1 DESCRI PTI ON PHARMACEUTI CAL COVPOSI TI ON FOR
PROMOTI NG ANG OGENESI S TECHNI CAL FI ELD The present
invention relates to a pharnmaceutical conposition
for-pronoting angi ogenesis. BACKGROUND ART 5 _
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i ncluding not only pr0|i6§§¢%{ﬁ§hqf vascul ar

endothelial cells but also n of endothelial 10

d al el : Lon. § nt
celI's or tube ﬁHAﬁMﬂdﬁ@TIEQE”EBMQHsfiggfgﬁgPregu|ating

menbrane, etc. Recently, studies on _

angi ogenesi s have lr@eNORINGr e8sedeEsid her apeuti c
application thereof has been attenpted. Devel opnent of
15 tunors and the like profoundly relates to .
dysregul ated angi ogenesis. Treatnent thereof requires
suppressi on of angi ogenesis, however, on the

cont e for pronoting angi ogenesis has al so
fé’df%fvx.clﬁqg S FARLD

been TEqUI ly. For exanple, factors for

ti 20 [ . a ndot hel i al growth
Prctor | (VEGH “basr o prshadr o sieRet ot of (BFER).

hepailaeyiaeegovhd tagdei {ideF)foraBdohbeihd kendidfResn .

BACKGROUND ART

5 . Angilogenesis is a process for formation of a
systemic vascular network initiating from embryonic
stage, and 1s related to generation via complex
processes including not only proliferation of vascular
endothelial cells but also migration of endothelial

10 cells or tube formation, formation of basement

membrane, etc.

Recently, studies on factors regulating
angiogenesis have been progressed, and therapeutic
application thereof has been attempted. Development of

15 tumors and the like profoundly relates to dysregulated
angiogenesis. Treatment thereof requires suppression
of angiogenesis, however, on the contrary, therapy for
promoting anglogenesis has alsc been reguired widely.

For example, factors for promoting

20 angiogenesis, vascular endothelial growth factor
(VEGF), basic fibroblast growth factor (bFBF),

hepatocyte growth factor (HGF), and the like have been



2 found, and by utilizing these growth factors and
genes thereof, therapeutic nethods for the diseases
essentially requiring inprovenent of bl ood

circulation, such as arteriosclerosis obliterans,
ischem c heart 5 disease, and the |ike, have been
attenpted and exam ned. However, since these growth
factors are proteins, there are many probl ens such as
difficulty wth the oral admnistration, an
anaph§Fadt i °¢ R titdt 126ngablede i PEdeatamtors and genes

adm nistratio saf e of virus in ase of gene
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1984), however, these conpounds have no direct

Ahgi cyerrebity 28pprbrot ddmiraicttimation, safety of virus in
case of gene therapy using a viral vector and adverse
side reacticns like edematous, and acceordingly new
development of therapeutic agents are desired.

Physiological angiogenesis is recognized in

15 microvascular formation of mature tissues and is known
to be generated by such a physical factor as change in
intravascular pressure. It has been reported, for
example, that long-term administration of prazosin or
adenosine having vasodilating activity increases

20 physical shear stress to blood vessels in
microcirculation and thus promotes angiogenesis
(Dawson, J. M., Cardiovasc. Res. 23, 913-920, 1989; and
Ziada, A. M., Cardiovasc. Res. 18, 724-732, 1984),
however, these compounds have no direct angiogenesis

25 promoting action.

DISCLOSRUE OF THE INVENTION

The present invention aims at providing drugs



DI SCLOSRUE COF THE | NVENTI ON The present invention ains
at providing drugs 3 having direct angi ogenesis
pronoting action in order to overcone the
above-descri bed problens. The present inventors have
extensively studied to find out novel drugs having
direct 5 angi ogenesis pronoting action. As a result,
we have found that a piperidBne conpound represented
by the ,following general fornula (1) or salts thereof
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selected froma group consisting of an am no group,

Whi chremytion of vascular endothelial cell migration and

10 tube formaticn even in an aortic ring culturing assay
which was considered not to reflect the vasodilating

action. The present invention has been completed

according to such knowledge.

