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RAPID-ACTING INSULIN COMPOSITIONS

The present invention is a pharmaceutical composition for use 1o the treatment
of diabetes to counteract posiprandial blood glucose excursions and for acute
treatment of hyperglycemia. The composition, which includes human insulin or an

5 insulin analog, citrate, treprostinll and stabilizing agents, has a faster uptake of nsulin
from injection sites than existing commercial insulin compositions and that is stable
for commercial use. The composition is useful for providing meal-time insulin
activity, for use in continuous subcutaneous insulin infusion (CSIE) or as an acute
treatment for hyperglycernia when insulin is needed.

10 The time-action profile of insulin is important for controlling postprandial
blood glucose levels. In healthy individuals, the pancreas secretes a spike of insulin
it response to absorbed food, which results in increased plasma insulin levels within
several minutes. In individuals with tvpe 1 diabetes and in certain individuals with
type 2 diabetes, insulin must be administered; however, administered insulin enters

IS blood slowly from the subcutaneous space. Delayed release of insulin and onset of
action which is too slow at the beginming of a meal leads to hyperglycemia during or
immediately after the meal. A protracted duration of action from the subcutaneous
space leads to excessive imsulin between meals which can cause postprandial
hypoglycemia.

20 There have been previous efforts to accelerate the time action of insulin
products. Early efforts to develop such products included the development of novel
rapid-acting insulin analogs, like msalin lispro (HUMALOG®), imsulin aspart
{(NOVOLOG®R), and insulin glulisine {APIDRA®). Insulin Hspro and insulin aspart
achieve rapid action through changes in the amino acid sequences from human insulin

25  that weaken the dimer-dimer interface and alter hexameric stability under
subcutaneous conditions. Insulin glulisine also includes changes in the sequences of
the amino acid chains in human insuling however, its commercial formulation lacks
zinc and does not form stabilizing hexamers. Another insulin analog stated to be
rapid-acting, but which is still in development, Fluorolog, includes a single fluorine

30 atorn attached to the Phe residue at position 24 of the nsulin B-chain.

The rapid-acting insulin analogs insulin lispro, aspart and glulisine became

available in the 1990s and early 2000s. Even with so-called rapid-acting insulin
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analogs, however, the maximum plasma insulin level is not reached until 50-90
minutes following a subcutaneous injection. This is slower than endogenous insulin
release from a normally functioning pancreas and does not always match glucose
absorption profiles.

Another avenue to achieve rapid action that has been explored is the use of
ingredients or excipients which improve the time action profile of insulin when
provided in combination with insulin. For example, U.S. 8,324,157 states that a faster
onset of action compared with existing insulin therapies can be achieved by adding a
nicotinic compound, such as nicotinamide, and the amino acid arginine, and
optionally glutamic acid. US2013/0231281 discloses compositions comprising an
insulin and oligosaccharides, either alone or in combination with a polyanionic
compound and states that such compositions are fast acting. US2014/0113856
discloses compositions containing insulin in combination with a zinc chelator, such as
ethylenediaminetetraacetic acid (EDTA), another excipient described in the
publication as a “dissolution/stabilization agent, such as citric acid or sodium citrate,
and a magnesium-containing compound, and states that such compositions have more
rapid absorption rates and declines from peak concentrations. US2015/0065423
describes compositions comprising a peptide and a vasodilatory agent, discloses lists
of vasodilatory agents from three different categories, and provides data on
compositions containing insulin lispro and nitroglycerin and states that such
formulations are rapid acting.

Despite these and other efforts, a need remains for insulin compositions that
have more rapid uptake of insulin into the blood from the injection site, more rapid
onset and/or offset of action than existing insulin products, and chemical and physical
stability during storage and use conditions. The present invention seeks to provide

compositions which meet one or more of these needs.

Summary

In one aspect of the present disclosure, there is provided a pharmaceutical

composition comprising:
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an insulin;
citrate, in a concentration from 5 to 25 mM;
treprostinil, in a concentration from 0.04 to 20 pg/mL;
zinc, in a concentration sufficient to provide at least 2 zinc ions per six
molecules of insulin;
a preservative; and
one or more additional stabilizing agents selected from the group

consisting of magnesium-containing compounds and sodium chloride;

and having a pH of 7.0 to 7.8 at room temperature.

In another aspect of the present disclosure, there is provided a pharmaceutical

composition comprising:

a.
b.
c.
d.

€.

an insulin;

citrate, in a concentration from 5 to 25 mM;

treprostinil, in a concentration from 0.04 to 20 pg/mL;

a preservative;

a stabilizing agent comprising zinc, in a concentration sufficient to

provide at least 2 zinc ions per six molecules of insulin; and

and having a pH of 7.0 to 7.8 at room temperature.

In a further aspect of the present disclosure, there is provided the

pharmaceutical composition disclosed herein for use in therapy.

In another aspect of the present disclosure, there is provided the pharmaceutical

composition disclosed herein for use in the treatment of diabetes.
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In a further aspect of the present disclosure, there is provided a use of the
pharmaceutical composition disclosed herein in the manufacture of a medicament for

the treatment of diabetes.

In another aspect of the present disclosure, there is provided an article of

manufacture comprising any one of the pharmaceutical compositions disclosed herein.

Description

It has surprisingly been found that compositions containing certain
concentrations of both citrate and treprostinil have a more rapid time action profile
than existing commercially available insulin compositions, and that the chemical and
physical stability of the compositions containing those concentrations of both citrate
and treprostinil can be maintained, without eliminating the improvements in time
action, by including in the compositions zinc and one or more additional stabilizing

agents such as a surfactant, magnesium chloride or sodium chloride.
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Accordinglv, the present invention provides pharmaceutical compositions
comprising: an insulin; citrate, in a concentration from abowt 5 to about 25 mM;
treprostinil, in a concentration from about 0.04 to about 20 pg/mL; zinc, in a
concentration sufficient to provide at least 2 zinc ions per six molecules of msulin; a
preservative; and one or more addifional stabilizing agents; and having a pH of about
7.0 to about 7.8 at room temperature.

In certain embodiments, the pharmaceutical composition comprises insulin
lispro, in a concentration from about 100 to about 200 U/ml; citrate, in a
concentration from about 15 to about 25 mM; treprostinil, in a concentration from
about 0.5 to about 2 pg/mL; zinc, in a concentration from about (0.2 o about 1 mM;
m-cresol, in a concentration {rom about 2.5 to about 3.8 mg/mL; poloxamer 188, ina
concentration from about 0.03 to about 0.12 w/v; magnesium chloride, in a
concentration resulting in a molar ratio of magnesium chloride to citrate of about 1.3;
glycerol, in a concentration from about 1 1o about 2 mg/mL; and has a pH from about
7.0 to about 7.8 at room ternperature.

In certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 100 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, in a concentration of
about 0.6 mM; poloxamer 188, in a concentration of about 0.09 % w/v; magnesium
chloride, in a concentration of about 5 mM; m-cresol, in a concentration of about 3.15
mg/mb; glycerol, in a concentration of about 1.61 mg/mi; and has a pH of about 7.4.

in certain ernbodiments, the pharroaceutical composition coroprises: insulin
lispro, in a concentration of about 200 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/mL; zinc, in a concentration of
about 0.8 mM; poloxamer 188, in a concentration of about 0.06 10 0.12 % w/v;
magnesium chloride, in a concentration of about 5 oM, m-cresol, in a concentration
of about 3.15 mg/mL; glvcerol, in a concentration of about 1.61 mg/mb.; and has a pH
of about 7.4,

in certain embodiments, the pharmaceutical composition coroprises nsulin
lispro, in a concentration from about 100 to about 200 U/mL; citrate, in a
concentration from about 15 to about 25 mM; treprostinil, in a concentration from
about 0.5 to about 2 ug/mL; and zine, in a concentration from about 0.2 10 about 2

mM.
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In certain embodiments, the pharmaceutical composition comprises insulin
lispro, in a concentration from about 100 to about 200 U/mL; citrate, in a
concentration from about 15 to about 25 mM; treprostinil, in a concentration from
about 0.5 to about 2 ug/mbL; zinc, in a concentration from abowt 0.2 to about 2 mM;
and magnesium, in a conceniration resulting i a molar ratio of magnesium to citrate
of about 1:1 to about 1:5.

In certain embodiments, the pharmaceutical composition comprises; insulin
lispro, in a concentration of about 100 U/ml; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, m a concentration of
about 0.6 mM; and magnesium, in a concentration of about 5 mM.

In certain embodimenis, the pharmaceutical composiiion comprises: insulin
lispro, in a concentration of about 100 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, n a concentration of
about 0.6 mM; magnesium, in a concentration of about 35 mM; and m-~cresol, ina
concentration of about 3.15 rag/mi.

In certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 100 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, in a concentration of
about 0.6 mM; magnesium, in a conceniration of about 5 mM; m-cresol, na
concentration of about 3.15 mg/mlb.; and glycerol, in a concentration of about 12
mg/mb.

in certain ernbodiments, the pharroaceutical composition coroprises: insulin
lispro, in a concentration of about 100 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/mlL; zinc, in a concentration of
about 0.6 mM; magnesium, in a concentration of about S mM; m-cresol, i a
concentration of about 3.15 mg/mb; and a total chlonde concentration of about 10 to
about 50 mM; and has a pH of about 7.4

In certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 100 U/mL; citrate, in a concentration of about 15
mM; treprosiinil, in a concentration of about 1 pg/ml.; zinc, in a concentration of
abowt 0.6 mM; magnesium, in a concentration of about S mM; m-cresol, ina
concentration of about 3.15 mg/mL; glycerol, in a concentration of about 12 mg/mlL;

and a total chloride concentration of about 10 to aboui 50 mM.
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In certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 100 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, in a concentration of
about 0.6 mM; magpesiom, in a conceniration of about S mM; m-cresol, n a
concentration of about 3.15 mg/mi.; glvcerol, n a concentration of about 12 mg/mol.;
and a total chloride concentration of about 10 to about 50 mM; and has a pH of about
7.4.

in certain ernbodiments, the pharroaceutical composition coroprises nsulin
lispro, in a concentration of about 100 U/mL; citrate, in a concentration of 15 mM;
treprostinil, in a concentration of 1 pg/ml; zine, in a concentration of about 0.3 mM;
phosphate, in a concentration of about 7mM; glycerol, in a concentration of about 16
mg/mb. at pH 7.4.

in certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 200 U/l citrate, in a concentration of about 15
mM: treprostinil, in a concentration of about 1 pg/ml.; and zine, in a concentration of
about 0.7 to about 1.7 mM.

In certain embodiments, the pharmaceutical composition comprises: insulin
Lispro, in a concentration of about 200 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, m a concentration of
about 0.8 mM; and magnesium in a concentration of about 5 1o about 10 mM.

in certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 200 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml.; zinc, in a concentration of
abowt 0.8 mM; and magnesium in a concentration of about 5 mM.

In certain embodimenis, the pharmaceutical compostiion comprises: insulin
lispro, in a concentration of about 200 U/ml; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, in a concentration of
about 0.8 mM; magnesium in a concentration of about 5 to about 10 mM; and a iotal
chloride concentration of about 10 to about 50 mM.

in certain embodimenis, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 200 U/mL; citrate, in a concentration of about 15

mM; treprostinil, in a concentration of about 1 pg/ml; zinc, in a concentration of
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about 0.8 mM; magnesium in a concentration of about S to about 10 mM; and
glycerol in a concentration of about 12 mg/mb..

In certain embodiments, the pharmaceutical composition comprises: insulin
hispro, in a concentration of about 200 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, in a concentration of
about 0.8 mM; magnesium in a concentration of about 5 to about 10 mM; glycerol in
a concentration of about 12 mg/mlL; and a total chloride concentration of about 10 to
about 50 mM.

in certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 200 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zine, i a concentration of
about 0.7 to about 1.7 roM; and ro-~cresol, in a concentration of about 3.15 mg/rol.

in certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 200 U/l citrate, in a concentration of about 15
mM: treprosiinil, in a concentration of about 1 pg/mi.; zinc, in a conceniration of
about 0.8 mM; magnesium in a concentration of about 5 to about 10 mM; and m-
cresol in a concentration of about 3.15 mg/mL.

In certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 200 U/mi; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, in a concentration of
about 0.8 mM; magnesium in a concentration of about 5 1o about 10 mM; a total
chioride concentration of about 10 to about 30 mM; and m-cresol, in a concentiration
of about 3.15 mg/mk..

in certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 200 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 ug/ml; zinc, in a concentration of
about 0.8 mM; magnesium in a concentration of about 5 to about 10 mM; glycerol in
a concentration of about 12 mg/mL; and m~cresol, in a concentration of about 3.15
mg/rab.,

In certain embodiments, the pharmaceutical composition comprises: insulin
lispro, in a concentration of about 200 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, in a concentration of

about 0.8 mM; magnesium in a concentration of about 5 to about 10 M, glvcerol in
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a concentration of about 12 mg/mb; and a total chloride concentration of about 10 to
about 50 mM; and m-cresol, in a concentration of about 3.15 mg/mi..

In certain embodiments, the pharmaceutical composition comprises: insulin
hispro, in a concentration of about 200 U/mL; citrate, in a concentration of about 15
mM; treprostinil, in a concentration of about 1 pg/ml; zinc, in a concentration of
about 0.8 mM; magnesium in a concentration of about 5 mM; glycerolina
concentration of about 12 mg/mL; and a total chloride concentration of about 10 to
about 50 mM; and m-cresol, in a concentration of about 3.15 mg/mb.

in addition, the present invention also provides a method of ireating diabetes
comprising administering to a human in need thereof an effective dose of a
pharmaceutical composition of the present invention.

in addition, the present invention provides a pharmaceutical coraposition for
use in therapy. More particularly, the present invention provides a pharmaceutical
composition for use in the treatment of diabeies. The present invention also provides
the use of a pharmaceutical composition in the manufacture of a medicament for the
treatment of diabetes.

In addition, the present invention provides an article of manufacture
comprising a pharmaceuntical composition.  More particalarly, in certain aspecis the
article of manufacture is a multi-use vial, a cartridge, a re-usable pen injector, a
disposable pen device, a purp device for continuous subcutaneous insulin infusion
therapy or a container closure system for use in a pump device for continuous
subcutaneous msulin infusion therapy.

When used herein, the term “composition” refers to a combination of insulin
and the other ingredients or excipients wherein the insulin and other ingredients or
excipients are in a single combined formulation, typically an aqueous formulation.

When used herein, “insulin” means human insulin or a rapid-acting structural
variant, mutein, or analog of human insulin that has the functional activity of but
faster onset of action than human msulin. Particular rapid-acting analogs of human
msulin are insulin lispro, insulin aspart, and insulin glulisine. Insulin for commercial
products may be produced using recombinant DNA methods or by chemical
synthesis. Recombinant methods are well-known and are sirongly preferred. A
molecude of human insulin (CAS No. 11061-68-03 consists of two amino acid chains,

A and B, whose sequences are well-known,
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The human insulin A-chain has the following sequence of amino acids:
Gly He Val Glu Gin Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gin Leu Glu Asn Tyvr Cys
Asn (SEQ I NO: 1),

The human insulin B-chain has the following sequence of amino acids:
Phe Val Asn Gin His Leu Cyvs Gly Ser His Leu Val Glu Ala Leu Tvr Leu Val Cyvs Gly
Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr (SEQ 1D NO: 2).
The chains are joined by two disulfide bonds: CysA7-CysB7 and CysA20-CysB19.
The A-chain has an intra~-chain disulfide bond at CysA6-CysAll. Human insulio has

the empirical formula Co57H383Ng507784 and a molecular weight of 5808.

Insulin lispro, the drug substance in HUMALOG®, is identical to human
fmsulin in terms of its primary amino acid sequence except for an inversion of the
natural proline-lysine sequence on the B-chain at positions 28 and 29 (28B-L-Lysine-
29B.1.-protine human insulin). Insulin lispro (CAS No. 133107-64-9) has been
shown to be equipotent to human insulin on a molar basis but its effect after
subculaneous injection is more rapid and of shorter duration than that of mjected
soluble human nsulin. HUMALOG® contains ru-cresol as a preservative and a
stabilizing agent, a tonicity modifier {glycerol), a buffering agent (dibasic sodium
phosphate), a stabilizer (zinc oxide) and pH adiustment for the vehicle.

A molecule of insulin lispro consists of the human nsulin A-chain (SEQ 1D
NQ. 1) cross-linked with the msulin lispro B-chain, whose amino acid sequence is
given by SEQ ID NO:3, below:

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly
Glu Arg Gly Phe Phe Tyr Thr Lys Pro Thr (SEQ 1D NG: 3).

The chenucal formula of insufin lispro is C257H333Ng5077584 and 1ts molecular
weight is approximately S808. One unit of insulin lispro is equivalent to 0.0347 mg
nsudin hispro.

Insulin aspart (CAS No. 116094-23-6), the drug substance in NOVOLOG®, 1s
another rapid-onset insulin analog. s structure consists of the A-chain of human
insulin (SEQ ID NO: 1) and a B-chain in which the Pro at B28 is replaced with Asp
{Pro~-B28-Asp human insulin), as reflected n the following anuno acid sequence:

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tvr Leu Val Cys Gly
Glu Arg Gly Phe Phe Tyr Thr Asp Lys Thr (SEQ ID NO: 4).
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Insulin aspart (288 aspartic acid-human insulin) has the empirical formula
Cas6H381Ng50795¢ and a molecular weight of about 5826. One unit of insulin
aspart corresponds to 6 nmol, corresponding with 0.035 mg sali-free anhydrous
nsulin aspart.

Insulin glulisine {CAS No. 207748-29-6), the drug substance in APIDRAR, is
yet another rapid-onset insulin analog. A molecule of insulin glulisine consists of
human insulin A-chain (SEQ ID NO: 1) and a modified B-chain (Asn-B3-Lys, Lys-
B29-Glu) compared with human msulin, as reflected in the following amino acid
sequence:

Phe Val Lys Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly
Glu Arg Gly Phe Phe Tyr Thr Pro Glu Thr (SEQ ID NO: 5).

