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I NHI Bl TORWVBIoBloEr2¢F THE | NVENTION 5 The present invention pelraises 41581
pharmaceutical conpositions conprising at |east one nultifunctional
phosphodi esterase inhibitor (MPDEI) andjat |east one adenosine uptake
inhibitor. A MPDElI is an agent that, at a mininum inhibits both

phosphodi esterase type |1l (PDE3) and adenosi ne uptake (e.g., cilostazol).
The invention also relates to nethods of using the conpositions for
treating a variety of 10 synptons and illnesses including Iinb ischema and

intermttent claudication (1C) associated with peripheral arterial

occl usive di sease (PAQD), for the prevention and treatnent of stroke, and
for the preventi onPHARMAGRYYICALIGOMPOSERHONSLONMRRESINGAe | nventi on

provi des neth i [ i C erapeutic
pot ency and eﬁﬁkgjéwmlﬁql‘g&%gim@@%f@ﬁﬁﬁﬁmg‘ﬁg!} ‘%lgcurpusi ng
15 either MPDEls, traditi oOA®ENDEENE UPDPAKE BENHDBIRORNOSI ne upt ake
inhibitors alone. The ability of the conpositions to enhance the

antipl atel et and vasodil ator ﬁ@&&&rﬂgﬁﬁwgﬁuwent pot enti al
cardiotonic sid f . 1.0hi pl e Of .

possi beE lity of :&lfeegnr I hgm? %’%Mg;?gfraﬁe\?g‘épﬁ%ﬁ&%‘?%ﬁ&g’?ﬁd’%ﬁ‘s%‘gé&g? ﬁi%% s (e.qg.,
ci | ost azol )ledso opainudtitisctionalt phoksisdidstenrask inHibitoryMRIXET) and atleanaey di sease

and congestive .20 heart_ failure (CHF). BACKGROUND PAOD affects up to 5%
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a six-fold ﬂ%ﬁﬁﬁ@?&%r&s%%ﬁ;qg @83 ahd QAL LAGKAN GRIERbAVIREU ar
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(Pletal(r)) (6-[4-(1-cycl ohexyl-lIHtetrazol-5yl)
treatment of stroke, and for the prevention of coronary thrombosis and restenosis.
The invention provides methods of using the compositions to achieve enhanced
therapeutic potency and efficacy with less side effects than those that may occur using
15 either MPDEIS, traditional PDE3 inhibitors, or adenosine uptake inhibitors alone.
The ability of the compositions to enhance the antiplatelet and vasodilatory effects,
and to circumvent potential cardiotonic side effects of MPDEIs or PDE3 inhibitors,
offers the possibility of extending the approved indication and usage of MPDEISs (e.g.,
cilostazol) to patients that present with IC, stroke, or coronary disease and congestive
20 heart failure (CHF).
BACKGROUND

PAOD affects up to 5% of elderly patients in the United States (US), and

patients with PAOD have a six-fold increased risk of death from cardiac and
cerebrovascular causes. IC is a frequently disabling symptom of PAOD. Patients

25 typically describe discomfort, variably characterized as pain, ache or feeling of
fatigue, in the affected leg when walking. There are only two approved drugs in the
US for the treatment of IC. Pentoxifylline has been available for two decades but it is
only marginally efficacious. Cilostazol (Pletal®) (6-[4-(1-cyclohexyl-1H-tetrazol-5yl)
butoxy]-3,4-dihydro-2(1 H)-quinolinone) was approved by the US Food and Drug



but oxy] - 3, 4- di hydr o- 2( 1H) - qui nol i none) was approved by the US Food and Drug
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i nproved maxi mal wal ki ng di stance on a treadm || conpared wth placebo and
pentoxifylline. G lostazol has |ong been known as a cyclic nucleotide PDE3
inhibitor. Cyclic 5 nucleotides, such as cyclic adenosi ne nonophosphat e
(cAMP) and cyclic guanosi ne nonophosphate (cGW), play an inportant role
in mediating many cellular responses wthin the cardiovascul ar system
Intracellular levels of cyclic nucleotides are controlled by the bal anced
activities of two famlies of enzynes. Adenyl ate cyclase and guanyl ate
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been shown to increase cardiac output ‘and to reduce pul nonary congestion in
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cardiomyocytes, vascular smooth muscle cells (VSMC), and platelets. Accordingly,

15 PDE3 affects cardiac contractility, VSMC tone and proliferation, and platelet activity,
respectively. Inhibition of PDE3 causes a selective accumulation of intracellular
cAMP, and an increase in protein kinase A (PKA)-induced effects. Therefore,
decreased PDE3 activity in the above cells causes increased cardiac contractility,
vasodilation, decreased cellular proliferation, and decreased platelet aggregation. The

20 beneficial effects of cilostazol in patients with IC have been largely attﬁbuted to the
vasodilatory and anti-platelet aggregation effects of PDE3 inhibition, although other
effects may also play a role.

PDES3 inhibitors generally exert positive inotropic and chronotropic effects on
the heart (i.e., increased contractility and heart rate). Indeed, PDE3 inhibitors have

25 been shown to increase cardiac output and to reduce pulmonary congestion in patients
with CHF. For example, milrinone, a prototypic PDE3 inhibitor, is currently in
clinical use for the acute treatment of CHF. However, chronic use of milrinone in
patients with CHF has been associated with proarrhythmic activities (probably due to
excessive increases of cAMP-induced cardiac contractility (Packer, 1992; Thadani

30 and Roden, 1998)). Cilostazol has not been shown to increase cardiovascular



patients with CHF has been associated with proarrhythm c activities
(probably due to excessive increases of cAMP-induced cardiac contractility
(Packer, we%2ns57Rbadani 30 and Roden, 1998)). Cilostazol hasTrusv2/sen shown
to increase cardi ovascul ar WO 03/057222 PCT/ US02/ 41531 3 nortality in IC
clinical trials in the US, and safe Ion3 term use has been denonstrated in
Asi an countries (NDA of G| ostazol, ka Anmerica Pharnmaceutical, Inc.,
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15 SUMMARY OF THE INVENTION

The present invention addresses these needs by providing pharmaceutical

compositions that inhibit PDE3 activity and adenosine uptake. These pharmaceutical
compositions include a combination of at least one MPDEI (e. g., cilostazol) and at
least one adenosine uptake inhibitor (e.g., dipyridamole). In the present invention, the
20 combination of at least one MPDEI and at least one adenosine uptake inhibitor acts
synergistically to increase antiplatelet effect and vasodilation, while limiting the
positive inotropic effect of PDE3 inhibition. The combination of at least one MPDEI
and at least one adenosine uptake inhibitor should be safer and more efficacious than
either agent alone for the treatment of a variety of symptoms and illnesses including
25 PAOD (such as IC), stroke, and coronary thrombosis and restenosis.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates the synergistic effect of adenosine (1 pM) and cilostazol (1

uM) on collagen-induced platelet aggregation. Washed platelets were activated with

collagen (1 pg/ml) as indicated by the arrow.



BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 illustrates the synergistic
effect of adenosine (1 M and cilostazol (1 M on collagen-induced

pl at el et wogsesaei on. Washed platel ets were activated w t rCTasb/agen (1
‘gg/ M) as indicated by the arrow. WD 03/057222 PCT/ US02/ 41531 4 Figure 2
illustrates the dose-dependent synergistjc effect of dipyridanole (1, 3

and 10 M and cilostazol (10 pMto 100 on platel et aggregation in washed
platelets. Figure 3 illustrates the synergistic effect of dipyridanole (1,
3 and 10 M on 5 platelet aggregation in washed platelets in the presence
of adenosine (1M and cilostazol (30 nMand 100 nM. Figure 4 illustrates
the synergistic effect of cilostazol (30 and 100 nM on platel et
aggregation in washed platelets in the presence of adenosine (1M and

di pyri danol e (1, Figand ill@tides tHeOddse-gependentislyhergistiatfect tolfi dipyyidanglest i
effect of dipyridanole (3 M .and _cilgstazol (3 on intracel |l ular cAVP
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Mand I M. ﬁictig%%e 6 illustrates the synergistic effect of dipyridanole
(0.5, 1, An M and cilostazol (1 M on intracellular cAWP | evel

el evation in adefomirad ilBatSs texgynegstin gifaitiofdipyridameted, dewd 10 pl¥hion cel | s,

in the presence or absence of dengsi ne. (1 . Figyre 7 illuystrates the
syner gi’st i CP@F?I%t(ﬁggEﬁgaﬂ?‘bWW%Fgﬁ‘gP@te?ﬁ @,théPr%Q%ﬁ@f%ge@We(L\‘Hﬁ%‘? ostazol (3
M on int ra%ﬂ&it&ﬂo@?(ﬁﬁ%@nh@%@ | evation in adenosi ne A2A- expressing

ry (CGHO

Chi nese hanster ov cell’s, in the presence or absence of 20
adenosi ne (1 M . Fianwge# ell@trates tist syatrgsstit leffectrificBostago) (HF 4nelck00aM o1 ost azol

Dl at ol o1's. Py RBRE S VIhEhPBIGF I HE PHATES A AReToREr SL0W) P adenos ne
absence. of AT eI are bl od. | [ L1e presence or
10 Figure § illustrates the synergistic effect of dipyridamole (3 pM) and
cilostazol (3 pM) on intracellular cAMP level elevation in the platelets of PRP, in the
presence of adenosine (0.3 pM and 1 uM).
Figure 6 illustrates the synergistic effect of dipyridamole (0.5, 1, 5 and 10 uM)
and cilostazol (1 uM) on intracellular cAMP level elevation in adenosine Aza-
15 expressing Chinese hamster ovary (CHO) cells, in the presence or absence of
adenosine (1uM).
Figure 7 illustrates the synergistic effect of dipyridamole (0.5, 1, 5 and 10 uM)
and cilostazol (3 uM) on intracellular cAMP level elevation in adenosine Aja-
expressing Chinese hamster ovary (CHO) cells, in the presence or absence of
20 adenosine (1pM).
Figure 8 illustrates the inhibitory effect of cilostazol in comparison with
milrinone on adenosine uptake into washed human platelets and erythrocytes.
Figure 9 illustrates the increase in adenosine levels in plasma with collagen (2
pg/ml) stimulation in the presence or absence of dipyridamole (1 pM) in whole blood.
25 Figure 10 illustrates the synergistic effect of dipyridamole (0.1, 0.3, 1 and 3
uM) and cilostazol (10 uM and 30 pM) on platelet aggregation in whole blood
induced by 0.5 pg/ml of collagen.



