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Both DMD and BMD are caused by mutations in the dystrophin gene. The dystrophin
gene consists of 2700 kbp and is located on the X chromosome (Xp21.2, gene bank
accession number: M18533). The 14 kbp long mRNA transcript is expressed
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The N-terminal part of dystrophin binds to actin filaments of the cytoskeleton,

whereas domains in the C-terminal part of the dystrophin molecule bind to the
membrane associated p-dystroglycan. Therefore, dystrophin serves as a molecular
linker between the cytoskeleton and the muscle cell membrane and, indirectly, via
the so-called dystrophin-associated protein complex (DAPC) also to the extracellular
matrix. Known binding partners of dystrophin also include syntrophin, dystrobrevin,
the neuronal type nitric oxide synthase (nNOS) and the sarcoglycan-sarcospan (SS)
complex. These protein interactions involving both the carboxy- and aminoterminal
region of the dystrophin protein are thought to contribute to the mechanical stability
of the muscle cell membrane during cycles of contraction and relaxation. Dystrophin
is also important for the assembly or integrity of the DAPC-complex itself, as it has
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The cardiac involvement in DMD is characterized by degeneration, atrophy and
fibrosis of the myocardium, leading to dilated cardiomyopathy. The process begins in
the posterolateral wall of the left ventricle (LV), with septal involvement appearing at
later stages. Generally, the right ventricle (RV) is not involved. Early in life (below 12
years), cardiac function is usually interpreted as normal using conventional grey-
scale echocardiographic techniques (M-Mode and two-dimensional imaging), which
are only capable to detect global abnormalities once the myocardial damage is
established. Fractional shortening (FS) and ejection fraction (EF) are the most
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Imaging (DMI), a new non-invasive cardiac imaging technique that allows the
quantification of regional myocardial function, we have recently shown the presence
of regional myocardial dysfunction in young DMD children (aged 3-10 yrs) without
cardiac symptoms and with yet normal global cardiac function as assessed by
conventional echocardiography (Mertens L, et al. (2004) Early detection of regional
myocardial dysfunction in Duchenne muscular dystrophy by ultrasonic strain and
strain rate imaging. Neuromusc Disorders, 14: 599-600). With DMI, regional function
is assessed by measuring tissue velocities and calculating the cardiac deformation
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Duchenne muscular dystrophy. Muscle Nerve 23:1344-1347). Although frials with
daily prednisone or deflazacort have demonstrated increased muscle
strength/performance and slowed progression of weakness, as yet there is no
universal consensus regarding the use of corticosteroids as standard treatment for
DMD. Reasons for this are the lack of sufficient comparative data on the effects of
long-term treatment and on the side effects profile in these children. Side effects
reported in available clinical trials were weight gain and development of cushinoid
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practice uses angiotensin converting-enzyme (ACE) inhibitors, beta-blockers or
diuretics (Finsterer J., Stéllberger C. (2000) Cardiac involvement in primary
myopathies. Cardiology 94:1-11; Bushby K, Muntoni F, Bourke JP. (2003) 107"
ENMC international workshop: the management of cardiac involvement in muscular
dystrophy and myotonic dystrophy. Neuromusc Disorders 13(2):166-172). These
pharmacological interventions are not targeting the cause or specific
pathophysiological cellular processes in the cardiomyocytes that underlie the dilated
cardiomyopathy associated with DMD/ BMD/XLMD. Consequently, their outcome is
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to the administration of idebenone (2,3-dimethoxy-5-methyl-6-(10-hydroxydecyl)-1,4-
benzoquinone) to protect DMD, BMD and XLDMC patients from the development of
cardiomyopathy, in particular dilated cardiomyopathy or to treat DMD, BMD and
XLDMC patients from cardiomyopathy, in particular dilated cardiomyopathy. This is
surprising since it has been reported previously that idebenone can be used for the
treatment of hypertrophic cardiomyopathy associated with Friedreich's Ataxia (FRDA;
USP 6'133'322; Rustin et al. (1999) Effect of idebenone on cardiomyopathy in
Friedreich’'s ataxia: a preliminary study. The Lancet, 354: 477-479; Hausse et al.
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were treated daily with idebenone indicating the improved endurance capacity and/or
muscle strength as well as improved cardiac function.

