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O (57) Abstract: Levosimendan, or (-)-[[4-(1,4,5,6-tetrahydro-4-methyl-6-ox0-3-pyridazinyl)phenyl]hydrazono]propanedinitrile,

which has been previously suggested for the treatment of congestive heart failure i1s useful in the treatment of sick sinus syndrome

and/or sinoatrial conduction disorders.
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A NEW USE OF LEVOSIMENDAN

Technical field

The present invention relates to a method for the treatment of sick sinus
syndrome and/or sinoatrial conduction disorders by administering levosimendan, or
(-)-[[4-(1,4,5,6-tetrahydro-4-methyl-6-ox0-3-pyridazinyl)phenyl | hydrazono Jpropane-
dinitrile (I), or pharmaceutically acceptable salts thereof, to a patient in need of such

treatment.
Background of the invention

Levosimendan, which 1s the (-)-enantiomer of [[4-(1,4,5,6-tetrahydro-4-
methyl-6-ox0-3-pyridazinyl)phenyl]hydrazono Jpropanedinitrile, and the method tor
its preparation is described in EP 565546 B1. Levosimendan 1s potent 1n the
treatment of heart failure and has significant calcium dependent binding to troponin.

Levosimendan 1s represented by the formula:

N\\\C CH,
N\
C=—N—N \ O |
p C/ ,'_| N— NH
N//

The hemodynamic effects of levosimendan in man are described 1in Sundberg,
S. et al., Am. J. Cardiol., 1995; 75: 1061-1066 and 1n Lilleberg, J. et al., J.
Cardiovasc. Pharmacol., 26(Suppl.1), S63-S69, 1995. Pharmacokinetics of

levosimendan in man after 1.v. and oral dosing 1s described in Sandell, E.-P. et al., J.
Cardiovasc. Pharmacol., 26(Suppl.1), S57-S62, 1995. The use of levosimendan 1n the
treatment of myocardial ischemia is described 1n WO 93/21921. Clinical studies have

confirmed the beneficial effects of levosimendan in heart failure patients.

The electrical signal that initiates each normal heart beat arises from a small
structure located at the top of right atrium. The structure is called “sinus node” or
“sinoatrial node”. The sinus node is the natural pacemaker of the heart. It initiates the
cardiac cycle of systole and diastole phases by generating an electrical impulse that

spreads over the right and left atria, causing them to contract almost simultaneously.



10

195

20

25

30

CA 02387920 2002-04-18

WO 01/28560 PCT/F100/00915

This electrical impulse is generated by the depolarization of the myocardial cclls of
the sinus node. The atria are electrically insulated from the ventricles by the
atrioventricular (AV) groove. There is one area of the heart where the atria and the
ventricles are electrically connected. This connection which actually comprises the
second clectrical structure of the heart is called the atrioventricular node or AV nodc.
All electrical signals from the atrium must pass through the AV node in order to get
to the ventricles. The impulse then continues from the AV node through the bundle
of special cells designed to rapidly conduct the electrical signal through the
ventricles. These fibers eventually branch out to the distant ventricular tissues.
Stimulation of these fibers causes the ventricles to contract almost stmultaneously

and discharge of blood 1nto the circulatory systems.

Various dysfunctions of the heart lead to altered beating. One such
dysfunction is sick sinus syndrome (SSS), a progressive sinus node dysfunction often
with further involvement of sinoatrial conduction disorders. Its diagnostic criteria
include (i) inappropriate sinus rate-bradycardia for the underlying physiologic state
(chronotropic incompetence), (ii) significant sinus pauses (<3 seconds) or arrest, (111)
sinoatrial exit block not related to drug therapy, (iv) chronic atrial fibrillation with an
unacceptably slow ventricular response, (v) tachycardia-bradycardia syndrome, (v1)
prolonged corrected sinus node recovery time and (vi1) prolonged sinus node

refractoriness and sinoatrial conduction time (Alagona, MD, Current Opinion in
Cardiology, 1997, 12:3-11).

SSS with severe slowing of the heart beat (bradycardia) is associated with
significant symptoms such as fatigue and shortness of breath. Sometimes the sinus
node stops firing temporarily, and long pauses in the heart rhythm may result. The
causes of sick sinus syndrome are usually intrinsic such as aging, sinoatrial nodal
artery disease, scarring, or physical damages. There can also be extrinsic sinus node

problems due to medications, hormonal conditions (such as an underactive thyroid

gland) or neurological imbalances.

At the moment, there is no successful medical treatment for sick sinus
syndrome. It is usually treated with a permanent pacemaker, a small electronic device
implanted in the body of the patient. Thus, there is a strong need for a drug that

would be effective in the treatment of sick sinus syndrome.
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Summary of the invention

It has now been found that levosimendan has unexpected benefits in the

treatment of sick sinus syndrome and/or sinoatrial conduction disorders.

Therefore, the present invention provides the use of (-)-{[4-(1,4,5,0-tetra-
hydro-4-methyl-6-ox0-3-pyridazinyl)phenyl Jhydrazono]propanedinitrile or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for the

treatment of sick sinus syndrome and/or sinoatrial conduction disorders.