1. The present invention provides a

15 pharmaceutical composition for promoting angiogenesis,
comprising at least one compound selected from a group
consisting of a piperidine compound represented by the

general formula (1) or salts thereof:

Rl
R—O—N’ m

wherein R represents a benzoyl group which may have, as
20 substituents on the phenyl ring, 1 to 3 groups selected

from a group consisting of an amino group, which may

have a lower alkanoyl group, and a lower alkyl group; R!

represents a hydrogen atom or a lower alkyl group; and
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have a | ower al kanoyl group, and a | ower al kyl group;

R represents a hydrogen atomor a | ower al kyl group;
and 4 R2 represents a phenyl |ower al kyl group. 2.
The present invention provides a pharnmaceutica
conposition for pronoting aggi ogenesis, as is
nment i oned above, wherein a piperidine conpound is 5

4] Nrepiidudnt (2- e1dwéy aninpl - ¢ré@p5- di met hyl -
propi onyl am nobenzoyl ) piperidine. 3. The present
imvention prhgi gessentphaventéon palovigiesosi tion for
pronoti ng angi ogenesis, as is mentioned above,
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or therapeutic drug for diseases with ingufficient
development and regeneration of blood vessels, and
Various diseases caused by ischemia.
4. The present invention provides a
pharmaceutical composition for promoting angiogenesis,
as is mentioned above, wherein the diseases with
insufficient development and regeneration of blood
vessels, and various diseases caused by ischemia are
myocardial infarction, angina pectoris, cerebral
infarction, senile dementia and various organ damages
accompanied by diabetes mellitus.
5. The present invention further provides use of
at least one compound selected from a group consisting

of a piperidine compound represented by the general

formula (1) or salts thereof:

RI
R-O—N(R, )
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of a piperidine conpound represented by the general 25
formula (1) or salts thereof: R R }-N-R2 (1) 4A
wherein R represents a benzoyl group which may have,

as substituents on the phenyl ring, 1 to 3 groups
selected froma group con§%§ting of an am no group,

whi ch may 5 have a Cl-C6 al kanoyl group, and a Cl-C6

al kyl group; RL represents a hydrogen atomor a Cl-C6

al kyl group; and R2 represents a phenyl Cl-C6 al kyl
Gh19dPe i1h "Rt PEpPBBLHAS! Ul Be@koglphabipcatiichamay have, as
conposition for pronoting angi ogenesis. 10 A
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salts thereof contained in a pharmaceuti cal _
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group shown in the general fornula él) her ei nabove
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aigngheSgggu%gcgﬁggyLfggo%%hfﬁgggut %%Hpbé%position for
promoting angiogenesis.

A piperidine compound of the general formula
(1) or salts thereof contained in a pharmaceutical
compogition for promoting angiogenesis of the present
-invention is a known compound such as described in JP-
A-6-340627 (1994}.

In the present invention, each group shown in

the general formula (1) hereinabove will be described



5 propyl group, isopropyl group, n-butyl group

i sobutyl group, tert-butyl group, sec-butyl group

n- pentyl group, neopentyl group, n-hexyl group,

i sohexyl group, 3-nethylpentyl group, etc. As an

am no group which may have a |lower 10 al kanoyl group,
exanpl es thereof include an amno group, which may
have a |inear or branched al kanoyl group having 1 to
6 carbon atons,, such as ami no group, fornylam no

gr ouPCT8cER§F i 7 1gr Gdp LOPpL8HF onyl ani no  group,

but yryl am no oup,, I sobutyryl amno group,, 15

pent anoy! ani ngﬁ[sgragd'ﬁ,wetreﬁhégﬁt %%%R'b%fﬁnﬁﬂieﬁo Yesapt
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have 1 to 3 substituents on the phen ring, selected

f romeargsRUPodNShuehl B¢ AbtRNL afF AP ,JB Yy 1WRIreAp By -
have a | ower 20 al kanoyl group, and a | ower aIkyF
gboupropxhnpt®ey, tisepeobylngrode, an-ierizdylgrgueupisobutyl
whi ch may have 1 to 3 substituents on the phenyl

ri nggreePectut tdinlaggPBip Seomtsty B osP, an-BRNABL

whi ch h K br anched al kanoy!
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brangtﬁ§k§§jﬁgnﬁ@ﬁoQ?RE?E;?%%1 to 6 carbon atons, such

as benzoyl™ group, nzoyl group, 3-
et hyl benzoyl @=0up, afhifoc PgoEPYd BRIIZ0Y nagr BHRe 2-lower

i sopropyl benzoyl group, 3-n-butyl benzoyl group, 4 6

I § obait karyenz gylougr oapampleerithdneof baciofk gnoaping-
group, which may have a linear or branched alkanoyl
group having 1 te 6 carbon atoms, such as amino group,
formylaminec group, acetylamino group, propionylamino
group, butyrylamino group, isobutyrylamine group,

15 pentancylamino group, tert-butylcarbonylamino group,
hexanoylamino group, etc.