25 Figure 10 illustrates the synergistic effect of dipyridanmole (0.1, 0.3,
1 and 3 M and cilostazol (10 Mand 30 M on platel et aggregation in whol e
‘bl ood i mowme@stzy2 0.5 gg/ M of collagen. WO 03/ 057222 PCTPOSAROHIG3L 5
Figure 11 illustrates the synergistic effect of dipyridanole (1 and 3 M
and |ow concentrations of cilostazol (0.3, 0.7, 1, and 3 M on whol e-bl ood
pl atel et aggregation induced by 0.1 or 50 3 g/m of collagen. Figure 12
illustrates the synergistic effect of dipyridanole (-1 M and 5 cil ostazol
(-1 M on the inhibition of whole blood platel et aggregation ex vivo.
Figure 13 illustrates the experinental protocols used to study the effect
of cilostazol and dipyridanole on cardiac function of isolated rabbit
Langendorff hearts. Figure 14 illustrates the effect of cilostazol (1, 3,
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the preventi stroke (Gotoh,” Tohgi, Hirai, Terashi, Fukulchi, O ono,
Shi noHdr a, FrdatetB), Wwdmryﬂam(&“a, Yamaguchl 25 Ni shi mar u, and Onashl

2000, coronary %Pgru(r)g? D ﬁfustre?tes the p(r:cg)tf)g 130 te&mgcthje 2RER 42 the combination of

low levels of cilostazol and dipyridamole on gastrocnemius muscle blood flow during
rest, exercise (with electric stimulation), and ischemia by occluding the femoral artery
and reperfusion.

15 Figure 16 illustrates that treatment with the combination of cilostazol (1 pM)
and dipyridamole (1 pM) significantly increased blood flow in the exercised
gastrocnemius muscle, and improved blood flow recovery after a period of ischemia
compared to those in the untreated muscle.

DETAILED DESCRIPTION OF THE INVENTION

20 The present invention addresses the need in the art for safe and effective

pharmaceutical compositions for such conditions as PAOD (such as IC), stroke,
coronary thrombosis, and restenosis. Cilostazol is available for the treatment of IC
and has been shown to be effective in the prevention of stroke (Gotoh, Tohgi, Hirai,
Terashi, Fukuuchi, Otomo, Shinohara, Itoh, Matsuda, Sawada, Yamaguchi,

25 Nishimaru, and Ohashi, 2000), coronary thrombosis after coronary percutaneous
transluminal coronary angioplasty (PTCA) (Park, Lee, Kim, Lee, Park, Hong, Kim,
and Park, 1999) and restenosis (Tsuchikane, Fukuhara, Kobayashi, Kirino, Yamasaki,
Tzumi, Otsuji, Tateyama, Sakurai, and Awata, 1999). Cilostazol inhibits PDE3, and
the resultant anti-platelet and vasodilatory effects appear to contribute to its

30 therapeutic action. However, the possible cardiac side effects of PDE3 inhibition are



transl um nal coronary angi opl asty (PTCA) (Park, Lee, Kim Lee, Park, Hong,
Kim and Park, 1999) and restenosis (Tsuchi kane, Fukuhara, Kobayashi,
Kirino, Ysowsaki222 |zum, OQsuji, Tateyamm, Sakurai, and Aeatesp2/46330).
Cilostazol inhibits PDE3, and the resultant anti-platelet and vasodil atory
effects appear to contribute to its 30 therapeutic action. However, the
possi bl e cardiac side effects of PDE3 inhibition are WD 03/057222

PCT/ US02/ 41531 6 a concern. |Indeed, because of prior clinical experiences
with mlrinone, cilostazol is contraindicated in CHF of any severity.
Recent studies indicate that cilostazol possesses an unexpected mechani sm
of action that is not shared with mlrinone. In fact, cilostazol has been
shown to inhibit 5 adenosine uptake into various cells including
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effects of adenosine on the vasculature and platelets are mediated by the activation of

15 adenosine A; receptors. Adenosine A; receptors trigger G protein to stimulate
adenylate cyclase and, thereby, increase the intracellular concentration of cAMP. The
well-known anti-adrenergic effects of adenosine on the myocardium are mediated by
the activation of adenosine A, receptors. Adenosine A receptors trigger G; protein to
inhibit adenylate cyclase and, thereby, decrease the intracellular concentration of

20 cAMP (Dobson and Fenton, 1998; George et al., 1991; Narayan et al., 2000).
Inhibition of adenosine uptake increases interstitial and circulatory levels of
adenosine. An increase in extracellular adenosine has the favorable consequences of
enhancing the anti-platelet (Sun et al., 2001) and vasodilatory effects of PDE3
inhibition and diminishing the positive inotropic effect of PDE3 inhibition (Wang et

25 al., 2001). The potential antagonistic effect of adenosine on the positive inotropy
caused by inhibition of PDE3 was demonstrated by the induction of a smaller increase
in cardiac contractility by cilostazol compared with milrinone (Cone et al., 1999), and
by the ability of an adenosine A, antagonist to increase the cardiotonic effect of
cilostazol in isolated rabbit hearts (Wang, Cone, Fong, Yoshitake, Kambayashi, and

30 Liu, 2001). In addition, adenosine has been implicated as an important local mediator



i nhibition and di mnishing the positive inotropic effect of PDE3 inhibition
(Wang et 25 al., 2001). The potential antagonistic effect of adenosi ne on
the posi twoasiosmer opy caused by inhibition of PDE3 was decwmrisvratsed by the
i nduction of a smaller increase in cardiac contractility by cilostazol
conpared Wi th mlrinone (Cone et al., 1%99) and by the ability of an
adenosi ne Al antagonist to increase the cardiotonic effect of cilostazol in
i sol ated rabbit hearts (Wang, Cone, Fong, Yoshitake, Kanbayashi, and 30
Liu, 2001). In addition, adenosine has been inplicated as an irrportant

| ocal medi ator WO 03/ 057222 PCT/ US02/ 41531 7 of the cardioprotection
(Downey et al., 1994), and has been shown to attenuate injuries from

i schem a and reperfusion in skeletal muscle and neurons (Wang et al.,
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bl ood flow yiyyiilsm&Es" EheSRApIRARS hACNENEHR AR tRe BGHbination of cilostazol and
15 a potent adenosine uptake inhibitor yields anti-platelet effects greater than those

~ which can be attributed to the additive effect of a PDE3 inhibitor or an adenosine
uptake inhibitor alone. Indeed, the combination produced a synergistic inhibition of
platelet function confirming the contribution of distinct mechanisms of action.
- Moreover, the combination has been found to reduce the positive inotropic effects of
20 cilostazol alone. In addition, the combination of low levels of cilostazol and
dipyridamole increases blood flow in the exercised gastrocnemius muscle and
improves the tissue flow recovery after a period of ischemia (whereas, each drug
alone does not change blood flow, significantly). Thus, the resulting combination
provides a safe and effective treatment for illnesses involving platelet aggregation and
25 vasoconstriction. These illnesses include PAOD (such as IC), stroke, and coronary
thrombosis. This combination can also be used to treat coronary restenosis due to the
inhibition of smooth muscle proliferation by cilostazol.
In addition to its beneficial action in IC, cilostazol has been shown to be
effective in the prevention of stroke recurrence (Gotoh et al., 2000). While it is not

30 known whether dipyridamole alone is effective, dipyridamole in combination with
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ot ake | nhi BICSRETRaRes °§ AhissP S te b eraty Hi Glos A ar R rBiEHEHeon o
i ntracel | ul Feletetls EHY¥AL Side Effecti Nnvention al so provi des a nethod of treating
PACD (such as IC), stroke, and coronary thronbosis and restenosis with the
conpositions to Inone embodiment of the invention, the composition comprises at least one
MPDEI and at least one adenosine uptake inhibitor in an amount capable of providing
15 synergistic inhibition of platelet aggregation. Another embodiment of the present
invention provides compositions comprising at least one MPDEI and at least one
adenosine uptake inhibitor in amounts capable of providing synergistic elevation of
intracellular cAMP levels. The invention also provides a method of treating PAOD
(such as IC), stroke, and coronary thrombosis and restenosis with the compositions to
20 achieve enhanced therapeutic potency and efficacy with less side effects than may
occur during treatment with either a PDE3 inhibitor or an adenosine uptake inhibitor
alone.
“PDES3 inhibitor” as used herein refers to an agent that is capable of inhibiting
or selectively reducing the activity of PDE type III. PDE3 inhibitor according to the
25 invention may be any known or yet to be discovered compound that inhibits PDE3.
Acceptable PDE3 inhibitors include the following: bipyridines such as milrinone and
amrinone; imidazolones such as piroximone and enoximone; imidazolines such as

imazodan and 5-methyl-imazodan; dihydropyridazinones such as indolidan and

LY181512; dihydroquinolinone compounds such as cilostamide, cilostazol and OPC
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inhibitors include those known compounds which have been shown to inhibit
adenosine transport, their analogs and derivatives, as well as other adenosine uptake
inhibitors which are yet to be identified. Acceptable adenosine uptake inhibitors

15 include the following: dipyridamole; propentofylline; dilazep; nitrobenzylthioinosine;
S-(4-nitrobenzyl)-6-thioguanosine; S-(4-nitrobenzyl)-6-thioinosine; iodohydroxy-
nitrobenzylthioinosine; mioflazine; and esters, amides and prodrugs thereof, and
pharmaceutically acceptable salts thereof.