Detailed Description of the Invention

Idebenone is a synthetic analogue of coenzyme Q10 (CoQ10), the vital cell
membrane antioxidant and essential constituent of the adenosine-triphosphate
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Idebenone is preferably administered in dosage ranges form 5 mg/kg/day to
60mg/kg/day, more preferably in a dosage range of 5 mg/kg/day to 40 mg/kg/day
and most preferred in a dosage range of 10 mg/kg/day to 30 mg/kg/day.

Further, the idebenone is preferably administered at least one, preferably more times
a day, preferably for at least 3 months, more preferably for at least 6 months, most
preferably for 6 months to 12 months to observe the initial amelioration of muscle
force and improved heart function and normalized heart anatomy. For maintenance
of the therapeutic effect prolonged treatment is recommended; the preferred
treatment is lifelong.
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the active ingredient. The compositions can be in the form of tablets, pills, powders,
lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups,
aerosol (as a solid or in a liquid medium), soft and hard gelatin capsules,

suppositories, sterile injectable solutions and sterile packaged powders.

Some examples of suitable carriers, excipients and diluents include lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate,
alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose,
polyvinylpyrrolidone, cellulose, water syrup, methyl cellulose, methyl and
propylhydroxybenzoates, talc, magnesium stearate and mineral oil. The
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patents of Takeda such as for example W09907355 and JP11116470.

Preferred formulations for use in accordance with the present invention contain 45
mg or 150 mg of Idebenone in a fim-coated tablet containing lactose, cellulose,
croscarmellose sodium, PVP (Plasdone® K25), magnesium stearate veg. and
colloidal silicon dioxide.

In a further preferred embodiment, Idebenone may be administered in combination
with a second therapeutic agent, wherein said second therapeutic agent is preferably
selected from glucocorticosteroids such as 6a-methylprednisolone-21 sodium
succinate (solumedrol®) or deflazacort (calcort®) which are routinely used in DMD
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treat or prevent the di sease synptons. The two active
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Exhﬁ?ﬁé1°ne of the two active agents. The foll ow ng
nples further illustrate the invention. Exanple 1
| debenone i nproves nuscle strength jn mu ar ..
IdeppaeReIRHRFOYEVDYSGIa sirengta In iBps J&ﬁ*f?%l@b@’m%)ep%ﬁm&
skel etal muscle strength in DVD patients is assessed
EffSt dt8debenone on skeletal muscle strength in DMD patients is assessed using a

pediatric-focused quantitative muscle testing (QMT) system (CINRG Quantitative
Measurement System, CQMS) based upon maximal voluntary isometric contraction.
The CINRG QM System has been developed by and used in multiple CINRG
(Cooperative International Neuromuscular Research Group) trials in DMD. A study
comparing inter-rater reliability of MMT (manual muscle testing) and QMT testingina
group of 12 pediatric muscular dystrophy patients using 12 clinical evaluators from
11 international CINRG clinics, showed that QMT testing is reliable with ICC (inter-
rater correlation coefficient) > 0.9 for biceps and grip (Escolar et al. (2001); Clinical
evaluator reliability for quantitative and manual muscle testing measures of strength
in children. Muscle & Nerve 24: 787-793).
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testing includes forced vital capacity (FVC)

ImpEygMentas mepepdl ofthe jaabeaonaNregimeRkbas ur ement s can be
done using the CINRG Quantitative Measurenent System
(CQVB). The above described testing allows the
nmoni toring of any nuscle strength inprovenent as the
resull\t; of the idebenone treatnment. Exanple 2 |debenone

Bfes dilated cardi omyopathy in nuscul ar dystrophy
(DVD) patients. Therapeutic effect of idebenone on the
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M node echocar di ography and by tissue col or Doppl er

