Office de la Proprieté Canadian CA 2573307 C 2011/01/04

Linjeg(;it:;ge g;f?gzctual ropery (11)(21) 2 573 307
Uln organisme An agency of (12) BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT
(13) G
(22) Date de dépét/Filing Date: 1993/04/27 (51) CLInt./Int.Cl. A67K 38/08 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 1993/11/11 ABTK 35/14(2000.01), AGTK 4//14(2000.01),

A671P 7/02(2006.01)
(45) Date de délivrance/lssue Date: 2011/01/04 _
(72) Inventeurs/Inventors:

(62) Demande originale/Original Application: 2 133 205 SWIFT, ROBERT L., US:

(30) Priorité/Priority: 1992/04/30 (US07/876,625) DU MEE, CHARLES P., US;
RANDOLPH, ANNE E., US

(73) Proprietaire/Owner:
MILLENNIUM PHARMACEUTICALS, INC., US

(74) Agent: BATTISON WILLIAMS DUPUIS

(54) Titre : INHIBITEURS D'AGREGATION PLAQUETTAIRE
(54) Title: USE OF PLATELET AGGREGATION INHIBITORS

Y1—X1— (AA | )n—K*— (G/Sar) —D— (AAg)nr— (AA3)ni— (AAg)ne—Xo—Y2

(57) Abréegée/Abstract:

Described hereln Is the use of a platelet aggregation inhibitor for inhibiting platelet aggregation or treating or preventing a platelet-
assoclated ischemic disorder. The platelet aggregation inhibitor is a cyclic polypeptide that has the general formula (see above
formula) and Is dissolved In a citrate buffer to form a storage-stable solution having a pH of from 5.0 to 5.5.

,
L
X
e
e T A
e IR\ VNENEN
ity K
.I : - h.l‘\_‘.:.:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




10

CA 02573307 2008-09-18

_75

Abstract

Described herein is the use of a platelet aggregation inhibitor for inhibiting
platelet aggregation or treating or preventing a platelet-associated ischemic disorder. The

platelet aggregation inhibitor is a cyclic polypeptide that has the general formula

1
Y1—X1— (AA )n1—K*— (G/Sar) —D— (AAz)n— (AA3)s— (AAg)n—X2—Y>

and 1s dissolved in a citrate buffer to form a storage-stable solution having a pH of from 5.0 to
5.5.
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USE OF PLATELET AGGREGATION INHIBITORS
Field of the Invention

The present invention relates to stable polypeptide compositions and methods

of preparing such stable compounds.

Background of the Invention
Polypeptides possess chemical and physical properties that present special

problems which can cause instability in storage and delivery, particularly of biologically active
polypeptides. Usually, polypeptides are lyophilized to form solid compositions. Often,
additives are introduced into polypeptide formulations in an effort to increase stability. Such
additives have included salts of ionic compounds, polyalcohols, but this is less effective at
higher concentrations of such additive, and detergents, both nonionic and anionic, particularly
for transdermal and intranasal administration. Many of the instability problems of protein
pharmaceuticals are discussed in Manning et al., Pharm. Res. (1989) 6(11): 903-918.
European patents 311,950, 286,830 and 288,891 and US patents 4,361,510 and
4,470,968 describe separation processes that use of one usually more than one of various
additives such as 3-propiolactone; various Tris, hepes, glycine or citrate buffers, polyols or
alkanols; salts, such as sodium chloride or sodium, potassium or lithium citrate, in preparing

or purifying proteins but with a pH above at least 5.5 and preferably usually 6, if
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not 7-8. Usually the protein is removed from these
additives and preferably lyophilized.

However, many polypeptides are useful as
biologically active materials which are most useful when
injected directly into an animal. 7This is the case forx
polypeptides ugseful as therapeutic agentg for the
treatmant and prevention of platelet-agsociited ischemic
disorders initiated by atherosclerosis and
arterioscleroais.