As a benzoyl group which may have 1 to 3
substituents on the phenyl ring, selected from a group
consisting of an amino group which may have a lower

20 élkanoyl group, and a lower alkyl group, examples
thereof include a benzoyl group, which may have 1 to 3
substituents on the phenyl ring, selected from a group
consisting of an amino group which may have a linear or
branched alkanoyl group having 1 to 6 carbon atoms, and

25 a linear or branched aikyl group having 1 to 6 carbon
atoms, such as benzoyl group, 2-methylbenzoyl group, 3-
ethylbenzoyl group, 4-n-propylbenzoyl group, 2-

isopropylbenzoyl group, 3-n-butylbenzoyl group, 4-



sec- butyl benzoyl group, 4-n-pentyl benzoyl group, 2-
neopent yl benzoyl group, 3-n-hexyl benzoyl group, 4-

i sohexyl benzoyl group, 2-(3-nethyl pentyl)benzoyl
group, 5 2, 3-di nmet hyl benzoyl group,

2,4,6-trinmethyl benzoyl group, 2-am nobenzoyl group,
3-fornyl am nobenzoyl group, 4-acetyl am nobenzoyl
group, 2 propionylaninobenzo?l group,

3- butyr nobenzoyl 4- |sobutyrylan1nobenzo
gr oup>° u %?ﬁ%)ﬂréﬂ?% she By TP Bihen zRitle [GroUP, 5

butylgngﬁQ%#@&% ﬁg'gﬁ%MEV oprentylbenzoyl group, 2-
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1, 1- di-opt b, ;ra%nmlzewy s&pupa t?u ¥hidobenzoyl
phenylpropy group, etc. ng a piperidine conpou%

r epr gsemp K -NisoHulg rgeant Abbémtdll ayriclp,o0b-t he present

i nvention, a 25 conmpound having a basic group can

éfsi Pyntorenlamalobenzolil agyerer al~tsxarnacol ogi cal |y

acce table acid.. As such an acid |ncludes for

exanﬁ?%y %ﬁFQqagpggﬁpebgggayl group, hexanoylamlnobenzoyl

group, 2,4-diacetylaminobenzoyl group, 2,3,4-
triacetylaminobenzoyl group, 3,5-dimethyl-4-
propionylaminobenzoyl group, etc.

15 As a phenyl lower alkyl group, examples
thereof include a phenyl alkyl group whose alkyl moiety
is a linear or branched alkyl group having 1 to 6
carbon atoms, such as benzyl group, l-phenylethyl
group, 2Z-phenylethyl group, 3-phenylpropyl group, 4-

20 phenylbutyl group, 5-phenylpentyl group, 6-phenylhexyl
group, 1,l-dimethyl-Z-phenylethyl group, 2-methyl-3-
phenylpropyl group, etc.

Among a piperidine compound represented by

the general formula (1) of the present invention, a

25 compound having a basic group can easily form a salt
with a general pharmacologically acceptable acid. As
such an acid includes, for example, an inorganic acid

such as sulfuric acid, nitric acid, hydrochloric acid,



such as sulfuric acid, nitric acid, hydrochloric acid,
7 phosphoric acid, hydrobromc acid, etc.; and an
organic acid such as acetic acid, p-toluene sulfonic
acid, ethane sulfonic acid, oxalic acid, maleic acid,
fumaric aid, nmalic acid, tartaric acid, citric acid,
succinic 5 acid, benzoic acid, etc. Anong a piperidine
conpound represented by the deneral fornmula (1) of
the present invention, ound having an acidic

grou§h€§ﬁh85§Fl§C¥QWrﬁ%ﬁiﬁﬁggmgﬁyaPéﬁct?ﬁ@-NM%Q?z?n organic
h i I , l.e, basi 10 d. An, :
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exanpl € "of "Suc asi ¢ “conpotin

hydr exhdge BOI8SSiMMAVIr exbde: salgl L}H%lé%@ra@&'dqe’fumaric
sodi um car bonat e, potassi um carbonate, sodi um

hydr agen malbonaiil, petrdasticmabyd) ogefri¢adenattccinic
etc. 15 A piperidine conpound of the present

i Bvedridn berteidescid,opticcal isoner. A piperidine
conmpound of the general fornmula (1) or a salt thereof

i s usual |y usePH? & PEPRFSFLEReCOfyatIch|represented by
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suchcaspblihd &isei ReehS i aVet LAY wtﬁ%’sil_ form a salt

di sintegrators, surface active agents, ubr#bants,

et c. by Vesdotind arinh af pphansesetidLaly plceRatablensasad

be sel ected dependi ng on therapeutic objectives, and

10 compound. BAn example of such a basic compound includes
sodium hydroxide, potassium hydroxide, calcium
hydroxide, sodium carbonate, potassium carbonate,
sodium hydrogen carbonate, potassium hydrogen
carbonate, etc.

15 A piperidine compound of the present
invention includes an optical iscmer.

A piperidine compound of the general formula

(1) or a salt thereof is usually used in a form of the
general pharmaceutical preparation. The preparation is

20 produced by using commonly used diluents or excipients
such as fillers, binders, wetting agents,
disintegrators, surface active agents, lubricants, etc.
Various forms of pharmaceutical preparations can be
selected depending on therapeutic objectives, and

25 representative examples include tablets, pills,
powders, liquids and solutions, suspensions, emulsions,
granules, capsules, suppositories, injections {liquids,

suspensions, etec.), ointments, etc.