Therapeugc e%ggt of ldebenone on the dilated cardiomyopathy can be detected by
2D and M-mode echocardiography and by tissue color Doppler methodology to
quantify regional myocardial function (Weidemann F, Eyskens B, Sutherland GR.
(2002) New ultrasound methods to quantify regional myocardial function in children
with heart disease. Pediatr Cardiol, 23. 292-306). Specifically, real time 2-
dimensional Color Doppler Myocardial Imaging (CDMI) data were recorded using GE
Vingmed System V (Horten, Norway; 3.5 MHz) to evaluate longitudinal function from
the interventricular septum, the LV lateral wall and the RV free wall using the
standard apical 4-chamber view. To evaluate radial function in the LV infero-lateral
wall, CDMI data are recorded from the parasternal short axis view. All data are
acquired at a high frame rates of 120-250 frames/s using the narrowest image sector
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ovesHim e 0giolfe SOPR MUshaR B Oy (eSS ed o8 g Indfoator
of dieAdlicsandtndi astolic (E') and |late diastolic (A)
myocardi al velocities are neasured. The ratio of the

APTPREAB O G- SRFSLSN o o<, 1 CRIPH S| B 1€ (e eirai

(€) ﬁsth@rulﬁérdhtcmy@éare.‘al Q’ég’#ﬁérﬂé I SR fm!éu:swésntheA@w Opdef@trﬁatlon of a
sof t war e is used to calcul ate str

my@Gardial g@pﬂ@iﬁ@ @M awre(seyn% tondheyi leedlr éﬁ?“%c‘!@'&f’@{ agrad'ent

(Su%%ﬁﬁﬂt@R IR dreez0agsstrdle ARt Str@fn %ﬁ@nmgmgn AMNewv Clinical
nmyocard al segnent and corres ds to the_lo

al
Apryggq:h 9 ngqlt@'wng Regiogal Myecardia Functlon J Am Soc Echocardlogr 17
788-802). It is expressed in sec-1. For the longitudinal direction, when the segment

shortens (systole), it gives a negative SR value. When the segment lengthens
(diastole), it is characterized by a positive value. € defines the amount of local
deformation in terms of percentage and is derived by time integrating the mean SR
values. Myocardial longitudinal & values describe regional shortening in systole and
are expressed with a negative value. In contrast, both € and SR in the radial direction
are expressed as positive values. Longitudinal peak systolic SR and ¢ are estimated
for the basal, mid, and apical segments of each wall by measuring the spatial
velocity gradient over a computation area of 10 mm. A computation area of 5 mm is
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(Sutherland GR, et al. (2004) Strain and Strain Rate
I magi ng: A New Clinical Approach to Quantifying
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17: 788-802). It is expressed in sec-1. For the
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igned fromb fp wave
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I S nNeasur e accordlng escri
IntwgblMe(asuge@nenw et myvcar¢iabazplevatiandand eioaitiesrare calcdlatéd from
3&%&8:%&(1@%5%&%!&%&@@8 PEH@@U fheCP ‘eﬁé‘&r‘eh%'ﬁtsa]%cérded

nove noni nvasi've i ndex o ven rlcula

contractility: conparison w th ventricul ar
Thgr @bsve etasgn@mallows athieormgonitoring ®hi ey erfevement of dilated

e ey 2R R e d e Tl S e b

s pl e myocardi um at the basal

free wall. Isovolumetric velocity acceleration is

calcul ated as the difference between baseline and peak

velocity divided by their tinme interval. Measurenents
Exa@mpw@acardi al acceleration and velocities are

cal cul ated from 3 consecutive cardiac cycles with the

rage of the 3 neasurenents recorded. The above

St”tdé(g't' p%g"eél'q30\/\fs the monitoring of any inprovenent of

di | at ed cardonyopathy as the result of the idebenone

Withoetitoetgt bodmaan®la@y3theory by reducing oxidative stress and improving
mitochondrial respiratory chain function, idebenone therapy improves the
cardiomyopathy associated with dystrophin deficiency in DMD patients and improves
skeletal muscle strength/performance.

