er Cl TKOE i n@lRll TrmaX [jfi n]
3ot |- ' 400 R

3.75 95 400 |end gradient

4.50 a5 400 -

4.51 50 400 -

5.90 50 400 -

5.91 50 250 -

2999 50 250

pump shutdown
30.00 95 20

From times 0.01 to 3.75 min a linear gradient was used.

idebenone conjugates such as glucuronates and sulphates have been quantified after
acidic hydrolysis as described by R. Artuch, C. Colome, M. A. Vilaseca, A. Aracil. M.

Pineda, J. Neurosci. Meth. 115 (2002}, 63-66.

Example 6:
Pharmacokinetic data after sﬁbiingual delivery of idebenone



AUCO. 480 [m n*ng/ nl] 4ng/ kg OM nuc, osal idebenone
105.6 (76.9-133.4) 6.3 (3-8) 1265(675-2261)
conj ugates 871 (272-1260) 50(15-120) 55053 40 ngy/ kg
oral idebenone 31.9(15.21-42.04) 22.7 (8-30

WO 15168 55- 1692) conj ugat es 6206( 1824- 966X T/AE2007/606895
(15-30) 446013 (272990- 73#465) As shown in Table 6,
t he ororucosal formulation of idebenone, prepared

puq%gr?agn{egénﬁ 2t Idgbgﬁerﬁ%srelsm&é& gﬁéryma'a\s?rﬁmwﬁw% icASERulsion,
enone conpared to conventional oral

pregaped asdesoibed in example 1 to dogs (n = 3). The sublingual administration of

4 mg/kg was compared with 40 mg/kg oral administration in & cross-over design.

Blood samples were coilected for 8 hours after administration. Concentrations of

idebenone in plasma were measured by HPLC-MS/MS as described in example 4 and

pharmacokinstic parameters were caiculated.

The pharmacokinetic analysis included maximum plasma concentration (Crex), the
time when maximum plasma concentration was observed (Tma), and the area under
the plasma concentrations versus time curve from time O h to 480 min (AUC,.
m,.).fhe relative bioavailability of idebenone after sublingual administration
compared to the oral administrafion was calculated for each dog from normalized (1
mo/kg) AUC values. The AUC ratios of the metabolites were aiso caiculated. In
addition, Cnax ratios, normaiized to a 1 mg/kg dose, were caiculated.

The obtained results are shown in Tabiles 5 and & below.

Table 6
‘Mean pharmacokinetic parameters of idebenone and total conjugated (i.e. inactive)

metabolites after oral (40 mg/kg) vs. sublingual (4 mg/kg) administration in dogs.
Numbers in round brackets indicaterthe, minimum and maximum values observed.

Dosing | Parameter Crnax S Trmax - AUCp480 [min*ng/mi]
[ng/mil] ~ [min]

4 mg/kg|idebenone |105.6 (76.9-133.4) |6.3 (3-8) 1265 (675-2261)

oro- :
mucosal |conjugates |871 (272-1260) 50 (15-120) 155053

40 mg/kg|idebenone |31.9 (15.21-42.04) |22.7 (8-30) | 1079.3 (655-1692)
oral conjugates |6206 (1824-9663) |26 (15-30) |446013 (272990-737465)

As shown in Table 8, the oromucosal formulation of idebencne, prepared according to
example 1, clearly gives superior plasma levels of idebenone compared to

conventiona! oral application.

With 1265 min*ng/ml the AUCouso after oromucosal administration of 4 mghkg of
idebenone is higher than the AUC after oral administration, even if idebenone is
adminisiered at a 10-fold higher dose (40 mg/kg, AUCo4s0 = 1079.3 min*ng/ml).




Wth 1265 m n*ng/ nl the AUCO. 480 after oronucosal

adm ni stration of 4 ng/kg of idebenone is higher than

the AUC after oral administration, even if idebenone

is adm ni stered at a 10- foId hi gher dose (40 ng 79
WORWSOI6L o = 1079. 3 min*ng/ml). WD PCT/EP2007/066895

20081019769PCT/ EP2007/ 006895 12 Even nore, the

maxi mum pl asma concentration after oral

Ev%ﬁi FAdPE, Sﬁ’l&%éﬁﬁluﬂ'f gﬂasﬁﬁ/ &Glcéﬁt%rﬂoﬁ dﬂegbt’éi )adﬁmgﬁ@lﬁant 6764 mg/kg

after pl'ication of 40 g 31, 9%‘9/
(10Betbhg/mh m@m@e@m aﬂerra@ph%wfiéf 9 méﬁe(sa eVl
conjugated (i.e. inactive) netabolites of oronucosal

(4 nmy/ kg) and oral (40 nmg/ kg) adm nistration in dogs.
Tabiad ratios were nornalized to a 1 ng/kg dose.