The present invention relates to the treatment of PAOD (such as IC), stroke,

20 coronary thrombosis or other symptoms or illnesses characterized as resulting from
excessive platelet aggregation, or arterial occlusion, etc., and coronary restenosis
resulting from smooth muscle proliferation by administering a pharmaceutically
effective amount of a combination of at least one MPDETI and at least one adenosine
uptake inhibitor (i.e., the present pharmaceutical composition). As used herein,

25 pharmaceutically effective refers to an amount of an agent that is able to reduce the
rate of occurrence or severity of any of the symptoms or illnesses described above.
As is known by those of ordinary skill in this art, symptoms of the above include
discomfort or pain in affected limbs, and gangrene, etc. Overall, an efficacious
dosage of the pharmaceutical composition will cause reduction of PDE3 activity and

30 adenosine uptake in platelets and other blood cells, as well as vascular smooth muscle
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15 can vary within this range depending upon the dosage form employed and the route of
administration utilized. For any composition used in the method of the invention, the
therapeutically effective dose can be estimated initially from cell culture assays. A
dose may be formulated to achieve a circulating blood plasma concentration range as
determined in cell culture. When two or more compounds are to be administered,

20 either as a single formulation or as separate formulations, the dose(s) may be
formulated to achieve a molar ratio range between the two or more compounds in the
circulating blood plasma as determined in cell culture. For example, in one
embodiment of the present invention, a composition comprising cilostazol and
dipyridamole produces a blood concentration of about 0.3 uM to about 10 uM for

25 cilostazol and about 0.1 uM to about 3 uM for dipyridamole. In other embodiments,
a composition comprising cilostazol and dipyridamole produces a blood concentration
of 0.5 uM to 5 uM, or 1 uM to 3 pM, for cilostazol and 1 pM to 3 uM for
dipyridamole. Accordingly, in one embodiment of the present invention, a
composition comprising cilostazol and dipyridamole produces a

30 cilostazol:dipyridamole molar ratio in blood of about 0.1:1 to about 1:0.01. In other
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15 In addition, the dosages of the individual MPDEIs and adenosine uptake
inhibitors to be administered in the methods of the present invention will vary
depending upon, for example, the particular symptoms and illnesses to be treated, the
mode of administration, and the age, weight and sex of the patient to be treated.
Indeed, because individual patients may present a wide variation in severity of
20 symptoms and illnesses, and each drug has its unique therapeutic characteristics, the
precise mode of administration and dosages employed for each patient is left to the
discretion of the practitioner.
“Patient” as used herein refers to any person or non-human animal in need of
treatment for the above symptoms and illnesses, or to any subject for whom treatment
25 may be beneficial, including humans and non-human animals. Such non-human
animals to be treated include all domesticated and feral vertebrates, preferably, but not
limited to: mice, rats, rabbits, fish, birds, hamsters, dogs, cats, swine, sheep, horses,
cattle and non-human primates.

Pharmaceutical compositions according to the present invention comprise

30 formulations of active ingredients (that is, the combination of at least one MPDEI or
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Part 8: Pharmaceutical Preparations and their Manufacture) (incorporated herein by
15 - reference in its entirety). Such methods include the step of bringing into association
the active ingredients with the carrier which constitutes one or more accessory
ingredients. Such accessory ingredients include those conventional in the art, such as,
fillers, binders, diluents, disintegrants, lubricants, colorants, flavoring agents, and
wetting agents.
20 : Formulations suitable for oral administration may be presented as discrete
units such as pills; tablets or capsules each containing a predetermined amount of
active ingredients as a powder or granules or as a solution or suspension. The active
ingredients may also be present as a bolus or paste, or may be contained within
liposomes.
25 Formulations for rectal administration may be presented as a suppository or
enema.
For parenteral administration, suitable formulations include aqueous and non-

aqueous sterile injection. The formulations may be presented in unit-dose or multi-

dose containers, for example, sealed vials and ampules, and may be stored in a freeze
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intended to be limiting in any way.

Example 1
Cilostazol and Dipvridamole Synergistically Inhibit

15 the Agsregation of Human Washed Platelets In Vitro

Preparation of washed platelets

Peripheral blood samples were collected from ten healthy volunteers

(medication-free for at least 10 days) by a two-syringe technique using a 19G
butterfly needle. The procedure for drawing blood was approved by institutional

20 review committee according to the Helsinki convention. Nine volumes of blood were
directly collected into a syringe containing 1 volume of trisodium citrate (3.8%).
Platelet rich plasma (PRP) was collected following centrifugation at 150 x g for 15
minutes at room temperature. Washed platelet (WP) suspension was prepared from
citrated PRP by the citrate wash method as described previously in Cone et al. (Cone

25 et al., 1999a), incorporated herein by reference. Platelets were finally re-suspended in
Tyrode’s HEPES buffer (136.7 mM NaCl, 5.5 mM dextrose, 2.6 mM KCl, 13.8 mM
NaHCO3, 1 mM MgCl,, 0.36 mM NaH,PO,, and 10 mM HEPES; pH 7.4). Platelet

concentration was adjusted to 3.8 x 108 platelets/ml.



intended to be limting in any way. Exanple 1 C | ostazol and D pyridanol e
Synergistically Inhibit 15 the Aggregation of Human Washed Pl atelets In
Vitro Prwpasasizen of washed pl atel ets Peripheral bl ood saopluss2/swsse
collected fromten healthy volunteers (nedication-free for at |east 10
days) by a two-syringe techni que using 34196 butterfly needle. The
procedure for draw ng bl ood was approved by institutional 20 review
commttee according to the Hel sinki convention. N ne volunmes of blood were
directly collected into a syringe containing 1 volunme of trisodiumcitrate
(3.89. Platelet rich plasma (PRP) was collected follow ng centrifugation
at 150 x g for 15 mnutes at roomtenperature. Washed pl atel et (W)
suspensi on was prepared from citrated PRP by the citrate wash nethod as
descri bed prR¥érRnbiEs: Eongoidsal . (Cone 25 et al., 1999a), incorporated
herein by reference. Platelets were finally re-suspended in Tyrode's HEPES
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Det ecti on 038%5‘?@‘%‘# /21%@4& aggregation 10 Aggregation was quantified by

the change igdctighbor WadtPlssleib olaifh an AG 10 Aggregati on Anal yzer
(Kowa, Japan). Vashed platelets were maintained at room
10 Aggregation was quantified by the change in light transmission using an AG-

10 Aggregation Analyzer (Kowa, Japan). Washed platelets were maintained at room
temperature and the study was performed within 3 hours following blood collection.
Cilostazol was dissolved in DMSO and adenosine was dissolved in water.
Appropriate dilutions were made to obtain desired working concentrations while

15 maintaining the final concentration of DMSO at no more than 0.2%. The platelet
suspension (400 ul) was pipetted into an aggregation cuvette and allowed to incubate
with stirring at 1,000 rpm at 37°C for 1 minute. Drug or vehicle (DMSO) was then
added (0.4 pl) and incubated for another 3 minutes. When testing for synergism with
dipyridamole, dipyridamole (1, 3, and 10 pM) and 1 pM adenosine were added 1

20 minute following the addition of drug or DMSO so that the overall incubation time for
dipyridamole and adenosine was 2 minutes. Then, the suspension was stimulated
with 1-2 pg/ml collagen (Chrono-Log Corp., Havertown, PA). The overall time of
aggregation recorded was 15 minutes. Maximal light transmission values during the
last 11 minutes (after the addition of collagen) are presented as the percentage of

25 control aggregation (DMSO + ethanol + adenosine).

Cilostazol and dipyridamole synergistically inhibit the aggregation of washed

platelets
To study the synergistic effect of adenosine and cilostazol on the aggregation

of washed platelets, the amount of collagen was titrated for each individual donor in
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was reduced gfI oM Fh68Cs was shifted to 0.17 + 0.04 uM (p < 0.05), 0.11 + 0.66 pM (p <
0.05), and 0.01 + 0.01 uM (p < 0.005) in the presence of 1, 3, and 10 pM

15 dipyridamole, respectively (Table 1). The data indicate that combination of
dipyridamole and cilostazol exerted a synergistic effect on the inhibition of platelet
aggregation, rather than an additive effect.

Table 1
ICsp of Cilostazol on Platelet Aggregation
Cilostazol +Adenosine +Adenosine +Adenosine +Adenosine
1 uM) +Dipyridamole | +Dipyridamole | +Dipyridamole

(1 uM) 3 1M) (10 M)

2.66+0.41uM | 0.38+0.05uM | 0.17+0.04puM 0.11+0.06pM 0.0140.01uM
(@=6) (n=5) (n=5) (n=5) (@=5)
p<0.001 p<0.05 p<0.05 p<0.005
(\}s. w/o Ado) (vs. w/ Ado) (vs. w/Ado) (vs. w/Ado)
20

The synergistic effect of cilostazol and dipyridamole was reconfirmed using

washed platelets from five additional donors but this time, with focus on 30 and 100

nM cilostazol. Figure 3 shows the % inhibition of platelet aggregation compared with



0.41 Mto 0.38 0.05 M(p < 0.001, two-tails paired Student t-test).

D pyri danol e dose-dependently shifted the inhibitory curves of cil ostazol
wi th aderweiosesfzezther to the left. The 1C50 was shiftedpPCo/uBod41531 0. 04 M
(p <0.05, 0.11 + 0.66 M(p < 0.05), and 0.01 + 0.01 M(p < 0.005) in the
presence of 1, 3, and 10 M 15 dipyridanpe, respectively (Table 1). The
data indicate that conbination of dipyridanole and cilostazol exerted a
synergistic effect on the inhibition of platelet aggregation, rather than
an additive effect. Table 1 1C50 of G | ostazol on Pl atel et Aggregation