- Parameters of the Treatment - inclusion : Duchenne muscular dystrophy
(DMD) patients, male, age 10-16 yrs

- duration: 12 months, with assessments at baseline, 6 months, and 12
months.

- primary endpoint: cardiac function
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Study Hypot hesis: Wthout being bound to any theory by
reduci ng oxi dative stress and inproving mtochondri al

w0 e®pite@tory chain function, idebenone therapyPCTPPIIVEE02536
t he cardi omyopat hy associ ated with dystrophin
deficiency in DVD patients and inproves skel etal
muscl e strength/ performnce. Paraneters of the
Treatnment - inclusion : Duchenne rnuscul ar dystrophy

D\VD t t I 10-16 - d kon;. 12

(OBlaRRY BBl SR kAR orlidh B, 1,

mrmdmemcaptammnamdml nt: cardi ac functionsecondary
7O RREL R e iAgReRS, Srbl LR, S35 e, xrso

reghgmgy-: i debenone, oral, fixed dose, using 150 ngy
tabl ets, 3x1 50 ng/day; Pati ent Sel ection: Patients
age 10-16 years with confirned di agnosis for DVD by a
positive test for dystrophin gene del etion, dystrophin

Patigan8elpbiigr: nut ation or dystrophin protein deficiency
on bi opsy with a clinical picture consistent of

paibhL A6 1 065 LSS RGP oS =0'Ble tot ror
dysfrogiaini @@mae delbtibh aziysimph)n gepe i puihtuheitbtion| r idystrophin protein

has b
cerERAPER T 1 & ARG e RPEBr B! Spldl oty e HRbuBea i
the LstyayM Patieat benttsronio glhcmdrmdsmﬂiodatreanmémr(euprredmsone

assocj at ed r nhi b
defiggacort) Age lglide g %Egﬂ%#&% )05?%9 f’%%fbﬁta%f?r fleast
mor?iﬁ§%?ﬁ>r% tt{éﬁ%ﬁrﬂ’fﬁ@lteﬁ@hl @fﬂﬁiebaﬁ?melnkabnabl ﬁgﬁébms an chronic
eas mont hs pri or mnis I.debenone.
mediEaint VD: Gouicated R PRty Ak Riitars BB igpkers
and76} digrelied) %réMrkth@d dARa0fsagd ofBiesemelicalibls as badn stable for
hree tines a F{‘ rn| ng)'f n})dda and evening) to be
a“?%ﬁ&érﬁ“%?? H@orotpa(gi RIBFAEN OF {48PERORRal (resul ting in
7.5-18 ng/kg/d for the estinmated body wei ght range of
25-

Treatment protocol:

Patients receive idebenone as 150 mg tablets with a dosage regimen of 1x 150 mg
tablet three times a day (morning, midday and evening) to be taken during or directly
after a meal (resulting in 7.5-18 mg/kg/d for the estimated body weight range of 25-
60 kg). Treatment duration is 12 months with assessment of endpoints after 6 and 12
months.

Study endpoints:
A) Cardiac endpoints met when:

= significantly different from placebo in peak systolic radial strain of the left

ventricular (LV) posterior (inferolateral) wall (primary endpoint)
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60 kg). Treatnment duration is 12 nonths with

assessnent of endpoints after 6 and 12 nonths. Study
wepapodnts: A) Cardi ac endpoints nmet when: PCT/EP2006/002536

significantly different from placebo in peak systolic

radial strain of the left ventricular (LV) posterior

(inferolateral) wall (primry endpoint) significantly

di fferent from placebo in peak systol i c radial strain

LV t f i, f t.l
11 PERRSA eyt PRofE heb e R AR
strai ﬁog’]é}ﬂ)rfghfe&blﬂefa@tv@"LV wall (lateral wall,
T A N N T
fract Fmalraté Do fia@ NhtReal Yl gntesiehpioular septungn
signifjc

