1 DESCRIPTION Title of the Invention: LEFT VENTRI CULAR DI ASTOLI C

FUNCTI ON | MPROVI NG AGENT Techni cal Field [0001] Pr esent

invention relates to an agent for inpyoving left ventricular

di astolic function, which conprises
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and/ or H&ile efithrglnyeaion: SmF TRYERGI BItAAL AR DLASTOLIC FUNCTHIERN t

fail ur eIMPROBINGEAGENT™HI ch the punp function of a heart
deteriorates due to various causes, and a bl ood vol une correspondi ng
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urope, and e nu is’e ed to further
increase in the future. In addition, heart fallure is known to be one
of the Heelgasasdwirth poor prognoses. For exanple, it is reported that
t he patL ?j with heart failure as a whol e have a 50% chance of
survi vi (gﬁ) Fve years and the patients with severe heart failure have
a 30% chance Ib¢ars fiziVunei isqr sthtegén ydurk thapdmipefanctibaiof wrlzeashows t he
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relatively pumped, and a state, in which congestion is caused in lung or
systemic venous system or in both systems and a disorder is caused in daily
life. QOL of patients with heart failure is remarkably deteriorated due to the
symptoms such as exertional dyspnea, shortness of breath, malaise, decrease in
urine volume, limb edema and hepatomegaly,

[0003]

It is estimated that there are currently more than a million patients with
heart failure in this country, and the number is increasing for certain year by
year due to the recent westernization of dietary habits and the aging society.
Further, there are several million patients with heart failure each in the U.S.
and in Europe, and the number is expected to further increase in the future. In
addition, heart failure is known to be one of the diseases with poor prognoses,
For example, it is reported that the patients with heart failure as a whole have a
50% chance of surviving five years and the patients with severe heart failure
have a 30% chance of surviving three years, and heart failure shows the
prognosis comparable to those of cancers. Thus, heart failure is placed as an
extremely severe disease due to the large number of the patients and the poor
prognosis.
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In treating heart failure, the therapeutic strategy is generally

deci ded dependi ng on whet her the pathol ogical condition of the heart
failure is chronic or acute. Sg-called chronic heart failure,
which refers to the chronic pathol ogi cal change, is heart failure
showi ng progressive exacerbation for a long tinme, and is known to be
caused associated with for exanple nyocardial disease or valvul ar
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Further, it is said that nost of the patients, who were diagnosed
with systolic heart failure, actually suffer fromleft ventricular
diastolic functional disorder. [0010]4 Anong the existing
medi canents used for the treatnment in'the acute phase, there is no
medi canment which selectively relieves left ventricular diastolic
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4-1(2-{ 1)1- 2-[(1E, 3S)-4-(4-fluorophenyl)-3
- hydr oxy~" Thuten-1 -yl]-5-0x0 -1 -
On the other hand, 4-[(2-{(2R)-2-[(1E,38)-4-(4-fluorophenyl)-3-

hydroxy-1-buten-1-yl]-5-0x0-1-pyrrolidinyl}ethyl)thio]butanoic acid, a salt
thereof, a solvate thereof or a prodrug thereof, or a cyclodexirin clathrate
thereof is a selective agonist for EP4, which is a receptor subtype of
prostaglandin E2, and is reported to be effective for immune diseases
(autoimmune diseases such as amyotrophic lateral sclerosis, multiple sclerosis,
Sjogren's syndrome, chronic rheumatoid arthritis and systemic lupus
erythematosus, rejection after organ transplantation, and the like), asthma,



pyrroli dinyl} ethyl)thio]butanoic acid, a salt thereof, a solvate
thereof or a prodrug thereof, or a cyclodextrin clathrate thereof,
which is an EP4 agonist, has an effecki to inprove left ventricular
diastolic function, and acts therapeutically on heart failure
patients, in particular diastolic heart failure patients. Prior Art
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Nanel vy, [(EHzEI)bJ ect of present invention is to provide a nedi cament,
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dependin Lucetic r..va l,on ffect controls the

sty IR IR A A S A O D
di ast ol dxsfhuetion,onad stdisouatess cangkspive\neattsfatlnee cegsedrignomal and can

prevent; Qy&anege PBH {AEATdY s Bl 1A (HHSeReE1beR DEOREAT H)-

On the other hand, it is also known that a compound having an EP4
antagonistic action acts therapeutically on heart failure (please refer to Patent
Document 6).

[0013]

As described above, there are conflicting findings as to whether EP4
works promotionally or inhibitory on the pathological condition of heart
failure, and thus the situation was that there was no certain scientific findings.
As a matter of course, there was no description or suggestion that 4-[(2-{(2R)-
2-[(1E,38)-4-(4-fluorophenyl)-3-hydroxy-1-buten-1-yl]-5-0x0-1-
pyrrolidinyl}ethyl)thio]butanoic acid, a salt thereof, a solvate thereof or a
prodrug thereof, or a cyclodextrin clathrate thereof, which is an EP4 agonist,
has an effect to improve left ventricular diastolic function, and acts
therapeutically on heart failure patients, in particular diastolic heart failure
patients.

Prior Art Documents

Patent Documents
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Patent Document 1: W0O2003/009872
Patent Document 2: WO2006/016689
Patent Document 3: WO2006/016695
Patent Document 4: JP-A-2006-321737



Means for Solving the Problens [0017] EP4 agoni sts are
generally predicted to relieve the congestion state of heart failure
pati ents since EP4 agonists have a vagodilation effect and an effect
to relieve renal dysfunction. However, these effects are the sane as
those of the existing vasodilators, and thus diastolic heart failure
or left ventricular diastolic functional disorder is not relieved.
Accordi ngl y, Ratert Bacmmgntgodl<t-20812d@i7ARst ered to a patient with

di astol i ¢ heapdiefi@Dbbhigent BERO2GBOPESSI bility that the agonist only
causes the simlar problens as those of a diuretic agent or a

vasodi | ator, for exanple the decrease in the cardiac output, the
decreasSummarhe)fbhoddvmtdamure or the frequent recurrence. [0018]
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i nventi that, anong the conmpounds known as EP4 agoni sts,
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1. An a%lé'iﬁ'i Fopear ft ventricular diastolic function, which
conpri ses 4- [F(cﬁ-dlgstphlé)hemt[ fai B r8 Pptidn(sdinftheacopphemetybBidypliaweya 1
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Namely, an object of present invention is to provide a medicament,
which improves diastolic function of a left ventricle itself without depending
on the diuretic effect or vasodilation effect; controls thé pathological condition
of diastolic heart failure or left ventricular diastolic functional disorder; and
prevents the recurrence, and can prevent dyspnea and death due to this
pathological condition.

Means for Solving the Problems
[0017]

EP4 agonists are generally predicted to relieve the congestion state of
heart failure patients since EP4 agonists have a vasodilation effect and an
effect to relieve renal dysfunction. However, these effects are the same as
those of the existing vasodilators, and thus diastolic heart failure or left
ventricular diastolic functional disorder is not relieved. Accordingly, when an
EP4 agonist is administered to a patient with diastolic heart failure, there is a
possibility that the agonist only causes the similar problems as those of a
diuretic agent or a vasodilator, for example the decrease in the cardiac output,
the decrease in the blood pressure, or the frequent recurrence.
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As a result of extensive studies, the inventors of the present invention

found that, among the compounds known as EP4 agonists, 4-[(2-{(2R)-2-



4. The agent according to the above 2 or 3, wherein the heart failure
is diastolic heart failure. 5. The agent according to the above 2,
wherein the synmptomis congestion, dygpnea, shortness of breath,
mal ai se, decrease in urine volune, |inb edema and/ or hepat onegal y.