In treatment of some life-threatening results of
these disorders it can be necessary to inject the patient
with a drug concentrate ag quickly ags possible {(bolus
vreatment) and/or followed by prolonged (infusion)
treatment with a lower drug concentration. Accordingly,
the drug, which may be a polypeptide, must be storxed
conveniently for immediate use by hospital personnel and
paramedics., This means it must be storage-stable for
long periods, cven at room temperature, and already in an
injectable liquid formulation, not a scolid which must be
digsolved,

Because the drug is injectable, it rust be
formulated as simply as possible to be as compatible as
possible wich the patient so as to not induce other
craumas or interfere with other drugs being given to the
patient. The ideal formulation would avoid other
additives normally required for stabilization and be a
ready-to-use liquid concentrate.

|

Summary of the Invention

The present invention is directed to a method of
gtabilizing subgtantially pure polypeptide comprising
forming a liguid solution consisting essentially of a
substantially pure polypeptide in a citrate buffer, said
golution having & pH of from about 5.0 to about 5.5, to
stahllize said polypeptide. Preferably, the polypeptide
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1§ an injectable, biologically active polypeptide so that the stabilized composition can be

used as a resulting therapeutically effective solution.

The invention also includes the resulting useful therapeutic compositions of an
injectable biologically active, substantially pure polypeptide consisting essentially of a
biologically effective amount of a substantially pure polypeptide in a liquid solution of a
citrate buffer, said solution having a pH of from about 5.0 to about 5.5. Such
compositions are capable of remaining very stable, for example, at about 4°C, for 7, 34 or
49 days prior to mnjection, are still stable at up to about 50°C and have greater stability at
about 70°C than compositions having a pH above 5.5. The compositions of the invention
also remain stable {and injectable) at about -15°C to about 30°C for at least 90 days,
preferably for at least 18 months and have improved stability at higher temperatures.

The resulting liquid composition can be aseptically introduced into sterile delivery
vial, bag or bottle and sealed ready for injection on attachment of an injection device,
such as a hypodermic needle or intravenous tube.

According to a first aspect of the invention, there is provided the use of a platelet
aggregation inhibitor for the manufacture of a medicament suitable for inhibiting platelet
aggregation, or treating or preventing a platelet-associated ischemic disorder wherein said

platelet aggregation inhibitor is a cyclic polypeptide that has the formula

]
Y —X;— (AA)u—K*— (G/Sar) —D— (AA2)n— (AAz)— (AAg)a—Xo—Y>

wherem K* has the formula

R';N(CH;)sCHINH)CO—

wherein (G/Sar) is selected from the group consisting of G and Sar;

wherein each R' is independently H, alkyl(1-6C), or R>—C=NR’ and at
most one R! is RZ—C=NR’,

wherein R® is H, atkyl(1-6C) or is a substituted or unsubstituted phenyl or
benzyl residue, or 1S NR*, in which each R” is independently H or alkyl(1-6C),
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and R” is H, alkyl(1-6C), phenyl or benzyl, or R2—C=NR’ is a radical

selected from the group consisting of

N&N
N
N" NN
NN NN \
\_/ ’ \=/ : RS R : and (CHRs)m :
where m is an integer of 2-3, and each R’ is independently H or alkyl(1-
6C);

and wherein one or two (CHj) may be replaced by O or S provided said O

or S 1s not adjacent to another heteroatom;
AA, is a small, neutral (polar or nonpolar) amino acid and nl is an integer
of 0-3;
AA; is a neutral, nonpolar large (aromatic or nonaromatic) or a polar
aromatic amino acid and n2 is an integer of 0-3;
A A3 is a proline residue or a modified proline residue and n3 1s an integer
of 0-1;
AA, is a neutral, small amino acid or the N-alkylated form thereof and n4
is an integer of 0-3;
each of X, and X is independently a residue that can form a bond between
X1 and X to obtain a cyclic compound as shown; and

each of Y, and Y; is independently a noninterfering substituent or 1s

absent;

wherein one or more peptide linkages may optionally be replaced by
linkage selected from the group consisting of —CH;NH—-, —CHS5—,

—CH,CH;—, ~—CH=CH— (cis and trans), —COCH;—,

—CH(OH)CHz— and —CH>SO—

and wherein said polypeptide is dissolved in a citrate buffer fo form a
storage-stable solution having a pH of from 5.0 to 5.5.