I i , .
et 1 plaGRGantl; dierbit % el SRR ey erRlib sypstion such as
pu: mﬂf&t%nyl@heuénuiﬁd owejedtibh Ifrad:tloinnfl ow ti ssue doppl er
oci ti i
! e ovoranGEend Hrsh G plaghe DRFE i i e Riclich suen
]\C/ent I bE for argarbﬁs @bln&ﬁgmousﬂlcgﬂln’fmrw Mb{/vytlsiuéﬁep;ﬂettvelomtles
rom e i C n

& e diestER rork BeEetR i revelaithc RissErnB8 AT e
muscl &ﬂ%hﬁ:ﬁ@hhba(%mead i n pounds) usmg thh_e C:N(Ij?G

tit t i ncl udes
%gguﬁ'gg' I6¢N M@@erap EBE@PP?@ erle% ) I e:‘f) , upper

linmb QI score (sum of el bow fl exion and el bow
extension, right and left) whereby for each

r o secutive attenpts is
@3@%@@% }éﬂﬁqﬁﬁiﬁﬁ yeﬁvlw?%grent from pl acebo in
tirredfunctlonal test for anbulant patients: tine to

wal %@n[f‘é%r‘?ﬁaﬁm‘f{%cebo %Idc@b?ﬁ{:ﬁﬂgae\: tréhgﬂ é&bsa%hyn

differ i'n pul nonar unc n testing
( PFTs pousds) g:sﬁ@\bﬁze CHNS GrQuantifeNice Maascaﬂnantﬁastem (CQmMs)

capac chh ih&u%soﬁlggélﬁgg 8? h&Hd d}'lp':strength (right, left), upper limb

QMT score (sum of elbow flexion and elbow extension, right and left)
whereby for each measurement the best of 2 consecutive attempts is
recorded

» significantly different from placebo in timed functional test for ambulant
patients: time to walk 10 meters (measured in seconds)

» significantly different from placebo in puimonary function testing (PFTs)
using CQMS measuring FVC (forced vital capacity; in % predicted) or NIF
(negative inspiratory force measured in measured in cmH;0).

Statistical power calculation:

With a total sample size of 21 subjects allocated with a 2:1 ratio to |debenone and
Placebo a difference of 15% in peak systolic strain (%) as primary endpoint between
the groups can be detected with a power of 80% and a one-sided significance level
of 5%. The power calculation assumes a standard deviation of 12% for both groups.
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(negative inspiratory force nmeasured in neasured in

ChH O. Statistical power calculation: Wth a total
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(0] tlve |1 3C cl.es) . ra n

A oo B8 S on ERiS Rlsine 41® Hthiary MadiiS nagan's

of fodneuld: grselcdpstdiendragical foureahbhdes visWwsdndiohakder view
E/ A rati o, deceleration tine,

E- vel ity, A-velocit
A dovetPestoraiie Fanepcuive GRsdiet Fe)s  pul monary venous

& oWtralli Hﬂcﬁ/@ th%rﬁeﬂ%é\C@nﬁduﬁ@éjp@@éWD@bplbf ﬁé&% aﬂblﬁ?éllevél of
in the pul nonary vein be stored

Sy eha P ot e Foral oiete Biis Hastotecy £ elo A AlSle O FdA safo,

velfekleyat@Adiny; WeRafidVaHE AR T Wra m&supde ”EaSUfEd 6.
Tricuspid inflow Three consecutive pul sed Doppl e

b Jddgonary wgroysHayy: Threq grnsecutive pulsed-Doppler traces about 1cm
in the right upper pulmonary vein must be stored. Systolic velocity, diastolic

velocity, A-wave reversal velocity and A-wave reversal duration are
measured.

6. Tricuspid inflow: Three consecutive pulsed Doppler traces at the level of the
tips of the tricuspid leaflets must be stored. E-velocity, A-velocity, E/A ratio,
deceleration time, A-duration are measured.