C | ostazol +Adenosi ne +Adenosi ne +Adenosi ne +Adenosine. (1 M

+Di pyri danol e +Di pyri danol e +Di pyridanole (1 M (3 M (10 M 2.66+0.41M
0. 38+0. 05M 0. 17+0. 04M 0. 11+0. 06M 0. 01+0. 01IM (n=6) (n=5) (n=5) (n=5) (n=5)
p<0. 001 p<Ocdfrop&®. dibgpaddedOBh¢nvkandd pMacitdstazokwasmdded ) thepsesengeado) (vs.
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PCT/ US02/ 41BBibitonseffeshpn slaskadplaeighageacratian alhe sonceaatisNestsd Gsguag 3l was

added in the presence of. .adenosin i I e and 10 .
Conpar &0 w T Dorirar or agBiGIRTANE ety ienBLALNARFIRE bl wh 250 o)
100 nM al ogsehad) Bthafitddnthé tFedof dipyhiihblersignifidaany (RiguieadhEdripdrat el et
aggregation at the concentrations tested (Figure 3 5 andg}@ .. Addi tion of
adenosi ne (qnlmceammwa&ﬁbweéfw@tthetﬁgd%zeéﬁéég%el\’lalwar!i'et%ﬂ% dhglarleq)

crbanced | DoSLLEEin by BRI S Al SO R Baa
ci | ost azol . be ddhéaved rith, thé bembinhiidyi ¢for yMedippddanodle 20d §00 aMpylostdznipinghon
pl at ellgt aggrrege%%te Io? Qde%ggllng, due to synergistic effect between the two compounds. Figure
4 shows the % inhibition of platelet aggregation compared to control when 1, 3 or 10
uM dipyridamole was added in the presence of 1uM adenosine and 30 or 100 nM
cilostazol. The combination of 30 or 100 nM cilostazol with 1 pM adenosine showed
significant differences from controls but not either alone. Addition of dipyridamole to
15 the combination at both cilostazol concentrations (30 and 100 nM) significantly
enhanced the inhibitory effect at all three concentrations. Again, the synergistic effect
between the two compounds can be illustrated in that the equivalent effect of 100 nM
cilostazol could be achieved by the combination of 30 nM cilostazol with 3 pM
dipyridamole, in the presence of adenosine. As expected, the combination of
20 cilostazol with dipyridamole without adenosine had no effect on washed platelet
aggregation (data not shown), suggesting that adenosine is the mediator of the
synergistic effect between cilostazol and dipyridamole. Therefore, these experiments
clearly demonstrated that the combination of cilostazol and dipyridamole
synergistically inhibits platelet aggregation. This would allow the use of much lower
25 concentrations of each agent in combination to achieve the same efficacy as that
obtained with higher concentrations of each agent used alone. The synergistic effect

was believed to be due to enhanced elevation of intracellular cAMP levels, as

demonstrated below.
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vol une was eac experi nmen
centrifuged at 20,000 x g for 15 min at 4°C. The resulting supernatants were collected

and diluted with acetate buffer provided with the kit. The cAMP concentration was
measured in duplicates using a cAMP radioimmunoassay kit (NEK-033, NEN Life
15 Science, Boston, MA).

Establishment of CHO cells expressing human adenosine A, receptor

Total RNA was extracted from fresh human platelets and 5 pg were
reverse-transcribed into cDNA and used as a template for the polymerase chain
reaction (PCR). Specific primers with a Kozak sequence (CCCACC) for adenosine

20 A, receptor were designed (forward primer: 5°-
CCCACCATGCCCATCATGGGCT-3’, reverse primer: 5’-
TCAGGACACTCCTGCTCC-3’) and synthesized by Life Technologies (Rockville,
MD). Using these primers, full coding regions were amplified by PCR and further
recombined into the cloning vector, pCR2.1(Invitrogen, Carlsbad, CA). The DNA

25 sequence of the insert was confirmed before inserted into the mammalian expression
vector, pcDNA3.1+ (Invitrogen). An expression vector (pCRE-Luc) containing a
cAMP-response element (CRE) in the promoter region, which drives the expression
of luciferase, was purchased from Stratagene (La Jolla, CA). The level of luciferase
expression reflects the concentration of intracellular cAMP. It 1s known that

30 adenosine Aja receptor is coupled to G; proteins (Huttemann et al., 1984). Therefore,
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~ adenosine A%% X) l%&g and then'ticubated with 100 ul of the medium only (basal) or medium plus
test agents for 4 hours at 37°C. After equilibrating to room temperature, 100ul of

) and

15 detection substrate (Bright-Glo™ luciferase assay system, Promega, Madison, W)
were added to each well. The luciferase activity was measured after 5 minutes using a
Mediators PhL luminescence plate reader (ImmTech, New Windsor, MD). The value
of luminescence (arbitrary unit) detected during half a second was taken as luciferase
activity.

20 Cilostazol and dipyridamole synergistically enhance the intracellular levels of cAMP

The effect of dipyridamole and cilostazol on intracellular cAMP concentration

was first studied in PRP. As shown in Figure 5A and 5B, in the presence of 0.3 or 1
uM adenosine, dipyridamole (3 pM) in combination with cilostazol (3 pM) further
increased intra-platelet cAMP levels, when compared with either alone (n = 2 of

25 duplicate assays). Because of the low basal cAMP levels in platelets, we established a
luciferase assay in CHO cells which over-expressed the human platelet adenosine Aja
receptor. The amount of luciferase activity reflects intracellular cAMP levels. The
inhibitory effect of dipyridamole on adenosine uptake was similar in platelets and

erythrocytes. Figure 6 shows the effect of dipyridamole on luciferase activity in the



determ ned by |uciferase expression under the stinulation of adenosine.
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cl ear bottom (Com ng Costar Co., Canbri (iige, MA). The next day, the cells
were washed once with F1 2K nmedi um supplénented with 0.5% FCS and t hen

i ncubated with 100 pl of the nediumonly (basal) or mediumplus test
agents for 4 hours at 37C. After equilibrating to roomtenperature, 100l of
15 detection substrate (Bright-G oTM | uciferase assay system Pronega,

Madi son, W) were added to each well. The luciferase activity was neasured
after 5 mnutes using a Mediators PhL | um nescence plate reader (I nmflech,
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i ndependent experinments). As shown r‘n—&f%m' 6 and 7, 1 and 3 Mcil ostazol
synergistically 5 el evat e@ilbstazdl énlsibits ted Uptake qudehesmeesence of

di ri danol e, even in the absence of
Py Assay for adenosﬂle uptake into washed platelets and erythrocytes

Washed erythrocytes (WRBC) were prepared as follows. After initial

15 centrifugation and removal of PRP and buffy coat, 100 ul of the red pellet portion
were diluted into 12 ml PBS containing calcium and magnesium. RBC were spun at
150 x g for 5 min. After one more wash with PBS, the pellet was resuspended in PBS
to 1 x 108 RBC/ml. Adenosine uptake experiments were performed according to the
method described previously (Liu, Fong, Cone, Wang, Yoshitake, and Kambayashi,

20 2000). 100 ul WP or wRBC were incubated with 50 ul of cilostazol or milrinone at
37°C for 5 min. Then, 50 pl of 1 uCi of [*H]-adenosine (Amersham Pharmacia,
Piscataway, NJ), 1 uM adenosine, and 25 uM erythro-9-(2-hydroxy-3-
nonyl)adenosiﬁe (EHNA, final concentration, Sigma Chemical) was added, followed
by 200 pl oil (dibutyl phthalate : dioctyl phthalate =1 : 1, Aldrich) and then incubated

25 for 1 min. The cells were separated from free adenosine in the water phase by
centrifugation at 16,000 x g for 2 min. After removing the oil and water phases, the
radioactivity of the cell pellet was measured using a -liquid scintillation counter

(1209 Rackbeta, LKB, Turku, Finland).



adenosine in the case of 3 Mcilostazol. D pyridanol e dose-dependently
enhanced the effect of cilostazol in the range of 0.5 Mto 10 M peaki ng
at about WwWoOMB/os2Erall, these studies establish that cil ogrcaamsh2/arsel

di pyridanol e act synergistically to enhance the intracellular
concentration of cAWMP, and they provide,a Iikely 10 nechani sm by which
these agents synergistically inhibit platelet aggregation. Exanple 3
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of about 7 n=>53). e potency of cilostazol on the uptake inhibition
is simlar tophtttyaidegthragytest whbile milrinone had no effect (data not shown).

Example 4
Cilostazol and Dipyridamole Synergistically Inhibit the Aggregation

15 of Platelets in Human Whole Blood In Vitro

Preparation of whole blood

Peripheral blood samples were collected from ten healthy volunteers
(medication-free for at least 10 days) by a two-syringe technique using a syringe
containing 4 pl of hirudin (250 U/ul)/10ml of blood.

20 Whole blood platelet aggregation study

Blood samples were diluted 1:1 with physiological saline and tests were
performed using a Chrono-Log Whole Blood Aggregometer with a stirring rate of
1000 rpm. At the start, a stirring bar was dropped into a plastic cuvette followed by
the addition of 1 ml diluted whole blood. The electrodes were then placed in the
25 cuvette and the sample was allowed to incubate at 37°C while the instrument was

calibrated. Cilostazol and ZM241385 were dissolved in DMSO to a stock

* concentration of 100 mM. Dipyridamole was diluted in ethanol (EtOH) to a stock
concentration of 100 mM. Further dilutions were made so that the appropriate testing

concentration of cilostazol (10 pM and 30 uM, because of the binding property of



previ ously on rabbit cardi ac nyocytes, human vascul ar snmoot h nuscl e, and
endot helial cells (5 - 10 M (Liu, Fong, Cone, Wang, Yoshitake, and
KanbayaswQ 0388020) . In contrast, mlrinone had virtually maTafSheetsapn
adenosi ne uptake by platelets or erythrocytes. CHO cells over-expressing
functional human A2A receptors were 10 ed to further confirmthe role of
cilostazol in inhibiting the adenosi ne uptake. G lostazol inhibited

[ 3H] adenosi ne uptake into these CHO cells with simlar potency to

pl atel ets and erythrocytes, while mlrinone had no effect (data not shown).
Example 4 C |l ostazol and Dipyridanole Synergistically Inhibit the
Aggregation 15 of Platelets in Human Wiol e Blood In Vitro Preparation of
whol e bl ood Peri pheral bl ood sanples were collected fromten healthy

vol unt eers cﬁlﬁﬁdiaia(bbmilfx) dipytidamale (Oea@sB 116r IiaMQ) arlalyZ Ml 24 V&85O 11i g

t echni que usi Ug S%téi nge cont ai ni ng hirudin (250 U/ 1)/10m of

bl ood. 20 W¥HIHd Be af@ng éﬁthépétideélgtar‘%hml SBWBW&}OC@ d%tagéa%%%evo@r% di | ut ed

1:1 with phyaﬁu&l o ﬁﬁbmé@“?ﬁs@&% e $ins1 e&e&mamgﬁfo@gggsﬂo%dﬁ&e% (Qr ono- Log

Whol e Bl ood Aggr egonet er a stirring rate o m At t e start, a
stirring baro. ?/%sThErmspfaﬂlanm;ﬁs allopled sd mculmﬂwﬁirﬂemfnotelsm&ude tollagehwasaddi tion

of 1 m_dilut ol e bl ood. The el ectr.ode re t cdlnte25
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concentrati of 1 yri danmo luted in ethanol (EtOH to a
stock concehpyralainote (dful‘_swk)rwas Fided Hemndtel afiter tresddigion OIf‘Ed@St@OI tloestee t he

appropri at e estl n il a because
of the bindit @reaﬁra%sﬁ @ §Fhs %’% 832“2‘3 @%é%?ﬁ% fri]g%qs Ppttuger s
protein), digeydre qﬂzrﬂaﬁﬁ]oﬁQ}flhe &ugs. Chbliagendvid addadd ndiYered 38& thdadditMdn ooul d be
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col | agen was
observed for 11 minutes with maximal amplitude used for data presentation. To test

whether lower concentrations of cilostazol can also synergize with dipyridamole to
inhibit platelet aggregation in whole-blood, we stimulated platelets with slightly lower

15 concentrations of collagen (0.1 or 0.3 ng/ml) that produce less potent aggregation but
are more relevant to conditions in patients. Different combinations of cilostazol (0.3,
0.7, 1 and 3 uM) and dipyridamole (1 and 3 pM) were examined. Data are expressed
as percent of the values detected in the absence of any inhibition.

