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THERAPEUTIC COMPOSITIONS

The present invention relates to a product contamning the compound of formula (I) below
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or a pharmaceutically acceptable salt of this compound, in combination with at least one
compound having PDES-inhibitory properties, or a pharmaceutically acceptable salt
thercof, for therapeutic use, stmultancously, separately or over a period of time, 1n the

treatment of a discase wherein vasoconstriction 1s involved.

PCT publication WO 02/053557 describes endothelin receptor antagonists including the
compound of formula (I) and the use of said endothelin receptor antagonists in the
treatment of various discases wherein vasoconstriction 18 involved (1.a. heart failure, angina

pectoris, pulmonary and systemic hypertension and erectile dysfunction).

PDE-5 inhibitors have been notably described in the following patent documents:

g

% US 5,250,534 (describing pyrazolopyrimidinone derivatives as PDE-5 inhibitors and
1.a. sildenafil as well as the use of the same for 1.a. hypertension and heart failure) and

EP 1 097 711 (describing 1.a. sildenafil for pulmonary hypertension),

“ WO 99/24433 (describing 1.a. vardenafil as well as the use of the same for 1.a.

hypertension, angina pectoris and erectile dysfunction);

s US 5,859,006 (describing 1.a. tadalafil as well as the use of the same for 1.a.

hypertension, pulmonary hypertension, angina and congestive heart failure);

< WO 00/27848 (describing 1.a. udenafil and the use therecof for impotence).
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The Applicant has now surprisingly found that the combination of the compound of
formula (I) with a compound having PDES-inhibitory properties results in an unexpected

synergistic effect in the treatment of diseases wherein vasoconstriction 1s involved.

Therefore a subject of this invention 1s a product containing the compound of formula (I)
as described before or a pharmaceutically acceptable salt of said compound of formula (1),
in combination with at Ieast one (and preferably one) compound having PDES-inhibitory
propertics, or a pharmacecutically acceptable salt thercof, for therapeutic use,
simultancously, separately or over a period of time, 1n the treatment of a disecase wherein

vasoconstriction 1s involved.

The following paragraphs provide definitions of the various terms used in the present
patent application and are intended to apply uniformly throughout the specification and
claims, unless an otherwise expressly set out defmition provides a broader or narrower

definition.

“PDE-5" stands in the present application for cyclic guanosine 3, S-monophosphate

(cGMP) phosphodiesterase type 3.

“Simultancously” or “simultancous”, when referring to a therapeutic use, means in the
present application that the therapeutic use concerned consists 1n the administration of two

or more active ingredients by the same route and at the same time.

“Separately” or ‘“‘separate”, when referring to a therapeutic use, means 1 the present
application that the therapeutic use concerned consists 1n the administration of two or more

active mngredients at approximately the same time by at least two different routes.

By therapeutic administration “over a period of time” 1s meant 1n the present application
the administration of two or more ingredients at different times, and 1n particular an
administration method according to which the entire administration of one of the active
ingredients 18 completed before the administration of the other or others begins. In this way
it 1s possible to administer onc of the active ingredients for several months before
administering the other active ingredient or ingredients. In this case, no simultancous

administration occurs.
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By “disecase wherein vasoconstriction 18 involved” 1s meant 1n particular hypertension,
pulmonary hypertension (including pulmonary arterial hypertension), diabetic arteriopathy,

heart failure, erectile dysfunction or angina pectoris.

By “compound having PDES5-inhibitory properties” 18 meant a compound that, when

submitted to the “Test for the determination of PDES 1Csy” described in the present patent

application, has an 1Csg equal or lower than 1 uM.

Specific examples of compounds having PDES-inhibitory properties include the

compounds having the following structures (names):

7
O‘. /,C) N N\N
(\N’S\C]%\N

(sildenafil)

0
-0

(tadalafil)
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(udenafil)

The term "pharmaceutically acceptable salts” refers to non-toxic, inorganic or organic acid

and/or base addition salts. Reference can be made to "Salt selection for basic drugs”, Int. J.

Pharm. (1986), 33,201-217.

Besides, any reference to a compound of formula (I) or to a compound having
PDES5-1nhibitory properties 1s to be understood as referring also to the pharmaceutically

acceptable salts thereof, as appropriate and expedient.

Preferably, the product according to this invention will be such that the compound of
formula (I) and the compound having PDES5-inhibitory propertics are intended for a

therapeutic use which takes place simultancously or over a period of time.