7. LVOT diameter are measured in the long axis view.

8. Pulsed Doppler of LVOT: three consecutive pulsed Doppler traces are
measured in LVOT below level of aortic valve. Vmax and velocity time integral
(VTI) are measured. Together with measurement of LVOT diameter, this is
used to calculate cardiac output.

9. CW Doppler across aortic valve:; three consecutive pulsed Doppler traces are
measured across the aortic valve. Vmax and VT| are measured.
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tips of the tricuspid leaflets nust be stored.

E-velocity, A-velocity, E/A ratio, deceleration tineg,
wo@enemion are neasured. 7. LVOT di aneter ar ePCEEBMNE2536

in the long axis view. 8. Pul sed Doppler of LVOT:

three consecutive pul sed Doppler traces are neasured

in LVOT below | evel of aortic valve. Vmax and velocity

time integral (VTlI) are neasured. Together wth

measur enent of LVOT di aneter
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pul nonary valve. Vmex is nmeasured. Aortic valve and
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pl er ocardi a
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magea FRAPE oI oTTR R aiedy ) [ HeC oBR g6 naging o
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setfing @PREAPEte P ﬁ:,%etl@ﬁM re(g%récys\éellgeso@%g@? 14Sto 28 cm/sec). For
lo ﬁ@cﬂnﬁﬂﬂhé\h@ Wéfi@tak%ﬁablHee@rea‘chaqalemnmeveémmsof(mangieesound

to 28 cnlsec For n i nal _vi ews
segia e attemeplocalion etk Rea0lap SpBbperpicfedsas possile
witH! IbRG&@HA motion. Three cardiac cycles are stored in a cineloop format for
subsequent post-processing.

c. CDMI Data Analysis:

All data are digitally transferred from the ultrasound machine and post-processed on
an off-line workstation. The CDMI data sets are analyzed using dedicated software
(Software Package For Echocardiographic Quantification Leuven, Spegle 40,
Catholic University of Leuven, Belgium). This allows the computation of regional

myocardial velocities, natural SR and e values.

In each segment peak systolic and peak early diastolic (E’) and late diastolic (A’)
myocardial velocities are measured. The ratio of the early mitral diastolic blood flow
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wﬂﬁ?ﬁ%g %é@g%%? lrﬁg%htt Y& grBli®e -cakdad bjdsli T@Het@ﬁﬁl\ﬁe the duratlon

e Is estimated for the basal r\
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comptrapie Réhintgtvatanual M node based tracking al gorithm

is applied to maintain the sanple volunme within the
Thee giovoluafetiint\ézlesity Wecelagitiout (VAR igameageregy @ceording to the

deg%t |om ng H\gh gﬂf D réaﬂ{gleej\/%ﬁﬁﬁé)rls Bi3Ce PR tthe Mﬁid\‘ae of the

sure clicks are |ntro uced and al i gned
myocardlum at the basal free wall. Isovolumetric velocity acceleration is calculated

as the difference between baseline and peak velocity divided by their time interval.
Measurements of myocardial acceleration and velocities are calculated from 3

consecutive cardiac cycles with the average of the 3 measurements recorded.

2. Skeletal muscle strength & respiratory function:

Skeletal muscle strength is assessed using a pediatric-focused quantitative muscle
testing (QMT) system (CINRG Quantitative Measurement System, CQMS) based
upon maximal voluntary isometric contraction. The CINRG QM System has been
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from bl ood pool pul sed wave Doppler tracings recorded
fromcycles with a conparable R-R interval. The
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according to the description by M Vogel. The sanple
volume is placed in the mddle of the nyocardi um at
the basal free wall. Isovolunetric velocity
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threeighalit th@8fitly. Muscl e & Nerve 24: 787-793). Testing is
perforrred by a CQVS trained and experienced clinical
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msmfaﬁé dor‘cél chir esehanementsairé Bogdtsing aid CLI,NRG loRMInfitagyedr S

eft el bow extensors (right, left). For
Megspe ’ér(ggg&)est ed, the highest value of two

consecut|ve maxi mal efforts is recorded. The order of
nmuscl e group testing is nmaintai ned throughout the
Exagpelg)ﬂ_ Pul nonary function testing includes forced
VI taI capacity (FVC) and negative inspiratory force
. I\/basurerrents are done using the Cl NRG
A“'@?dr‘i‘ﬂ‘? Oof PMBrasur enent System (CQVB). Exanpl e 4