25 representative exanples include tablets, pills,
powders, |iquids and sol uti ons, suspensions,

enmul sions, granules, capsules, suppositories,
injections (liquids, suspensions, etc.), ointnents,
etc. 8 For shaping tablet form such a carrier can be
used, for exanple, excipients such as |actose,
saccharose, sodium chloride, §lucose, urea, starch

cal ci um carbonate, kaolin, crystalline cellulose, 5
silicate, etc. ohi N tahlses harer, seehanslarrier can

| [ | , gl ui | uti , St h
Sol ULFoR= el Bof SRt 0 s <CRr BBRY Bty |t RSE
shel l.accraRL by c&ld 038 S h@?s?i@é@@sgﬂaetae’ starch,

pol yvi nyl pyrrol i done, etc; disinfegrators such-as

dri edalQighacgivorsd, Ukadlahnatey s eaer i ROWianylose,

| am naran powder, sodi um hydrogen carbonate, cal ci um
car benat eate podtyoxy dtimdease saohbas awatfeat,t \taeind1,
esters, sodium lauryl sulfate, stearic acid
nonoBFYERRPHe, SR IFYrUpPac gdseosetgolutdiosi,nis¢arahi on
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sulfate, etc.; i sturizing agents gl'y€eri ne,

st ar pblyeisylppdsqibents sUeh @bsirlcr@horsashefilas dried
kaolin, bentonite, colloidal silicate, 20 etc.;

1Obr starntls, suwlivas atgfinatd, tajay siwelir,c lagidarsal powder,

bor at e _powder, polyethyl ene glycol, etc.
sodium hydrogen car onate, calcium carbonate,
polyoxyethylene sorbitan fatty acid esters, sodium
lauryl sulfate, stearic acid meonoglyceride, starch,
lactose, etc.; disintegration suppressants such as

15 saccharose, stearin, cacaoc butter, hydrogenated oil,
etc.; absorption enhancers such as gquaternary ammonium
base, sodium lauryl sulfate, etc.; moisturizing agents
such as glycerine, starch, etc.; adsorbents such as
starch, lactose, kaolin, bentonite, colloidal silicate,

20 etc.; lubricants such as refined talc, stearic acid
salt, borate powder, polyethylene glycol, etc.
Further, tablets can optionally be prepared in tablet
form coated with conventional coating such as sugar-
coated tablets, gelatin encapsulated tablets, enteric

25 coated tablets and film coated tablets, or double
layered tablets and multilayered tablets.

For shaping pill form, such a carrier can be

used, for example, excipients such as glucose, lactose,



Further, tablets can optionally be prepared in tablet
formcoated with conventional coating such as sugar-
coated tablets, gelatin encapsulated tablets, enteric
25 coated tablets and filmcoated tablets, or double
| ayered tablets and nultil ayered tablets. For shaping
pill form such a carrier can be wused, for exanple,
exci pients such as glucose, |84ctose 9 starch, cacao
butter, hydrogenated vegetabl e oil kaolin, talc,
orc. Starhlier SCRErD o G L AOPENBbRAeT ST E et
gum pawser, ti et l,..€ Y I Si ntegrators
suchﬁgs thi%géghfggbérggggg?85gﬁg? %%a%ﬁ?mfé£blc powder,

SUpr%be&MnE@r%&m Piflicd, CRLLECEN, Cammbg, Used. . f.or
exanpl e, polyethylene glycol, cacao butter, higher

al codoks$ntegtatresrofsurhgher lamtnhvhs, agetatdus.

sem synthetic glyceride, etc. Capsules can be prepared
by filling a 1rzchspding sHrpPhelpersefnrn,nwenti encbyrier

m Xin ith th bove exenplifjied various carriers
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SUSPgBSAPNS, HanislRithktZ80g1yadsh & e Jeferably
isotonic to blood. For shaping such forns, such a
di | uent can be&agsedesf oanekanptepamat ey, fietlhuh a
al cohol, macrogol, propylene glycol, ethoxyl ated
10  compound of the present invention by mixing with the
above exemplified various carriers into hard gelatin
capsules or soft capsules according to conventional
capsulation means.
For preparing injection, liguids and
15 solutions, emulsions and suspensions are sterilized,
and are preferably isotonic to blood. For shaping such
forms, such a diluent can be used, for example, water,
ethyl alcohol, macrogol, propylene glycol, ethoxylated
isostearyl alcohol, polyoxylated iscstearyl alcohol,
20 polyoxyethylene sorbitan fatty acid esters, etc.
Sufficient amount of sodium chloride, glucose
or glycerol for preparing an isotonic solution can also‘
be admixed in the pharmaceutical preparations, and
further conventional solubilizing agents, buffers,
25 soothing agents, and the like can also be added.
If necessary, coloring agents, preservatives,

