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USE OF | VABRADI NE FOR OBTAI NI NG MEDI CAMENTS | I\ITENDED

FOR THE TREATMENT OF ENDOTHELI AL DYSFUNCTI ON - 1- The
UsteQk A ABR/IAY R FORPRT ANING MID s eMENT; S\MEA\EPEB FQjt THE
3-{3-[{] (7§¥EéxTA\AENIr%E EWB&%M DYSFUNCTION
[4.2.0]octa-1, 3,5-trien-7-yl]-nethyl}

- (et hyl) - an1no] propyl} -7, 8-

di net hoxy- 1, 3, 4, 5-t et r ahydr o- 2H—3 benzazepi n- 2- one, of
formula (1) : CH30 OCI13 (n ZQiH3 \ CH30 NOCH3 O 5
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ceptable acrd an ates o sal’d addi
d1msthbkﬁqlc}fohr[4 dtﬁ] adtad 1[&\]5—!!1’%1!1!—%—&1]&1‘1&thy]} F(tﬁﬂq&)iarfgmbgj prpyl}- 7,3-
. treat othelial dysfuncti | vahr adi ne, an
dimggey-1 o a@iygw £P§ 3f‘aﬂnaﬁeﬁma2-ﬁﬂ%n0%3@au%4 dally

accept abI e acid, and nore especially its
hydr ochl ori de, and t he hydrates of the said addition
sal t $H:Rave very val uable 10 phar macol ogi cg(I:Hand
t her apeut Je—pxapexti es, especcgl | y—rega e
chronotr roper i es (reduttl of 01] car(di ac
fre§tecy Jhi ch r Rader " thos® 0 iyl in tfe
treatment, pravenyion and inprovenent of proghosis of
various cardi ovasc\l ar di seases associ ated with
‘nyocardi al ischaenm@, such as angi na pectoris,
myocardi al infarction and associ ated rhyt hm di sorders,
as well as in various pathol ogies involving rhythm
anddb S6di€l6h SaltshBRET Hith)a ﬁ&hﬂhﬁceu@i@aﬂ/yeﬁ&éﬁtﬁlﬂk %EldraﬂMttB Rydrates of the
di sorders, and in chronic heart failure.
saidypddhtiom salisn Tam ableindrg peedidamentseinggndpd o m mﬂtmn@t of endothelial

dysﬁlﬂgﬁ&r{'on salts with a

Ivabradine, and also its addition salts with a pharmaceutically acceptable acid, and more
especially its hydrochloride, and the hydrates of the said addition salts, have very valuable
pharmacological and therapeutic properties, especially negative chronotropic properties
(reduction of cardiac frequency), which render those compounds useful in the treatment,
prevention and improvement of prognosis of various cardiovascular diseases associated with
myocardial ischaemia, such as angina pectoris, myocardial infarction and associated rhythm
disorders, as well as in various pathologies involving rhythm disorders, especially supra-

ventricular thythm disorders, and in chronic heart failure.

The preparation and therapeutic use of ivabradine and its addition salts with a
pharmaceutically acceptable acid, and more especially its hydrochloride, have been

described in European Patent EP 0 534 859.

The Applicant has now discovered that ivabradine and its addition salts, more especially its
hydrochloride, have valuable properties that allow them to be used in the treatment of

endothelial dysfunction.

Under normal physiological conditions, the endothelium forms a semi-permeable layer

between the circulating elements of the blood and the wall of all blood vessels, whether
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pharmaceutically acceptable acid, and nore especially

its hydrochl ori de, have been described in European

Patent EP 0 534 859. The Applicant has now di scovered

that ivabradine and its addition salts, nore especially

its 20 hydrochloride, have val uabl e properties that

allow themto be used in the treatnment of endotheli al

dysfunction. Under normal physiological conditions, the
venengien ditsripk mlﬂl@ugitfcamgéhwps lap¢reot|calists tofalk vedeme tsrf@mparable
w1ﬂ%| tha! lof‘ t‘dlen 9i v%r %ﬁ{]ﬁ g}cld t eﬁ)blang) o@a&:u?art he oﬁllae:hum AT gaarﬁensmn.