Insulin glulisine (3B-lysine-29B-glutamic acid-human insulin) has the
empirical fornwla Co5g8H324Ng 407356 and a molecular weight of 5823. One unit of
insulin glulising corresponds approximately to 0.0349 mg of insulin glulisine,

The following scheme depicts the amino acid sequences and disulfide bonds
of human insulin and of the rapid-acting msulin analogs that are presently approved

for use in treating meal-time excursions of blood glucose:

Human insulin A-chain

Gly He Val Glu Gln CE'S C}Es Thr Ser He Cys Ser Leu Tyr Gin Leu Glu Asn

Tyr Cys Asn

Human insulin B-chain, with substifutions shown for certain
insulin analogs

Phe Val Asn Gin His Leu Cv's Gly Ser His Leu Val Glu Ala Leu Tyr

Lys {glulisine)
Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Prg Lyvs Thr
Glu (glulisine}
Asp {aspart)

Lys Pro (ispro)
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In certain embodiments, the compostiions of the present invention have

T/

concentrations of insulin from about 40 to about 500 U/mL. In cerfain embodiments,
the compositions of the present invention have concentrations of insulin from about
100 to about 500 U/mL. In certain embodiments, the compositions of the present
invention have concentrations of insulin from about 100 to about 300 U/mL. In
certain embodiments, the compositions of the present invention have concentrations
of insulin from about 100 to about 200 U/mb. In certain preferred embodiments, the
compositions comprise about 100 U/mL or about 200 U/mlL.

in an embodiment, the insulin is selected from the group consisting of human
insulin, or a rapid-acting structural variant, mutein, or analog of human insulin, such
as insulin hispro, msulin aspart or insulin ghilisine. In a preferred embodiment, the
insulin is insulin lispro.

The improvements in the time action profile of the insulin demonstrated in the
present invention are achieved through the use of certain specific concentrations of
citrate and treprostinil.

The term “citrate” refers to any compound containing the citrate ion, which
has the chemical name 2-hvdroxypropane-1,2,3-tricarboxylate, molecular formula
CeHs05 7, and molecular weight of 189, The citrate ion is widely distributed in plants
and amimals and 1$ a naturally occurring component of the diet. It is a common
metabolite in oxidative metabolism and an important component of bone. A number
of ctirates are GRAS {generally regarded as safe) by the U.S. Food and Drug

Administration for use in foods, including the following:

GRAS Subsiance Formuda (m.w.) CAS No. 21 CFR
Citric acid CsHs G (192.12) 77-92-5 184.1033
Sodium citrate CoH:Na; O, (258.07) G8-04-2 1841751

Potassium citrate

monohydrate Cels07K;5 (324,413 6100-05-6 184.1625

Various citrate-containing compounds are also incladed in parenteral drug
products according to the U.S. Food and Drug Administration Inactive Ingredients
database, inclading for example, citric acid, citric acid monchydrate, citric acid
anhydrous, sodium citrate, anhyvdrous tnisodium ciirate, trisodium citrate dihvdrate.
The particular citrate compound used in the compositions of the present invention

may be the acidic form or various salt forms, especially the alkali (e.g., sodium and
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potassium) salts and/or mono or dihydrates thereof. Of these, sodium citrate is
preferred.

It has been found that the concentration of citrate which may be used in
compositions that are both fast acting and stable ranges from about 5 {0 about 25 mM,
Certain compositions have citrate concentrations of about 15, about 20 or about 25
mM. It has been found that higher concentrations of citrate mav lead to greater
improvemenis i time action, but also may lead to greater liabilities from a stability
standpoint. Thus, coropositions with citrate concentrations at the upper end of the
range require additional stabilizing agents in order to have chemical and physical
stability for long-term storage and use, as described in more detail below.

Treprostinid 1s a synthetic analog of prostacvelin, and has the chemical name
(1R 2R 3a8,9a8)-{12.3,32,4.9,9a-Hexahvdro-2-hydroxy -1 ~[{38)-3-hydroxyoctyl]-1 H-
benz{f]inden-5-yljoxyjacetic acid (CAS No. 81846-19-7), molecular weight of 390.52
and a molecular formula of C3HuuOs. Treprostingd i the active ingredient in the
commercial drug products sold under the trade names Remodulin®, Tyvaso® and
Orenitran’ ™, which are indicated for the treatment of pulmonary arterial hypertension
to diminish symptoms associated with exercise (Remodulin®) and to improve
exercise ability (Tyvaso® and Orenitran’ ). Tyvaso® and Orenitran’ ™ are,
respectively, inhalation and oral dosage forms, and Remodulin® is indicated for
subculaneous or intravenous use as a continuous infusion.  Remodulin® is currently
avatable in 1, 2.5, 5 and 10 mg/mL dosage strengths, and each mL contains 3 mg m-
cresol, 6.3 mg sodium citrate, either 5.3 mg (1, 2.5 and 5 mg/mol strengths) or 4.0 mg
{10 mg/mL strength strength) sodium chloride, and water for injection.

Like citrate, treprostini is included to contribute to the improvement in the
time action profile of the msulin. Unlike ciirate, however, an increase in the
concentration of treprostinil has not been found to have a negative impact on stability.
Due to treprostinil’s potent vasodilatory effects, however, the concentration of
treprostinil in compositions of the present invention must not be so high as to cause
undesired systemic effecis.

Moreover, the amount of insulin, and thus the volume of the composition,
administered t¢ a given subject at a given time is titrated based upon the subject’s
blood glucose levels and/or anticipated carbohydrate intake. As a result, the total

quantity of treprostinil provided will vary from injection to injection. For example, in
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somne circumstances a diabetic may wish to have as little as 1 unit of insulin
admunistered, which would be a total injection volume of just 10 pL from a 100 U/mbL
insulin lispro composition. On the other hand, currently available injection devices
provide for doses as lugh as 80 U in a single injection—ithe total volume of such a
dose from a 100 U/mL composition would be over an order of magnitude higher than
that of the 1 unit dose, and some type 2 diabetes patients may require a dose of more
than 100 insulin units, usually requining more than one injection.

Thus, in compositions wherein insulin and treprostinil are both presentin a
single combined formulation, the treprostinil concentration must be sufficient to
contribute {0 improvements in time action, even when a relatively small dose of
msulin is needed, but must not be so high as to cause undesired svstemic effecis when
a relatively high dose of insulin 1s needed. In certain embodiments, the composition
comprises treprostinil in a concentration from about 0.1 to about 50 uM, or about 0.04
to about 20 pg/mL. In certain embodiments, the composition comprises treprostinil in
a concentration from about .04 to about 10 ug/ml. A preferred treprostinil
concentration in insulin compositions having insulin concentrations ranging from
about 100 to abowt 200 U/mL is from about 0.5 to about 2 pg/mb.. In certain
embodiments, the treprostinil concentration is about 1 pg/mb.

As described above, while the addition of citrate leads to improvements in
time action, it may also contribute o greater hiabilities from a stability standpoint.
Thus, the compositions of the present inveniion require one or more stabilizing agents
above and beyvoud those included in currently available commercial formulations of
rapid acting insulin analogs, such as excess zinc, surfactants, magnesium-containing
compounds, such as magnesium chloride, and chloride-containing compounds, such
as magnesium chloride and/or sodium chloride.

With regards to zinc, the comapositions of the present invention must, at a
ninimum, include zinc in a concentration provides at least enough zinc ions for the
insulin molecules to form stabilizing hexamers, which have 2 specific, high affinity
zinc binding sttes. See, e.g., BioMetals 18:295-303 (2003), availahle at
http//rd springer. com/article/10.1007/s10534-005-3685-y. The zinc ions
incorporated into such insulin hexamers are sometimes referred 1o as “bound™ zinc.
Thus, the compositions of the present invention must incluade sufficient zinc to

provide at least 2 jons of zinc per hexamer of insulin. In certain embodiments of the
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present invention having, for example, insulin concentrations of about 100 U/ml,
about 200 U/mb., about 300 U/mL or about 300 U/mL, the minimum zinc
concentration necessary to provide 2 ions of zine per insulin hexamer would be about
0.2 mM, about 0.4 mM, about 0.6 mM or about 1 mM, respectively.

The inclusion of excess zinc — 1.e., more zine than would be bound in the 2
specific, high affinity zinc binding sites in insulin hexamers described above -
however may be used o {urther stabilize the composttion. Such zine is sometimes
referred to as “free” or “unbound” zine. Currently available zinc-containing
formulations include between about 2 and 4 zinc ions per hexamer of insulin. For
example, the 100 U/mL formulations of msulin lispro (HUMALOG®) and insulin
aspart (NOVOLOGR) have about 3 ions of zine per six molecules of insulin, which
corresponds with a concentration of about 0.3 mdM. The currently available 200
U/mil formulation of HUMALOG® has about 3.5 ions of zinc per six molecules of
nsulin, which corresponds with a zine concentration of about 0.7 mM. The currently
available 100 U/mb formulation of human insulin sold by Eli Lilly and Company
{HUMULIN® R) containg about 2.3 ions of zinc per six molecules of insulin, which
corresponds with a zinc concentration of about 0.23 mM.

In certain compositions of the present invention, the inclusion of excess free or
unbound zinc — 1.e., zinc which is not bound in the 2 specific, high affinity zinc
binding sites in insulin hexamers described above — has been found to have a
stabilizing effect. Compositions having about 100 U/mL of msulin lispro and zinc
concentrations up to about 1 oM — which would constitute about 0.2 miM bound and
about 0.8 mM unbound or free zinc — have been found to be both fast acting and
stable. The inclusion of too much free or unbound zinc, however, may attenuate the
fiproverents in time action. For exaraple, a composition having about 160 U/mL of
insulin lispro with a zinc concentration of about 5 mM — which would constitute abowt
4.8 mM unbound zinc — was found to not have the improvements in time action seen
in compositions with lower zinc concentrations. In certain embodiments, the
concentration of zinc ranges from about 0.2 to about 2 mM, about 0.3 to about 1.7
mM, about 0.7 to about 1.7 mM, about 0.4 to about 1 mM, about 0.4 to about 6.8 mM
or about 0.6 10 about 0.9 mM. In certain embodiments the composition of 7inc is
about 0.3, aboul 0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, about 1,

about 1.25 or about 1.7 mM. In certain erobodiments coroprising about 100 U/ml.
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msulin lispro, the concentration of zinc is about 0.6 mM. In certain embodiments
comprising about 200 U/mL insulin lispro, the concentration of zinc is about 0.8 mM.