According to a second aspect of the invention, there is provided the use of a

platelet aggregation inhibitor in combination with an intravascular device wherein said

platelet aggregation inhibitor is a cyclic polypeptide that has the formul
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Y —Xi;— (AA D —K*— (G/Sar) —D— (AAz)no— (AA3)ni— (AAg)ns—Xo—Y>

wherein K* has the formula
R',N(CH,)sCH(NH)CO—

wherein (G/Sar) is selected from the group consisting of G and Sar;

wherein each R' is independently H, alkyl(1-6C), or R®>—C=NR’ and at
most one R! is R2—C=NR’ \

wherein R* is H, alkyl(1-6C) or is a substituted or unsubstituted phenyl or
benzy! residue, or is NR*; in which each R is independently H or alkyl{(1-6C),
and R’ is H, alkyl(1-6C), phenyl or benzyl, or R®—C=NR’ is a radical selected

from the group consisting of

N N
N
N" NN
NN NN \ /[
_/ : \—/ , R> Rs,and (CHR )m’
where m is an integer of 2-3, and each R’ is independently H or alkyl(1-
6C);

and wherein one or two (CH,) may be replaced by O or S provided said O
or S is not adjacent to another heteroatom;

AA, is a small, neutral (polar or nonpolar) amino acid and nl is an mteger
of 0-3;

AA; is a neutral, nonpolar large (aromatic or nonaromatic) or a polar

aromatic amino acid and n2 is an integer of 0-3;

AAs is a proline residue or a modified proline residue and n3 is an integer
of 0-1;

AA, is a neutral, small amino acid or the N-alkylated form thereof and n4

is an integer of 0-3;



CA 02573307 2008-04-02

3¢

each of X, and X3 is independently a residue that can form a bond between

X1 and X, to obtain a cyclic compound as shown; and
each of Y; and Y5 is independently a noninterfering substituent or 1s
absent;
wherein one or more peptide linkages may optionally be replaced by
linkage selected from the group consisting of —CHoNH—, —CHS8—,
—CH;CHy—, —CH=CH— (cis and trans), —COCHj>—,
—CH(OH)CH;— and —CH;SO—
and wherein said polypeptide is dissolved in a citrate buffer to form a

storage-stable solution having a pH of from 5.0 to 5.5.
According to a third aspect of the invention, there 1s provided the use of a platelet

aggregation inhibitor in combination with an intravascular device comprising a

polypeptide comprising a sequence of

Mpr-(Har)-G-D-W-P-}Z-NHg and wherein said polypeptide is dissolved in a citrate buftfer

to form a storage-stable solution having a pH of from 5.0 to 5.5.

According to a fourth aspect of the invention, there is provided the use of a
platelet aggregation inhibitor for the manufacture of a medicament suitable for inhibiting
platelet aggregation or treating or preventing a platelet-associated ischemic disorder

wherein the platelet aggregation inhibitor comprises a polypeptide comprising a sequence

of

]
Mpr-(Har)-G-D-W-P- C-NH; and wherein said polypeptide is dissolved in a citrate buffer

to form a storage-stable solution having a pH of from 5.0 to 5.5.

According to a fifth aspect of the invention, there is provided the use of a platelet
aggregation inhibitor for the manufacture of a medicament suitable for preventing platelet

aggregation, embolization or consumption resulting from the use of an intravascular

device wherein said platelet aggregation inhibitor has the formula
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- 1
Y 1—X1— (AA Da—K*— (G/Sar) —D— (AA2)nz— (AAs)ns— (AAghe—Xo—Y2

wherein K* has the formula
R',N(CH,)«CH(NH)CO—

wherein (G/Sar) is selected from the group consisting of G and Sar;

wherein each R' is independently H, alkyl(1-6C), or RZ—C=NR’ and at
most one R} is R=—C=NR’,

wherein R* is H, alkyl(1-6C) or is a substituted or unsubstituted pheny! or
benzyl residue, or is NR*; in which each R* is independently H or alkyl(1-6C),
and R’ is H, alkyl(1-6C), phenyl or benzyl, or R%—C=NR’ is a radical selected

from the group consisting of

NN
/N
N~ NN
NN NTN \ /5
./ , \—/ , R RS and (CHR)m

where m is an integer of 2-3, and each R’ is independently H or alkyl(!-
6C);
and wherein one or two (CH,) may be replaced by O or S provided said O

or S is not adjacent to another heteroatom;
AA, is a small, neutral (polar or nonpolar) amino acid and nl is an integer
of 0-3;
AA, is a neutral, nonpolar large (aromatic or nonaromatic) or a polar
aromatic amino acid and n2 is an integer of 0-3;

AA,; is a proline residue or a modified proline residue and n3 1s an integer

of 0-1;
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A A, 1s a neutral, small amino acid or the N-alkylated form thereof and n4
is an integer of 0-3;

each of X, and X; is independently a residue that can form a bond between
X and X; to obtain a cyclic compound as shown; and

each of Y, and Y- is independently a noninterfering substituent or 1s

absent;

wherein one or more peptide linkages may optionally be replaced by
linkage selected from the group consisting of —CHaNH—, —CH,5—,

—CH,CH;—, —CH=CH— (cis and trans), —COCH,;—,

—CH(OH)CHy— and —CH,SO—

and wherein said polypeptide is dissolved 1n a citrate buffer to form a

storage-stable solution having a pH of from 5.0 to 5.5.