ood vesse nous “or ar
Hyﬁe@feﬂ”ﬁdn bad. ﬁ}eﬁbsﬂgl KuchMGID HémeteP laid Oahin DL EEWVOdrlN®I0GEaw-Hill,
arable with that of the liver (Huttner and
198éaeb%%f188)\@§claﬁ vy de ey diviersifigdnipperranse it gumerous substances

iR, F i, Foni BRIt T bl i gl il spearing

fordet shageiin ipiassius, wHJ,theliendotbelial eells slymt}feeﬁ@ and eelease various factors
nung@gwé supst ances 3 (circul ati ng hgornones, cytokines,
that,gng APIPEeRSISpHYSARmAtopY 1ETRORTE A NASPHESIS, wa@a% itpryss, the
synﬁfégﬁ &nd BBARER; gh%ﬁﬁ@éﬁfé‘b@ﬂulﬁ"%atm& h&d Q/Qg:%al? S)Ehﬁ’éabﬁfﬂl Bélétou and
synthesi se and rel ease various factors
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291:985-1002). 1 e of the principal protective
aggsegaipmnces synt hesi sed by the endotheliumis nitrogen
nonoxi de or nitric oxide (NO. NO rel axes the snooth
nmuscl e cells and inhibits platelet aggregation.
Endoileiah @l dfahctidyiSik UheE taiteratibs of Aermad]tfanh@idnosf Bk dhdbielial cells. It is
finction of the endothelial cells. It is characterised
chapgetegispd By Py epipesiymmspnacity pf re vaseely tsadapta e gauisenment and to

]ﬁq%?@ﬁgﬁyyﬁgggggﬁﬁﬂﬁtho 15 respond to physiol ogi ca

The first works identifying endothelial dysfunction date from the 1980s. A decrease was
observed in endothelium-dependent relaxation measured in the aorta of the hypertensive rat
(Lockette et al., Hypertension 1986, 8:1161-1166) or in the hypercholesterolaemic rabbit
(Verbeuren et al., Circ Res 1986, 58:552-564). Similar observations were then reported on
the coronary arteries of atherosclerotic patients, suggesting that endothelial dysfunction

might be an early indicator of atherosclerosis (Ludmer et al., N. Engl. J Med 1986,
315:1046-1051).

Today, it is associated not only with hypertension or atherosclerosis but also with other
physiological and physiopathological processes, such as age, heart or kidney failure,
coronary syndrome, type I and type II diabetes, obesity, erectile dysfunction, inflammation,

thrombosis, sepsis...(Félétou and Vanhoutte, Am J Physiol Heart Circ Physiol 2006,
291:985-1002).
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The first works identifying endothelial dysfinttion
date fromthe 1980s. A decrease was observed in

endot hel i um dependent rel axation nmeasured in the aorta
of the hypertensive rat (Lockette et al., Hypertension
1986, 8:1161-1166) or in the }ryperchol esterol aem c
rabbit (Verbeuren et al., Crc Res 1986, 58:552-564).

Sinmlar observations were then reported on 20 the
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I'l diabetes, obeS|ty, erectile dysfunction

nflannatlon nbosl sepsi s. el etou and
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corﬁ%}crl E RRalLARL Lerebidt aﬁ‘:ﬁ&oﬂlggmﬁﬁgoﬁlh%}c@l erflbRMBC Rln@Aoh $as been

ed In a wde variety of pathol ogies, a conmon
altedwioni nat or has been identified: oxidative stress. Free
radicals play a central role in vascul ar physiol ogy
and physi opat hol ogy; they are capabl e especially of

Thdt ffe&ialloRd tehRe bR [\%%radﬁﬁl, RE adiRl SRS wath a pharmaceutically acceptable
endot hel i um dependent vasodil ation (nitrogen nonoxi de,

acmb rapdt @Qy chydnatss 4ecbecnasideedd immtlie geeatiegnt of endothelial dysfunctlon

r|S|n f act h |JC has ,now.f ound
espfofRY PRfbns it 2% Bk, £ FpiaPBhtc by DES BB or suffering
frothUmetabelic syhdr&:@6,00a1 Hiso lENBE pRA@nEEHK eabrmle AbWiRgl @Syl Bf and the
animal s in which endothelial function has been