Measurement of adenosine concentration in plasma

20 Blood was drawn and mixed with recombinant human huridin (100 U/m]).
The same procedure for platelet aggregation was used to stimulate these platelets with
collagen (2 pg/ml). After a S-minute incubation, 500 pul of WB were mixed quickly
with 500 pl of ice-cold saline. The cells were spun at 20,000 x g for 4 minutes at 4°C.
Supernatant (600 pl) was first mixed with 300 ul PCA (2.5 N) and then neutralized

25 with 300 pl of KHCO; (2.5 M). Finally, the mixture was centrifuged at 20,000 x g for
15 minutes at 4°C. The adenosine concentration in the supernatants was measured
using reverse-phase high performance liquid chromatography (HPLC, Waters
Alliance 2690) with a Hypersil 3p C;g column (150mm x 4.6mm) and a gradient from
5 to 20 % methanol in 20 mM KH,PQO,. Adenosine was detected using a diode array



5 added. The col |l agen concentration used in this study was 0.5 gg/n,
determ ned by prelimnary screening. To test the synergi sm between

ci | ost azovoandsdepyri danol e, dipyridanole (1 gl stock) waesTasdedisit m nute
after the addition of cilostazol. To see the reverse effects of these
drugs, 0.1 gMof ZM241385 (1 |) was added 1 minute before the addition of
the drugs. Coll agen was added 3 m nutes after the addition of 10 drugs, so
t he ZM241385 was allowed to incubate for a total of 4 minutes, cil ostazol
or DWMSO 3 mnutes, and dipyridanole 2 mnutes. After stinulation, the
anplitude was observed for 11 mnutes with maxi mal anplitude used for data
presentation. To test whether |ower concentrations of cilostazol can also
synergize with dipyridanole to inhibit platelet aggregation in

whol e- bl ood dewetost‘WmdraQé)jwphaﬁellmirbanu thangé aglHi8inm hmd\qnanlﬂﬁedbycent rations

f |1 0.1 0.3 h | b
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exam ned. Data are expressed as percent the val ues detected in the
absence of anftwarhi bition. Measurenent of adenosine concentration in plasma
20 Blonsgwa dr awn andfm] ' [
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blood

15 As observed above, it is not necessary to add any exogenous adenosine to this

assay because large amounts of adenosine can be generated during platelet activation.
In whole blood, experiments have shown that cilostazol (10 or 30 uM) or
dipyridamole (0.1, 0.3, 1 or 3 uM) alone did not have a significant effect on platelet
aggregation (Figure 10). However, the combination of 10 uM cilostazol and 3 uM

20 dipyridamole significantly inhibited platelet aggregation (from 98.9 + 2.0% for 10 pM
cilostazol alone and 97.9 + 0.7% for 3 uM dipyridamole alone to 74.8 + 6.2%, n = 3§,
p < 0.005, Figure 10A). Clearer demonstration was seen with the combination of 30
uM cilostazol with dipyridamole at even lower concentrations (n = 5 to 14, Figure
10B). The synergistic effect was dose-dependent for both cilostazol and dipyridamole.

25 Additionally, in the presence of the ZM241385 (0.1 uM), a selective adenosine Aza
receptor antagonist, the synergistic effect of dipyridamole and cilostazol reverted back
to the basal level of cilostazol alone (n = 8), suggesting that the synergistic effect was

mediated by the accumulation of adenosine in the plasma.



software. 5 Large anounts of adenosine are generated in whole bl ood during
pl atel et activation Using HPLC, adenosine concentrations in the

ext racel lwbas/oseadi um of whol e bl ood were measured 5 m nutP€3/Ush2/€1531
stinmulating with 2 g/m collagen. As showmn in Figure 9, a |arge anount of
adenosi ne (3152 + 428 nM conpared to bagal 240 + 53 nM n = 5) was
generated in whole blood after collagen stinulation, probably due to 10 the
degradati on of released ATP and ADP from activated platelets. In the
presence of dipyridamole (1 M, platelet aggregation was not affected, but
adenosine levels increased significantly further to 5916 + 641 nM(n = 3).
Cilostazol and dip ids r~istgically inhibit platelet aggregation in whole
bl ood 15 As observed above, it is not necessary to add any exogenous
adenosi ne to thi sSWherwhyleihbwalaggrdgatigewasimdntes f0. hdefdsighel etoollogen,
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concentrations (n to 14, Figure The synergi stic effect was
dose- dependeinMyrfdamolKnldme(zt tlese amnjenaattbnmdpynotatamlwy sigdificadtimhibomnad. | y, in
the presence of the zZM241385 (0.1 M, a_sel ective adenosi ne A2A receptor
ant agoni st, the synergistic effect of dgé@ﬂﬂgégnle and cil ostazol reverted
back to the basal ('Jii‘dé@izopﬁn&bhlgm&a?xﬁ&le@'yﬁ@ﬁ‘glsft&aﬂy EhhibRUBe Ao atioRat the
synergistic effect was nedi at by the accumul ati on of aden05|ne in the
pl asmal0 WO 03/ 057222 PCT/ USoPPlatelets in Hinpe NWWie Bdodsl Bodieygr egat i on was

i nduced by ok QA3 of collagen, we observed that conbi nation of

ci |l ost azol 3 [LM and dipyridanole (1 or 3 M
significantly inhi bhd pednoldl apenl label a@gi@gal, icesssqver guide whi Xesigod to test

whether a synergistic effect of cilostazol and dipyridamole on inhibition of platelet
aggregation can be observed at clinically relevant doses in healthly volunteers. Six

15 subjects received one 100 mg tablet of cilostazol (Pletal®) on study day one. On study
day 4, subjects received one 200 mg tablet of dipyridamole. On study day 6, these
subjects received the cilostazol and dipyridamole combination.

Whole blood platelet aggregation

Prior to, and 2 and 4 hours after dosing, 5 ml of blood were drawn into a

20 syringe containing 10 U/ml of fractionated heparin. Blood samples were then diluted
with physiological saline and platelet aggregation was measured using a Chrono-Log
Whole Blood Aggregometer with a stirring rate of 1000 rpm. The platelet
aggregation was induced by the addition of collagen (final concentration of 0.3 pg/ml,
Nycomed Arzneimittel, Munchen, Germany). The percentage aggregation was

25 recorded at each time point. To compare the effect of drug treatments, the
aggregation at 2-hour and 4-hour is normalized as a percentage to the values prior to

dosing.



exanple, a conbination of 0.7 gMcilostazol and 3 gM di pyri danol e i nhi bited
5 platelet aggregation by 5711% and a conbination of 1 gMcilostazol and 3
gM di pyrwoanmosz21 nhi bi ted pl atel et aggregati on by 7211% @pTAIS0D41531

Ci | ostazol or dipyridanole alone at these concentrations did not cause any
significant inhibition. Exanple 5 G Ios&gzol and Di pyri danol e
Synergistically Inhibit the Aggregation® 10 of Platelets in Human Whol e

Bl ood Ex Vivo Design of clinical study A one-period, open |abel,

sequential, crossover study was designed to test whether a synergistic
effect of cilostazol and dipyridanole on inhibition of platelet

aggregation can be observed at clinically rel evant doses in healthly

vol unteers. Six 15 subjects received one 100 ng tablet of cil ostazol

(Pl etal (1)) TH8 cohbiti Sy, QRetazéMiind diyidakiale symergitbib&B1 ihibéiceivivedvissie 200 ng
tabl et of dipyridanole. On study day 6, these subjects received the

cil ostazol hleed@iatgles aggragaboonbi nati on. Wiol e bl ood pl atel et aggregati on
Prior to, and 2 - ' - r into a
20 syringe cont a?ﬁ?ﬁé&o?%ﬂ{feﬁ L%@?&Z%%@%dr}e# %%rhdg{ogﬂrggﬁgr%%ﬁglggnp eﬂs wer e

t hen di | ut ed0o wigtib alpdy 21 Mo Basal orsgbvioes paimptadisdtietdatagthreddatd on was
measured using a Chrono-Log Whol e Bl Aggr.egoneter. Wt stirring rate
of 1008 r pnforAgatrHiR | diryridamglecti4r fiwﬁg-%agrsmﬁ%é élagWO@fh%p 2AhdpeicHses

col I agen (f Lﬂqt"l’lle r&%@%@@t Mt BQAuEY there3s IH dHremeNVBP TBAiMEiEH 8F Blobl Rlith Munchen,
Germany). The percentage aggregation was 25 recorded at each tinme point. To
conpar e t hesafrfeactordingdo the A ggagomeettrsnanifecturay g imstractians, the effe¢togrdragd

4-hour is nornmalized as_.a percentage to the values prior .to 0sj pg. WO
03/ 057222 PESICERBSIME B TE By el e BT ageRegation S5pY arq SUmAlsg o 8?‘.3”@1 ﬁ% i danol e
syner gi sti CafjdstaoNidi Pl\/ﬁibr\diﬁygidmgiee Addxpeded/adiRb&toRamtifiBat ielthdihe bl ood
concentration of cilostazol at 2- and 4-hours after a single dose of 100

ng i s l@bout citostazoBasredip widapiode dlone inpitatedpbasdpiraeeragaten €igyrrd2)h| ood

However, platelet aggregation is inhibited by 45% at 4-hours after subjects were

treated with the combination of cilostazol and dipyridamole (p<0.001 vs. prior
dosing). These results are very similar to the data obtained in the in vitro whole blood
aggregation studies described in Example 4.