aromatics, flavors, sweeteners, and the like and other

drugs can also be added in the pharmaceutical



i sostearyl al cohol, polyoxylated isostearyl alcohol,
20 pol yoxyethyl ene sorbitan fatty acid esters, etc.
Sufficient anpbunt of sodium chloride, glucose or

gl ycerol for preparing an isotonic solution can also
be adm xed in the pharmaceutical preparations, and
further conventional solubilizing agents, buffers, 25
soot hing agents, and the |likel&kan al so be added. | f
necessarg, col oring agents, preservatives, aronatics,
f1 avBr§PaE@kaPRners, and the like and other drugs can

al so be added Ln_the nhar ytical_ 10 reparation.
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the present invention which should be contained in

t Re gpraphaceltical, peapanatéoncstod. t he present

invention is not especially limted and is sel ected
adequat el y i n & BIDEGa8tr ange@Pysirered (Yheaprgsent 1 -

70% b ight, . .preferably 1 - 30% by weight in the
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adm gj Wateh bove r . . :
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o

10 broad range, generally at about 1 - 70% by weight,
preferably 1 - 30% by weight in the pharmaceutical
preparaticn.

A method for administration of the above
pharmaceutical preparation is not especially limited,

15 and is determined depending on various preparation
forms, patient age, sex and other conditions and
disease severity. For example, tablets, pills, liquids
and solutions, suspensions, emulsions, granules and
capsules are administered orally. Injections are

20 administered intravenously alone or admixed with
conventional fluid replacement such as glucose, aminoc
acids, etc., and, if necessary, are administered alone
intramuscularly, intracutaneously, subcutaneously or
intraperitoneally. Suppositories are administered

25 intrarectally.

Dosage of the above pharmaceutical
preparation is selected depending on direction for use,

patient age, sex and other conditions and disease



fornms, patient age, sex and other conditions and

di sease severity. For exanple, tablets, pills, liquids
and sol utions, suspensions, enulsions, granules and
capsul es are adm nistered orally. Injections are 20
adm ni stered intravenously alone or adm xed with
conventional fluid replacenent such as gl ucose, am no
acids, etc., and, if necessarly, are adni nistered al one
i ntramuscul arly, intracutanequs|y, subcutaneously or
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or epAPIPDR 18 3 Ght 6F AERehar hE b di o @S gt otgy 2bout
use, o patLeps AR .angnat het s congdidians An

di sease 11 sé@%&#%)u and an anntnt ofd%%gy%ﬁ;ﬁigund of
the geseeahbl§ afsAatanel) aBsoan acioyend NGt edi@Ak HSsage
general ly about 0.01 - 10 ny/kg/day. The active

i Agr €drent is preferably contained at 0.1 - 200 ng in

a unit dosage 5 form A pharnaceutical conposition,

for promoting ? MFBFEREELS2bf CHFMRP Pt tE o pEATPBANRY

is useful as a pr ntive or,  therapeutic drug_for

i seRUEEPHFTITL LT rc PERT eVl SHTEHE: difguseral as a
[ COCPELALA Oy Ol 0 l9RGaREykeS SEhsy AN JiRL yathous
di seases caused by 1scthema such as nyocardia

i nf af féb O ciafg RRvepephent Sand efefrlratibar 6kl Blocd

senil e denentia, various
10 wvessels, and further various diseases caused by
ischemia such as myocardial infarction, angina

pectoris, cerebral infarction, senile dementia, wvarious

organ damage accompanied by diabetes mellitus, etc.

BEST MCDE FOR CARRYING OUT THE INVENTION
15 The present invention will be more clearly
explained by referring to Examples of preparations and

pharmacological tests as follows.

Preparaticn Example 1
4-[N-methyl-N-{2-phenylethyl)amino]-1-(3, 5~
20 dimethyl-4-propionylaminobenzoyl)piperidine (5 mg),
starch (132 mg}, magnesium stearate (18 mg} and lactose
(45 mg) were mixed, and tableted by conventional means
to produce tablets containing the above described

amount of components in a tablet.