According to a sixth aspect of the invention, there is provided the use of a platelet

aggregation inhibitor for the manufacture of a medicament suitable for preventing platelet

aggregation , embolization or consumption resulting from the use of an intravascular

device comprising a polypeptide comprising a sequence of

Mpr-(Har)-G-D-W-P- C-NH; and wherein said polypeptide is dissolved in a citrate buffer

to form a storage-stable solution having a pH of from 5.0 to 5.5.

According to a seventh aspect of the invention, there is provided the use of a

platelet aggregation inhibitor for the manufacture of a medicament suitable for preventing

platelet aggregation, embolization or consumption during extracorporeal circulation

wherein said platelet aggregation inhibitor has the formula

-

Y1-—~X1— (AA[)“;---K*—- (G/ Sar) —D (AAz)nz-— (AA3),,3-— (AA4)n4-——X2—Y2

wherein K* has the formula

R',N(CH2)s CHINH)CO—
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wherein (G/Sar) is selected from the group consisting of G and Sar;

wherein each R' is independently H, alkyl(1-6C), or R°—C=NR’ and at
most one R' is R>—C=NR’,

wherein R? is H, alkyl(1-6C) or is a substituted or unsubstituted phenyl or
benzyl residue, or is NR*, in which each R* is independently H or alkyl(1-6C),
and R’ is H, alkyl(1-6C), phenyl! or benzyl, or R*—C=NR?’ is a radical selected

from the group consisting of

N“NN
A
NN NN I\{ \/N
\_/ : \..""2/ , R> R® : and (CHRs)m ,
where m is an integer of 2-3, and each R’ is independently H or alkyl(1-
6C);

and wherein one or two (CH;) may be replaced by O or S provided said O
or S 1s not adjacent to another heteroatom,;
AA; 1s a small, neutral (polar or nonpolar) amino acid and nl 1s an integer
of 0-3;
AA; is a neutral, nonpolar large (aromatic or nonaromatic) or a polar
aromatic amino acid and n2 is an integer of 0-3;
AAj 1s a proline residue or a modified proline residue and n3 1s an integer
of 0-1;
A A4 is a neutral, small amino acid or the N-alkylated form thereof and n4
1s an integer of 0-3;
each of X, and X 1s independently a residue that can form a bond between
X, and X, to obtain a cyclic compound as shown; and
each of Y; and Y3 is independently a noninterfering substituent or 1s
absent;
wherein one or more peptide linkages may optionally be replaced by
linkage selected from the group consisting of —CHoNH-—, —CH;5—,
—CH,CHy—, —CH=CH— (cis and trans), —COCH;—,
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—CH(OH)CHy— and —CH,;SO—
and wherein said polypeptide 1s dissolved in a citrate buffer to form a

storage-stable solution having a pH of from 5.0 to 5.5.

According to an eighth aspect of the invention, there is provided the use of a
platelet aggregation inhibitor for the manufacture of medicament suitable for preventing
platelet aggregation, embolization or consumption of extracorporeal circulation
comprising a polypeptide comprising a sequence of

| 1
Mpr-(Har)-G-D-W-P- C-NH3, and wherein said polypeptide is dissolved in a citrate

buffer to form a storage-stable solution having a pH of from 5.0 to 5.5.

