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5  and to addition salts thereof with a pharmaceutically acceptable acid and to hydrates of the

said addition salts, for obtaining medicaments intended for the treatment of endothelial

dysfunction.

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
10 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-

15 ventricular rhythm 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
20 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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15 respond to physiological stimuli.

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

20  the coronary arteries of atherosclerotic patients, suggesting that endothelial dysfunction
might be an early indicator of atherosclerosis (Ludmer er 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,

25  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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at her osclfgRSh&aBdlic@byndr&4E! dOhisbNB the prevention of, the slowing down of and the
treatment of coronary atherosclerosis and its cardiac complications, cerebral atherosclerosis
and its ischaemic and thrombotic complications, and atherosclerosis at all levels of the
15  arterial tree.
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-
20 945 ; 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.

25  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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* as diluents : lactose, dextrose, sucrose, mannitol, sorbitol, cellulose, glycerol,

o as lubricants  silica, talc, stearic acid and its magnesium and calcium salts, polyethylene

glycol,
* as binders : aluminium and magnesium silicate, starch, gelatin, tragacanth,
15 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,

20  and even more especially from 5 to 15 mg per day.
EXAMPLE 1 : Pharmacological study

Effect of ivabradine hydrochloride on endothelial dysfunction in the dyslipidaemic mouse

and in the rat with heart failure
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Dysl i pi d?neyrgg(r:aph in order to measure their diameter after the application of acetylcholine or to
measure the increase in flow. In order to explore more closely the mechanism associated
with endothelial dysfunction, inhibitors of the principal pathways of vasodilation were
15 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

20 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
25  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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EXAMPLE 2: Pharnmaceutical conposition Formulation for the preparation
of 1000 tablets each.containing a dose of 5 ng of ivabradine base:
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8. Use according to claim 1, substantially as herein described with reference to any example
thereof,