25 Preparation Example 2



organ damage acconpani ed by di abetes nellitus, etc.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 15 The

present invention will be nore clearly explained by
referring to Exanpl es of preparations and

phar macol ogi cal tests as follows. Preparation Exanple

1 4-[Nnethyl-N(2-phenyl ethyl)am no]-1-(3,5- 20

di met hyl - 4- pr opi onyl am nobenz&yl ) pi peri di ne (5 ng),
starch (132 ng), magnesium stearate (18 and

| act ose (45 tRetnanabedd, (Canl ghbl iRy ipraben (0.02

conventional means . to _pr.odu abl ets cont,ai ning the
abové de§8$%W%dmaﬁﬂﬁﬁ%FE%$ecgﬁpgn% 1] ogiiy sl orage

Pr epapagi t 218 9)s a

ot oppar Aber T 3 e R, BeAMEAY et b gy ied
and gadbdnF&hl Hidlaid0a® b aaiRied $89k¥eHgl N Thus
adequat e anount of distilled water for injection at

806C ohteinsdisslutgonlivas Boobédi nedFal ubhan4WaS-methyl-N-

cooled to 40C, and 4-[N-nethyl -N-
( 2- phényheryiebium ) esiined 353 of reinghyd~4-

Pol yBERYT SR SRR 2brd) BLT B iats G000, Bodvgfhyiere
d : o I .4 g) were
10 oF BRuaT | SR e B R IO TR E R S ca Nt e

for pbIy&eidtay1eas BdegdLin hdtoRIUA4ld QB . LWogPr GRAEE

final volume (100 m ). The solution was stérilized by

B8i ngradually dissolved therein, then distilled water for
injection was added to the solution to prepare final
volume (100 ml). The solution was sterilized by being
aseptically filtered with a proper filter paper, and
separately dispensed each 1 ml into an ampule to

15 prepare injections.

In pharmacological tests hereinbelow, 4-[N-
methyl~N- (2-phenylethyl)amino]-1-(3, 5-dimethyl-4~
propionylamincbenzoyl)piperidine (hereinbelow this
compound is designated as "Test Compound A") is used as

20 a test compound.

Pharmacological Test Example 1
(Angiogenesis promoting action of Test Compound A)
The test was conducted according to a report
by Nicosia R. F. et al. (In Vitro Cell Dev Biol 26,
25 119-128, 19980). Briefly, thoracic aorta was removed
from rat under ether anesthesia, and aortic rings were

obtained by cross-sectioning at 1 mm intervals. The



aseptically filtered wwth a proper filter paper, and
separately dispensed each 1 ml into an anpule to 15
prepare injections. In pharnmacol ogical tests

her ei nbel ow, 4-[ N

met hyl - N- (2- phenyl et hyl ) am no] - 1- ( 3, 5- di net hyl - 4-

pr opi onyl am nobenzoyl ) pi peri di ne (herei nbel ow this
compound i s designated as "Tesi Conpound A') is used
as 20 a test conpound. Pharmacol ogical Test Exanple 1
( AngifOgEdEs FngP ofirs rRfsctdesn 18FoTEEPS Cb

A

" o il
R - (GReBES, T oV e PRophdoF BFR5k: ¢@bay H3pTo.)
1990)c0n§5&ﬁ§.h%§é‘g%%ofe?§ﬂ CRAPLLAIMAS WA S MDY S e‘ecr M Apper

under ether a esia, and aortic rings wer

obt ailagdrhyafidoske SRSl aNWag akchanfed ndwsMalihreBh@ald.
aortic rings were enbedded into type | collagen ge
(Kok@fit€o. ¥. diws t ficom tHeDBL3tumedi mhcld o BR néwl)y
contai ning the Test Conpound A was added to the upper

| ayeBrodRdTraR aeelitirintaseskéARNE Ity a3 il edng@ays.

5 After 7 days from.the cult i or o- s new
or oWAPEFBRERS CHERT itk SR6r 8nehr 2} el s (M sghagase, then

f T . .
Spechﬁﬁﬂéfﬁ%f ﬁi@f&%s@e%%sgi?%g%ﬁ%gsﬁj@%ﬁ %ﬁgugﬁen

nunbers of m cro-vessels I gl ta
canmekamk FRJemis erex@liniord tby Bgi (g1 5§ | UL INTaER qeS¢EeNon

10 Corp.). The statistical analysis was perforned as

10 Corp.). The statistical analysis was performed as
follows: Data were analyzed using Dunnett's test with
randamized block design. The difference between test
compound groups and non~treated group were considered
statistical significant at P < 0.05.

15 The results are shown in Table 1. As is
shown in Table 1, the Test Compound A indicated
significantly increased numbers of newly grown micro-
vesgssels with dose dependent manner in the thoracic
aortic ring specimens of rat, as compared with those of

20 a non-treated contrecl group. Acceordingly, the Test

Compound A was clearly demonstrated to have

angicgenesis promoting action.



foll ows: Data were anal yzed using Dunnett's test with
randam zed bl ock design. The difference between test
compound groups and non-treated group were consi dered

st at
are
Test

istical significant at P < 0.05. 15 The results
shown in Table 1. As is shown in Table 1, the
Conmpound A indicated significantly increased

nunbers of newly grown mcro-l14essels with dose

depe
spec

dent nner in the thoracic aortic ring
ﬁﬁ@ﬁ? g? rat, as conpared with those of 20 a

troataod caontraol aroun. Accordinalyv. the Test
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Values were expressed as the mean * SE