6. The agent according to the above 1 to 5, which further has an
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9. An agent for improving the survival rate of heart failure, which comprises 4-
[(2-{(2R)-2-[(1E,38)-4-(4-fluorophenyl)-3-hydroxy-1-buten-1-yl1]-5-0x0-1-
pyrrolidinyl}ethyl)thio]butanoic acid, a salt thereof, a solvate thereof or a
cyclodextrin clathrate thereof.
10. An agent for improving left ventricular distensibility, which comprises 4-
[(2-{(2R)-2-[(1E,38)-4-(4-fluorophenyl)-3-hydroxy-1-buten-1-yl]-5-0xo0-1-
pyrrolidinyl}ethyl)thio]butanoic acid, a salt thereof, a solvate thereof or a
cyclodextrin clathrate thereof.
11. An agent for preventing myocardial fibrillization, which comprises 4-[(2-
{(2R)-2-[(1E,38)-4-(4-fluorophenyl)-3-hydroxy-1-buten-1-yl]-5-oxo0-1-



15. An agent for selectively inproving left ventricular diastolic
function, which conprises 44(2-

{(2R) - 2- [(1E 38) - 4- (4-fl uorophenyl) - 3. hydr oxy- 1- but en- 1- yl k

5- oxo-1 - pyrroI|d|nyl}ethyl)thlo]butan0|c acid, a salt thereof, a

sol vate thereof or a cyclodextrin clathrate thereof as an actl ve

i ngredi ent, and which selectively inproves left ventricular diastolic
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19. An agent for preventing heart failure associated with hypertension from
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26. Use of

4-1(2-{(2R)-2-[(1E, 3S)-4-(4-fluorophenyl)- 3-hydroxy-1-buten-1|-y1]-

5-0xo-1-pyrrolidinyl}ethyl)thio]butangic acid, a salt thereof, a

sol vate thereof or a cyclodextrin clathrate thereof for the

manuf acture of an agent for treating heart failure and/or relieving a
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fail ur 2hodebmpound of 4-[(2-{(2R)-2-[(1E,3S5)-4-(4-fluorophenyl)-3-hydroxy-1-
buten-1-yl]-5-oxo0-1-pyrrolidinyl}ethyl)thio]butanoic acid, a salt thercof, a
solvate thercof or a cyclodextrin clathrate thereof for improving left ventricular
diastolic function.
28. A compound of 4-[(2-{(2R)-2-[(1E,38)-4-(4-fluorophenyl)-3-hydroxy-1-
buten-1-yl]-5-0x0-1-pyrrolidinyl}ethyl)thio]butanoic acid, a salt thereof, a
solvate thereof or a cyclodextrin clathrate thereof for treating heart failure
and/or relieving a symptom.



[ Figure 3] Figure 3 shows the influences of the compound A and
mlrinone-on the left ventricular diastolic wall strain (DW5) index
in a chronic heart failure nodel. 10,Mde for Carrying Qut the

| nvention [0022] The conpound used for the agent of present
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- failure, and can relieve lung congestion, dyspnea, shortness of breath, malaise,
decrease in urine volume, limb edema, hepatomegaly and/or the like more
effectively than the existing vasodilators. Further, left ventricular diastolic
function is generally impaired also in systolic heart failure, and the existing
diuretic agents/vasodilators cannot relieve left ventricular diastolic functional
disorder. Accordingly, it is expected that the compound used for the agent of
present invention has better efficacy also for systolic heart failure in

comparison with the existing diuretic agents/vasodilators.

Brief Description of the Drawings
[0021]

[Figure 1] Figure 1 shows the intensity balance of the left ventricular
relaxation effects and the ieft ventricular contraction effects of the compound A
and milrinone, which is an existing agent for treating heart failure, in an acute
heart failure model.

[Figure 2] Figure 2 shows the influences of the compound A and
milrinone on the survival rate in a chronic heart failure model.

[Figure 3] Figure 3 shows the influences of the compound A and
milrinone on the left ventricular diastolic wall strain (DWS) index in a chronic
heart failure model.



D astolic Function Systolic Function Pathol ogical Condition Diastolic
Heart Failure (D astolic Failure) |npaired Normal

10

Mode for Carrying Out the Invention
[0022]

The compound used for the agent of present invention improves
diastolic function of a left ventricle, and can relieve the state, in which
diastolic function of a left ventricle is impaired, namely left ventricular
diastolic functional failure (which is sometimes called just diastolic functional
failure),

In this specification, heart failure includes heart failure in the acute
phase or in the chronic phase, namely acute heart failure or chronic heart
failure. The definition of acute heart failure sometimes includes chronic heart
failure in the acute exacerbation phase. Further, heart failure is sometimes
called congestive heart failure.

[0023]

Regarding heart failure, the functional disorders of a heart and the
pathological conditions caused by the disorders are shown in Table 1 below.
Diastolic heart failure (heart failure in diastole) is heart failure, in which only
diastolic function of a left ventricle is impaired, but systolic function is normal
or only slightly deteriorated. On the other hand, in systolic heart failure |
(heart failure in systole), both systolic function and diastolic function of a left
ventricle are impaired. Diastolic heart failure and systolic heart failure are
sometimes called diastolic failure and systolic failure, respectively. Further,
the state, in which left ventricular diastolic function is impaired, is called left
ventricular diastolic functional disorder, left ventricular diastolic functional
failure, left ventricular diastolic disorder or left ventricular diastolic failure;
and the state, in which systolic function is impaired, is also called left
ventricular systolic functional disorder, left ventricular systolic functional
failure, left ventricular systolic disorder or left ventricular systolic failure.
[0024]



Systolic Heart Failure (Systolic Failure) Inpaired Inpaired [0025]
Since the conpound used for the agent of present invention inproves
di astolic function of a left ventriclgland further reduces the
afterl oad and the preload of a heart by causing arteriovenous

rel axation, the conpound is effective for systolic heart failure, in
whi ch both systolic function and diastolic function are inpaired, as
wel | as[Tabiediastolic heart failure, in which diastolic function is
i npai red. [0026] The conpound! used for tigpagent of present

inventipn, 4-[(2-{(2R)-2- stoh stolic
[(1E,3\_-4(4fluoropheny1) 3- hydr oxy- Eat ]-50 ?6yrrolldin
y| }et hynf hi n'l but anoic }“il(#é‘m r‘al lLed TH’“QCUPHI’TT]OI nd
A" in this speC| fi cat i| oRjastplierdleart he conmpound represented by t hel
followiing formula, O Failure I red N |
(Diastolic mpaire orma
Pathological Failure)
Condition Systolic Heart
Failure . .
(Systolic Impaired Impaired
Failure)

[0025]

Since the compound used for the agent of present invention improves
diastolic function of a left ventricle and further reduces the afterload and the
preload of a heart by causing arteriovenous relaxation, the compound is
effective for systolic heart failure, in which both systolic function and diastolic
function are impaired, as well as for diastolic heart failure, in which diastolic
function is impaired.