Another stabilizing agent which may be used is a surfactant. Examples of
surfactants disclosed for use in parenieral pharmaceutical compositions include
polysorbates, such as polysorbate 20 (TWEEN® 20}, polvethylene glycols such as
PEG 400, PEG 3000, TRITON™ X-100, polyethylene glyeols such as
polyoxyethylene (23} taurvl ether (CAS Number; 9002-92-0, sold under trade name
BRIJ®), alkoxylated fatty acids, such as MYRI™. polypropylene glveols, block
copolymers such as poloxamer 148 (CAS Number 9003-11-6, sold under trade name
PLURONIC® F-68) and poloxamer 407 (PLURONIC® F127), sorbitan alkvl esters
{e.g., SPAN®), polvethoxvlated castor ¢l (e.g., KOLLIPHOR®, CREMOPHOR®)
and trehalose and derivatives thereof, such as trehalose laurate ester. In certain
embodiments, the surfactant is selected from the group consisting of polvoxyethylene
(23} laury! ether, poloxamer 18R and trehalose laurate ester. Most preferred is
poloxamer 188, In certain embodiments, the conceniration of surfactant ranges from
about 0.003 to about 2% w/v, about 0.003 to about 0.3% w/v or abowt 0.01 to about
0.2% w/v. In preferred embodiments wherein the surfactant is poloxamer 188, the
concentration of poloxamer 188 ranges from about 0.06 1o about 0.12 w/v. In certain
ernbodiments, the concentration of poloxamer 188 is about 0.06% w/v. In other
embodiments, the concentration of poloxamer 188 is about 0.09% w/v. In other
embodiments, the concentration of poloxamer 188 is about 0.12% w/v.

Another stabilizing agent which may be used in compositions of the present
invention is magnesium, which may be provided for exanple through the addition of
a magnesium-containing compound such as magnesium chloride, which has a
mwolecular formula of MgCl and molecular weight of 93211, While MgCl; may
have stabilizing effects in certain compositions, high chloride ion (Cl') concentrations
may result in insulin crystalization at fow temperatures, and magnesium (Mg
concenirations which exceed the concentration of citrate will result in insulin
precipitation. Thus, the maximum amount of magnesium chloride that may be
included is limited by the amount of citrate that is included. In certain embodiments,
when MgCl, is used to provide magnesium as a stabilizing agent in the compositions
of the present invention, the molar ratio of magnesium chioride to citrate ranges from

about 1.2 to about 1:10. In certain embodiments the ratio of magnesium ranges from
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about 1:1 to about 1.5, Preferably the molar ratio of magnesium chlornide to citrate
ranges from about 1:3 to about 1:5. In certain embodiments, the concentration of
magnesium ranges from about 1 about 15 mM. In certain embodiments, the
concentration of magnesium ranges from about 1 about § mM, about 3 o about 10
mM or about 10 to about 15 mM. In certain embodiments, the concentration of
magnesium is about 2.5, about 5, about 7.5 or about 10 mM.

Another stabilizing agent which may be used in compositions of the present
mvention 18 a chloride-containing coropound, such as sodium chloride, which bas
molecular formula NaCl and molecular weight of 58.44. Sodium chlornide is used in
some currently available formulations of rapid acting insulin analogs, such as
APIDRA® (insulin glulisine), which comprises 5 mg/mL sodiumn chlonde and
NOVOLOG® (insulin aspart), which comprises 0.58 mg/mbL sodium chloride. In
certain embodiments of the present invention wherein sodium chloride is used as a
stabilizing agent, the concentration of sodiwm chlornide ranges from about 1 to about
50 mM. In certain ernbodiments of the present invention wherem sodium chloride is
used as a stabilizing agent, the concentration of sodium chloride ranges from about 10
to about 40 mM. In certain embodiments, the concentration of sodium chloride
ranges from about 15 to about 25 mM. In certain embodiments, the concentration of
sodium chloride is about 1, about 2, about 3, about 4, about 3, about 6, about 7, about
8, about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about
17, about 18, about 192 or about 20 mM.

Both MgCh and NaCl result in the addition of chloride (CI') ions, and if the
total chloride content of the composition is too high, the insulin in the composition
may crysiallize at low temperatures and may also lead to instability at high
temperatures. Thus, if MgCl, and/or Na(l are used as stabilizing agents, the total
chloride content of the composition must be taken into consideration. Determining
the total chloride amount present in the composition if MgCl, and/or Na(l are used as
stabilizing agents must also take into consideration the fact that chioride ions may
also be added to the composition through the addition of other components, for
example with the msulin bulk active pharmaceutical ingredient (API), through the
addition of small amounts of HCI which may be necessary for pH adjustments,
and/or in connection with the provision of Zn, which may be added in the formof a

solution prepared by solubilizing zinc oxide {(Zn0) with HCL Thus, the total chlorde
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concentration from all sources must be considered if MgCl and/or NaCl are to be
used as stabilizing agents. In terms of concentrations, low temperature insulin
crystatiization has been observed in compositions containing about 100 mM Na(l, but
such issues were not observed in compositions containing up to about 30 mM total
chloride. In addition, the low temperature crvstallization 1ssues associated with
relatively high chloride concentrations have also been found to be sensitive to citrate
concentrations. Thus, compositions of the present inventlion having citrate
concentrations at the lower end of the range provided for herein may be more tolerant
of relatively higher chloride concentrations than compositions having citrate
concentrations at the higher end of the range provided for herein. For example, the
addition of sodium chloride concentrations as high as 50-75 mM to formulations
coutaining 25 oM citrate have been observed to lead to low teruperature
crystallization issues, but such issues are not consistently obsarved either when 50
mM sodium chloride is added o a 15 M citrate fornuidation or when 25 mM sodium
chionde is added to a 25 mM cuirate formulation. The total chloride added through
the use of Nal'l and/or MgCl; as stabilizing agents should not be more than about 50
mM. In certain embodiments of the present invention, the total chloride
concentration, from all sources, ranges from about 10 {0 about SO mM. In certain
eraboditnents, the total chloride concentration ranges from about 13 1o about 45 mM.
In certain embodiments, the total chloride concentration ranges from about 20 fo
about 25 mM. In certain embodiments, the total chloride concentration ranges from
about 15 to about 35 mM. In certain embodiments, the total chloride concentration
ranges from about 20 to about 25 mM. In certain embodiments, the total chioride
concentration is about 15 mM, about 16 mM, about 17 mM, about 18 mM, about 19
mM, aboutl 20 mM, about 21 mM, about 22 mM, about 23 mM, about 24 mM or
about 25 mM.

in certain embodiments, the composition may include more than one
additional stabilizing agent in order to ensure the composition maintains a
comimercially acceptable stability profile. A preferred combination of stabilizing
agents which may be used in compositions of the present invention includes excess
zinc and magnesiom.  Another preferred combination of stabilizing agents which may
be used in compostiions of the present mnvention includes zing, a surfactant, such as

poloxamer 188, and maguoesium chloride or sodium chloride,
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The compositions of the present invention include one or more preservatives,
which provide anti-microbial properties and may further provide stability benefits.
The compositions are sterile when first produced, however, when the composition is
provided in a multi-use vial or cartridge, an anti-microbial preservative compound or
mixture of compounds that is compatible with the other components of the
formulation is typically added at sufficient strength to meet regulatory and
pharmacopoeial anti-microbial preservative requirements. Ses U.S. Pharmacopeia
Monographs. Insulin lispro injection. USP29-N¥F24; British Pharracopeia
Monographs 2008 Volume I Insulin aspart injection; U.8. Pharmacopeia
Monographs. Insulin assays; and U.S. Pharmacopeta general chapters. USP29-NF24.
Rockville, MP: U.S. Pharmacopeial Convention; 2003, Antimicrobial effectiveness
testing; pp. 2499-2500. Preferred preservatives are aryl acids and phenolic
cormpounds, or mixtures of such compounds. Effective concentrations can be
ascertained readily using the methods referenced above. Preservatives commonly
used in insulin products include phenol (CAS No. 108-95-2, molecular formula
CoHsOH, molecular weight 94 11}, and m-cresol (CAS No. 108-39-4, molecular
formula C;HgO, molecular weight 108.14). Present commercial compositions, for
example, contain 3.15 mg/ml m-cresol (HUMALOG® and APIDRA®), 1.72 mg/mL
m-cresol and 1.50 mg/mlL phenol (NOVOLOG®), and 2.5 mg/mL m-cresol
(HUMULIN® R U-500). In an embodiment, the preservative is selected from the
group consisting of phenol and m-cresol. Preferably the preservative is m-cresol. In
certain embodiments the m-cresol concentration 15 from about 2.5 to about 3.8
mg/ml. Preferably the concentration of m-cresol is about 3.15 mg/mL.

it is desirable to approximately match the tonicity (i.e., osmolality) of body
fhads at the injection site as closely as possible when administering the composttions
because solutions that are not approximately isotonic with body fluids can produce a
painful stinging sensation when administered. Thus, it is desirable that the
compositions be approximately isotonic with body fluids at the sites of injection. If
the osmolality of a composition in the absence of a tonicity agent is sufficiently less
than the osmolality of the tissue (for blood, about 300 mOsmel/kg: the European
Pharmacopeial requirement for osmolality is > 240 mQOsmol/kg), then a tonicity agent
should generally be added to raise the tonicity of the composition to about 300

mOsmol/kg. The osmolality of the composition is determined by the identities and
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concentrations of other excipients in the composttion, including the stabilizing
agent(s). Thus, the concentrations of all of the various excipients in a composition
must be assessed in order to determine whether a tonicity agent must be added and
such assessments and determinations are readily made using standard technigues. See
Remington: The Science and Practice of Pharmacy, David B. Troy and Paul Beringer,
eds., Lippincott Williams & Wilkins, 2006, pp. 257-259; Remington: Essentials of
Pharmaceutics, Linda Ed Felton, Pharmaceutical Press, 2013, pp. 277-300. Typical
tonicity agents mclude glycerol {glycerin), mannitol and sodium chloride. If the
addition of a tonicity agent is required, glycerol is preferred. In certain embodiments
the concentration of glycerol is from about 1 to about 16 mg/mL. In certain
ernbodiments, the concentration of glycerol is from about 1 to about 2 mg/mi., about
3 to about 4 myg/ral., about 5 to about 6 mg/rol., about 7 to about 8 mg/ml., about 9 to
about 10 mg/mL., about 11 to about 12 mg/mL., about 13 to about 14 mg/mi., or about
15 to about 16 mg/mi.. Iu certain embodiments, the concentration of glycerol is about
3, about 12 or about 16 mg/mi..