** P < 0.05 vs. control

Pharmacological Test Example 2
{Effect of Test Compound A on vascular endothelial cell
migration)

The test was conducted according to a report
by Witzenbichler, B. et al. (J. Biol. Chem., 273,
18514-18521, 1998). Briéfly, human aortic endothelial
cells (Cambrex Corp.) were cultured in MCDB131 medium
to confluent state. Cell migration was tested by using
a 48 well micro chemotaxis chamber (Neuro Probe Inc.).
The Test Compound A was added into the lower layer of a
well, while cells, 1 x 10% cells per well, were added
into the upper layer, and those were cultured for 4

hours. Cells were immobilized with methanol and cells




Phar macol ogi cal Test Exanple 2 (Effect of Test
Conpound A on vascul ar endothelial cell mgration)
The test was conducted according to a report 5 by
Wtzenbichler, B. et al. (J. Biol. Chem, 273,
18514-18521, 1998). Briefly, human aortic endotheli al
cells (Canbrex Corp.) were cultured in MCDB131 nedi um
to confluent state. Cell mgrb%ion was tested by using
a 48 well mcro cﬂenntaX|s chanber (Neuro Probe Inc.

10 THE TE§t UBBRPotHPA Had dddEqTi KEESt REnP s %ﬁy@rells

f | N
cdaed BakealBh! SheSatter vB8 4eiihed fin Wit by
for 4(Inl=&@%§t1§ﬁéisfaé/§j&msrr@e§ Ibzeéh&tﬁmﬁﬁ‘ééga%cﬁ and

cells 15 in the upper layer of a filter were renoved,

and egkiratedi gnaserelonlt helflsl beevess fﬁ@mfuﬂbﬂMaﬁhcamera
Duff Quick (International Reagents Corp.), then
nirbérggef went geeundteedgoriséhgabcteh | Tnagys efSweidnf Comp. ) .
digital canera 5 image were counted by using Scion

| naggh(eséitaﬁl%ﬁﬁ}) an#ﬁé@t WE P sPREEPTRAMhIAIfo Wgys

f d foll
011 BaTE e Rd iy oREhD WEAE: 8081 YaSt Sl 1inmer
di ff @egRESs DOL WELN JBSt  SAEPQYRH. UL AP AN en test

non-treated group were considered 10 statlstlca

si gncbmpantd afrdlips GndSnofheré&bed tgraffe weh@WeohBidered
Table 2. Fromthe results in Table 2, the Test
@@np§gﬁgi$¢1¢ﬁﬁ(ﬁﬁggjficant at P < 0,05.

The results are shown in Table 2. From the
results in Table 2, the Test Compound A indicated
significantly increased numbers of migration cells with
dose dependent manner as compared with those of a non-

15 treated control group, then the Test Compound A was
confirmed to promote migration of vascular endothelial.

cells.



significantly increased nunbers of mgration cells
with dose dependent manner as conpared with those of
a non 15 treated control group, then the Test Conpound
A was confirned to pronote migration of vascul ar
endothelial cells. 16 Table 2 Concentration Number
of (-Log M Nunber Mgration cell Control 4 34 f 8
Test 12 4 41 f 8 Conpound AlKL 4 42 6 10 4 49t 6 9
4 64 8 ** 8 4 647 ** Values were expressed as the
meanTaBEe*2 p < 0.01 vs. control Pharmacol ogi cal test

Example 3 (Effect of Test Conpound A on Iunlnall7 tlnnf
of |vascul ar endocgﬁ&éﬁﬂraﬁﬂdns) Th st wag cofiffR§edP
accprding to a [eportLog By Yasunagd™er et aI M%ﬁﬁﬂflon
I nvest—1989+—61+—698-—F04 —DBrrefHy—huran BOEHE
endpChetiral cells (Canbrex Corp.) wete cul tjured3ént 8
B13t—nedirumto—conftuent—state— Cettsprepared
wi t hT&8Hi um cont ai ni ngl€he Test| Conpotind 41 + 8
Compound A 11 4 42 + 6
10 4 4% £+ 6
9 4 64 + B **
8 4 6d + 7 *¥*

Values were expressed as the mean I SE

** P < 0.01 vs. control

Pharmacclogical test Example 3
(Effect of Test Compound A on luminalization of
vascular endothelial cells)
The test was conducted according tc a report
5 by Yasunaga, C. et al. (Lab Invest, 1989; 61: 698-704).
Briefly, human aortic endothelial cells (Cambrex Corp.)
were cultured in MCDB131 medium to confluent state.
Cells prepared with medium containing the Test Compound
A, 5 x 10* cells/well, were added on cell matrix gel
10 (Nitta Gelatin Co.) and cultured for 4 hours to adhere
cells. After medium removal, gel was added to embed
cells, and medium containing the drug was added on the
upper layer, then length of the formed tube was
measured on the third day based on digital camera image