[0026]

The compound used for the agent of present invention, 4-[(2-{(2R)-2-
[(1E,3S)-4-(4-fluorophenyl)-3-hydroxy-1-buten-1-yl]-5-ox0-1-
pyrrolidinyl}ethyl)thio]butanoic acid (which is sometimes called the
“compound A” in this specification), namely the compound represented by the
following formula,

(in the formula,



12 represents a bonding at the other side of the plane of this page
(nanely, a-position), represents a bonding at this side of the plane

of this page (nanely, n-position)) a It thereof, a solvate thereof,
a prodrug thereof or a cyclodextrin clathrate thereof is a conpound
di scl osed in W2003/009872. [0027] The salt of the conmpound A

i ncludes all the pharmacol ogically acceptable salts. The

phar macol ogi cally acceptable salts are preferably |ow toxic

wat er - sol ubl e\‘éal ts. The suitable salts include for exanple, salts of
al kali met gh3* (such as potassium sodiumand lithium, salts of

al kaline earth netals (such as cal cium and magnesi um), ammoniumsalts
(such as tetranethyl ammoni um salt, and tetrabutyl ammonium salt), salts
of or gaffifde¥mithadopdingmatidetqthet pige nfithe plans %fjlﬁhaﬁpﬁgﬁ (eAmelyh ¢t ani ne,
cycl opepésttiani,ne, benzyl am ne, phenet hyl am ne, piperi dine,

nonoet hanol am ne, diethanol am ne, tris(hydroxynethyl)nethyl am ne,

| ysi ne, arginine and N-nethyl-D glucamne), acid addition salts (such
as salts of ingrganic acids (e.g. hydrochl oride, hydrobrom de,

hydr oi odi dﬂfat e, phosphate and nitrate), and salts of organic
acids (e.g¥ acetate, trifluoroacetate, lactate, tartrate, oxal ate,
fumarate, nal eate, benzoate, citrate, methanesul fonate,

et hanesul fonat e, benzenesul fonate, tol uenesul fonate, isethionate,

gl ucur orf@reseatda gonégatiehys sidgofghe plane offthés page abineelyoPyatsdtion)
the conpeuindhdrebNcd s8I afelthed AR Rod AR MBLET STULByASabnematiasnand
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sol vat e"1°5°9 g % TP R° Rat%er $Bi 03400P8 T, the solvate of the
conmpoun@0R74l so i ncl udes the solvates of salts of the conpound A

(such as sal tmeofaipbkld cdRpbidtd ANBERIGRs aﬁ@ﬁ@@ih‘d@fé%ﬂo%ica@@ést g‘;
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1- { [ ( cyanahitaingx pheratbplapmipoxpiperidyie, aserodthied amineyatipthlaa ol agsined)

are m3r‘tﬁ'is@lﬁ‘ﬁﬂox&ﬂ@ﬁml)methylamine, lysine, arginine and N-methyl-D-glucamine),
acid addition salts (such as salts of inorganic acids (e.g. hydrochloride,
hydrobromide, hydroiodide, sulfate, phosphate and nitrate), and salts of organic
acids (e.g. acetate, trifluoroacetate, lactate, tartrate, oxalate, fumarate, maleate,
benzoate, citrate, methanesulfonate, ethanesulfonate, benzenesulfonate,
toluenesulfonate, isethionate, glucuronate and gluconate)).
[0028]

The suitable solvates of the compound A include for example, solvates
such as hydrates and solvates of alcohols (for example ethanol). It is
preferable that the solvate is low toxic and water-soluble. Further, the solvate
of the compound A also includes the solvates of salts of the compound A (such
as salts of alkali (earth) metals, ammonium salts, salts of organic amines and
acid addition salts).

[0029]



The conpound A, a salt thereof, a solvate thereof or a prodrug

t hereof may be converted into a correspondi ng cyclodextrin clathrate
by the nethod described in the speci fliscati on of JP-B-50-3362,

JP- B-52- 31404 or JP-B-61- 52146 by using a-, 13- or ry-cyclodextrin

or a mxture thereof if necessary. In this regard, a kind of
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[0034] W02003/009872, by combining the methods described in the specification of
JP-B-50-3362, JP-B-52-31404 or JP-B-61-52146 if necessary.
[0032]
[Toxicity]

Toxicity of the compound used for the agent of present invention is very
low, and the compound is safe enough to be used as a medicine. For example,
the compound A was not found to be toxic even when the dose reached 30 times
as much as the dose, at which the vasodilation effect is observed with at least a
single administration, in repeated oral administration to a dog for four weeks.
[0033]

[Application to Pharmaceutical Preparations]

The compound used for the agent of present invention has an effect to
improve diastolic function of a left ventricle, and thus is effective for heart
failure (acute heart failure or chronic heart failure). The compound is
effective particularly for heart failure in which the left ventricular ejection
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[ 0040] Al t hough the dose depends on the age, the weight, the
synptom the therapeutic effect, the adm nistration nethod, the

adm ni stration period and the |ike, tfie admnistration is generally
oral and once to several tines a day wherein an anount per each tine
is 0.1 ngto1lng per adult, parenteral and once to several tines a
day wherein an anpunt per each time is 0.1 ng to | ng per adult, or
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wherein an amount per each time is 0.1 ng to 1 mg per adult, parenteral and

once to several times a day wherein an amount per each time is 0.1 ng to 1 mg
per adult, or intravenous and continuous for 1 hour to 24 hours a day. For
example, when the compound used for the agent of present invention is orally



[ 0044] The solid agent for internal application for oral
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(1) Evaluation of Henmpbdynamics in Acute Heart Failure Model
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introduced to the trachea and connected to a ventilator. The

f r equeneiyawbelyyemtit, démbherwantlid)ainal thedskegehad0inld asthraokasepibcal

The'r eshl aron sﬂi%ﬁﬁ%k'ﬁ&h@@ AReusd, | Pudflor i (115 RREGShED ify 20
an i ndi E‘éﬁ lingpal tapiet Bayrkg conded Mlséba cmlﬁgtaaénq (ﬂl@haﬁ YWHss s4gM. and

t he hai gelatint hediwdyiprepydsdelial €, od E)fdroﬁ?ﬁrd’pygﬂﬁbt}fy@ré@fl@los@ﬁﬂﬂﬁal@th

cervica taI S

mtravehoé@% dﬁ’ﬁéa (sé\@iehr te‘ggggn c';arﬁuo 5EY 9 ﬁ:a]%tl Yhit c%(g{ﬁgf’ (‘f’m@iiaﬁa and
t he anethﬁé’é‘iaél"\Raﬁn@@ﬁt@ﬁdédta WoﬂnES?IgGRHSHQ)Bémtmer,t‘hbldherﬁt 21
fourth géﬂhranydlsgalelng§q3@rmd@g ,g%g@ss gl n was exfoliated. Lactated
Ri nger"' {f‘@hu“ on was intravenously adm ni stered continuously from

t he cat he inserted to the left fenoral vein (5 niL/mn) Further, in
order to previm inttrral patyh Hablat iy prodocediand pygparedpn ancddance with a
hydr och er

y mawgenétﬁoé ggw%mw éﬁ‘@' %{gﬂp%hﬁa %ge& £ ooy ﬂfé%fgéﬁk é(f)‘fp?%%})lﬂ

with the volune over m xe E nger.
until tHYCRERAPIEMISAI 511th AR cEkipdFatAsHED oy %‘“P%ﬁ‘»tm%lml@mslruce%cendl ng
cor onarm1mbe§rsyal(de@E)lom$olibMeﬁih@d)ofmnaué}% adfihegr (steh agm ni stration

of Iact %/ llﬁPcJ Qgrw@n%ﬁfrogllagnp%m%lg{ﬂ%glu%‘? e%cs%{r%a tabl e,

met hox or| ered ‘contd ndous FoThe | eft
f eror al almlﬁa &) érsa@tiegmor hrclasestensd, SyBy dioxypiapyd selplasesi st ance

and t husardegymate] bhﬂuf@éd?ﬁﬁséﬂﬁﬂwhse velhex @mca&lﬁmdﬁ&qhbg@bgﬁta)as
(0]

t t 5t t d
oot put. i Rlank T,O8 B Bl sl Se a0l S Rkt 3o S he out put
bef or e hfsonppiopyl GVBNO@adhymﬂymmémathm@eﬂymwc htudopdée, was
?881525 Séa‘i‘gmﬂﬁ@fhﬁyg t@gguﬂsx prat)avh cngbﬂc&tmmksﬁﬂhaﬂ g‘i’lfm bhgu@%g&'ﬁb na?t
Lo on) el A el gl ehieosria osssgnnifah AR b ey figitoL.
i ni ti atmehlosd, trdimlesenphnsphade aclmans, stk adte ppl yeinayet axsmiaoéd or
hydr OChelrgfrhﬁ‘@) 'anstﬁ "H’z@?'§9&uﬂﬁlﬁflnkQ%eﬁfgﬁhﬁ%sgﬂﬁgp&hﬁﬁ%f 20%[hea

adm ni st rat ﬁ gdg tion
becarme R°8H eé‘e ol 8 ‘bt@F’d%\Iac Py pRpagtic e il VO\M%‘J%{U% ﬁiaéltgéf ed
fromt h&raviilghty,frﬂm]lr Bmotreonvinillal@ndithelide; (udedadi n@hphase wical

adm ni 1

15a) - g%rregﬁllfmg) Qﬁ %rd&@@ ﬁ%?l?@@ %qltdhos)?ér’re?#)ll-ﬁ%% if 1&}3 necessary, the