The present invention also provides a method for the treatment of sick sinus
syndrome and/or sinoatrial conduction disorders 1n a patient, said method comprising
administering to a patient in need thereof an effective amount of (-)-[[4-(1,4,5,6-
tetrahydro-4-methyl-6-oxo0-3-pyridazinyl)phenyl]hydrazono]propanedinitrile or a

pharmaceutically acceptable salt thereof.

Detailed description

The method of the invention comprises a step of administering to a subject an
amount of levosimendan effective to restore the function of sinus node and/or to
improve sinoatrial conduction of the heart. The administration can be effected

enterally, e.g. orally or rectally, or parenterally, e.g. intravenously or transdermally.

The effective amount of levosimendan to be administered to a subject
depends upon the condition to be treated, the route of administration, age, weight and
the condition of the patient. In general levosimendan 1s administered orally to man 1n
daily dose from about 0.1 to 20 mg, preferably from 0.2 to 15 mg, more preferably
from 0.5 to 10 mg, given once a day or divided into several doses a day, depending
on the age, body weight and condition of the patient. .evosimendan can be
administered by intravenous infusion using the ifusion rate typically from about
0.01 to 10 pg/kg/min, more typically from about 0.02 to 5 ng/kg/min. For example,
using an infusion of 24 hours a rate of 0.05 — 0.2 ug/kg/min is considered suitable.

Levosimendan 1s formulated into dosage forms suitable for the treatment of
sick sinus syndrome and sinoatrial conduction disorders using the principles known
1n the art. It 1s given to a patient as such or preferably in combination with suitable
pharmaceutical excipients in the form of tablets, dragees, capsules, suppositories,

emulsions, suspensions or solutions whereby the contents of the active compound in
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the formulation is from about 0.5 to 100 % per weight. Choosing suitable ingredients
for the composition is a routine for those of ordinary skill in the art. It 1s evident that
suitable carriers, solvents, gel forming ingredients, dispersion forming ingredients,
antioxidants, colours, sweeteners, wetting compounds, release controlling

components and other ingredients normally used in this field of technology may be

also used.

For oral administration in tablet form, suitable carriers and excipients include
e.g. lactose, corn starch, magnesium stearate, calcium phosphate and talc. For oral
administration in capsule form, useful carriers and excipients include e.g. lactose,
corn starch, magnesium stearate and talc. For controlled release oral compositions
release controlling components can be used. Typical release controliing components
include hydrophilic gel forming polymers such as hydroxypropylmethyl cellulose,
hydroxypropyl cellulose, carboxymethyl celluloses, alginic acid or a mixture thereof;
vegetable fats and oils including vegetable solid oils such as hydrogenated soybean
oil, hardened castor oil or castor seed oil (sold under trade name Cutina HR), cotton
seed oil (sold under the trade names Sterotex or Lubritab) or a mixture thereof; fatty
acid esters such as triglycerides of saturated fatty acids or their mixtures e.g. glyceryl
tristearates, glyceryl tripalmitates, glyceryl trimyristates, glyceryl tribehenates (sold

under the trade name Compritol) and glyceryl palmitostearic acid ester.

Tablets can be prepared by mixing the active ingredient with the carriers and
excipients and compressing the powdery mixture into tablets. Capsules can be
prepared by mixing the active ingredient with the carriers and excipients and placing
the powdery mixture in capsules, €.g. hard gelatin capsules. Typically a tablet or a
capsule comprises from about 0.1 to 10 mg, more typically 0.2 to 5 mg, of

levosimendan.

Formulations suitable for intravenous administration such as injection or
infusion formulation, comprise sterile isotonic solutions of levosimendan and
vehicle, preferably aqueous solutions. Typically an intravenous 1infusion solution

comprises from about 0.01 to 0.1 mg/ml of levosimendan.

Salts of levosimendan may be prepared by known methods. Pharmaceutically
acceptable salts are useful as active medicaments, however, preferred salts are the

salts with alkali or alkaline earth metals.
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Examples
Pharmacecutical example.

Hard gelatin capsule size 3
Levosimendan 2.0 mg

5 Lactose 198 mg

The pharmaceutical preparation 1n the form of a capsule was prepared by mixing

levosimendan with lactose and placing the powdery mixture in hard gelatin capsule.

Chinical data

10 The underlying heart rhythm of a 77 year-old patient on intravenous milrinone
was wandering atrial pacemaker with a first degree AV block alternating with a
junctional rhythm and sinus rhythm. The overall heart rate was around 70 bpm. Because
of failure to wean the milrinone the patient was entered into oral levosimendan first at 1
mg followed by 2 mg and subsequently by 4 mg qd. His heart rate steadily increased to

15  over 90 bpm. His levosimendan dose was reduced to 2 mg and maintained at that dose
during the taper of intravenous milrinone. His cardiac rhythm did regularize with a vast
majority of the beats being sinus node 1n origin and he maintained an overall heart rate
in the 80 — 85 bpm range. Milrinone was tapered off and the patient could be transferred
out of the intensive care unit. The patient’s dose of levosimendan was continued at 1 mg

20  three times a day.
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CLAIMS

1. Use of (-)-[[4-(1,4,5,6-tetrahydro-4-methyl-6-o0x0-3-pyridazinyl)
phenyl]-hydrazono]propanedinitrile or a pharmaceutically acceptable salt thereof
in the manufacture of a medicament for the treatment of sick sinus syndrome
and/or sinoatrial conduction disorders.
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