According to a ninth aspect of the invention, there is provided the use of a platelet
aggregation inhibitor for the manufacture of a medicament suitable for inhibiting platelet
aggregation, or treating or preventing a platelet-associated ischemic disorder wherein said
platelet aggregation inthibitor is a linear polypeptide that is selected from the group
consisting of:

Mpr-K-G-D-W(Formyl)-P-C-NH,

MvIl-K-G-D-W-P-C-NH;

Mpr-K-G-D-W-P-Pen-NH;

Mpr-(Har)-G-D-W-P-C-NH;

Mpr-(Har)-G-D-W-P-Pen-NH,;

Mpr(Acetimidyl-Lys)-G-D-W-P-C-NH;

Mpr(Acetimidyl-Lys)-G-D-W-P-Pen-NH;

Mpr(Phenylimidyl-Lys)-G-D-W-P-C-NH;

Mpr{Phenylimidyl-Lys)-G-D-W-P-Pen-NH,

Mpr-Ala-(Har)-G-D-W-P-C-NH;

Mpr-L-homoarginine-G-D-W-P-C-NH;, and

Mpr-K-G-D-W-P-C-NH,,

wherein Mpr is mercaptopropionyl, Mvl is mercaptovaleryl and Har 1s

homoarginine.
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According to a tenth aspect of the invention, there is provided the use of a platelet
aggregation mhibitor in combination with an intravascular device for preventing platelet
aggregation, embolization or consumption associated with intravascular devices wherein
said platelet aggregation inhibitor is a linear polypeptide that is selected from the group
consisting of:

Mpr-K-G-D-W(Formyl)-P-C-NH,

Mv]-K-G-D-W-P-C-NH,

Mpr-K.-G-D-W-P-Pen-NH,

Mpr-(Har)-G-D-W-P-C-NH,

Mpr-(Har)-G-D-W-P-Pen-NH,

Mpr{Acetimidyl-Lys)-G-D-W-P-C-NH,

Mpr(Acetimidyl-Lys)-G-D-W-P-Pen-NH,

Mpr{Phenylimidyl-Lys)-G-D-W-P-C-NH,

Mpr(Phenylimidyl-Lys)-G-D-W-P-Pen-NH,

Mpr-Ala-(Har)-G-D-W-P-C-NH,

Mpr-L-homoarginine-G-D-W-P-C-NH,, and

Mpr-K-G-D-W-P-C-NH,,

wherein Mpr is mercaptopropionyl, Mvl is mercaptovaleryl and Har is

homoarginine.

Detailed Description of the Invention
The invention provides a method of stabilizing a substantially pure polypeptide in

a liquid solution to be stable on storage at about -15°C to about 30°C for at least 90 days
and, preferably, at least 18 months or to have improved stability at higher temperatures.
The polypeptide is dissolved in the citrate buffer to form the solution.

By “substantially pure” is meant a polypeptide that has been purified to a
pharmaceutically acceptable level of purity and preferably is essentially purified to

homogenicity.
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Polypeptides goluble in agqueocus media are well known
to those ©f skill in the art, including as described in
U.8. Patent 4,532,212 and includes derivatives such as
enzymes and the like. Pharmaceutically useful
polypeptides are well known to those of skill in the act

as discussed in manning, et al. Ehaxmﬁggu;;ggl_ﬂggg;;gn
g (11): 903-918 (1989). :

By "biologically active" is meant any polypeptide
having an effect on a biological system. Such
polypeptides include pharmaceutically active
polypeptides, such as interferon, insecticidally active
polypeptides, such as insecticidal B_a_c,iuua_mmngj.a'
endotoxing, and the like. A wide varilety of polypeptides
are known in the art which have an effect on a biological
system, in the case of pharmaceuticals the effect is
therapeutic. In other cases the effect can be
ingecticidal, fungicidal or the like.

By "injectable*® is meant that the polypeptide can be
injected into a patient and a wide variety of such
polypeptides are known to those of skill in the ars.

By "biologically compatible citrate buffer* is meant
a citrate buffer prepared from ingredients that do not
themselves have an undedirable or adverse effect on a
hiological system. Such buffer components are well known
to thogse Of skill in the pharmaceutical art.

By "biolbgical system" is meant a living entity
including plants, animals or a living part thereof, such
as an organ or cell. The preferred biclogical system is
a marmalian system, especially a human system.

By *stabiliry® or "improved stability® is meant
herein that in the liquid solution of the invention, a
high amount (e.g., by .weight} of the substantially pure
polypeptide remains subatantially intact or moxe intac t
(that is physically and chemically stable and therefore

biological activity when initilally present is also
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stabilized) after a period ¢f time under conditions of
exposure to temperatures below 50°C, preferably below
30°C and has improved stability even at about 70°C, and
to light, oxygen and the storage container used for
injectable biologically active substantially pure
polypeptides, This stability <¢an be evaluated by
conventional assay methods applicable to putity, weight
or size of polypeptideg. These include not only visual
evaluations, such as discoloration, transparency and
precipitation, but can include assays normally applied to
separate polypeptides from each other and from other
materials, such as chromatography, e.g., reversed phase '
high performance liquid chromatography (HPLC), and
ultraviclet (UV) analysis. Conventional biological
asgays can be used when the polypeptide is a biclogically
active one.