15 by using Scion Image (Scion Corp.). The statistical



A, 5 x 104 cells/well, were added on cell matrix ge

10 (Nitta Gelatin Co.) and cultured for 4 hours to
adhere cells. After nediumrenoval, gel was added to
enbed cells, and nedium containing the drug was added
on the upper layer, then length of the fornmed tube

was neasured on the third day based on digital canera

i mge 15 by using Scion Imgel{ Scion Corp.). The
statistical 17 analysis was perforned as foll ows:

Dat a 2REA-¥ShRaVIT REL PEl EPARBYSt eshaled twarq iaR@dyzed
regressio S

|ysis.. _The differ bet t est .
ConpBRRBIGFOEAEH SRS PR ot OF Bul dh T O araavad®:

st at i.gLi Lo i Cateend takt P hed LSt Sion-
are s om%g%ﬁé#éﬁﬁéeégi Ff8n1the C?eéﬁ%%% %F é%%% 3,on
the teskt&any wedendosat adredi ghatisanidly dikergasadt
l ength of formed tube with dose dependent manner as

ca@nparted wi 6h05hose of a non 10 treated control group
and the test conpound A was confirnmed to pronote tube
formati on of VEszuwesultengsehehpur telTaplerahl eFgom the

Con e oy ISR STy 0B Al

COnpgﬁggif&gaétfny%cr%aéeé*1ength of formed tube with dose
dependent manner as compared with those of a non-

10 treated contrel group, and the test compound A was
confirmed to promote tube formation of vascular

endothelial cells.

Table 3
Conﬁiiifiiion Number Legggg ?giggiTed
Control 4 13.3 + 0.4
Test 8 4 15.7 + 0.9
Compound A 7 4 32.2 + 3.8 **
6 4 48.4 + 5.3 **

Values were expressed as the mean *+ SE

*¥* P < 0.01 vs. control



6 4 48.4t 5.3 ** Values were expressed as the nean
SE ** P < 0.01 vs. control 18 CLAIMS 1. Use of at

| east one conpound selected froma group consisting
of a piperidine conpound represented by the genera
formula (1) or salts thereofg R[~- }-P1~Ry 0) wherein
R represents a benzoyl group which nmay have, as
substituents on the phenydrAim®, 1 to 3 groups
selected froma group consisting of an am no group,
which may takeoz &t- CRaahtkameylcogipeumd arel e t@ld Grom a
al kyl group; RL represents a hydrogen atomor a Cl-C6
afkylipgeenpisaidg B meprigeatikine mrepdurCl-1@Presented
group, in the manufacture of a pharmaceutica

coypohkt penetatl fpronds g lamyi cgdifesitdierrofise
according to claim1l, wherein the piperidine conpound
is 4-[ N-met hyl - N- ( 2-

phenyl et hyl ) am no] - 1- (3, 5: di methyl - 4-

. propi onyl am nobenzoyl ) ¢ pei difre. 3.n§§e according to
claim1l or claim 2, 5 phar eutica
conposition for pronoti N angi'dgenesis is a
preventive or therapeutic drug for diseases with
insufficient devel opnent and regeneration of bl ood

V%%Se%lei’n %n (:jre\iaarrei soeun sdias %aesrﬁfoffl@sxeé{lﬁ)ywhich may have, as
gubstituents on the phenyl ring, 1 to 3 groups gelected
from a group consisting of an amino group, which may
have a C;-Cs alkanoyl group, and a Ci1-Ce alkyl group; R*
represents a hydrogen atom or a C;-C¢ alkyl group; and
R? represents a phenyl C;-Cs alkyl group,
in the manufacture of a pharmaceutical composition for
promoting angiogenesis.

2. Use according to claim 1, wherein the
piperidine compound is 4- [N-methyl-N-(2-
phenylethyl)amino]—1-(3,5-dimethy1-4-
propionylaminobenzoyl)piperidine.

3. Use according to c¢laim 1 or claim 2, wherein
the pharmaceutical composition for promoting
angiogenesis is a preventive or therapeutic drug for
diseases with insufficient development and regeneration
of blood vessels, and various diseases caused by
ischemia.

4. Use according to claim 3, wherein t@e

diseases with insufficient development and regeneration



ischema. 4. Use according to claim3, wherein the

di seases with insufficient devel opnent and
regeneration 19 of blood vessels, and various

di seases caused by ischenmia are myocardia

infarction, angina pectoris, jg9cerebral infarction,
senil e denentia and various organ damages acconpani ed
byfdbabetegenkllst Uand various diseases caused by

ischemia are myocardial infarction, angina pectoris,
cerebral infarction, senile dementia and various organ

damages accompanied by diabetes mellitus.