17, 18, ligtragral é?taﬂ%lhe‘-ﬂblst Y Hegpetab withor éommgjagmtre/ pelegs avhiter tHgagP4
agoni St%dl%ﬁﬁrl?ﬁﬁdxyplr?@ﬁpllﬁlofbf@r h%?@:@ﬁft rlﬁﬁfnﬁﬁ&h}rﬁb&%ﬂ@éb@bgﬂla‘l&e?
conpoun ow, rperiti atri i_ureti e

nit roglci}.cnéﬂbﬁ (é))a{:/eadg‘g |hlta orﬁmoﬁigig#eafﬁdlf %%%’oaﬁ btﬁ)‘fé)%lhcg gga

m | ri naresgryapMesirhani axidsndse cpﬂqumgmhgmttaml 2 aweetepeymehikhis ng a
car di acepbtA6t usdi Ray 8L RS ALeES§Ct), Which are existing agents
for trﬁ@b gﬁ heart failure, were each adm nistered for 30 m nutes
wth i &k| ng the dose gradually fromthe right fenoral vein at the
doses i n theThelihtmprey rapiile disiht gashinmiatler sobrgdocgs afd prepaesdipl es

each) %go;ﬁ%cgqaﬁ%a%%vﬁh&%dae' Oy & Qépgle t%cﬁgﬁmdsa;gdef&r%eup

at

Dose (admnistration wth two I ncreasin
agent of present invention is used as it is or as an active ingredient, in which

bulk powder or granulation bulk powder particles are coated using an
appropriate coating agent (such as ethyl cellulose, hydroxypropyl cellulose,
hydroxypropylmethyl cellulose or acrylic acid methacrylate copolymer) and a
plasticizer (such as polyethylene glycol or triethyl citrate), followed by mixing
with an excipient (such as lactose, mannitol, glucose, microcrystal cellulose,



Vehi cl e Physi ol ogi cal Saline Conpound A 3, 10 ng/kg/m n Conpound B 3,
10 ng/kg/mn Carperitide 0.3, 1 pig/kg/mn Ntroglycerin 1, 3
ig/kg/min N corandil 10, 30 p.g/kg/mjg MIlrinone 1, 3 ng/kg/mn

colloidal silica or starch), a binder (such as hydroxypropyl cellulose,
polyvinylpyrrolidone or magnesium metasilicate aluminate), a disintegrator
(such as starch, L-hydroxypropyl cellulose, carboxymethyl cellulose,
crosscarmellose sodium or calcium fibrinoglycolate), a lubricant (such as
magnesium stearate), a dispersion adjuvant (such as glucose, fructose,
mannitol, xylitol, erythritol, maltose, trehalose, phosphate, citrate, silicate,
glycine, glutamic acid or arginine), a stabilizer, a solubilizing agent (such as
polyethylene glycol, propylene glycol, glutamic acid or aspartic acid), a flavor
(such as orange, strawberry, mint, lemon or vanilla) and the like to made into a
pharmaceutical preparation by an ordinary method. Further, if it is necessary,
the intraoral rapidly disintegrating tablet may be coated with a coating agent
(such as white sugar, gelatin, hydroxypropyl cellulose or hydroxypropylmethyl
cellulose phthalate), or may be coated with two or more layers. In addition,
an additive such as a preservative, an anti-oxidant, a ¢oloring agent and a
sweetener, which is generally used, may be added if necessary.

[0049]

The liquid agent for internal application for oral administration includes
pharmaceutically acceptable water, suspension, emulsion, syrup, elixir and the
like. In such a liquid agent, the compound used for the agent of present
invention is dissolved, suspended, or emulsified in a generally used diluent
(purified water, ethanol, a mixed liquid thereof or the like). Further, the
liquid agent may further contain a humectant, a suspending agent, an
emulsifying agent, a sweetener, a flavor agent, an aroma, a preservative, a
buffer and the like.

[0050]

The injection for parenteral administration includes a solid injection,
which is used by dissolving or suspending in a solution, a suspension, an
emulsion or time of use solvent. The injection is used by dissolving,
suspending or emulsifying the compound used for the agent of present
invention in a solvent. As the solvent, for example, distilled water for
injection, physiological saline, vegetable oil, propylene glycol, polyethyiene
glycol, alcohol such as ethanol and a combination thereof are used. Further,
this injection may include a stabilizer, a solubilizing agent (such as glutamic
acid, aspartic acid or polysorbate 80 (registered trademark)), a suspending
agent, an emulsifying agent, a soothing agent, a buffer, a preservative and the
like. These are sterilized in the final process or produced and prepared by the
aseptic manipulation. Further, an aseptic solid agent, for example a freeze-



The neasurenent of cardi ac henodynam cs was conducted every 10

m nutes both during the precedi ng phase of adm nistration and during
the continuous adm nistration of eachgpdose. [0055] <Measurenent of
Henodynam cs> Through the catheter introducer inserted to the
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crotamiton) is used alone, or two or more kinds thereof are mixed and used.
Further, a preservative, an anti-oxidant, a flavoring agent and the like may be
included, As the patch, for example, plaster agents (such as matrix (such as
adhesive single layer)-type patch and reservoir-type patch), cataplasms and the
like are mentioned., The matrix-type patch further includes matrix-type patch
of a drug-dispersing type, matrix-type patch of a drug-dissolving type and the
like. The plaster agent is also called a tape agent.

Examples
[0052]

Although present invention is explained in detail by Examples below,
present invention is not limited to those Examples.
(1) Evaluation of Hemodynamics in Acute Heart Failure Model
<Preparation of Model Animal>

The acute heart failure model was produced by the following method.
A male beagle (the weight was more than 10 kg) was anesthetized with
pentobarbital sodium (30 mg/kg, intravenous administration), and then a
tracheal catheter was introduced to the trachea and connected to a ventilator.
The frequency of breath of the ventilator was set to 15 strokes per minute; the
amount of ventilation was set to 20 mL/kg per stroke, and the respiration was
controlled by using a mixed gas (Air:0,=3:0.2 as an indication). The animal
was fixed with the lateral position and the hair of the left chest area, left and
right femoral areas and cervical region was cut. Pentobarbital sodium (5
mg/kg/hr} was intravenously administered continuously from right cephalic
vein, and the anesthesia was continued. The chest was opened at the left



Compound B -3 Carperitide -6 Nitroglycerin -8 N corandil -7 MIrinone
23 As shown in Table 3, the conmpound A showed a stronger
effect to inprove left ventricular digstolic function in conparison
with carperitide, nitroglycerin, nicorandil and mlrinone, which are
exi sting agents for treating heart failure. Further, the conpound A
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i mproved t urine volume and the arterial oxygen pressure (the urine
vol une thdmgaistratipg-of fiesh Gomupunds™>Pa02 change rati 0=111.5%.