Aubdmcg%&aﬁdpfmémené @hd Q@t&ﬁ&onﬁb@técﬂ(r le0 inkittivie) rfistabalites of
ratio conj u ates@&gorn&l ed .for. dgse A ratlowere

oromusosalidxmalkal and oral (ADLMG/e) SABTStEten | i
normitlizéd R Rigikd bbde Of i debenone by ororrucosal

conpared to oral adm nistration after dose
nor mali zat | on Tkg. e normaliz AUCO. 480
'd%?ﬁr!ﬂ"ﬁé’ac’mql'ﬁeéf?é% d@l‘fq 8% mul atifo ﬂ1 s 11.1
times higher than the ngr 2 d AUCO. %obt ai ngd
after oral adm' nistratidg rq ebenone, rallel jto
i reas t or 1 AU 480, af t er
m&mﬁ'{fég [95%%?%\ %lh’% Bration it 'g nor mal ijzed
Cmg |ncreases by a factg ig6- 8. O { e ot her
hand, the C ... "x and Al val ues lof _the inadtive

conj ugat es of idebenone are only slightly increased

after oromucosal conpared to oral admi nistration
Tabfe Jcshawslthe) impravemens oft e ieavailakilty of j idekpnong tRygoromucosal

conipdli &5orbl 8@firfstration after dose nommalization to 1 mg/kg. The normalized
AUCo4s0 Obtained with the oromucosal formulation is 11.1 times higher than the
nomalized AUCo4s0 Obtained after oral administration of idebenone. Parallel to the
" increase of the normailized AUC.4sp after oromucosal versus oral administration the
' normalized Cruey increases by a factor of 36.8. S

On the other hand, the Cmax and AUCosm values of the inactive conjugates of
idebenone are only slightly increased afier oromucosal compared to oral

administration {factor 1.4).
The results are further iliustrated in Figures 1 and 2.

Figure 1 shows the mean plasma levels of idebenone after oromucosal administration
of 4 mg/kg compared to oral administration of 40 mg/kg administration of idebenane in
dogs over the first two hours after administration. The oromucosal formulation resuilts
in @ much higher Cnax @nd in an earlier Tmax

Figure 2 shows the mean plasma levels of the inactive conjugates of idebenone after
oromucosal administration of 4 mg/kg compared to oral administration of 40 mg/kg
administration of idebenone in dogs over 8 hours after administration.



Figure 1 shows the mean pl asma | evel s of idebenone
after oronmucosal adm nistration of 4 ng/kg conpared
to oral adm nistration of 40 ng/ kg admi nistration of

i debenope in dogs over the first two hours
v‘é‘g?‘ﬂ%ﬁ?ggﬁsati on. The or orrucq,§al formul ati on ?{ééﬁfn{zgovimr?ﬁssw

a much higher Cn", and inan earlier Tma, Figure 2
shows the nean plasma | evels of the inactive
Claimg ugat es of idebenone after oronucosal
adm ni stration of 4 ng/kg conpared to oral
adm ni stration of 40 ng/ kg adm ni strati on of

kde oRe fle 12 [
Yo 958500 1<52eHRR, Br3he Hogthle” i % APALESH B fihemucosal
i depemavsiraion. t he preparation of a nmedi canent for
transnmucosal adm nistration. 2. Use according to

- claiml for the preparation of a nedicanent for the

r egbsRBtOMEMgNLARSMONT it prepakitioh @8 hGAddi®ament for the treatment
neur onuscul ar di seases. 3. Use according to claim?2

f or CkTRRCGNOBETAeRRUIGIOICA] Uiy YRUSCURT $i§63SEERDA) |

Leber's Hereditary Optic Neuropathy (LHON),

m tochondri al nyopat hy, encephal opat hy, lactic

aci dsgiaccoiding $0 rakien- Bi foe thpiteatresnt SEEAS)remnts Ataxia (FRDA),

For CRES b SRS Sl S bl e,

( D\vB)cephdiopaib e riatlics cadidosisDywithy ogitoke(iBdDepisbdesdJsSMELAS) and

accrﬂrtgéﬂbgtdﬁ%arﬁi@da%gs.for the treatnment of Al zheiner's

di sease or I'nson”'s di sease. 6. Use according to
any of clains 1 to 5, wherein idebenone is