By *¢itrate bhuffer” is meant a conventional citrate
solution to which lage amounts of strong acid or base
can be added with only very small resultant change in the
hydrogen-ion concentration. The citrate bhuffer is
prepared by mechods known in the art by adding a pH-
neutral strong electrolyte or a strong base to a cigric
acid solution. Suitable electrolytes include sodium
chloride, sodium citrate, potassium nitrate, scdium
hydrogen sulfate and the like. Suitable strong bases
include modiium hydroxide, calcium hydroxide and the like,
sodium hydroxide is preferred. Adjustment in iomic
strength, pH concentration of polypeptide are made in the
normal manner for making pE-adjusted isotonic solutions.
Additions of ingredients to prepare the citrate buffer
and éompoaitions of cthe invention can be made in any
order but preferably, the polypeptide is added to :
injectable grade water and then the buffer ingredients
are added or especially when the polypeptide is added to
a cicric acid solution. In one embodiment, a solution of
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a concentration of about 200 mg of polypeptide per ml in
1.0 M citric acid is formed, diluted to 85% of the final
volume with warer, the pH is adjusted to 5.0 to 5.5 using
sodium hydroxide and then diluted to the final volume and
concentration with water,

Additional ingredients which are conventicnally
employed in (pharmaceutical) preparations,. such as
glycine and other salta, can be prasent but are not
esgential ingredients in the compositions of the
invention.

While a wide variety of biologically compatible
buffers are known in the art, they are usually used with
other additives at a pH above 5.5 and usually at a pH
above 7, and even then lyophilized to a dry powder.
However, it has now been found that citrate buffer
golutions of a (bioclogically active) polypeptide having a
pH of from about 5.0 to about 5.5 are unexpectedly very
storage-stable over long periods of time without the
addition of other ingredients or without other treatments
such as lyophilization. In a preferred embodiment, the
pH of the solution is fram about 5.25.

The concentration of the substantially pure
polypeptide in the citrate buffer is a stabilizing
effective amount and can vary depending on & variety of
factors including the specific polypeptide, pH and the
specific buffer. The stablilizing effective amount of the
citrate buffer and the concentration of polypeptide in a
stabllized composition of the invention can readily be
determined by those of skill in the protein formulation
art. As a general matter, the concentration of the
substantially pure polypeptide can be from about 0.01 to
about 200 mg/ml and is usually about 0.01 to about 10
mg/ml. For injectable and/or biologically active |
polypeptideg, the concentration in the composition can
further be adjusted as can readily be determined by those
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of skill in the art to correspond to an effective dosége
for the intended biological effect. For example, when
the polypeptide is Mpr-L-homoarginine-Gly-Asp-Trp-Pro-
Cys-NH, ® acetate or a cyclic form thereof, the
concentration usually corresponds to a dosage of from
about 0.5 to about 5 mg/ml, preferably from about 0.5 to
about 2.0 mg/ml. A 0.5 mg/ml dosage form, which is a
direct infusion pre-mix is a bolus followed by an
infusion. The bolus is about 10 te about 500, preferably
about 30-300 ug/Kg (about 1-40 mg, preferably fraom about
2-20 mg for a 70Kg patient) and the infusion is 0.02-2
pg/Kg/min, but probably 0.5-1.0 ug/Kg/min (50-10¢ mg/day
for a 70Kg patient). Administration can be by injection
from a bolus up to 7 days, preferably for about 12 hours
to about 3 days depending on the indication.

Preferably, the polypeptide is any biologically
active, substantially pure polypeptide that can be
injected into a patient for treatment can be stabilized
by the method of the invention. The substantially pure

polypeptides include linear and eyclic polypeptides of at
least two amino acid residues and therafore includes

simple linear dipeptides and large protein molecules.
Preferably, the polypeptide is a synthetic or recombinant

polypeptide.
In one preferred embodiment of the invention, the

polypeptide cbntains up to 10 amino acid residues. An
especially preferred polypeptide is Mpr-L-homoarginine-
Gly-Asp-Trp-Pro-Cys-NH, ® acetate or a cyclic form
thereof.