Ctitrate, which as noted above is added to contribute to improvements in time
action, is also known to also have buffering properties, but if desired an additional
buffering compound may be included. Examples of such buffering compounds are
phosphate buffers, such as dibasic sodium phosphate, sodium acetate and
tristhy droxymethy}aminomethane, or TRIS. If an additional buffering compound 1s
necessary, TRIS or phosphate buffers are preferred. The pH for commercial insulin
compositions is usually 1 the range of 7.2 t0 7.6, with 7.4 + 0.1 as a conuwnon target
pH. The pH of the present invention is typically from about 7.0 to about 7.8 and it is
adjusted using physiologically appropriate acids and bases, typically hvdrochloric
acid 10% and sodium hydroxide 10%. Preferably, the pH is abowt 7.4.

The route of administration for the compositions of the present invention will
typically be by self-administered subcutaneous injection, e.g., by use of a syringe or a
pen device, or by continuous subcutaneous insulin infusion therapy with an insulin
pump device, though intravenous, intradermal, or intraperitoneal routes may also be
used.

As noted above, the present invention also provides an article of manufacture
comprising a pharmacentical composition. In certain embodiments, the article of

manufacture 1s a multi-use vial. In other embodiments, the article of manufaciure 1s a
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multi-use pre-filled cartridge. In other embodimenits, the article of manufacture 1s a
re-usable pen injector. In other embodiments, the article of manufacture is a
disposable pen device. In other embodiments, the article of manufacture is a pump
device for continuous subcuianeous insulin infusion therapy. In other embodiments,
the article of manufacture is a container closure system for use i a pump device for
continuous subcutaneous insulin infusion therapy.

In an embodiment, the present invention provides a pharmaceutical
composition corprising: an msuling citrate, in a concentration from about 5 to about
25 mM; treprostinil, in a concentration from about 0.04 to abowt 20 ug/mi,; zinc, in a
concentration sufficient to provide at least 2 zinc ions per six molecules of insulin; a
preservative; and one or more additional stabilizing agents; and having a pH of about
7.0 to about 7.8 at room temperature.

In certain embodiments, the concentration of zinc ranges from about 0.2 to
about 2 mM. In certain embodiments, the zinc concentration 1s from about 0.2 to
about 1 mM. In certain embodiments, the zinc concentration is from about 0.6 to
about 0.8 mM. In certain embodiments, the zinc concentration is about 0.6 mM. In
certain embodiments, the zinc concentration is abowt 0.7 mM. In certain
ernbodiments, the zing concentration is about 0.8 mM. In certain embodiments, the
zime concentration 1s about 0.9 mM.

In certain embodiments, the one or more additional stabilizing agents are
selected from the group consisting of a surfactant, magnesium chioride and sodium
chloride.

In certain embodiments, the one or more additional stabilizing agents
comprise a surfactant, which is present in a concentration of about 0.003 to about 2 %
w/v. In certain embodiments, the surfactant is poloxamer 188, In certain
embodiments, the concentration of poloxamer 188 is from about 0.06 to abou 0.12 %
w/v. In certain embodiments, the concentration of poloxamer 188 is about 0.06 %
w/v. In certain embodiments, the concentration of poloxamer 188 is about 0.09 %
w/v. In certain embodiments, the concentration of poloxamer 188 1s about 0.12 %
WiV,

in certain embodiments, the one or more additional stabilizing agents
comprise magnesiurn chloride, which is present in a concentration resulting in a molar

ratio of magnesium chiloride to citrate from about 1:2 to about 1:10. In certain
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embodiments, the ratio of magonesium ranges from about 1:1 to about 1:5. In certain
embodiments, the molar ratio of magnesium chloride to citrate is from about 1:3 to
about 1:5. In certain embodiments, the concentration of magnesivm ranges from
about 1 about 15 mM. In certain embodiments, the concentration of magnesium
ranges from about | about 3 M, about 5 to about 10 mM or about 10 to about 153
mM. In certain embodiments, the concentration of magnesium is about 2.5, about 5,
about 7.5 or about 10 mM.

In certain embodiments, the one or more additional stabilizing agents
comprise sodium chioride, which is present in a concentration of about 10 to about 40
mM. In certain embodiments, the sodium chioride concentration 15 from about 15 to
about 25 mM. In certain embodiments, the total chloride concentration 18 not more
than about 30 mM. In certain embodiments, the total chloride concentration ranges
from about 10 to about 30 mM. In certain embodiments, the total chloride
concentration ranges from about 13 to about 45 mM. In certain embodiments, the
total chlonde conceniration ranges from about 20 to about 25 mM. In certain
embodiments, the total chloride concentration ranges from about 15 to about 35 mM.
In certain embodiments, the total chloride concentration ranges from about 20 to
about 25 mM. In certain ernbodiments, the (otal chioride concentration 18 about 13
mM, about 16 oM, about 17 mM, about 18 mM, about 19 mM, about 20 mM, about
21 mM, about 22 mM, about 23 mM, about 24 mM or about 25 mM.

In certain embodiments, the insulin concentration is from about 160 to about
300 U/rol.. In certain embodiments, the insulin concentration is from about 100 to
about 300 U/mbL. In certain embodiments, the insulin concentration is either about
100 U/mL or about 200 U/mL. In certain embodiments, the insudin is insulin lispro.

In cerfain embodiments, the concentration of citrate 1s from about 10 {0 abowt
25 mM. In certain embodiments, the concentration of citrate is about 15 mM.

in certain embodiments, the composition comprises treprostini in a
concentration from abowt .04 to about 20 ug/mL. In certain embodiments, the
concentration of treprostinil is from about 0.04 1o about 10 pg/mi. In certain
embodiments, the concentration of treprostini! is from about 0.5 to abowt 2 pg/mb. In

certain embodiments, the concentration of treprostinil is about 1 pg/mt.
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In certain embodiments, the preservative is m-cresol. In certain embodiments,
the concentration of m-cresol is from about 2.5 to about 3.8 mg/mb. In certain
embodiments, the concentration of m-cresol is about 3.15 mg/mL.

In certain embodiments, the composition further comprises a tonicity agent.
In certain embodiments, the tonicity agent 1s glycerol. In certain embodiments, the
concentration of glycerol is from about | fo about 15 mg/mi. In certain
embodiments, the concentration of glycerol 18 from about 1 to about 2 mg/ml.

in certain embodiments, the pharmaceutical composition provides for an
uptake of insulin into the blood, onset of action and/or duration of action that is at
least 20% more rapid than for compositions which contain the same insulin but which
do not contain citrate or weprostinil, when measured by one or more pharmacokinetic
or pharmacodynaniic parameters relevant to time action, such as: time {0 maxiroun
insulin concentration (Tmax); time to reach one half of the maximum insulin
concentration {early V2 Tmax}; time to reach one half of the maximom insulin
conceniration during the declining phase of the concentration-over-time curve (late %
Tmax}; time between early and late /4 Tmax {Tmax spread); percentage of total
insulin dose absorbed at different times based on fractional area under the insulin
concentration curve {e.g., AUC)30min, AUCo-60min, AUC0-120 min, AUCo-180min); fme 1o
reach one half of the total insulin concentration (T50); time to reach maximal glucose
infusion rate (GIRmax}, time to reach one half of the maximum glucose infusion rate
{earty V2 GIRmax}; time to reach one half of the maximum ghicose infusion rate
during the declining phase of the concentration-over-tirne curve {Jate 2 GIRmax);
percentage of total glucose infused at different times based on fractional area under
Th@ GIR curve (S.g‘, G‘IR{}.gomm, (}IR{).@Q;{@; GIR(}.}]:) mins, G’IR@.}gomm).

In certain embodiments, the pharmaceutical composttion provides for an
uptake of msulin into the blood, onset of action and/or duration of action that is at
least 30%, at least 40% or at least 50% more rapid than for compositions which
contain the same insulin but which do not contain citrate or treprostinif, when
measured by one or more pharmacokinetic or pharmacodynamic parareters described
above.

in certain embodiments, the pharmaceutical composttion provides for an
uptake of nsulin mto the blood, onset of action and/or duration of action that ig

between about 20 to about 30%. betwsen about 20 to about 30%, between about 30 to
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about 40% or between about 40 to about 50% more rapid than for compositions which
contain the same insulin but which do not contain citrate or treprostinil, when
measured by one or more pharmacokinetic or pharmacodynamic parameters described
above.