Mor‘éniﬁiﬁhwﬁﬁ@ e a H&bkethwlﬁ&sdrﬁﬁmwédyf%aé&ué}g&ystrbbﬁy Xmadx)
chronosone-11 nked nuscul ar str %\Mlg%t@i\ nmutati on
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model for Duchenne muscular dystrophy (DMD). This is justified since several of the
key pathological manifestations of dystrophin-deficiency seen in DMD patients are
also observed in the mdx mouse model. For example, like in human DMD patients,
lack of dystrophin leads to muscle cell membrane instability in muscle tissue of the
mdx mouse. Disintegrated cell membranes in turn lead to the unregulated influx of
calcium resulting in impaired calcium homeostasis (Bradley WG, Fulthorpe JJ (1978);
Studies of sarcolemmal integrity in myopathic muscle. Neurology 28: 670-677).
Mitochondria are considered a prominent site of calcium-mediated cellular toxicity
(Robert V, Massimino ML, Tosello V, Marsault R, Cantini M, Sorrentino V, Pozzan T
(2001). Alteration in calcium handling at the subcellular level in mdx myotubes. J Biol
Chem 276: 4647-4651) linking dystrophin-deficiency to mitochondrial dysfunction
and also oxidative stress (Kuznetsov et al. (1998) Impaired mitochondrial oxidative
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Md%&t d’FSng?d 8l 5 sis %ngl,fq new drugs on the
performance/physiology in dystrophlc mice (Granchelli et al. (2000) Pre-clinical
screening of drugs using the mdx mouse. Neuromuscul. Disord. 10:235-239).

The effect of idebenone on the running performance was tested in the dystrophin-
deficient mdx mouse, a validated animal model for DMD. Starting at day 21 of age,
mdx mice were treated with idebenone. Their daily running performance was
compared to mdx mice treated with vehicle only and to non-treated wild-type mice.
For this, idebenone was dissolved in 0.5% wiv carboxymethylcellulose (CMC) to a
final concentration of 20 mg/ml. Idebenone (20 mg/ml in 0.5% CMC) was applied
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as itefcapadityatotiacilitate electron flux in functionally impaired mltochondna are the
most likely explanations for the molecule’s cell protecting effect. Specifically,
idebenone may protect cardiomyocytes in the mdx mouse in a comparable manner
as it has been shown in a mouse mode! for Friedreich Ataxia (Seznec H, Simon D
(2004). Idebenone delays the onset of cardiac functional alteration without correction
of Fe-S enzymes deficit in a mouse model for Friedreich ataxia. Hum Mol Genet 13:

1017-1024).
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5. Use according to any of claims 1 to 4, wherein the idebenone is
administered in a dosage of from 5 mg/kg/day to 60 mg/kg/day, more
preferably from 5 mg/kg/day to 40 mg/kg/day, and most preferred from 10

mga/kg/day to 30 mg/kg/day.

6. Use according to any of claims 1 to 5, wherein the idebenone is
administered one or more times daily over at least 3 months, preferably
over at least 6 months, more preferably for about 6 to about 12 months,

most preferably lifelong.
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sodium succinate or deflazacort and medication for the treatment of DMD-
associated cardiomyopathy such as ACE-inhibitors, beta-blockers and/or

diuretics.

12.  Use according to claim 10 wherein the second therapeutic agent is
selected from inhibitors of the cysteine protease calpain or inhibitors of the

proteasome complex.
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