The substantially pure polypeptide can contain the
usual polypeptide modifications such as disulfide bonds,

ionic bonds, glycosylation and the like.
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In one embodiment of the invention, the polypeptide
has the formula

Yy -Xq - (AAy) g -K"- (G/Sar) -D= (AAy) no - (AR3) na- (RAg) g =X Yo
wherein X' has the forxmula
RL N(CH,) 4CH(NE) CO-,

wherein (G/Sar) is G or Sar;

wherein each R* is independently H, alkyl(1-6C), oI
at most one R! is Rz-C-NRa,

wherein R is H, alkyl(l-6C) or is a subsztituted or
unsubstituted phenyl or benzyl residue, or is NR?, in
which each R® is independently H or alkyl(l-6C), and

R is H, alkyl(1-6C), pheny) or benzyl, or R -
C=NR3 is a radical selected from the group consisting of

N7 Ry

e ™ g e
N °N N °N N N
\-—j ¢ \-j . Q ¢ Iﬂﬂ \‘Gdl)-
R L

where m is an integer of 2-3, and each R° is
independently H or alkyl (1-6C);

and wherein ome or two (CH,) may be replaced by O ox
5 provided said O or § ia not adjacent to another

heteroatom;
AA, is a small, neutral (polar or nonpolar) amino

acid and N1 is an integer of 0-3;
AR, is a neutral, nonpolar large (aromatic or

nonareomatic) or a polar aromatic amine acid and n2 is an
integer of 0-3;

AR, is a proline residue or a modified proline
residue and n3 iz an inceger of 0-1;

4
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-G -
AA," is a neutrxal, small amino acid or the
N-alkylated form thereof and nd4d is an integer of 0-3;
each of X, and X, is independently a residue capable
of forming a bond between X, and X, to obtain a cyclic
compound as shown; and
each of Y, and Y, is independently a noninterfering
gubstituent or may be abgent; . ¢
wherein one or more peptide linkages may optionally
be replaced by a linkage selected from the group
consisting of -CHyNH-, -CH,5-, -CH,CH,-, -CR«CH- (cis
and trans), -COCH,-, -CH(OH)CH,- and -CH,50-.
~ Suitable peptides of the invention include those
wherein Y, is H, acyl, or a pep}:ide regidue or
derivatized form thereof or is absent and Y, is OH, NH,

'or a peptide residue or derivatized form thereof or is

abgent, Y, is NH,-A-NH, or is abseat, X, and X, are
gelected from the group consisting of cysteine ((),
mercaptopropionyl (Mpr} and penicillamine (Pen), AR, is G
and n, is 0 or 1, AA, igs selected from the group
congisting of W, F, L, Y, and V and K is X, Har,
acetimidyl-Lys or phenylimidyl-Lys. In one embodiment,
the polypeptides have the above formula with the proviso
that if n3 is 0; eithex: |

1) the sum of n2 and n4 must be at least 2: or

2) K* must be other than Haxr or X: or

'3) at least one of X; and X, must be other than cys

{C), penicillamine (Pen), or 2-amino-3,3-

cYclopentaﬁemethylane-3-mercapt0propianic acid (APmp); or
4) ¥4 or Y, must comprise at least one amino acid
residue; or
| 5) one or more linkages is replaced by said
alternate linkage, } -
Examples of suitable peptides include
Mpr-K-G-D-W(FPormyl} -P-C-NH,
Mvl-K-G-D-W-P-C-NH,
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Mpr-K-G-D-W-P-Pen-NH,
Mpr-(Har)-G-D-W-P-C-NH,
Mpr-(Har)-G-D-W-P-Pen-NH,
Mpr(Acetimidyl-Lys)-G-D-W-P-C-NH,
Mpr(Acetimidyl-Lys)-G-D-W-P-Pen-NH;
Mpr(Phenylimidyl-Lys)-G-D-W-P-C-NH,
Mpr(Phenylimidyl-Lys)-G-D-W-P-Pen-NH,
Mpr-Ala-(Har)-G-D-W-P-C-NH,
Mpr-L-homoarginine-G-D-W-P-C-NH;
Mpr-K-G-D-W-P-C-NH;

or cyclic forms thereof.

Such peptides are described in US Patent 5,318,889 and PCT/US90/03417
published as W0O9%0/15620 and described in further detail in the following 35 pages and
examples 4-14.