. administered in a dosage fromO0.01 ng/ kg/day to 60
4/ &g @sserding tosdaigt & dpathegtredment Oggug finesMysguarsDystrophy
whemIm) arftebeair Mdseudd Dy sirgiefD)n a dosage from
O.g%mﬁg%kg/day to 20'ngFE§r§g§ﬁBanuse according to
any of clainms 1 to 7, wherein the nedicanent is in

416 Bl SPRRP 21y PRGN B oA, geeese o

of RaArkineen's disga8¢. wherei n the nedi canent is _

adm ni stered via the nasal nucosa, the oral nucosa or

t he col on nucosa. 10. Use according to any of clains

gl Usdacdh@ih§td ahP of BRFhS T8 whaFBR; idt®enénd RCMinistered in a
therapeutic agent. 14 11. Use of idebenone for tlhe

pr &95Age frem %81 gfse{feniabt mada/dayansnucosal '

adm ni stration, wherein idebenone is to be

adm nistered in a dosage fromO0.01 ng/kg/day to | ess

A hdrsecacogiding ttagny of 2laintks ¢ ta 6¢ eheiahy idebendrad 1w ddnifistered in a

th { ] f I - or the treatnment of
i 8SRER oA OF i o E AT BRY G omuscul ar

di seases. 13. Use according to claim12 for the
treatment of Friedreich's Ataxia (FRDA), Leber's

8He (L8 aPIBiNia @ NEfHRIRSLIHY 7 mhergin tha Medisement iglin the form of
my . i - g . )

o PP, PO TR REL SR RET of by

myopat hies. 14. Use according to claim1l2 for the

9? r ?J%%na%%m?r];g Bu é:#ye&n c aifl\r/llés'lC% ,rwh ght't rﬂ%) rr%dicament is administered

via the nasal mucosa, the oral mucosa or the colon mucosa.

10. Use according to any of claims 1 to 9, wherein the medicament comprises a
second therapeutic agent.



(DVMD) and Becker Muscul ar Dystrophy (BMD). 15. Use
accor di ng to claim12 for the treatnent of

Al zhei rer' s di sease or Parkﬂson s disease. 16. Use
according to any of clains to 15, wherein the
medi canent containing the idebenone is in the form of
a suppository, drop, chew ng gum fast dissolving

11t abUeé ofr ic&pemne fdr?theusfepataimndbhg tned@ayeof fal tamsnucosal

adr%l}\esggt:c}lg whgrej n 1% gnémigit?erega rrﬁr?g cplrllr{;%afdhﬁ%gceofrgm 0.01

none nmnis Vi a
mgﬂdg&iayrtallessﬂhmsamgfkglm.col on nucosa. 18. Use

according to any of clains 11 to 17, wherein the

‘medi canent contai ning the i debenone conprises a

12.secUsd admercmgelibi daiagdrit for the. piegalatioonef fomedisament for the
none for use

ran ni strati
ety RR SR R Y reno el B o P BB erone. | s
to be adm nistered in a dosage fromO0.01 ng/kg/day to
I esg t han g{ ay,
13. se ‘according~to claim “12 for the treatment of Friedreich’s Ataxia (FRDA),
Lebers  Hereditary Optic Neuropathy (LHON), - mitochondrial myopathy,
encephalopathy, lactic acidosis with stoke-like episodes (MELAS) and mitochondiial

myopathies.

14. Use according to claim 12 for the treatment of Duchenne Muscular Dystrophy
(DMD) and Becker Muscular Dystrophy (BMD).

15.  Use according to claim 12 for the treatment of Aizheimer's disease or

Parkinson’s disease.

186. Use according to any of claims 11 to 15, wherein the medicament containing
the idebenone is in the form of a suppository, drop, chewing gum, fast dissolving tablet

or spray.

17. Use according to any of claims 11 to 16, wherein the medicament containing
the idebenone is to be administered via the nasal mucosa, the oral mucosa or the

colon mucosa.

18. Use according to any of claims 11 fo 17, wherein the medicament containing

| the idebenone comprises a second therapeutic agent.
19. idebenone for use in transmucosal' administration.

20. Idebenone for use in transmucosal administration, wherein idebenone is to be
administered in a dosage from 0.01 mg/kg/day to less than 5 mg/kg/day.