15 Example 6
Dipyridamole Counteracts the Potentially Deleterious Effects

of Cilostazol on Cardiac Function

Surgical preparations

This study was conducted in accordance with the “Guide for the Care And Use

20 of Laboratory Animals”, published by the National Research Council, 1996,
Washington DC, and approved by the Institutional Animal Care and Use Committee
of Otsuka Maryland Research Institute, LLC. Male rabbits (New Zealand White),
weighing 2 - 2.5 kg, were anaesthetized with intravenous pentobarbital (30 mg/kg)
through a marginal ear vein. A tracheotomy was performed and the animals were

25 intubated. Ventilation was with room air supplemented with 100% O, via a Harvard
small animal ventilator. The respiratory rate was adjusted to keep arterial blood PO,,
PCO; and pH in the physiological range. Body temperature was maintained near
38°C with a heating blanket. Hearts were exposed through a mid-line incision of the

chest, and quickly excised by an incision at the base of the heart and put into ice-cold



5 concentration of dipyridanole at 2- and 4-hours after a single dose of
200 ng is also in the range of 2 M Because there is a requirenent for 1:1
di lution wbobbsdmez with saline according to the Aggregonerer/usanufsact urer' s
instructions, the effective drug concentrations in the ex vivo platel et
aggregation assay are estimated to be 1 Mfor <cilostazol and 1 gMfor

di pyri danole. As expected, at these con@éntrations, neither 10 cil ostazol
nor di pyri danol e al one inhibited platelet aggregation (Figure 12). However,
pl atel et aggregation is inhibited by 45% at 4-hours after subjects were
treated with the conbination of cilostazol and dipyridanole (p<0.001 vs.
prior dosing). These results are very simlar to the data obtained in the
in vitro whole blood aggregation studies described in Exanple 4. 15

Exanpl e 6 Digpysd daiielen viomynalcarirter.t e RAenid bl Midogbeloas Laigenddiffect s of
Gl ostazol on Cardiac Function Surgical preparations This study was

conduct ed i appezatos tpfeaonicrieot, hed p@filsga wWidrnonkreciGaraingddebsHensetpitof
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pent obar bi t ahy(id0gieal HY]7.33-hddugherfusaigriemperitueeyasmpwmtained 3t 38Heby 8y was
perfornmed and the animls were 25 ig&#z%jgd' Ventilati,on was wth roomair
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t he physiol ogi cal range. Body tenperature was naintained near 38C with a
heat i ng bl anjet toplddahet jsckoewes exyzoskwith apoagglof garafilin k9 meintaie thei hamidity t he

chest, and qui,ckl xci sed by an _incision t he .base -of 1 he and put
into ice- co%ﬁé1 W%ﬁﬁb@? 3‘;5 pb@‘)"@@b?%%?[@?fngé@ rl@“é @ﬁé%éeeqogt?% %?@%‘Cf bonat e
buf f eryg The chaffitedRs chbi@fingtbRaRGEMGerR ah@RgeDevaff flova pRanbsiserhyntt he
aortic root, and perfused wth non-recirculating Krebs-Henseleit buffer at

a constant pridssgrduastd cpdindergh satis-fPladriaiexn ballogas conmspicd y1a4 ¢abedesdp 62
pressure transducer, was inserted into the left ventricle and inflated to yield an end-
diastolic pressure of 0 - 5 mmHg. The pressure transducer was connected to a Grass
Chart Recorder (Model 7) to record left ventricular pressure and its first derivative

15 (dp/dt), and heart rate. Hearts with left ventricular developing pressure less than 85
mmHg at the end of the 15-min équi]ibrium period were not included in the study.

Cardiac function measurements

The cardiac function indexes measured were LVDP (left ventricular developed

pressure), dp/dtmax (the maximal value of the first derivative of the LVDP), heart rate,
20 and coronary flow. The experimental protocol is shown in Figure 13. After a 15-min

equilibrium, hearts were treated with cilostazol for 5 min, followed by 5 min of

cilostazol and dipyridamole. After 10 min of drug-free perfusion, hearts were treated

for 5 min with dipyridamole. Measurements for cardiac function were taken at the end

of each 5 min drug treatment. The effect of drug treatment is expressed as the percent
25 change of values before and after each drug treatment:

% Change from Baseline

= [(Value after drug-Value before drug)/Value before drug] x 100



and 5% CO2 gas mi xture, and the bubbling rate was adjusted to maintain 5
physi ol ogi cal pH (7.35-7.45). Perfusate tenperature was mai ntai ned at 38C
by a cirwoleawsg2 wat er jacket surroundi ng the buffer resecraisog4isThe heart
was also maintained at 38C via a water jacketed housing in which it was
suspended. The open top of the jacket ﬁgs covered with a piece of parafilm
to maintain the humdity and tenperatu The pul nonary artery around the
right side of the aortic root was 10 cannul ated for collecting coronary
effluent and for coronary now rate neasurenment w th a graduated cylinder.
A saline-filled | atex balloon, connected via a catheter to a pressure
transducer, was inserted into the left ventricle and inflated to yield an
end- diastolic pressure of 0 - 5 mmHg. The pressure transducer was
connect ed t Gtaistc@ATHaly§Bart Recorder (Mddel 7) to record left ventricular
pressure and its first derivative 15 &gé/dt . and heart rate. Hearts with
left ventricul ar ri%aleqpesseicpeemsar & SEM s A paisd 8535t watpsedito Aefectdhel of t he
15-m n equi l iac function
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ventri cul ar Dipyedoapsed conntasas cid)stazopirdiungkinttehses mnaxardmb cmtagehtyfankihe first
derivative of the LVDP), heart rate, 20 and coronary flow The

experi rﬁantal-@?-éi—%col is showmn in Figure 13. After a 15-min equilibrium
hearts were treatﬁ%l%stﬁucﬁég 1@§éa@&pt|hatf &foséz@f'lﬁs nf iRk 2P WEECtDPY¥n SarfilaB Of

cil ostazol and dipyridanole. After 10 mn of drug-free perfusion, hearts
wer e treat edundtion ab concantnations delpyr I gl leas aldpdsem simmtthaﬁcbpyrmrrmlars a
function were taken at the end of each 5 min drug treatnment. The effect of

drug treat mosry pPeertapd e§ediye adenasmegipizksinhibsey & ganrsatraons Af idsodetMr e and
ft h
Gt ug. Vel v Aferbter e e i SRS Syl SO By Bk 6F 1. 5

PCT/ USQR/ 41534 10268V, Sdatipysidaspdle @natitstiondef @3ar,enp8esdent ed as mean SEM A
paired t-test was used to detect the significance (p < 0.05) (Signma Stat
2.0, Jandel Cor po‘k%mp@ﬁed Sapyridamedd at OGA)! or[3 Wralmﬂm@wm’@@nheﬁf@ct on

cil ostazol -i nd i ncreases in cardl talit
car 1ac unction. However, cilostazol &3 of % pﬁfmgmﬁc%tﬁl increased cardiac

contractility, heart rate and coronary flow. Dipyridamole at 0.3, 1 or 3 uM
significantly reduced the cilostazol-induced increase of cardiac contractility (Figure
15 14A) and heart rate (Figure 14B). Dipyridamole at 1 and 3 uM also augmented the
cilostazol (10 uM)-induced increase in coronary flow (Figure 14C). In conclusion,
this study suggests that dipyridamole may counteract the potential deleterious effects
of cilostazol on cardiac function.
Example 7
20 Combination of Low Levels of Cilostazol and Dipyridamole
Increases Blood Flow in Gastrocnemius Muscle During Exercise and
Improves Blood Flow Recovery After Ischemia
This Example demonstrates that the administration of a combination of
cilostazol and dipyridamole increases blood supply to exercised skeletal muscle and
25 improves flow recovery after a period of ischemia in vivo. The hindlimbs of rabbits
were prepared for drug infusion, stimulation of the limbs to mimic exercise, and blood

flow measurement as described below.



5 heart rate Previous studies revealed that cilostazol has mninmal effects
on cardiac function at concentrations below |l M It has al so been shown

t hat di pywodansi2ze2is a very potent and effective adenosi RETUSVAKES31

i nhibitor at concentrations of 0.3 to 1 M Therefore, these experinents
were perforned using cilostazol concentrations of 1, 3 10 and 10 M and

di pyri danol e concentrations of 0.3, 1, 4hd 3 M As expect ed, dipyridanole
at 0.3, 1 or 3 Malone had no significant effect on cardiac function.
However, cilostazol at 3 or 10 Msignificantly increased cardiac
contractility, heart rate and coronary flow. Dipyridanole at 0.3, 1 or 3 M
significantly reduced the cil ostazol -i nduced increase of cardiac
contractility (Figure 15 14A) and heart rate (Figure 14B). Di pyridanole at
1 and 3 M akgQiavprBRteend he cilostazol (10 M-induced increase in
coronary flow (Figure I4C). In conclusion, this study suggests that
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i ntravenous pe bi t.al . i A
tracheot orryc%e(igg1 %13?11’ ik Erjrgagwg%gd %gggrﬁ %mE@H%@ei{?ﬁ%ﬂ%@?éﬁ&g%ﬂH&g)i on was
‘W t h 50r oomiasursdpitl spdemfusion of flbord 62 Mk reosphe@s.HEhe/Aglet canaid| arteny wasé

ventil ator. BodY
cannulat

ed for arterial blood pressure measurement. The femoral arteries of both
hindlimbs were exposed through a longitudinal skin incision in the medium thigh that
extended from the inguinal ligament to the stifle. Arterial occlusion was realized with
an artery clamp, and reperfusion was performed by removal of the clamp. To

15 stimulate the muscle contraction, a pair of electrodes was placed on the sciatic nerve
of the left hindlimb and the connected to a Grass SD9 stimulator. The stimulation
was produced with an 8 ms square pulse of supramaximal 10 V at 1 Hz. The
hindlimbs were positioned to a 90° degree with the thigh. The contralateral hindlimb
served as a control and was not stimulated.