tregynerptr i poropgry atbemaelerogis [apdats cpreiagseomyricatiansy epiptiel athqrgsclerosis
andaﬂgj dgcg%%mt%airfdsth#}%{}(g & &ﬁ%ﬁ%@gﬁg a‘flﬁ tﬂerggc?tﬁe% ﬁglt QI l%gels of the

hei'r r consi dere
aﬂéﬁ&ﬁtment of endothellal dysfunction

In addition, the beneficial effect of ivabradine on the cerebral artery (prevention of
endothelial dysfunction and improvement of vascular compliance) allows the use of
ivabradine in neuroprotection to be considered. Indeed, endothelial dysfunction is associated
with cerebral ischaemia and with Alzheimer's disease (Cippola et al., Stroke 2000; 31:940-
945 ; Elesber et al., Neurobiology of Aging 2006; 27:446-450).

The invention thus relates to the use of ivabradine, its addition salts with a pharmaceutically
acceptable acid and their hydrates, for obtaining pharmaceutical compositions intended for
the treatment of endothelial dysfunction to prevent vascular, cardiac and cerebral

complications thereof.

The pharmaceutical compositions shall be presented in forms suitable for administration by
the oral, parenteral, transcutaneous, nasal, rectal or perlingual route, and especially in the
form of injectable preparations, tablets, sublingual tablets, glossettes, gelatin capsules,

capsules, lozenges, suppositories, creams, ointments, dermal gels.
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especially in patients with heart failure,
dysli pi daem a, di abetes or hypertension or suffering
from metabolic syndrone, and also in the prevention of,
the sl owi ng down of and the treatnment of coronary
atherosclerosis and its cardidac conplications, cerebra
atherosclerosis and its ischaemc and thronbotic
compl i cations, and atherosclerosis at all levels of the
15 arterial tree. In addition, the beneficial effect of

Amigl\és%.? E}%géh%%g%?uh?aﬁ c%ﬁip%? Elgns Qcc%?dui[%/&yptﬁlg\ﬁ? Veptg 18n therei may mentioned
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neur opr ot ection to be consi der ed. I ndeed, endot heli al

or dygasesrfeblipgial fablals @@iaémé&psukﬁse FOZERgSHPWIPOF LU IeREAFFHN R PiNtments,

syt B 50t AR BN oy B K onecd o
deli3@Q6eleddd. 446- 450) . The |nvent|on thus relates to the

use of ivabradine, its addition salts with a
phar maceutically acceptable acid and their hydrates,

Apefrﬁfm&%%lﬁﬂlﬂg &féaéﬂmcﬁdﬁﬁ&laéalt& W?ﬂﬁoa%ﬁdr&ﬁéeu'n@&l%ﬂ&%éptﬁ% acid, or
the treatnment” of endothelial dystunction to preve

onev af dht alydrates difatvabradineeoebmal of dtsmplidicean i safts, thee mh@tfmaceutlcal

confips BB EEN PEGH Chor YAt O BB XERAy ) canes, such as

dilRAsERbAERs, biddeRS Qidﬁﬁé'g@ﬁﬂéS ab§AB&Hts, coRGEaAts RlswieGehdraigual
route, and especially in the form of i njectabl e

preparatlons tabl ets, sublingual tablets, glossettes,

By r%'g?) Exhng Sa%ﬁv?ithouﬁ%ﬁpﬁgjng%g}f 1m1t%ﬁ9ne Zlﬁeo llj‘rpasr Seh}ée%tulogesd

pharnaceutlcal conpositions according to the invention
there may nmentioned nore especially those which are

* &iditugits ¢ lactse gleslrosg sp@ntcemannitnl, seadital. edions elyestalon,
. &9329})19%&13 %11192[ i LA es%ean% Lé@ dI a{ﬁgqﬁlm ﬁ@élﬁﬁlsandgzg c?lhﬁ Qalts golyethylene

capsul es, ozén ES torie Creans
glecotnl gel s and also pharnaceutlcal conposi tions Mﬁth a
con |l ed, slaw, prolonged o
. gmc?e; s a umunun? (? %agnesmm silicate, starch, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose and polyvinylpyrrolidone (PVP),

* as disintegrants : agar, alginic acid and its sodium salt, effervescent mixtures.