According to one preferred variant of this invention, the compound of formula (I) and the
compound having PDES5-inhibitory propertiecs will be intended to be administered

simultancously.

According to another preferred variant of this invention, the compound of formula (I) and
the compound having PDES5-1nhibitory properties will be intended to be administered over

a period of time.

The period of time 1ntended for the therapeutic use of a product according to this invention
will be at least one week, and preferably at least one or more months (for example six
months). This period of time may also be the whole life of the patient that receives the
product. Preferably, administration of compound of formula (I) will be alternated with
administration of a compound having PDES-inhibitory properties, and the interval between

such administration will not exceed two or three days (and more preferably not exceed one

day).
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Preferably, the compound having PDES5S-inhibitory propertiecs will be selected from
sildenafil, vardenafil, tadalafil and udenafil. More preferably, the compound having

PDES-1nhibitory properties will be sildenafil or tadalafil.

According to one particularly preferred variant of the invention the compound having

PDES5-1nhibitory properties will be sildenafil.

According to another particularly preferred variant of the invention the compound having

PDES5-1nhibitory properties will be tadalafil.

The administration route of the compound of formula (I) and that of the compound having
PDE5-inhibitory properties 1s preferably the same. In particular, the common
administration route for the compound of formula (I) and for the compound having
PDE5-inhibitory properties will be the intravenous or oral route (and notably the oral

route).

Though the exact administration doses of a product according to this invention will have to
be determined by the treating physician, it 18 expected that a dose of 0.05 to 2 mg (and
preferably 0.1 to 1 mg) of compound of formula (I) per kg of patient body weight
combined with a dose 0.01 to 1 mg (and preferably 0.05 to 0.5 mg) of tadalafil per kg of
patient body weight, both compounds being intended to be administered by oral route, or
combined with a dose 0.1 to 2 mg (and preferably 0.2 to 1 mg) of sildenafil per kg of
patient body weight will be appropriate, both compounds being intended to be

administered by oral route as well.

Preferably, the discase intended to be treated by a product according to this invention will
be selected from hypertension, pulmonary hypertension, diabetic arteriopathy, heart
failure,erectile dysfunction and angina pectoris. More preferably, the disease intended to be
treated by a product according to this invention will be selected from hypertension and
pulmonary hypertension. In particular, the discase intended to be treated by a product
according to this invention will be pulmonary hypertension (and notably pulmonary

arterial hypertension).

The mvention also relates to a pharmaceutical composition containing, as active principles,

the compound of formula (I) below
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or a pharmaceutically acceptable salt of this compound, in combination with at least one
(and preferably one) compound having PDES-1nhibitory properties, or a pharmaceutically

acceptable salt thereof, as well as at least one excipient.

The mnvention further relates to the use of the compound of formula (I) below

O O
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(1)

or a pharmaceutically acceptable salt of this compound, in combination with at least one
(and preferably one) compound having PDES-1nhibitory properties, or a pharmaceutically
acceptable salt therecof, for the manufacture of a medicament intended to treat a disecase

wherein vasodilation 1s required.

Besides, preferences indicated for the product according to this invention of course apply

mutatis mutandis to the pharmaceutical compositions and uses of this invention.

Particular embodiments of the invention are described in the following Examples, which

serve to 1llustrate the invention 1n more detail without limiting 1ts scope 1n any way.
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EXAMPLES

To 1llustrate the uscfulness of this invention, the association of the compound of
formula (I), administered orally at a dose of 0.3 mg/kg, with tadalafil, administered orally
at a dose of 10 mg/kg, has been studied 1n two different hypertension models, namely the
Dahl salt-sensitive rat model and the spontancously hypertensive rat model. Furthermore,
the association of the compound of formula (I), administered orally at a dose of 0.3 mg/kg,
with sildenafil, administered orally at a dose of 30 mg/kg, has been studied 1n the
spontancously hypertensive rat model. The protocols used are detailed 1n the part entitled

“Pharmacological properties of the invention compounds” hereafter.

PHARMACOLOGICAL PROPERTIES OF THE INVENTION COMPOUNDS

The experimental methods described hereafter can be used to show the pharmacological

properties of the invention compounds.