From the point, at which the cardiac output decreased by 20% or more
after the initiation of the continuous administration of methoxamine
hydrochloride in comparison with the cardiac output before the administration
of lactated Ringer's solution and other hemodynamics became stable,
physiological saline (0.3 mL/min) was administered from the right femoral vein
for 30 minutes (preceding phase of administration). Then, the compound A,
(1la, 13E, 15¢)-9-0x0-11,15-dihydroxy-16-(3-methoxymethylphenyl)-
17,18,19,20-tetranor-5-tiaprost-13-enoic acid methyl ester (the EP4 agonist
described in Example 1 of W02000/003980, abbreviated to a compound B
below), and carperitide (atrial natriuretic peptide), nitroglycerin (a
vasodilator), nicorandil (a vasodilator) and milrinone (a phosphodiesterase I11
inhibitor: a compound having a cardiac effect and a vasodilation effect), which
are existing agents for treating heart failure, were each administered for 30
minutes with increasing the dose gradually from the right femoral vein at the
doses in the following table. The administered groups (four examples each)
and the doses are shown below.

[0054]



24 [ 0059] Further, as shown in Table 4 below, since the change
ratios of the left ventricular end-diastolic pressures and the
system c vascul ar resistances of the gonpound A and the conpound B
known as an EP4 agoni st are al nost the same, the conpound A and the
conmpound B show sim | ar vasodilation effects, but the compound B did
not show the effect to inprove diastolic function or the effect to

i mprovel’BMedlic function (Peak+dP/dt change ratio=-4% Peak-dP/dt

change rjaki@inidfred TRBLE 4 Change IRAkI(@dkYAisEaTBR 4Ath AvEaRBRUSH B
Left Ventricular End-Diastolic Pn %%ggsr)e -42 -41 System c Vascul ar
Resi st anee—34—43

Vehicle Physiological Saline

Compound A 3, 10 ng/kg/min

Compound B 3, 10 ng/kg/min

Carperitide 0.3, 1 pg/kg/min

Nitroglycerin 1,3 pg/kg/min

Nicorandil 10, 30 pg/kg/min

Milrinone 1, 3 pg/kg/min

The measurement of cardiac hemodynamics was conducted every 10
minutes both during the preceding phase of administration and during the
continuous administration of each dose.

[0055]
<Measurement of Hemodynamics>

Through the catheter introducer inserted to the right femoral artery, a
pig tale catheter was introduced and indwelled in the left ventricle and
connected to a disposable blood pressure transducer, and the left ventricular
pressure (LVP) was measured through an amplifier for the measurement.
Further, by using a hemodynamics analysis software, the left ventricular end-
diastolic pressure (LVEDP: indication of preload), the systemic vascular
resistance (SVR: indication of afterload), the cardiac output (CQO), Peak
positive dP/dt (Peak+dP/dt: indication of left ventricular systolic function),
Peak negative dP/dt (Peak-dP/dt: indication of left ventricular diastolic
function), the urine volume and the arterial oxygen pressure (PaO,: indication
of the blood oxygenation ability in the lung, and the decrease in the PaO,
indicates the abnormality of the respiratory system, that is respiratory failure)
were analyzed from the LVP waveform.

[0056]
<Results>

The change ratios (%) of the Peak negative dP/dt 60 minutes after the
administration of test compounds are shown in Table 3 below, and the change
ratios (%) of the Peak negative dP/dt and the change ratios (%) of the Peak
positive dP/dt of the compound A and milrinone are shown in Figure 1.
[0057]



Peak Positive dP/dt 16 -4 Peak Negative dP/dt 48 -3 [0060]

From the above results, it was shown that the conmpound used for the
agent of present invention can be a ugeful agent for treating acute
heart failure, since the conpound has a strong effect to inprove |eft
ventricular diastolic function directly on a heart and also a soft
effect to inprove systolic function, which the existing EP4 agonists
such as[Tade&dnpound B do not have. Further, it was indicated that

t he syrrpft ons of decrease in pgalknlqe fgtwgp dquspnea and the like of

acute heart failure can alslo | eved. [0061] (2) fConparison of
Ef fects bt Conpounrd—A-and—S inds in Acute
Heart Faj Comeoividlidl In an experig®¢nt simlar {o that of (1)
above, t to inprove left ventricular diastolic function of
t he f0||k€08 Blﬁér%ayumaLa Frecv - OIIIIIC?JI st+ueturesito that of the

conpound| Panperidideval uat ed. |Conpound C. ithe conpound gescribed in
Exanpl e 2NRioodPodkif001- 181210 (dose: 3 Rg/ kg/ m n)

Nicorandil -7
Milrinone 23

As shown in Table 3, the compound A showed a stronger effect to
improve left ventricular diastolic function in comparison with carperitide,
nitroglycerin, nicorandil and milrinone, which are existing agents for treating
heart failure. Further, the compound A increased the cardiac output by about
60%.

[0058]

In addition, as shown in Figure 1, the compound A showed a softer
effect to improve systolic function (Peak+dP/dt change ratio=16%) in
comparison with the effect to improve diastolic function. On the other hand,
regarding milrinone that is an existing agent for treating heart failure, the
effect to improve systolic function (Peak+dP/dt change ratio=38%) was
stronger than the effect to improve diastolic function, and the cardiotonic
action was superior. From the above results, it was considered that milrinone
is not always appropriate for administering to a diastolic heart failure patient
with normal systolic function because milrinone has a strong cardiotonic
action, while the compound A selectively improves left ventricular diastolic
function as compared with the effect to improve systolic function and thus is
also effective for a diastolic heart failure patient with normal systolic function
as well as a systolic heart failure patient in which both diastolic function and
systolic function are impaired. In addition, although milrinone showed a
strong left ventricular systolic effect also in a normal dog, the compound A did
not show left ventricular diastolic action or left ventricular systolic action in a
normal dog. Accordingly, the compound A had a remarkable effect showing
pathologically specific left ventricular diastolic effect and left ventricular
systolic effect. Furthermore, the compound A also improved the urine volume
and the arterial oxygen pressure (the urine volume change ratio=145.4% and
the PaO, change ratio=111.5%).



25 Conpound D. the conpound described in Exanple 5 of W20031007941

(dose: 1 Rg/kg/mn) O The doses of the conpounds C and D were
the anmpunts show ng vasodil ation effeggts equivalent to that of the
compound A. [0062] <Results> As shown in Table 5 below, the

compound C and the conpound D did not show an effect to inprove
diastolic function or an effect to inprove systolic function, with
t he dosE¥Howi ng vasodil ation effects al nbst equivalent to that of

the conpound PyrtH@bhe sRowhanaabRaY 14w si FORRLA e e GATBO WAL D1 dsef t

Ventricul ar. End-Di astolic Pressure . .
ven rlcupar end-alastohcc pressures and the systemic vascular resistances of the

compound A and the compound B known as an EP4 agonist are almost the same,
the compound A and the compound B show similar vasodilation effects, but the

compound B did not show the effect to improve diastolic function or the effect

to improve systolic function {Peak+dP/dt change ratio=-4%; Peak-dP/dt change
ratio=-3%).

[Table 4]

Change Ratio (%) Compound A Compound B
Left Ventricular End-Diastolic

Pressure 42 41
Systemic Vascular Resistance -34 -43
Peak Positive dP/dt 16 -4
Peak Negative dP/dt 48 -3
[0060]

From the above results, it was shown that the compound used for the
agent of present invention can be a useful agent for treating acute heart failure,
since the compound has a strong effect to improve left ventricular diastolic
function directly on a heart and also a soft effect to improve systolic function,
which the existing EP4 agonists such as the compound B do not have. Further,
it was indicated that the symptoms of decrease in urine volume, dyspnea and
the like of acute heart failure can also be relieved.