20 Regional blood flow determination

The blood flow was measured using fluorescent microspheres according to the
“Manual for Using Fluorescent Microspheres to Measure Organ Perfusion”
(Fluorescent Microsphere Resource Center, University of Washington, Seattle, WA).
Fluorescent-labeled polystyrene microspheres (15 pm diameter) in blue-green,

25 yellow-green, orange, red and crimson were purchased form Molecular probes
(Eugene, OR). Half million per kg of body weight of each colored microsphere were
injected into the left ventricle through the catheter in 20 seconds. Simultaneously, a
blood sample was withdrawn from the right carotid artery at 2.5ml/min for 2 min,

starting 30 seconds before the injection of microspheres. At the end, the rabbit was



tenperature was nai ntained near 38C with a heating bl anket. The jugul ar
vein was cannul ated for additional anesthesia and drug adm nistration. A
M Il ar prweansr221ransducer (Ml ler Instrunents, Houston) partusot/unsen ( 4F)
was inserted into the left <carotid artery and advanced to the |eft
ventricle for left ventricular pressure_(LVP) 10 nmeasurenent and i nfusion
of fluorescent m crospheres. The right 2&rotid artery was cannul ated for
arterial blood pressure neasurenment. The fenoral arteries of both

hi ndl i ntbs were exposed through a |ongitudinal skin incision in the nmedium
thigh that extended fromthe inguinal liganent to the stifle. Arterial
occlusion was realized with an artery clanp, and reperfusion was perforned
by renoval of the clanp. To 15 stinulate the nuscle contraction, a pair of
el ectrodes y@ag.RbaCGHh 8 MTethdl 8oSCh FehfobaMittBsodaim (R gald). Mg sampland t he
connected to a Grass SD9 stinulator. The stimulation was produced with an
8 ms squar e(gboliskg edch pigseawenitaken fiomn thedeft yenpiculahiee whihdhe kidgexauap
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positioned to a 90 degree W th.t thi.gh. Fhe contr Lndlai
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according to the "Manual for Using Fluorescent Mcrospheres to Measure
Or gan I5erfuwlfbra'spef(tmﬂmf@%@@rr@w&d%ﬂ@@&%ﬁrd@c’@éﬁ%oé‘rN“‘JHPV@Y)si ty of
Vashi ngton, rpeat Ll e 1A ﬂow'z\léééocraﬁ%?a%u by HRSlAHaQE¥RNYE ARG J%}ﬁfﬁpﬁ]ﬂr es (15
m di anet er) miﬁue-green, 25 yell owgreeen, orange, red and crinson were
purchased f expredved ecmil/atinpodpes (Eugene, OR). Half mllion per kg of body
wei ght of each colored mcrosphere were injected into the left ventricle
t hrough t heExberHBenial nrotoeels seconds. Simul taneously, a bl ood sanpl e was

Wi thdrawn from thge Eihg%u&@g@mecéx?éﬁxﬁém i@gho%wﬁm#@re 150Ki@y Hifutes &fiedr ti ng

30 seconds before the injection of mcrospheres. At the end, the rabbit was
WO 03/1057 22 theROTgi tiSPRepatahiad, andBale wehadivided iniotfhuragrbenstral rekpsiedgither

ent obar bi t al, .sodi um (100ny/ L. Ti e sa bpout eagh piece) were
Ito aken from¥ F\'@Clleg?qm’i? rﬁrl"‘irzgml%’g‘%anlopk’igu%ﬁtésﬁopmn%%ﬁge@&u%hoglov"teﬁgypl )
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t ubes and processed for digestion and fluorinmetry. The fluorescence was
measur ed (Cil+Dip). The drug infusion protocol was determined previously and produced blood

concentrations of about 1 uM cilostazol and about 1 pM dipyridamole. Sixty minutes
15 after the surgery, injection of vehicle or the drug combination was initiated. After 20
minutes, the gastrocnemius muscle of the left hindlimb was stimulated throughout the
rest of the experiment. Twenty minutes after the stimulation (40 minute time point in
Figure 15), the left femoral artery was clamped for 20 minutes to induce ischemia and
then released to allow reperfusion. The regional blood flow was determined by the
20 injection at 0, 20, 40, 60, and 80 minutes of blue-green, yellow-green, orange, red and
crimson fluorescent microspheres.
Statistics
Data are presented as meantSEM. P<0.05 was taken as the level of statistical
significance (Sigma Stat 2.0, Jandel Corporation, San Rafael, CA). The data were
25 analyzed by a two-way (group and time as variances) ANOVA (analysis of variance)
with repeated measurements followed by a post hoc Student-Newman-Keuls test.

Combination of low levels of cilostazol and dipyridamole increases blood flow in

exercised muscle and improves flow recovery after ischemia

The administration of a combination of cilostazol and dipyridamole did not

30 significantly alter the blood flow of resting gastrocnemius muscle. While stimulation



5 wth a spectrofluoroneter (Fluomax-2, Instrunents S. A, Inc, Edison, New
Jersey). The regional blood flow was cal cul ated by the standard reference
fl ow t echwoga®s72and expressed as nl/m n/ 100g. Experi nment aicTarsot/esel s The
time course of the experiment is shown in Figure 15. Sixty mnutes after
10 the surgical preparation, aninmals were divided into four groups and
received either vehicle (control) or a28onbi nation of cil ostazol

(0.225nmg/ kg bolus followed by 0.0175nmg/ kg/ min intravenously) and

di pyridanole (20 g/kg/ mn intravenously) (G| +D p). The drug infusion
protocol was determ ned previously and produced bl ood concentrations of
about 1 Mcilostazol and about 1 Mdipyridanole. Sixty mnutes 15 after the
surgery, injection of vehicle or the drug conmbination was initiated. After

20 - m nut es o1 Gdp i BIbS IS € ﬁle%fagl_t}&ﬁellnﬁfs_tmﬂcﬁqh 'betPl g’f@l?%szme”m at ed
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0, 20, 40, GQate@ffhs80 18564t Bhid] 00818 HREDMNRIHLAWreY-gedled ALSAIgEe, red and
crinmson fluorescent mcrospheres. Statistics Data are presented as

meanSERl  P<p<085)dsgurakén T dombinatipe|dreg-treated ingsdle aliso had gpighificantde (Si gma
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Conbi nation of 'l ow l'evel s of cil ostazol and dligg ridanol e i ncreases_ bl ood
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sti muligt i oniseleid/ 057222 PCT/ US02/ 41531 29 significantly increased bl ood
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reduce the positive inotropic and chronotropic effects of a PDE3 inhibitor. Moreover,
the Examples demonstrate that the combination of the MPDEI with an adenosine
uptake inhibitor results in synergistic reduction of platelet aggregation, and thus can

15 be used at lower concentrations than with either agent alone, without adversely
affecting cardiac contractility. The Examples also demonstrate that a combination of
low levels of a MPDEI and an adenosine uptake inhibitor, which if used alone is not
expected to increase muscle blood flow, significantly increase blood flow in the
exercised muscle and improves blood flow recovery after a period of ischemia. For

20 example, a combination of cilostazol, with blood concentration ranging from 0.3 to 10
uM, and dipyridamole, with blood concentration ranging from 0.1 to 10 pM, produces
an optimal profile of platelet aggregation and negligible cardiac side effects. Thus,
the combination of at least one MPDEI and at least one adenosine uptake inhibitor,
such as cilostazol and dipyridamole, may provide a therapy for conditions such as IC

25 and stroke with improved efficacy but with less cardiac side effects.

The specification is most thoroughly understood in light of the teachings of the
references cited within the specification, all of which are hereby incorporated by
reference in their entirety. The embodiments within the specification provide an

illustration of embodiments of the invention and should not be construed to limit the



with that in the vehicle-treated nuscle (from35 7 m/mn/l OOy in the
vehicle- treated nuscle to 56 11 m/mn/100g in the conbination
drug-treawvedsnsret e, 5 p<0.05) (Figure 16). The conbi nati eaTdrsag4tseeat ed
nmuscl e also had a significantly higher blood flow after a 20-m nute
complete ligation of left fenoral artery (51 9 mM/mn/100g vs. 29 6
mM/mn/100g in the vehicle-treated nuscl@ p<0.05). The results suggest
that the conbination of cilostazol and di pyridanol e increases blood supply
to the exercise skeletal muscle and i nproves flow recovery after a period
of 10 ischem a. The above Exanpl es denonstrate that an adenosi ne uptake
inhibitor can reduce the positive inotropic and chronotropic effects of a
PDE3 i nhi bitor. Mreover, the Exanples denonstrate that the conbination of
the MPDE wistépeaot thelawomione Therkake arh RicbShizELRbM theny &héryéﬂ%ahﬁ&ﬂt§
reduction of platel et aggregation, and thus can 15 be ‘used at | ower

concent r at i GFSCRCREWGHeH gy éhet%@meég@rmtlam ar(bthatijt ishintendedithet the bgecifafatient i ng

cardi ac con i1 trate that .a c nati on of
|l ow | evel s %?ag£ké%%$b %ﬂﬁgﬁéﬁ eﬁ%%? %ﬁﬁ%ﬂgﬁngnﬁvﬁ ?%Fa“ﬂﬁPEﬁWF €used

al one i s notnveskpebtiegd idicataddryethe dolfavang elabthood fl ow, significantly

i ncrease blood flow in the exercised nuscle and i nproves bl ood fl ow
recovery after a period of ischemia. For 20 exanple, a conbination of
cilostazol, with blood concentration ranging from0.3 to 10 M and

di pyridanole, with blood concentration ranging fromO0.1 to 10 M produces
an optimal profile of platelet aggregation and negligi ble cardi ac side
effects. Thus, the conbination of at |east one MPDEI and at |east one
adenosi ne uptake inhibitor, such as cilostazol and di pyridanole, may
provide a therapy for conditions such as I1C 25 and stroke with inproved
efficacy but with |l ess cardiac side effects. The specification is nost

t hor oughly understood in Iight of the teachings of the references cited
within the specification, all of which are hereby incorporated by
reference in their entirety. The enbodi nents wthin the specification
provide an illustration of enbodinents of the invention and shoul d not be
construed to limt the WD 03/057222 PCT/ US02/ 41531 30 scope of the
invention. The skilled artisan recogni zes that nany ot her enbodi nents



are enconpassed by the clainmed invention and that it is intended that the
specification and exanples by considered as exenplary only, with a true
scope andwepsnst22nf the invention being indicated by theptalusomisgr cl ai ns.
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phar maceuti cal Py ~accept t hereof an ast one adenosi ne upt ake
i nhi bit or ovasospsar amecepiliagahd-seflascspisetizngc peicondifiemisgin skeletalmuselsnposi ti on
according to claim1, %gr%lg at | east one MPDElI is cilostazol. 3. The
conposi t i onMigesH8FRg1{'32¢P4?'m 1, wherein at |east one adenosine uptake

i nhi bitor i g5eleetPedielERth FRPYAAHARIHE anlCARSH REY 1 997 The ditbzgp, 10

ni t robenzyl t hi ol nosi ne, S-(4-nitrobenzyl)-6-thi oguanosi ne, )