Dahl salt-sensitive rat model

Dahl salt-sensitive (Dahl-S) were purchased from Harlan (Netherlands). The rats were
housed by group during the acclimatization period and single-housed after implantation of
the telemetry device. All animals were maintained under 1dentical conditions and had free
access to normal pelleted rat chow and water. Dahl salt-sensitive rats develop hypertension
only upon exposure to salt intake. They were administered a high-salt (8%) chow diet
(Purina series 5500). Five weeks after starting salt administration, a telemetry system was
implanted under anaesthesia by inhalation of 2.5% 1soflurane (in 70% O, + 30% N,0).
Under aseptic conditions, a pressure radio-frequency transmitter was implanted into the
peritoneal cavity, and a sensing catheter was inserted in the descending aorta and advanced
pomting upstream to slightly below the renal artery bifurcation. The transmitter was
sutured to the abdominal musculature and the skin was closed. A receiver platform
transformed the radio signal into digitized input, that was sent to a dedicated personal
computer (Compaq, deskpro). Arterial blood pressure measurements were calibrated by

using an input from an ambient pressure reference. Telemetry units were obtained from

Data Sciences (St. Paul, MN, USA).
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The compounds were administered at least 2 weeks after telemetry system implantation.
The compound of formula (I) and the compound having PDES-inhibitory properties were
prepared 1n 5% arabic gum and administered by oral gavage. The acute effects of the
compound of formula (I), the compound having PDES5-inhibitory properties and their
combination on blood pressure were measured by collecting data at S-minute intervals up
to 72 h after oral administration. Hourly means of blood pressure were calculated for each
rat. Each rat served as 1its own control, by using the blood pressure data of the last 24 hours
betfore drug administration. The two curves (blood pressure of the control period and blood
pressure of the treatment period) were plotted together and the area between curves (ABC)
from 0O to 72 hours was calculated. The higher the ABC, the stronger the effect of the 1tem

tested for lowering blood pressure.

Spontaneously hypertensive rat model

The same protocol was used as for the Dahl salt-sensitive rat model, except that
spontancously hypertensive rats (SHR) replace the Dahl-S rats and that the SHR rats did

not receive any salt diet. The SHR rats were purchased from Harlan (Netherlands).

Test for the determination of PDES 1Cs:

In order to estimate the extent of inhibition for PDES activity of a test compound, the

following test 1s carried out. Phosphodiesterase-3 enzyme {PDE 3} 15 separated from
hurnan corpus cavernosat tissues. About 3 g of this hesue 18 homogenized with 12 mi of
HEPES butter (20 mM HEPESN, 250 mM sucrose, 1 ;M EDTA, | mM PMSE, pH 7.2} at
4°C. The solution 1s filfered with double-lavered gauze and centrifuged (100,000 xg) for
64 man at 4°C. The supernatant s fdtered with 8.2 wm filter paper and separated by HPLO
{Mong () amon exchange column)} with concentration gradicnt of 8-303{ md Na(l to ehate
PDE sozyvmces. The enzyme aciivity s measured on cach cofumn fraction by the following
process to separate the PRES {raction and the PDESmbhibinion of the {est compound 18
measured using the PDES fraction. To 1.3 mi tube arc added 160 il of reaction muaxiure
{15 mM Trs-HCOL 5 mM Melh, 0.5 mg/mi BSA, pH 7.4} and the appropriate amount of
test compound fraction and test compound and the muxture 18 muxed well, To this solubion
is added "H-cAMP or "HecGMP (300 nM, 2 uCi/ml), the mixture is reacted in the

incubator of 3 °C for about 1 hour and the reaction 18 quenched by putiing the tube inio
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botling water for about 45 seconds to 2 min. Then the tube s chidicd moce bath for about 3
. 1o this tube 15 added snake venom (1 mg/mi, 164 ul) or S-nucicotidase (8.1 umit/tube)
and the muxture 1S reacted i an mncubator at 37 °C for 18 min and chilled v an ico bath.
3 troes volume of methanol to the resin 18 added o the anon exchange resim {Bio-Rad
resin, AL 1-X2, 200-400 meshy which bas been already washed with 03N HOY, HO, .34
MaGH, HxO, 0.3 HUI and H,Q mn order and adiusted fo pH 5. Then 1 mi of the pretreated
resin 18 dispensed o each tube with vortexmng, The muxture 18 left at 4 “C for 15 mun with
occasional vortexing and coendnituged {10,000 rpym; for about 5 min o scdiment the resm
The supernatant (7806 (i} 13 transferred to a hquid scmnidiation vial, and mixed with 18 mi
of scwnidtliation cocktald, After stabilimng the solunion by leaving it overnight, the

radicactivity of the tube 18 measured by B-counter,

If the test compound has an ICsy equal or lower than 1 UM, 1t 1s considered as having
PDE5-1nhibitory properties for the purpose of this patent application. If the test compound
has an ICso higher than 1 UM, 1t 1s considered as not having PDES-inhibitory properties for
the purpose of this patent application.