The useful dosage varies according to the sex, age and weight of the patient, the
administration route, the nature of the disorder and of any associated treatments, and ranges
from 1 to 500 mg of ivabradine per 24 hours and more especially from 10 to 15 mg per day,

and even more especially from 5 to 15 mg per day.
EXAMPLE1: Pharmacological study

Effect of ivabradine hydrochloride on endothelial dysfunction in the dyslipidaemic mouse

and in the rat with heart failure
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5 del ayed rel ease. Apart fromivabradi ne, one of its
addition salts wth a pharmaceutically acceptabl e acid,
or one of the hydrates of ivabradine or one of its
addition salts, the pharmaceutical conpositions
according to the invention contain one or nore

exci pients or carriers, such as diluents, |ubricants,
bi nder s, d|S|ntegrants absorbents, col ourants or

For weatpase of sinydifiegtiom ivebrading iytwchlaride hasthsen repfased by g

' ation, ere may be nentioned : as diluents
lva:%r%égg“t &gf(ara&?tlrbo 2" sucrose, mannitol, sorbitol,
cellul ose, glycerol, as lubricants silica tal c,

stearic acid and its nagne5|un1and cal cium salt

Thegaipgettohyieaiment yithdabradipgsomensegielial fuartinn RS g two
{ |
o RET LR LG By B A RTINS PP

vas@ﬂdr}bedmtérpﬂ andtérdankbar(déP)n the asoudé, Toninagyr ardisesenizgjanrteries in
inic acid and its sodiumsalt, effervescent

the B SB ettt fupgoRompssEHRCauEpg HiefgPacityrqidhe vessel to
dlla%'reﬁgﬁ%eatﬁqra%ﬁ%ﬁ?ﬂf ﬁﬁ&%sgl%é fRblind, B?me@sqmng'ﬂ?é lli'l@iteh% flow

e nature o sor er and of any associ at ed
in theeabalent s, and ranges fron11 to 500 ng of ivabradine

SR T AR TR G -
micHa¥ts vt WkEaiure, Eé&ﬁhﬂﬁﬁ&l Q@il@ glpt ﬁ&r&tﬁ%aﬁfl { ea4, uBfreated, acted as

i vabradi ne hydrochl oride oh en elial dysfunction in
contrhks Ayéaleuepd @ﬁém trsaatmm geriehdhe arterige weeet isqlpted anégrounted in a

0se o ficati

myofielbr o Ryarise R a S e ThRbepigpd digytchotine or
measudABE afbrddee inl MorXArsRde td ei}ﬁb&%oﬂ?bﬁ)sbll?'ﬂﬁ@ﬁieﬂfamsm associated

_treatment with ivabradine on endothelial function was
witk engdyitleedial dysfigRetion, inhibitors of the principal pathways of vasodilation were
tested: a free-radical chelating agent, a nitrogen monoxide production inhibitor, a
prostacyclin pathway inhibitor.
The compliance (capacity of the vessel to dilate as the transmural pressure increases) of the

cerebral arteries of the mice was also evaluated.
Results

In the rats with heart failure (HF) and the dyslipidaemic mice (DL), endothelial dysfunction
was observed in all the vessels studied. Compared with the healthy animals, the capacity of
those vessels to dilate is decreased by approximately 20 % in the coronary, renal and

cerebral artery, and it is zero in the mesenteric artery of the HF rat (Figure 1).

After 3 months' treatment, ivabradine induces a significant reduction (10-20%) in cardiac
frequency. Ivabradine completely prevents entothelial dysfunction in the coronary, renal and
cerebral arteries. The dilation measured in those arteries is similar to that measured in the

arteries from the healthy animals (Figure 1 A, C, D). The capacity of the mesenteric artery
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beds, renal and cerebral arteries in the nouse,
coronary and nesenteric arteries in the rats. Study of
the endot helial function conprises neasuring the
capacity of the vessel to dilate in response to
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basgysfunction was observed in all the vessels studi ed.
Conpared with the healthy aninmals, the capacity of
those vessels to dilate is decreased by approximtely
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it is zero in the nesenteric artery of the HF rat
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arteries fromthe healthy animals (Figure 1 A C, D).
The capacity of the nesenteric artery -6- of the
treated HF rat to dilate (Figure 1B) is appreciably

i mproved conpared with the artery fromthe HF rat. The
mechani sms i nvol ved in those beneficial effects of

i vabradi ne are a decrease in oxidative stress and
preservation of the nitrogen nonoxi de pat hway. 5
Finally, the conpliance ofLiAlMSsol at ed cerebr al
arteries of treated mce is inproved. EXAWPLE 2:

Phar maceuti cal conposition Fornulation for the
preparati on of 1000 tablets each containing a dose of 5
ng of ivabradi ne base: |vabradine hydrochloride

........................................