“Alkyl™ is conventionally defined as a straight or branched chain or cyclic
hydrocarbyl residue of the indicated number of carbon atoms such as methyl, ethyl,
1sopropyl, N-hexyl, 2-methylbutyl, cyclohexyl and the like.

The benzyl and phenyl residues represented by R? may be unsubstituted, or may
be substituted by noninterfering substituents. Preferred substitution patterns are those
wherein only one substituent i1s bound to the aromatic nucleus, preferably in the 4-
position. Preferred substituents are electron donating substituents such as alkyl (1-6C),
especially ethyl or methyl, or phenyl.

Preferred embodiments of K~ include the residues of lysine, homoarginine,
formylhomoarginine, ornithine, acetimidyl lysine, NONC ethylene-homoarginine, and
phenylimidyl lysine. The phenylimidyl lysyl residue, for example, has the formula:

Ph-C(=NH)-NH(CH_)sCH(NH-)CO-.
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As the essential feature of the preferencial
inhibition of binding appears to reside in the
aubstitution of X' for R of RGDX, one class of peptides
or peptide-related compounds for use in the compositions
of the invention coamprises naturally occurring platelet
aggregation inhibitore (PAI) which ordinarily contain
RGDX in the binding seguence whereby these forms are
modified by substituting XK' for R in this segquence.,
Included are the native peptides having this
gubstitution, as well as their fragments of sufficient
length to be effective in selectively inhibiting the
binding of adhesive proteins to GP IIb-IIIa and fragments
or full-length peptides which have irrelevant
substitutions in positions of the peptide which do not
destroy this activity. For the moat part, the fragments
will contain residues corryesponding to the length of a
peptide chain of at Jleast 7 amino acids if the
conformation is controlled by, for example, cyclization,
and are of greater length if there is no such
conformational control. In general, aside from the XK“GDX
required sequence, there may be 1-10, preferably 14, and
preferably 1-3 amino acid substitutions in the non-K*GDX
poxtion of the peptides.

Additionally, the G of RGDX or K GDX can be replaced
by a sarcomine residue. |

In addition, one or more of the peptide bonds can be
apticnally replaced by substitute linkages such as those
obtained by ‘reduction or elimination. Thus, one or more

- of the -CONH- peptide linkages can be replaced with other

cypes of-iinl:ages such as ~CH,NH-, -CH,8-, CHyCHo-, -
CHaCH- (¢is and trans).-~COCH2-. 'CH(QH)Cﬂz and '03230‘,
by methods known in ‘the'art. The following references
describe preparation of peptide analogs which include .
these alternative-linking moieties: Spatola, A.F,, Vega
Data (March 1983), Vol. 1, Issues 3, "Peptide Backbone
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Modifications* (general review); Spatcla, A.F. 1in
"Chemistry and Biochemistry of Amino Acidas, Peptides and
Proteins,* B, Weinstein, eds., Marcel Dekker, New York,
p. 267 (1983) (genaral review); Morley, J.5., Irends
Pharm Sci (1980) pp. 463-468 {(general review); Hudgson, D.
et al. Int J Pept Prot Resg (197%) 14:177-185 (-CH,NH-,
CH,CH,-); Spatcla, A.F. et al., Life Sci (1986) 38:1243-
1249 (-CHy- S):; Hann, M.M, J Chem Soc Pexkin Trans 1
(1982) 307-314 (-CH-CH-, cis and trans); Almquisc, R.G.,
et al., J Med Chem (1980) 23: 1392-1358 (-COCH,);
Jennings-White, C. et al. Tetxahedron Lett (1982) 23:2533
(-COCH,-); Szelke, M., et al., Buropean Appln. EP 45665
(1982) CA: 97:39405 {(1582) (-CH(OH)CH,-); Holladay, M.W.
et al. Tetrahedron Lett (1983) 24:4401-4404 (-C(OHICH,-);
and Hruby, V.J. Life Sci (1982) 31:189-199 (-CH,-S-).
Particularly preferred is -CH,NRH-.

Examples of fragments and/or modified forms of the

‘paturally-occurring snake vencm FAI include

[328 L41, cb4)1parbourin(28-73) of the sequence
46

= BWFLHGW CRVAKGDWNDDTCTGQS CDCPRNLYG

48
and [Kzgleristicophin(4-51) of the sequence

4 51

BMNPCCRRCKPMWCRMGUHNNDYCNKS CDCPRNPWNG .
31
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