EXAMPLE 1

Following the test protocol described previously 1n the part entitled “Dahl salt-sensitive rat
model”, oral administration of the compound of formula (I) and tadalafil decreased blood
pressure 1n Dahl-S rats: the compound of formula (I) (0.3 mg/kg) decreased blood pressure
with an ABC of 256 and tadalafil (10 mg/kg) with an ABC of 310. The ABC after oral
administration of the combination (compound of formula (I) at 0.3 mg/kg and tadalafil at

10 mg/kg) was 923, demonstrating a synergistic effect.

EXAMPLE 2

Following the test protocol described previously in the part entitled “Spontancously
hypertensive rat model”, oral administration of the compound of formula (I) and tadalafil

decreased blood pressure 1n SHR rats: the compound of formula (I) (0.3 mg/kg) decreased
blood pressure with an ABC of 44 and tadalafil (10 mg/kg) with an ABC of 286. The ABC
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after oral gavage of the combination (compound of formula (I) at 0.3 mg/kg and tadalafil at

10 mg/kg) was 444, confirming the synergistic effect.

EXAMPLE 3

Following the test protocol described previously in the part entitled “Spontancously
hypertensive rat model”, oral administration of the compound of formula (I) and sildenafil
decreased blood pressure 1n SHR rats: the compound of formula (I) (0.3 mg/kg) decreased
blood pressure with an ABC of 38 and sildenafil (30 mg/kg) with an ABC of 229. The
ABC after oral gavage of the combmation (compound of formula (I) at 0.3 mg/kg and
sildenafil at 30 mg/kg) was 317, confirming the synergistic effect.
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Claims

1. A product containing the compound of formula (I) below
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(1)

or a pharmaceutically acceptable salt of this compound, in combination with at least one
compound having PDES5-inhibitory properties, or a pharmacecutically acceptable salt
thercof, for therapeutic use, stmultancously, separately or over a period of time, 1n the

treatment of a disecase wherein vasoconstriction 1s involved.

2. A product according to claim 1, wherein the compound having PDES-inhibitory

properties 1S selected from sildenafil, vardenafil, tadalafil and udenafil.

3. A product according to claim 2, wherein the compound having PDES-inhibitory
properties 1s tadalafil.

4. A product according to claim 2, wherein the compound having PDES-inhibitory

properties 1s sildenafil.

5. A product according to claim 1, wherein the disease wherein vasoconstriction 1s
involved 1s selected from hypertension, pulmonary hypertension, diabetic arteriopathy,

heart failure, erectile dysfunction and angina pectoris.

6. A pharmaccutical composition containing, as active principles, the compound of
formula (I) as described in claim 1, or a pharmaceutically acceptable salt of said compound
of formula (I), iIn combination with at lecast one compound having PDES5-inhibitory

properties, or a pharmaceutically acceptable salt thereof, as well as at least one excipient.
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7. A pharmaceutical composition according to claim 6, wherein the compound having

PDE5-1nhibitory properties 1s selected from sildenafil, vardenaftil, tadalafil and udenafil.

8. A pharmacecutical composition according to claim 7, wherein the compound having

PDEJ5-1nhibitory properties 1s tadalafil.

9. A pharmaceutical composition according to claim 7, wherein the compound having

PDES5-1nhibitory properties 1s sildenafil.

10. Usec of the compound of formula (I) as described 1n claim 1, or a pharmaceutically
acceptable salt of said compound of formula (I), m combination with at least one
compound having PDES5-inhibitory properties, or a pharmacecutically acceptable salt
therecof, for the manufacture of a medicament intended to treat a disease wherein

vasoconstriction 1s involved.

11. Use according to claim 10, wherein the compound having PDES-inhibitory properties

1s selected from sildenaftil, vardenafil, tadalafil and udenafil.

12. Use according to claim 10, wherein the disease intended to be treated 1s selected from

hypertension and pulmonary hypertension.
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