[0G61]
(2) Comparison of Effects of Compound A and Structurally Similar Compounds
in Acute Heart Failure Model

In an experiment similar to that of (1) above, the effects to improve left
ventricular diastolic function of the following EP4 agonists having similar
structures to that of the compound A were evaluated.

Compound C: the compound described in Example 2 of JP-A-2001-181210
(dose: 3 pg/kg/min)



-37 -46 System c Vascul ar Resistance -14 -42 Peak Positive dP/dt 2 -9
Peak Negative dP/dt -1 -5 From the above results, it was
shown that the direct and strong effegt to inprove left ventricul ar

di astolic function, which the conpound used for the agent of present

i nvention has, is a remarkable effect, which the conpounds having
simlar structures as that of the conpound A do not show.

Compound D: the compound described in Example 5 of W02003/007941 (dose:
1 pg/kg/min)

The doses of the compounds C and D were the amounts showing
vasodilation effects equivalent to that of the compound A.
[0062]
<Results>

As shown in Table 5 below, the compound C and the compound D did
not show an effect to improve diastolic function or an effect to improve systolic
function, with the doses showing vasodilation effects almost equivalent to that
of the compound A.

[Table 5]
Change Ratio (%) Compound C Compound D
Left Ventricular End-Diastolic

-37 -46
Pressure
Systemic Vascular Resistance -14 - =42
Peak Positive dP/dt 2 -9
Peak Negative dP/dt -1 -5

From the above results, it was shown that the direct and strong effect to
improve left ventricular diastolic function, which the compound used for the
agent of present invention has, is a remarkable effect, which the compounds
having similar structures as that of the compound A do not show.



26 [0063] (3) Measurenment of Cardiac Function and Eval uati on of
Survival Rate Using Dahl Rat <Preparation of Mdel Animal> A
nodel of hypertensive heart failure, aghich is diastolic heart
failure, was prepared by feeding solid feed for high salt |oad rat
(corresponding to 8% salt) to 47-day-old male DI S/Eis rats (Dahl
rats). Solid feed for normal feed rat (corresponding to 0.3%salt)
was fedl@¥33 normal control group (10 exanples). [0064]

<Adni ni g3y Mebauredlend 68 CacQIPTURMESDN and Evalliioh 85 1S uetivRO RAES VWL

orally ﬁdmngi Iitered repeatedly for 90 days two tines a day with the
dose of "5 htF g using a stomach tube to 13-week-old Dahl rats. The
dose of <Prepactimpoohdlodeldeni8®d™>j i g/ kg and the dose of milrinone was

1000 p. g/ kg (Beh&xATRISPeRBANVe HeBRORurEUMRh AL (a@asgglig@l'églitqﬁilure
Functi on> he c&.r dl{;l?ﬁ@feyng(ty‘é ogs were neasured w th ysing Uén
ul t r asot/Ad PF%F%§YJ59 w8 SCSROT Sil PATEIRALIRE P HIETRO NS Q8 Ker al
anest hesilt) wedl-deyfodd naale dNiSHELs tned ADehlttaes)adBobidsfaedt loomofrhal fueek s

| d: ' p f sV ' dth
oL, SLOM BNy 100 IS SR s Al AU S LraLh it and the

91st day O istration? alr of t of a rat
was renthAPIEA t he changes in the left ventricular end-diastolic
di mensi @9640he | eft ventricular end-systolic dinension, the

end-di a I: Cs Vv i, Gyl rior wall thickness, the
end- di ag%‘ngglshgltonvogﬁe{Silt %ngﬁo%@étgeri or wall thickness, the
end- syst ol i ¢ Theftestegmppeadsayepoeradlyi admindsterachiepieatesisy 96 deys ef t

}/ent ri CihAfinR@sd 84y @ﬁtﬁﬁﬂiectﬁfs@iﬁifg tﬁiLhr/fc Qﬁhﬂ@é gtdﬁt?f]e‘-’nuﬁl%? htw' 1|t3h¥vlal=,@<31&19 a
i near Qpropbe.on tpe chest area wi nm ur t her e

ventri C@Fgltr)raéf'ecltrp%ﬁo ?Qtlt]i?%ﬁo‘(lif?/ﬁ?‘i \ife gpl% melkg agd e ﬁeiﬁ 811%

di ast ol milrigmine vwsas G pPRB) (Gidnetemplss eheh)i ndi cation of |eft

ventri cggpgkidi astolic function were cal cul ated. [0066] <Eval uation of

Survi va e> ) .
<E\Baaluat10n of Cardiac Function>

The cardiac functions were measured with using an ultrasound imaging
device under 2% isoflurane anesthesia by a general anesthesia device for an
animal before the administration (12 weeks old: grouping value), on the 45th
day of the administration and the 91st day of the administration. The hair of
the chest area of a rat was removed and the changes in the left ventricular end-
diastolic dimension, the left ventricular end-systolic dimension, the end-
diastolic left ventricular anterior wall thickness, the end-diastolic left
ventricular posterior wall thickness, the end-systolic left ventricular posterior
wall thickness and the left ventricular posterior epicardial surface were
measured with placing a linear probe on the chest area with M-mode. Further,
the left ventricular ejection fraction (LVEF) and the left ventricular diastolic
wall strain (DWS) index as the indication of left ventricular diastolic function
were calculated.

[0066]
<Evaluation of Survival Rate>

The general state was observed once or twice a day throughout the
experiment period, and dead or alive was confirmed and the general symptoms
were recorded.

[0067]
<Results>
The results are shown in Figures 2 and 3.



The general state was observed once or tw ce a day throughout the
experiment period, and dead or alive was confirnmed and the general
synptons were recorded. [0067] <Resul4s> The results are shown in
Figures 2 and 3. 27 In the Dahl rat heart failure nodel,

which is known as a chronic heart failure nodel, the conpound A

remar kably i nproved DW5. This neans that the deterloratlon of the
| ef t ventricﬂl]lD ihed? &ftlaiag hpantifeiluty medal. twhigh lis ke ownlvet a chronihdeart

myocar dfalurfeubédéll tli@&cbrﬁ@ouﬂ\@% Mﬁm@dm;ﬁa%d ﬁstver’ﬁmé ﬁwaﬁs that
glr ot ?LQ}C P f%bf’éh"fﬂbenﬁﬁﬁf v?’eﬁa °UTﬁtﬂgsfenSIbﬂlfY %2 faﬂﬁé% thainis,
milri noHe mbmgtkrdiia;l &hrlhlxz;jasanngveagsnver[t@d $ck bt mgnﬂmaniar diaklolice did
not i NpgGue aé‘ﬂﬁ pdiRadeanftdind b RAAEIER dp%lkaﬁ?dgg%fvﬁ

rate was snal rrpar ed W at’ o conpoun
Fromthglea%%" éEWIts it was shown that the conpound used for the
agent of presenths lt‘]t/l&m;haaﬂ hﬁ&n&oxﬁdﬁrﬂflﬁl ﬁfafneﬁilstﬁ@g laﬁ@xﬁtoﬂﬁ‘ th&dting - nd
ventric t Ol ves t he,,.surviva

Uhus cancih FAR R, for RTOLOD IS bl e WelFec DEe D5t B o’

I n addi ﬁlil‘b’h"alsfi‘ﬁ‘c‘éfaﬁ ﬁ@aﬂrmmp@r@fwmpbatt@rt@cmmmmd Aailure was
remar kafuossi rrproved It was shown that the conpound used for the

soent of Bl \INamion oan be, an.adenh, [ o, meverti vy hesr,

<Phar rra@manajresnmépavattunnhfs(ammoeg effect to improve left ventricular
diastolic function and improves the survival rate, and thus can be a useful agent
for treating chronic heart failure.