S- (4- nt r obsokerhispBecontitionimginriles recovih pskekgialmusclsbieHoyingHPwnyst ne,

m of | azi ne, . and esjers, am des C gs thereof, and pharnmaceutically
accept abl e ésgﬂffrg‘at%@f’e’%‘?@"‘ﬂ‘gﬁrﬁeﬁ@%zg%?bn according to claim1,
conprising cilostazol and dipyridanole. 15 5. A conposition consisting
essentially of cilostazol and dipyridanole, or



salts thereof. 6. The conposition of claim4 or 5, wherein the conposition
produces a blood concentration of about 0.3 Mto about 10 Mfor cil ostazol
and aboutw0.0%/057kt o about 3 M for dipyridamole. 20 7. Theprcansoitsson of
claim4 or 5, wherein the conpositiondproduces a blood concentration of
about 0.5 Mto 5 Mfor cilostazol and 1 Mto 3 Mfor dipyridanole. 8. The
conposition of claim4 or 5, wherein the conposition produces a blood
concentration of about 1| Mto 3 Mfor cilostazol and 1 Mto 3 Mfor 25

di pyridanole. 9. The conposition of claim4 or 5 wherein the conposition
produces a cilostazol:dipyridanole nolar ratio in blood of about 0.1:1 to
about 1:0.01. 10. The conposition of claim4 or 5 wherein the conposition
produces a cilostazol:dipyridanole nolar ratio in blood of about 0.16:1 to
about 1:0.2. WO @p/AIMS22 PCT/US02/ 41531 35 11. The conposition of claim4
or 5, wherein the conposition produces a cilostazol:dipyridanole nolar
ratio in bl ood oWe®#t 0.33:1 to about 1:0.33. 12. The conposi tion of

claim4 or 5, wherain,t TNOSL L ot Al 'gl@anjglewei ht
rati o of about 1: 0.97 ﬁo&g}wggﬂt%g?g%lbﬂgng%ﬁe%%gﬁ%orrpogllzgipo}%hg?cregl ailm 4 or g
wher ei n the carpgsitilé suit thesofandcitlest arcddendosmer updaenhkibter ght rati o of
about 1:1 to about 1:12. 14, T%? C rrgosifi on of claim4 or 5, wherein the
conposPti on hadaEnacepiicadly asept ?)V%it gt e weight ratio of about 1:1.25 to

about 1:12. 15. A phaqBE&HpsSHIn SRRV fol PAMCQ WHekéth BichNOnEMABIEis | on of
any one 10 of clainms 1-14," and one or Tore pharmaceutically acceptable
carriers thereolstadd. A nethod for: (a) treatnent of PAOD or stroke; (b)

I nducing vasodi | at ifnTﬁQ gér%os?t'ic?ncgc%gl%iggf to%hﬁ&ell,%here%qg{ l%gsqtohé) Ddenosine
uptake inhibitor is selected from dipyridamole, propentofylline, dilazep,

10 nitrobenzylthioinosine, S-(4-nitrobenzyl)-6-thioguanosine, S-(4-nitrobenzyl)-6-
thioinosine, iodohydroxy-nitrobenzylthioinosine, mioflazine, and esters, amides
and prodrugs thereof, and pharmaceutically acceptable salts thereof.

4. The composition according to claim 1, comprising cilostazol and
dipyridamole.

15 5. A composition consisting essentially of cilostazol and dipyridamole, or
salts thereof.

6. The composition of claim 4 or 5, wherein the composition produces a
blood concentration of about 0.3 uM to about 10 uM for cilostazol and about 0.1
KM to about 3 pM for dipyridamole.

20 7. The composition of claim 4 or 5, wherein the composition produces a
blood concentration of about 0.5 uM to 5 uM for cilostazol and 1 pM to 3 pM for
dipyridamole.

8. The composition of claim 4 or 5, wherein the composition produces a
blood concentration of about 1 uM to 3 pM for cilostazol and 1 uM to 3 uM for

25 dipyridamole.

9. The composition of claim 4 or 5, wherein the composition produces a
cilostazol:dipyridamole molar ratio in blood of about 0.1:1 to about 1:0.01.
10. The composition of claim 4 or 5, wherein the composition produces a

cilostazol:dipyridamole molar ratio in blood of about 0.16:1 to about 1:0.2.



15 (c) treatnent of coronary restenosis; or (d) reducing snooth muscle
proliferation in a patient, conprising admnistering to said patient a

t her apeutwoabBhyn2ef f ecti ve anount of the conposition of amgTaseeis3cl ai ns
1-15. 17. The nethod of claim 16, whesein the conposition is adm nistered
at 20 about 20 ng/day to about 300 ng/day for cilostazol and about 200
ng/ day to about 600 ny/day for dipyridanole. 18. The nethod of claim 16,
wherein the conposition is adm nistered at about 50 ng /day to about 200
ng/ day for cilostazol and about 200 ng/day to about 600 ny/day for

di pyridanole. 25 19. The nethod of claim 16, wherein the conposition is
adm ni stered at about 50 ny/day to about 160 ng/day for cil ostazol and
about 200 ny/day to about 600 ng/day for dipyridanmole. WO 03/ 057222

PCT/ US02/ 41531 36 A0 Thé kempBiitieitlofdiaifl £6m3 %ermﬁmemdmﬁobﬂloﬁ@rqmsesa on
produces a blood concentration of about 0.3 Mto about 10 .tMfor
ci | ostazol andilabeeel:dpyridemale malssatioan plqogrof abentid- Bahin oubk0.33he et hod

of claim 16, V\here:\)lr}fﬁgcgﬁggﬁ&r* g;ngﬁ: 19|t é?)m siRAGgHLration of

about 0.5 Mto 5 pMTor cCi azo I pyridanole. 22.
The nmethod of &losfanolidipyrvdaaiodd Weltgheranonsfmimmmm paracb@ut:k%a bl ood

concentration of about 1 pMtq.3 for s}wﬁzol and 1 g o0 3 Mfor
di pyri danol e. 10 2313 'ﬁl‘i‘é Cﬁ%‘?ﬂ%ﬂ"‘b? g ‘h?rl AP A CAROSHORNAE Rt i on

produces a ci i of about 0.1:1 to
J@g&@@ % S OB EraiBoREb AR tol dBot O3]

about 1:0.01. d of claim16, wherein the conposition produces
a cilostazol : di pyrluhr’iﬂnleeompbanorr of dlaimi hob$,0dtren tlammmp@tm haseo about

ci Lost azol - i pyIPRARGTR AT PRERLaFR bR oot or 2 SBeTb 4% 17t o about .
1:0. 33. 15. A pharmaceutical composition comprising the composition of any one
10 of claims 1-14, and one or more pharmaceutically acceptable carriers thereof.
16. A method for:
(a) treatment of PAOD or stroke;
(b) inducing vasodilation and/or blockade of platelet
aggregation;
15 (c) treatment of coronary restenosis; or
(d) reducing smooth muscle proliferation
in a patient, comprising administering to said patient a therapeutically effective
amount of the composition of any one of claims 1-15.
17. The method of claim 16, wherein the composition is administered at
20 about 20 mg/day to about 300 mg/day for cilostazol and about 200 mg/day to
about 600 mg/day for dipyridamole.

18. The method of claim 16, wherein the composition is administered at
about 50 mg /day to about 200 mg/day for cilostazol and about 200 mg/day to
about 600 mg/day for dipyridamole.

25 19. The method of claim 16, wherein the composition is administered at
about 50 mg/day to about 160 mg/day for cilostazol and about 200 mg/day to
about 600 mg/day for dipyridamole.



26. The nethod of claim 16, wherein the nethod is for treatnment of PAOD or
stroke in a patient. 27. The nethod of claim 26, wherein the PACD is

i nt er m t twotos/ost2azidi cati on. 20 28. The nethod of cl ai m 16 pcwEesosinsst he
method is for inducing vasodilation ®nd/or bl ockade of platelet
aggregation in a patient. 29. The nethod of claim 16, wherein the nmethod is
for the treatnent of coronary restenosis in a patient. 30. The nethod of
claim 16, wherein the method is for reducing smooth 25 nuscle
proliferation in a patient.

20. The method of claim 16, wherein the composition produces a blood
concentration of about 0.3 uM to about 10 uM for cilostazol and about 0.1 puM to
about 3 pM for dipyridamole.

21. The method of claim 16, wherein the composition produces a blood

5 concentration of about 0.5 uM to 5 uM for cilostazol and 1 uM to 3 pM for
dipyridamole.

22. The method of claim 16, wherein the composition produces a blood
concentration of about 1 uM to 3 uM for cilostazol and 1 pM to 3 uM for
dipyridamole.

10 23. The method of claim 16, wherein the composition produces a
cilostazol:dipyridamole molar ratio in blood of about 0.1:1 to about 1:0.01.

24. The method of claim 16, wherein the composition produces a
cilostazol:dipyridamole molar ratio in blood of about 0.16:1 to about 1:0.2.

25. The method of claim 16, wherein the composition produces a

15 cilostazol:dipyridamole molar ratio in blood of about 0.33:1 to about 1:0.33.

26. The method of claim 16, wherein the method is for treatment of PAOD
or stroke in a patient.

27. The method of claim 26, wherein the PAOD is intermittent
claudication.

20 28. The method of claim 16, wherein the method is for inducing
vasodilation and/or blockade of platelet aggregation in a patient.

29. The method of claim 16, wherein the method is for the treatment of
coronary restenosis in a patient. '

30. The method of claim 16, wherein the method is for reducing smooth

25 muscle proliferation in a patient.