In certain embodiments, the pharmaceutical composiiion does not include any
additional chelating agent, such as EDTA, any additional vasodilatory agent, such as
nitroglycerin, and/or any oligosaccharides.

in certain ernbodiments, the pharmaceutical composition is stable to aliow for
storage of at least 24 months at 2-8 °C and up to 28 days in-use at temperatures of up
10 30 °C for vials or cartridges in re-usable pen injectors. In certain embodiments, the
pharmaceutical composition is stable to aliow for storage of at least 36 months at 2-8
°C and up to 28 days in-use at temperatures of up to 30 °C for vials or cartridges in re-
usable pen injectors.

In certain embodiments, the composttion is stable to alfow for use in a pump
device for continuous subcutaneous insulin infusion therapy for up to 7 days.

Additional embodiments of the present invention include those described
below:

1. A pharmaceutical composition comprising: an insulin; citrate; and
treprostinil.

2. The pharmaceutical composition of the above-described embodiment,
wherein the insulin is selected from the group consisting of human insulin, nsulin
tispro, insulin aspart or insulin glulisine.

3. The pharmaceutical composition of any of the above-described
embodiments, wherein the insulin is insulin lispro.

4. The pharmaceutical composition of any of the above-described
embodiments, wherein the insulin concentration 1s from about 100 fo about 500
U/mL.

5. The pharmaceutical composition of any of the above-described
embodiments, wherein the insulin concentration is from about 100 o about 300
U/mL.

6. The pharmaceutical composition of any of the above-described
embodiments, wherein the msulin concentration is from about 100 to about 200

U/md..
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7. The pharmaceutical composition of any of the above-described
embodiments, wherein the insulin concentration is about 100 U/mbL.
8. The pharmaceutical composition of any of the above-described

embodiments, wherein the insulin concentraiion s about 200 U/ml.

R4

9. The pharmaceutical composition of any of the above-described

embodiments, wherein the concentration of citrate is from about 5 to about 25 mM.

10. The pharmaceutical composition of any of the above-described

embodimentis, wherein the conceniration of citrate is from about 15 {0 about 25 mM.

11. The pharmaceutical composition of any of the above-described

10 embodiments, wherein the concentration of citrate is from about 15 to about 20 mM.

12. The pharmaceutical composition of any of the above-described
embodiments, wherein the concentration of citrate 1s about 3. about 10, about 12,
about 15, about 18, about 20 or about 25 mM.

13. The pharmaceutical composition of any of the above-described

15 embodiments, wheretn the conceniration of ciirate is about 15 mM

14. The pharmaceutical composition of any of the above-described
embodiments, wherein the concentration of treprostinil is from abowt 0.04 to about 20
pg/mL.

15. The pharmaceutical composition of any of the above-described

20 embodiments, wherein the concentration of treprostini! is from about 0.04 to abowt 10
pg/ml.

16. The pharmaceutical compaosition of any of the above-described
embodiments, wherein the concentration of treprostinil is from about 0.5 to about 10
pg/mi,.

25 17. The pharmaceutical composition of any of the above-described
embodiments, wherein the concentration of treprostinil is from about 0.5 to about 2
pg/mi..

18. The pharmacewtical composition of any of the above-described
embodiments, wherein the conceniration of treprostinal is about 0.3, about 0.6, about

30 1, about 2, about 2.3, about 9.3 or about 10 ug/mi.

19. The pharmaceutical composition of any of the above-described

ernbodiments, wherein the concentration of treprostinil is about 1 pg/mL.
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20. The pharmaceutical composition of any of the above-described
embodiments, wherein the composition further comprises zinc.

21. The pharmaceutical compuosition of any of the above-described
embodiments, wherein the concentration of zinc is from about 0.2 to about 2 mM.

22, The pharmaceutical composition of any of the above-described
embodiments, wherein the concentration of zinc is from about 0.3 1o about 1.7 mM.

23. The pharmaceutical composition of any of the above-described
embodimenis, wherein the conceniration of zinc 1s from about 0.7 to about 1.7 mM.

24. The pharmaceutical compaosition of any of the above-described
embodiments, wherein the concentration of zinc is from about 0.3 to about 1 mM.

25. The pharmaceutical composition of any of the above-described
embodiments, wherein the concentration of zinc is from about 0.4 to about 0.8 mM.

26. The pharmacewtical composition of any of the above-described
embodiments, wherein the conceniration of zinc 15 about 0.3, about 0.4, about 0.3,
about 0.6, about 0.7 about 0.8, about 0.9 mM, about 1.25 or about 1.7 mM.

27. The pharmaceutical composition of any of the above-described
embodiments, wherein the concentration of zinc is about 0.6 mM.

23, The pharmaceutical composition of any of the above-described
embodiments, wherein the concentration of zinc is about 0.7 mM.

29. The pharmaceutical composition of any of the above-described
embodiments, wherein the concentration of zinc is about 0.8 mM.

30. The pharmaceutical composition of any of the above-described
embodiments, wherein the concentration of zinc is about 0.9 mM.

31. The pharmaceutical composition of any of the above-described
ernbodiments, further comprising magnesium,

32. The pharmaceutical composition of any of the above-described
embodiments comprising magnesium which is present in a concentration resulting in
a molar ratio of magnesium to citrate from about 1:2 to about 1:10.

33. The pharmaceutical composition of any of the above-described
embodiments comprising magnesium which is present in a concentration resulting in
a molar ratio of magnesium to citrate from about 1:1 to about 1.5

34. The pharmaceutical composition of the above-described emnbodiments,

wherein the molar ratio of magnesium to citrate 1s from about 1.3 to about 1.5,
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35. The pharmaceutical composition of any of the above-described
embodiments, comprising magnesium in a concentration from about 1 to about 13

mM.

36, The pharmaceutical composition of any of the above-described

5 embodiments, comprising magnesium in a concentration from about 2.5 to about 10
mM.

37. The pharmaceutical composition of any of the above-described
embodiments, Comprising magnesium in a concentration from about 3 1o about 10
mh.

10 38. The pharmaceutical composition of any of the above-described

ernbodirnents, comprising magnesiam in a concentration from about 2.5 to about 7.5
mb.

39, The pharmaceutical composition of any of the above-described
embodiments, comprising magnesiuim in a concentration of about 2.5, about S, about

15 7.5 or about 10 mM.

40. The pharmaceutical composition of any of the above-described
embodiments comprising magnesium wherein the magnesium is provided as
magnesiumn chlonde.

41, The pharmaceutical composition of the above-described embodiments,

20 further comprising sodium chioride.

42. The pharmaceutical composition of any of the above-described
embodiments, wheremn the coroposition comprises sodiwm chloride in a concentration
ranging from about | to about 50 mM.

43. The pharmaceutical composition of any of the above-described

25 embodiments, wherein the composition comprises sodium chloride in a concentration
ranging from about 10 to about 40 mM.

44, The pharmacewtical composition of any of the above-described
embodiments, wherein the composition comprises sodium chloride in a concentration
ranging from about 15 to about 25 mM.

30 45, The pharmaceutical composition of any of the above-described
embodiments, wherein the composition comprises sodium chloride in a concentration

ranging from about 1 to about 20 mM.
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46. The pharmaceutical composition of any of the above-described
embodiments, wherein the composition comprises sodium chloride in a concentration
of about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9, about
10, about 11, about 12, about 13, about 14, about 15, about 16, abowt 17, about 18,
about 19 or about 20 mM.

47. The pharmaceutical composition of any of the above-described
embodiments, wherein the total chioride concentration is from about 1 to about 100
mM.

48. The pharmaceutical composition of any of the above-described
embodiments, wherein the total chloride concentration is from about 10 to about 100
mM.

49, The pharmaceuntical composition of any of the above-described
embodiments, wherein the total chloride concentration ranges from about 10 to about
50 mM.

30. The pharmaceutical composition of any of the above-described
embodiments, wherein the total chloride concentration ranges from about 13 fo about
45 mM.

31, The pharmaceutical composition of any of the above-described
ernbodiments, wherein the total chloride concentration ranges from about 16 to about
35 mM.

52. The pharmaceutical composition of any of the above-described
embodiments, wherein the total chloride concentration ranges from about 20 to about
25 mM.

533, In certain embodiments, the total chloride concentration is about 15 mM,
about 16 mM, about 17 mM, about 18 mM, about 19 mM, about 20 mM, about 21
mM, about 22 oM, about 23 mM, about 24 mM or about 25 mM.

34. The pharmaceutical composition of any of the above-described
embodiments, wherein the composition further comprises a surfactant.

35, The pharmaceutical composition of any of the above-described
embodiments, wherein the composition further comprises poloxamer 188,

56. The pharmaceutical composition of any of the above-described
ernbodiments, comprising poloxamer 188 in a concentration of about 0.003 to about

2% wiv.
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57. The pharmaceutical composition of any of the above-described
embodiments, comprising poloxamer 188 in a concentration of about 0.003 to about
0.3% wiv.

38, The pharmaceutical composition of any of the above-described
eraboditnents, comprising poloxamer 188 in a concentration of about 0.01 to about
0.2% wiv.

59. The pharmaceutical composition of any of the above-described
embodiments, coruprising poloxamer 188 in a concendration of about 0.06 to about
0.12 wiv

60. The pharmaceutical composition of any of the above-described
embodiments, wherein the composition further comprises a preservative.