In addition, since the prognosis of hypertensive heart failure was
remarkably improved, it was shown that the compound used for the agent of
present invention can be an agent for preventing heart failure associated with
hypertension from occurring.

[0069]
<Pharmaceutical Preparation Example>

Representative pharmaceutical preparation examples used in present
invention are shown below.

Pharmaceutical Preparation Example |: Tablet

According to an ordinary method, 4-[(2-{(2R)-2-[(1E,38)-4-(4-
fluorophenyl)-3-hydroxy-1-buten-1-yl}-5-0xo0-1-
pyrrolidinyl}ethyl)thio]butanoic acid (50 mg), magnesium stearate (10 g),
carboxymethyl cellulose calcium (20 g) and microcrystalline cellulose (920 g)
were mixed and made into a tablet to obtain 9000 tablets each including 5 pg of
the active ingredient.

[0070]
Pharmaceutical Preparation Example 2: Injection

In distilled water for injection (30 L), 4-[(2-{(2R)-2-[(1E,38)-4-(4-
fluorophenyl)-3-hydroxy-1-buten-1-yl]-5-0x0-1-

pyrrolidinyl}ethyl)thio]butanoic acid (50 mg) and mannitol (1500 g) were
dissolved, and the solution was sterilization-filtered with a membrane filter.
Then, the solution was filled in 5 mL ampules for injection each in a volume of
3 mL to obtain injection {9000 ampules) including 5 pg of the active ingredient
per ampule. '



Represent ati ve pharmaceutical preparation exanples used in present

i nvention are shown bel ow. Pharnmaceutical Preparation Exanple 1:

Tabl et According to an ordi nagy mnet hod,

4-1(2-{(2R)-2-[(1E, 3S)-4-(4-

f I uor ophenyl) - 3- hydr oxy- 1- but en- 1- y1] - 5- oxo- 1-
pyrrolidinyllethypthio]butanoic acid (50 ng), nmagnesium stearate (10
g), carboxynethyl cellulose calcium (20 g) and mcrocrystalline
ceIIqu&&hgggglgr pMB41RY xed and made into a tablet to obtain 9000
tabl ets @fﬁﬂ including 5 pg of the active ingredient. [0070]
Pharnacg Preparati on Exanple 2: Injection In distilled
water for i nj'Eimet compOBOd Lyed doo (h2-dpeBRpf Pradeht BS)enfioQdras an effect to
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pr esent |iivedtn Handyas h%Pat%ﬁﬁefg(‘a‘ly h%dcmea\oﬁﬂ%é&&%ﬂ&ré unction and an
ina ventricle. rdi ngly,

effect to i ove ic f [ Acc

t he corrpoungpllrhser Wé’c%’f \VéeSFBFIWéeé‘?‘tonf &lqeﬁf %g?”cwﬁf ireglizagh eﬁéﬁf ¢ or
chroni cthaéanan rélaeveudispiolemfinicsiopht Eghirepfqawhichuleeffyctivs tidirasduid ¢
functi opathdi@hdsib&en EHEBIRGed! B§n ‘BQEBQQUIE% gl s also effective for
synptonms such as congestion, dyspnéea ortness of breath, nualaise,
decrease in urine vol une, Ilnb edenma and/ or hepat onegal y aSSOC|ated
with heart failure. Therefore, by present invention, a new
agent for treating heart failure that can relieve diastolic
functional failure, for which no effective therapeutic nmethod has
been established, can be provided. 29



Clainms [Cl aim1l] An agent for inproving left ventricular

di astolic function, which conprises

4-1(2-{(2R)-2-[ (I E, 38)-4-(4-fl uorophefyl) - 3- hydroxy-I| -buten-1-y1] -
5-o0x0-1-pyrrolidinyl}ethyl)thiol butanoic acid, a salt thereof, a
solvate thereof or a cyclodextrin clathrate thereof. [C aim 2]

The agent according to claim1, which is an agent for treating heart

failure and/or relieving a synptomClpEnai m 3] The agent
according to claim?2, wherein the heart failure is acute heart
failure.Qr.chronic heart failure. [C aim 4] The agent
accordigé‘ | aim 2, wherein the heart failure is diastolic heart

failure. [C aAmaBint for impravimgdgénteraricoradiddgstolic Chmdtio, whilbrei n t he

t S t as |
Zggpeggbarﬁ ﬁgggﬁgtz Q@z%g-zsmeagsg Jﬂga fﬂﬁﬁ‘?gﬂ@rﬁﬂé% ﬁg%mﬂp f’“b?%n - r#%]
The ageﬁtoxgc@@ryam ippl et by Whio I bkaneic Aehds Besalt §reaﬁ eﬁpb@fte ﬂeﬁreo
I Mpr oveot gfcyclodpktriic ulaakirasy siekoft function. [C aim 7]

[Claim 2] .
The agent according to claim 1, which is an agent for treating heart
failure and/or relieving a symptom.

[Claim 3]
The agent according to claim 2, wherein the heart failure is acute heart
failure or chronic heart failure.

[Claim 4]
The agent according to claim 2, wherein the heart failure is diastolic
heart failure.

[Claim 5]

The agent according to claim 2, wherein the symptom is congestion,
dyspnea, shortness of breath, malaise, decrease in urine volume, limb edema
and/or hepatomegaly.

[Claim 6]
The agent according to claim 1, which further has an effect to improve
left ventricular systolic function.

[Claim 7]
The agent according to claim 6, which is an agent for treating systolic
heart failure and/or relieving a symptom.

[Claim §]

The agent according to claim 7, wherein the symptom is congestion,
dyspnea, shortness of breath, malaise, decrease in urine volume, limb edema
and/or hepatomegaly.



The agent according to claim®6, which is an agent for treating
systolic heart failure and/or relieving a synptom [C aim 8]

The agent according to claim7, wherejjn the synptomis congestion,
dyspnea, shortness of breath, nal aise, decrease in urine vol une, i nb
edenma and/or hepatonmegaly. 30 [C ai m 9] An agent for
inmproving the survival rate of heart failure, which conprises

4-[ (2- {(@RImA][ ( 1E, 3S) - 4- (4-f | uor opheny1) - 3- hydr oxy- 1- but en- I-yl]

gomt é pyrr 2{;{3 QigBy] #&tlmﬂrmmtggqhgl&g?ﬂ%&ﬁe'oq* heansig'utu[ré NGhER
An agen?omBFISF%ﬁo[é%a{ﬁgﬁﬁgf Eﬁ e’?ﬁ)r 'ﬁiﬁ*"f&i’g?@@ﬁbhﬁlwy Wbpgem-]l-yl]
conpri sésoxb- | {3 {dl dRhy Brefi{ylEh3o [butanoic acid, a salt thereof, a solvate thereof

S) - 4- (4P; gléﬁ%ﬁtaggﬁgl})cﬁ%g{%gmég {- but en- I-y1] 5- oxo

-l pyrroli utanorc acid, a salt thereof, a solvate
t hereof or a cyclodextrin clathrate t her eof . [Caim 11] An
agent fprlaphengnt i ng rryocardl al fibrillization, which conprises 4-

2- (2R) 1E 4-f | uor.ophen r ox bu e 5- 0X0
[§-item dw% O PR PP bISaaD ?:‘dlafg¥§8P§l%i1ht@  dobatises o
t her eof4d£2~a[( ):rzo[d t3rS)ﬁ4-¢Prfﬂ¢nrapbe11y1§e-r3ebfdro§<@+]abnte:hzl ~y1]-5-0x0-A
rredl c. nﬁytfrghdfnry@}?éthigt}ﬁ%%ﬁtaﬁ@i' cl d1€) a WYk GlerbSE, Y QHYERARRY. FYFY NI Ng
S) 4- (4°§91§%?%Bﬁ‘e% atg W}?B‘?ngy | -but en-1-y1] - 5- oxo- 1-
pyrrolidi ny| | et hyl )t hi o] butanoic acid, a salt thereof, a solvate
thereof qgcl odextrin clathrate thereof with one or nore

corrpoun s sel ected from an angi ot ensi n- convert i ng enzyne inhibitor,

an angi ot ensi‘ht EEFEOpDEFVeiingganpeardiad fibrilizgtien; whackicempaisps 4-

pr epar a2 of(2R3-J{ UBS $p4a(geﬂtloroq;haaynmn@at<ﬁ<wemut@lxe,l -Plvasedil-at or,

‘FCIphOSp fbﬁ&'tn?(i fe%ﬁyl){ﬂlo]m%u%l%%rm éaq{ therec")at1 %Ossglgzgt%r}ﬁereo agonl St.
cyclodextrin clathrate thereof.