2-one; its addition salts with a-pharmaceutically-acce'%ablf_: acid -and their hydrates, for
............................. 0.2°¢g nni t ol

obtaining a medicament, intended for the treatment of endothelial dysfunction.. . .

63.91 g PVP

. ‘Use-acecording: to- elaim -1- for- obtaining-a medicament intended -for the treatment of

CLAIM5 1. Use of ivabradine, or

3-{3-[{5(78)-3,4-dinethpxybiccho[4.2.0]octa-1,3,5-tnie
ording to claim 1 for obtaining a medicament intended for the prevention of, the

sBE ik 1,85 HeRP 5ebs 8- di net hoxy-1, 3, 4, 5-

?E’??%%%r o-gﬁllg- E)enzaez e%ﬁaglg&g%%érrl%%s its addition salts

with a pharnmaceutically acceptable acid and their

drates, forlaglglmtalgn éqa}n g&;ﬂg%gqut _egtt‘(%nn%%gopfr(%gction.

. Use according to claim 1 for obtaining a medicament intended for the treatment of

cerebral ischaemia or Alzheimer's disease.

. Pharmaceutical  composition  containing  ivabradine, or  3-{3-[{[(7S)-3.4-

dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]-methyl } -(methyl)-amino]-propyl}-7,8-

dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one, its addition salts with a
pharmaceutically acceptable acid and their hydrates, in combination with one or more
pharmaceutically acceptable excipients, for use in the treatment of endothelial

dysfunction.

. Pharmaceutical composition according to claim 6, for use in the treatment of endothelial

dysfunction in patients with heart failure, dyslipidaemia, diabetes or hypertension or

suffering from metabolic syndrome.



2. Use according to claim1 for obtaining a nedi cament
intended for the treatnent of endothelial dysfunction
in patients with heart failure, dyslipidaen a, diabetes
or hypertension or suffering from nmetabolic syndrone.
3. Use according to claim 1 foor obtaining a nedi canent

i ntended for the prevention of, the 10 slow ng down of
or the treatnent of atherosclerosis. 4. Use according
to claiml1 for obtaining a nmedi canent intended for

0 t di 0
DEEPRERLSE R, AR R, b L ATl frvegion o, e
Sl ddwn smaﬁmraatﬁrem%falﬂmrmrer@sml sease. 6.
Phar maceuti cal conposition containing ivabradine, or
3-{3-[{[(79)-3,4- 15
}-(
. ghﬁﬁ&%@%ﬁgc%l c?%-%%!tgogial ?&rgﬁlg% %Iaﬁn% Fdru€8of n}fﬁrl)pm?écﬁXh
di met hoxy-1, 3, 4, 5-t et r ahydr o- 2H 3- benzazepln 2-one, its

dition.salts with a ar eutical l cc tabl e aci.d
10. ?ﬁamﬁeewcaﬂgwa?%%on RsoRBR I dER D (ke SHCRE Rt OF Corcbral
phasdms ov i grihy ' sassart abl e excipients, for use in the
treatnment of endothelial dysfinction. 20 7.
Phar maceuti cal conposition according to claim®6, for
use in the treatnent of endothelial dysfunction in
patients with heart failure, dyslipidaem a, diabetes or
hypertension or suffering from netabolic syndrone. -8-
8. Pharmaceutical conposition according to claim®6, for
use in the prevention of, the slow ng down of or the
treatnment of atherosclerosis. 9. Pharnmaceuti cal
conposition according to claim®6, for use for
neur oprotection. 10. Pharmaceutical conposition
according to claim®6, for use for the treatnent of
cerebral 5 ischaem a or Al zheiner's disease.