61. The pharmaceutical composition of any of the above-described
embodiments, comprising a preservative which is selected from the group consisting
of m~cresol and phenol.

62. The pharmaceutical composition of any of the above-described
embodiments, comprising a preservative which is m-cresol.

63. The pharmaceutical composition of any of the above-described
embodiments, comprising m-cresol in a concentration from about 2.5 to about 3.8
mg/mb.

64. The pharmaceutical composition of any of the above-described
embodiments, comprising m-cresol in a concentration of about 3.15 mg/mi.

65. The pharmaceutical composition of the above-described embodiments,
further comprising a tonicity agent.

66. The pharmaceutical composition of the above-described embodiments,
comprising a tomcity agent which is glveerol.

67, The pharmaceutical composition of the above-described embodiments,
comprising glycerol in a concentration from about 1 to about 20 mg/mL.

68. The pharmaceutical composition of the above-described embodiments,
comprising glycerol in a concentration from about 1 to about 13 mg/mi.

69. The pharmaceutical composition of the above-described embodiments,
comprising glyeerst in a concentration from about 1 to about 2 mg/mi, about 3 to

about 4 mg/mL, about 5 to about 6 mg/mL, about 7 to about 8 mg/mL, about 9 to
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about 10 mg/ml, about 11 to about 12 mg/ml., about 13 to about 14 mg/mal. or about
15 to about 16 mg/mL.

70. The pharmaceutical composition of the above-described embodiments,
comprising glveerol in a concentration of about 3, about 12 or about 16 mg/mL.

71. The pharmaceutical composition of the above-described embodiments,
comprising glycerol in a concentration of about 12 mg/mi.

The invention 1s further ltustrated by the following examples, which are not to
be construed as limiting.

EXAMPLES

Pharmacokinetic and Pharmacodynamic Studies

Ensulin lspro formulated with 0.5 po/mi treprostinil and/or 15 mM sodium
citrate

Diabetic (Alloxan induced), castraied, male Yuecatan miniature swine {average
age 23 months, average body weight 43 kgs) with previously fitted vascular access
ports are used under the supervision of staff and veterinarians. The diabetic animals
are housed individually and have access to fresh water at all imes. They are fed two
meals per day of a standard diet and receive appropriale maintenance basal and
prandial insulin twice per day to manage their diabetic condition

Test articles (Compositions A, B and C in the table below) are formulated by
adding the indicated amounts of citrate and/or treprostinil o a vial of Humalog®. The
necessary quantity of treprostimil 15 withdrawn from a vial of 1 mg/mL Remodulin®.
Each mb of Remodulin® also contains 3 mg m-cresol, 6.3 mg sodium citrate and 5.3
mg sodium chloride, so the addition of treprostinil to the test compositions also resulis
in the addition of small amounts of these excipients, as well as a slight dilution of the
Humalog® excipients. Such small quaniities are not believed to affect the properties

of the compositions, however, and are thus not reflected in Table 1 below.
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MName

Formulation

Composition A

100 Units/ml insulin lispro
0.5 ug/ml treprostinil

1.88 mg/mi phosphate
3.15 mg/ml m-cresol

16 mg/mi glycerol

0.3 mM Zn

pH 7.4

Composition B

98 Units/mi insulin lispro
15 mM sodium citrate
1.88 mg/ml phosphate
3.15 mg/ml m-cresol

i6 mg/mi glyeerol

0.3 mM Zn

pH 7.4

Composition C

98 Units/mi msulin lispro
15 mM sodium citrate
0.5 png/ml treprostini
1.88 mo/mil phosphate
3.15 mg/ml m-~cresol

16 mg/mi glycerol

0.3 mM Zn

pH74

Humalog®

100 U/mL insulin lispro
1.88 mog/mi phosphate
16 mg/mL glycerol

3.15 mg/mbL meta-cresol
0.3 mM zinc

pH 7.4

The day prior to study, animals are fed haif their daily ration and receive 0.2

U/kg Humalog® Mix 75/25 Insulin at their morning maintenance administration. AH

study animals are food-fasted overnight and do not receive their evening insulin or

meal prior to drug administration on study day.

On the moming of study, all animals are placed into shings for restraint and

have their vascular access ports accessed (equipped for blood sampling} and checked

for patency. The animals are randomly placed into treatment groups.

Study 1s a full crossover design with n=20. One arumal is withheld from two

of the four parts due to port non-patency, so composttions A and C are n=19 while

composition B and Humalog® are n=20.
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After two baseline blood samples are collected (-30 and -20 nun), the animals
are returned to their pens and are fed ~300 g. Twenty minutes after the presentation of
the fully consumed meal, the animals are injected with test article subcutaneously in
the flank {0 min) with a Terumo insulin syringe (0.3 or 0.5 ml with 1/27 needle). All
study animals have access to clean, fresh water throughout the remaining blood
collection period.

Serial blood samples (2.0 mL each) are collected from each animal at the
following time points:  -30, -20 (then immediately fed), 0 Gust before dose), 5, 10,
15, 30, 45, 60, 75, 90, 105, 120, 150, 180, 240, and 360 minutes following the SC
dosing.

Blood samples {(anticoagulant: none [serum}) are maintained at ambient
temperature for at feast 30 nunutes but no roore than 2 houwrs to allow for clotting.
Serum is then separated by centrifugation and divided into two aliquots and stored
frozen at approximately -70°C.

Serum glucose concentrations are deternmuned using an automated AU480
Clinical Chemustry Analyzer (Beckman Coulter, Inc , Brea, California). Aliguot for
PK 1s shipped to EMD Millipore Corp., St. Charles, MO on dry 1ce by a nest day
shipping service and included a detailed sample manifest.

Serum glucose data are represented in Table 2 below as mean {mg/dL} +/-

standard error of the mean (SEM) unless otherwise specified.
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Table 2.
Humalog® Composition A Composition B Composition C
&:ﬁ AVG | SEM | AVG | SEM AVG | SEM | AVG SEM
30012902 1 86 | 2868 9.0 2892 8.1 2832 8.4
20 129761 85 | 2992 | 102 2976 90 2975 75
0 {31131 86 | 3110 | 107 3122 95 309.6 74
5 131811 89 | 3168 | 100 319.0 26 314.9 8.1
10 [ 3189 ] &6 | 3153 | 114 3052 117 | 2957 10.3
15 131230 92 | 2976 | 135 276.6 12.8 265 1 116
30 {29710 98 | 2519 | 186 2203 16.2 205.5 17.0
45 102883 | 120 | 233 16.7 204.5 18.5 2098 17.1
60 12441 | 147 | 1879 | 175 1785 18.6 1592 200
75 [ 23151 153 | 1666 | 182 169.0 204 1463 20.4
90 | 2046 | 156 | 1457 | 185 1577 | 214 1332 211
105 | 18191 159 | 1270 | 181 1447 | 214 1187 18.9
120 11533 | 162 | 1114 | 173 1282 211 1117 18.5
150 | 1202 | 168 | 864 15.8 1157 | 200 102.9 159
180 | 1015 | 165 | 764 14.5 1063 18.2 97.0 13.2
240 | 828 | 122 | 923 14.2 100.7 13.3 98.6 123
360 | 903 | 144 | 1305 | 182 1118 7.2 1263 17.0

10

Serum insulin concentrations for PK analysis are measured using a total

insulin RIA. Lower and upper limits of quantitation for the assay are 20 pM and 5000

pM, respectively. Values below the lower limit of quantitation are assumed to be 20

pM.

Non-comparimental pharmacokinetic analyses are performed using Phoenix

WinNonlin v6.3. PK parameters derived froma serum insulin concenirations are

provided in Table 3 below.

Table 3.
. Tmax Farly s jLate s Tmax T80
Compesition (min) ng M’afx Sp{read (min)
{amis) {min) {min)

Humalog® Mean (SE) [71.3{7.3) 29.6(4.13 1175(14) #4514y {127 (6}
A Mean (SE) [74.2 (7.6) 4.1 (3.8) 46 (12) {122 (13) [102(5)
B Mean (SE) [55.5 (7.8} {16.5(4.9) 130 (12 {113 (14) {100(®)
C Mean (SEY M2.1 (6.6} 15.9(3.9) 985 (1343 82.6{136) 834 (5.7)

This study supports that compositions of the present invention bave jroproved

pharmacokinetic and/or pharmacodynamic time action.
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Ensulin lispro formulated with 19 mM citrate and/or 10 mg/mL treprostinil

A studv on compositions comprising varving concentrations of citrate and/or
10 pg/ml treprostinil is performed in diabetic (Alloxan induced), castrated, male
Yucatan wimature swine (average age 24 months, average body weight 43 kgs)
following generally the procedures described above.

Test articles (Compositions D-H in the table below) are formulated by adding
the indicated amounts of citrate and/or treprostini] to a2 vial of Humalog®. As with
the study described above, the necessary quantity of treprostini is withdrawn froma
vial of 1 mg/mi, Remodulin®, so the addition of treprostinil to the test compositions
also results in the addition of small quantities of m-cresol, sodium citrate and sodium
chloride, as well as a slight dilution of the Humalog® excipienis. Such small
quaniities are not believed o affect the properties of the compositions, however, and
are thus not reflected in Table 4 below.

Table 4.

