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is nmetab d very qU|ckIy during its first passage
(200R), 3d6r34Ne |iver ("first-pass- effect’). Experinents

showed that nore than 98% of the idebenone is
As adipaphbilic zeanpound idebenone is well absorbed in the gastrointestinal tract after

conventional oral administration, which is the normal route for administering said
compound. Dosage forms such as tablets or capsules have been used in clinical trials
and as marketed product. In the course of our investigations on the pharmacological
profile of idebenone, we discovered that the compound, after being absorbed in the
gut, is metabolized very quickly during its first passage through the liver (“first-pass-
effect”). Experiments showed that more than 98% of the idebenone is metabolized
during its first passage through the liver. Hepatic metabolism of idebenone resulits in
side chain oxidation, reduction of the quinone ring, sulphate and glucuronide
conjugation and subsequent renal excretion. The high first-pass-effect leads to a fast
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Brief Description of the Drawing

Figure 1 shows the plasma levels of idebenone after oromucosal administration (4
mg/kg sublingual (s.l.)) vs. oral (40 mg/kg per os (p.0.)) administration of idebenone in
the same Beagle dogs (n=3).

Figure 2 shows the plasma levels of total conjugated (i.e. inactive) metabolites after
oromucosal (4 mg/kg s.l.) vs. aral (40 mg/kg p.o.) administration of idebenone in dogs.
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It has now been observed that, after conventional oral administration and absorption
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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In g%m E{ésst%ﬁg t frfg%h{f%ﬂ, SRRt " RPS WAR8%Akosal  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 sublingual and buccal mucosa. Idebenone is preferably applied through the oral or
nasal mucosa, mare preferably via the sublingual or buccal mucosa.
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Muscular Dystrophy, Alzheimer's Disease, Leber's Hereditary Optic Neuropathy,
MELAS (mitochondrial myopathy, encephalopathy, lactic 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 level of idebenone reaches the required
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idebenone 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 following exampies iliustrate the invention, but are not intended to limit the scope

of the invention.
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Example 2:

Sublingual tablet

Table 2
Ingredient [mg/tablet] | Function
idebenone 10 Active ingredient
Lactose monohydrate 60 Filler
Povidone K30 45 Binder
Croscarmeflose 15 Disintegrant
Microcrystalline cellulose | 30 Filler
Flavour 25 Flavouring agent
Aspartame 6 Sweetener
Magnesium stearate 0.75 Glidant
Talc 1.25 Glidant
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Preparation: 10 g Idebenone is dissolved in 500 ml ethanol (96%) and is mixed with
400 ml of purified water. Methylparahydroxy benzoate, propylparahydroxy benzoate
and aspartame are dissolved in the mixture. The final volume 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 (17-hydroxy-17-(2-hydroxyacetyl)-
10,13-dimethyl- 7,8,9,10,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthrene-3,11-dione; CAS 53-03-2)

Table 4

ingredient [mg/tablet] | Function
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granulated. The wet granules are dried in a fluid bed dryer, sieved and added to a pre-
mixture of Microcrystalline Cellulose, Magnesium Stearate and Talc. The final mixture

is compressed to round shaped tablets.

Example 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 pl of dog plasma were treated with 10 pl of an EDTA solution, prepared by
dissolution of 1245 mg EDTA-potassium salt in 33 ml of 1M NH4OAc, and 300 ul of
Methanol. After vigorous shaking, samples were centrifuged for 45 minutes with 1960
RCF at 4 °C. A 50 pl aliquot of the supematant was injected into the LC-MS/MS
system. All unknown, calibration and QC samples were subjected to the same assay

procedure.
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idebenone
Time mobile phase B Flow Comments
[min] [%] [ul/min)]
start gradient,
0.01 50 250 HPLC eluent to
MS
3.00 - 250 -
3.01 - 400 -
3.75 95 400 end gradient
4.50 95 400 -
4.51 50 400 -
5.90 50 400 -
5.91 50 250 -
29.99 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 suiphates have been quantified after
acidic hydrolysis as described by R. Artuch, C. Colomeé, M. A. Vilaseca, A. Aracil. M.

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

Example 6:
Pharmacokinetic data after sUblingual delivery of idebenone
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As shown in Table 6, the oromucosal formulation of idebenone, prepared according to
example 1, clearly gives superior plasma levels of idebenone compared to

conventional oral application.

With 1265 min*ng/ml the AUCo4g after oromucosal administration of 4 mg/kg of
idebenone is higher than the AUC after oral administration, even if idebenone is
administered at a 10-fold higher dose (40 mg/kg, AUCq.480= 1079.3 min*ng/ml).
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administration (factor 1.4).
The resulits are further illustrated 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 idebenone in
dogs over the first two hours after administration. The oromucosal formulation resuits
in @ much higher Cnax @nd in an eartier 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.
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5. Use according to claim 2 for the treatment of Alzheimers disease or
Parkinson’s disease.

6. Use according to any of claims 1 to 5, wherein idebenone is administered in a
dosage from 0.01 mg/kg/day to 60 mg/kg/day.

7. Use according to any of claims 1 to 6, wherein idebenone is administered in a
dosage from 0.01 mg/kg/day to 20 mg/kg/day.

8. Use according to any of claims 1 to 7, wherein the medicament is in the form of
a suppository, drop, chewing gum, fast dissolving tablet or spray.

9. Use according to any of claims 1 to 8, wherein the medicament 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.