[Claim 12]

A medicine for treating heart failure, which is produced by combining
4-[(2-{(2R)-2-[(1E,38)-4-(4-fluorophenyl)-3-hydroxy-1-buten-1-yl]-5-oxo-1-
pyrrolidinyl}ethyl)thio]butanoic acid, a salt thereof, a solvate thereof or a
cyclodextrin clathrate thereof, with one or more compounds selected from an
angiotensin-converting enzyme inhibitor, an angiotensin Il receptor antagonist,
a B-blocker, a digitalis preparation, a diuretic agent, a natriuretic peptide, a
vasodilator, a phosphodiesterase III inhibitor and/or an aldosterone antagonist.

[Claim 13]

An agent for treating diastolic heart failure and/or relieving a symptom,
which includes a drug having an effect to improve left ventricular systolic
function and an effect to improve left ventricular diastolic function, wherein
the agent improves left ventricular diastolic function more selectively in
comparison with left ventricular systolic function.

[Claim 14]
The agent according to claim 13, wherein the agent is 4-[(2-{(2R)-2-
[(1E,35)-4-(4-fluorophenyl)-3-hydroxy-1-buten-1-yl]-5-oxo-1-



An agent for treating diastolic heart failure and/or relieving a
synptom which includes a drug having an effect to inprove |eft
ventricul ar systolic function and an gffect to inprove |eft
ventricul ar diastolic function, wherein the agent inproves |eft
ventricular diastolic function nore selectively in conmparison with
| eft ventricular systolic function. [C aim 14] The agent
accor di ayrrobdenydi eshydthigibriginnia deidagealt theredf| § 2okvaRR)heReof or a

[ (1E 3Skydivlézirolgphemnkrey hydr oxy- | -buten-1-y1] - 5-oxo-1- 31
pyrrolidinyl}ethypthio]butanoic acid, a salt thereof, a solvate

t hereof or a cyclodextrin clathrate thereof. [C aim 15] An
agent fo€lagml Edtively inproving left ventricular diastolic function,

\ﬂn[ ?2- E:omér I_ %%‘1[% (a%%?tgf r_sg}cd:?cﬁi_v%eﬁ%i?gxb veirﬁs/Bf}g_eﬁ’)t/ré?uol%lgila_stolic function,
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t her eof put&nsb{y\l!]aﬁa)ﬁdqexmfolmingll}(kmmﬂfd(}bm'tz{hcﬁb @t:i't{,&hﬁlt herest afis an
active | | oves e .ventri cu r

o st of PIVRECHER ar G UL 3 BRbIAR HehdBI QG sl ingfRiihf. dnd

f unct i oWhighcsedpetivdy improves Ipftvenfeivulasctiastglindunetien an womparishi ch i s

an agentvifholeft v&aticahrdysslin) funchigart failure and/or relieving a
synptom [Claim17] An agent for treating heart failure, which

conprises 4-[(2-{(2R)-2-
E, 38) - 4E¢laimi iédr opheny1) - 3- hydr oxy- | - but en- 1-y1] - 5- oxo- 1-
pyrrolidinyl }’ﬁ{ehé/éhtnﬁ'a@@b&td@ﬁ‘?'t& cBfiind1 5 3 Rizhlis bheleat foxatréﬁ)ﬂi?{%ﬁ?a tolic
t her eof , or ﬁ ﬁr:u clodextrin ¢clathrate thereof as an active in redi ent,
and whi REPIE RS 2NSATMSYING G SYEDEO: and Peak negative dP/dt of a
mammal havi ng a pat hol ogi cal condition of heart failure, wherein the
change g@(ﬁihﬁ 18 the Peak negative dP/dt calculated fromthe val ues
before and after the adm njstration of the agent is |larger than the
change rati o ‘5% ages fog dreapieg haayelaabre: whichy eomprisys 4-[(2-{(2R)-2-
[(1E,3S)-4-(4-fluorophenyl)-3-hydroxy-1-buten-1-yl}-5-0x0-1-
pyrrolidinyl}ethyl)thiolbutanoic acid, a salt thereof, a solvate thereof or a
cyclodextrin clathrate thereof as an active ingredient, and which changes Peak
positive dP/dt and Peak negative dP/dt of a mammal having a pathological
condition of heart failure, wherein the change ratio of the Peak negative dP/dt
calculated from the values before and after the administration of the agent is

larger than the change ratio of the Peak positive dP/dt.

[Claim 18]
The agent according to claim 17, which is an agent for treating diastolic
heart failure and/or relieving a symptom.

[Claim 19]

An agent for preventing heart failure associated with hypertension from
occurring, which comprises 4-[(2-{(2R)-2-[(1E,38)-4-(4-fluorophenyl)-3-
hydroxy-1-buten-1-yl]-5-ox0-1-pyrrolidinyl}ethyl)thio]butanoic acid, a salt
thereof, a solvate thereof or a cyclodextrin clathrate thereof.

[Claim 20]
An agent for treating diastolic heart failure and/or relieving a symptom,
which comprises 4-[(2-{(2R)-2-[(1E,38)-4-(4-fluorophenyl)-3-hydroxy-1-



The agent according to claim17, which is an agent for treating
diastolic heart failure and/or relieving a synptom [C aim 19]

An agent for preventing heart failuregassociated with hypertension
fromoccurring, which conprises

4-1(2-{(2R)-2-[(1E, 38) - 4- (4-fl uorophenyl) - 3-

hydr oxy- 1- buten 1-y1]-5-o0x0-1- pyrrolldln | }et hypt hi o] butanoic acid, a
sal t t herearl-yAl-Sotxpal e strrdidiaysithg ) dy @flb@@@&m iBAids |2l theseather eof .

[ O ai m 28lvate thereofATY aggdlodbrid éﬁ@ﬁmwttﬁt@c&t olic heart failure
and/or relieving a synptom which conprises

4-1(2- {EZR) 2-[ (1B, 38) -4-(4-fluorophenyl)-3-hydroxy-1- 32

but en- | [§laimz21dxo- 1- pyrrol i di nyl }et hyl )t hi o] butanoi ¢ acid, a salt
thereof a s%ye @nttﬂwrt?aitlr@rh@arsmmfé%tvvmehCdlgsttbnetf@ﬁ&g@ﬁ gof [Caim

21 for trea eln sto iC
Fuhot | ol PRI PO ot Sose-[(E.38) 4L eidropheny s
4-1 (2- {hgRox2-1 (oilE:rBS)yI}LS( dx6d1iupyropliéingl)etByl)thio]butanoic acid, a salt

hydr oxy ek DU 8ol oatd ek Br By Ja@%p&g%gtghg%t}ig%gxpéeako' but anoi ¢ aci d,

a salt thered solvate t rinclathrate thereof