Name Formudation Composition
99.7 U/ml insulin lispro
3 mM citrate

(.3 mM zinc

3.15 mg/mk meta-cresol
16 mg/mi glycerine

1.8% mg/ml phosphate
992 U/ml insulin lispro
10 mM citrate

0.3 mM zinc

3.15 mg/mL meta-cresol
16 mg/mi glvcerine

1.88 mg/ml phosphate
992 U/ml insulin lispro
10 pg/ml treprostinil
Composition F 0.3 mM zine

3.15 mg/mL meta-cresol
16 mg/mi glyecerine

1.88 mo/mil phosphate
1002 U/ml Insulin lispro
5 mM citrate

10 pug/ml treprostinil
Composition G 0.3 mM zine

3.15 mg/mL meta-cresol
16 mg/ml glycerine

1.88 mg/ml phosphate

Composition D

Coraposition E
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99.6 U/ml Insulin lispro
10 mM citrate

10 pg/mal treprostinid
Composition H (.3 mM zinc

3.15 mg/mL meta-cresol
16 mg/mi glycering

1.88 mg/ml phosphate
100 U/mL KPB

1.88 mg/mL dibasic sodium phosphate
16 mg/mkL glycerol

3.15 mg/mi meta-cresol
0.3 mM zinc

pH 7.4

Hurmalog®

Study is designed as a 19 pig full cross over design in which each pigis
studied on each test article. A few animals do not participate on study due o port non-
patency therefore formulations D and E are n=18 while formulations F-H are n=19
and Humalog® n=17.

S Serum glucose data are represented in Table 5 below as mean (mg/dL) +/-

SEM) unless otherwise specified.
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Table 8,
Humalog® C(smpr(;sition Campgsition Compé)sitizm Compgsiti(;-n Compgsitiml
é;’:;; AVG | SEM | AVG | SEM | AVG | SEM | AVG | SEM | AVG | SEM | AVG | SEM
30 134051 82 {3402 89 | 3212 73 {33524 85 33744 75 3318 101
20 13444 80 {3413 | 92 3262 ] 78 {33981 77 {3446 67 | 3386 | 110
O 13626 | 7.7 | 3832 | 103 3394 | 95 133781 79 135471 79 |3491 | 1i4
5 d3776 79 13706 98 13495| 119 [ 36791 80 13691 85 ! 316821 124
0 137671 84 13607 93 |3296 | 120 {3610 11.1 {3619 | 90 | 3456 | 134
13 i3724 1 101 {3417 132 | 3076 | 137 | 34811 123 {34261 91 | 3216 1456
30 13398 1 179 12922 ] 173 | 2566 | 185 13041 | 147 {2990 | 129 | 2764 | 206
45 13015 0 218 | 2511 | 210 | 2309 | 2009 {2631 | 180 {2546 | 160 | 2373 | 242
60 1724 | 257 12242 | 213 | 2073 | 201 12309 | 216 | 2303 | 183 | 2088 | 26.4
75 12530 0 267 12023 | 226 L1782 | 193 119721 228 1969 1 203 | 1685 | 252
90 12202 1 283 | 1861 | 230 | 1646 | 205 {1734 1 235 {17361 214 [ 1538 | 262
105 11956 1 276 | 1482 | 200 | 1443 | 196 | 1486 | 23.1 [ 14761 209 | 1318 | 242
120 44844 | 275 | 1333 | 190 | 1209 | 182 | 130.0 | 226 {1249 204 | 1154 | 230
150 1352 | 248 | 1341 | 177 | 1046 | 185 | 1014 | 186 | 988 | 168 | 901 | 183
180 133431 220 [ 1027 165 | 861 | 158 | 908 | 1735 | 922 | 146 | 768 | 159
240 11224 1 197 1 937 | 164 | 752 | 124 {1 935 1 150 P oLi | 175 | 744 | 117
360 13384 | 171 {1040 | 158 | 907 | 151 {11390 137 1137 0 143 | 1051 ] 111

Serum insulin concentrations and PK parameters for Humalog® control and

compositions E, F and H are generated and analvzed generally as described above,

and PK results are provided in table 6 below.

Table 6.
Composition Tmax Eaijly ¥, Max Lage Y Max Spijeﬁd TSQ ‘
(min) (min) (min) {min) (min)
Humalog® [Mean (SE) 169.7 (12.5) 178D 155 (16) 138 (16) 137
E Mean (SE) [53.8 (10.3) 16.46 (0.55) 151 ¢15) 144 (15) 104 (5)
F Mean (SE) 54.2 (7.29) 23.1(4.8) 10D 87.1 (10.8) B9.4(3.7)
H Mean (SE) 39.5 (4.95) 9.85(1.77) 0o an 99.6 (11.5) PO.7(3.5)

This study supports that compositions of the present invention have improved

pharmacokinetic and/or pharmacodynamic time action.

Insulin lispro formulated with 15 mM citrate and 8.6-9.3 pg/mi treprostini}

A study on compositions comprising 15 mM citrate and/or varying

concentrations of treprostinid 15 performed in disbetic (Alloxan induced), castrated,
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male Yucatan miniature swine {(average age 25 months, average body weight 43 kgs)
following generally the procedures described above.

Test articles (Compositions [-M in the table below) are formulated by adding
the indicated amounts of citrate and/or treprostini], as well as MgCh and/or NaClin
the compositions specified below, to a vial of Humalog®. As with the study
described above, the necessary quantity of treprostinil is withdrawn from a vial of 1
mg/ml Remodulin®, so the addition of treprostinil to the test cornpositions also
results in the addition of small quantities of m-cresol, sodium citrate and sodium
chioride, as well as a slight dilution of the Humalog® excipients. Such small
quantities are not believed to affect the properties of the compositions, however, and
are thus not retlected in Table 7 below.

Table 7.

Mame Formulation Composition

99.1 U/ml insulin lispro

15 mM citrate

5 m MgCi2

15 mhi Nadl

0.3 mM zinc

3.15 mg/ml meta-cresol

1.88 mg/ml dibasic sodium phosphate
16 mg/ml glycerin,

998 U/ml Insulin lispro

9.30 ug/mi treprostinii

0.3 mM zinc

3.15 mg/mL meta-cresol

1.88 mg/ml dibasic sodium phosphate
16 mg/mli glycerin

99.6 U/ml insulin lispro

15 mM citrate

5 mM MgCi2

15 mM Nacl

Composition K 0.60 pg/mi treprostinil

0.3 mM zinc

3.15 mg/ml meta-cresol

1.88 mg/ml dibasic sodium phosphate
16 mg/mi glycerin

Composition |

Composition
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Name Formulation Composition

100.4 U/mil insuiin lispro

15 mM citrate

5 mM MgCi2

15 mid Nadl

Composition L 2.30 ug/mi treprostinil

0.3 mM zinc

3.15 mg/ml meta-cresol

1.88 mg/ml dibasic sodium phosphate
16 mg/mi glycerin

100.3 U/ml insuiin lispro

15 mM citrate

5 mM MgCi2

15 mb NaCi

Composition M 9.30 ug/mi treprostinii

0.3 mM zinc

3.15 mg/ml meta-cresol

1.88 mg/ml dibasic sodium phosphate
16 mg/mli glycerin

100 U/mi KPB

1.88 mg/ml dibasic sadium phosphate
16 mg/mi glycerol

3.15 mg/ml meta-crasol

0.3 mM zinc

pH 7.4

Humalog®

Study is designed as a 17 pig full cross over design in which each pigis
studied on each test article. Some animals do not participate on study due to port non-

patency or low baseline glucose. Data for Humalog® is n=17, Composition I is n=17,

AN

Composition J is n = 16, Composition K is n=15, Composition L is n=16 and
Composition M is n=16,
Serum glucose data are represented in Table & below as mean (mg/dL) +/-

SEM unless otherwise specified.

10
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Table 8,

Humalog® Cﬁmpﬁsition Camp;»sition Compigsitizm Compfsiti(;-n Com;;{;siﬁon

({r’s;; AVG | SEM | AVG | SEM | AVG | SEM | AVG | SEM | AVG | SEM | AVG | SEM
30 P30251 70 {3240 | 72 | 3224 | 110 31961 104 {33761 136 | 3216 | 7.9
20 131071 78 13307 76 13303 ] 103 {32451 121 134531 138 | 3254 | 76
O 132191 86 | 33835 93 | 3401 | 119 | 3359 1 117 35701 157 | 3322 | 89

5 133561 94 (3538 92 135691 126 134621 120 {37121 157 | %64 | 92
0 134031 98 13470 96 |3567 | 11.7 {33771 144 (3656 | 165 | 3392 | 118
15 32661 97 (33156 1095 [ 3401 ] 107 13065 1 137 13390 173 | 3004 | i34
30 27661 176 | 2643 | 17.9 | 2719 | 155 {2400 | 154 [ 27471 231 | 2440 | 206
45 V24320 205 12202 | 202 | 2375 | 144 | 197.9 1 208 {22671 268 | 1951 | 226
60 100211 260 | 1869 | 215 | 1929 | 17.8 | 1603 | 214 | 1959 | 275 | 1579 | 236
75 11825 1 272 1599 | 221 | 1557 | 198 | 1409 | 212 1714 | 283 | 1368 | 227
90 13580 1 274 (3412 ] 239 | 13380 192 111950 215 115320 274 | 1220 i 24
105 V34074 252 1 127.0 | 232 | 1180 | 198 | 1053 | 198 | 1326 1 256 | 1159 | 203
126 1 i208 0 236 | 1158 | 216 | 987 | 183 | 945 | 173 {1218 1 248 | 993 | i86
B30 49079 4 216 L1013 | 182 | 725 | 157 | 828 | 143 111031 217 | 876 | 171
80 1 004 | 171 1 986 | 182 | 664 | 119 1 792 | 112 {1018 | 204 | 882 5.4
240 1 834 | 145 {965 | 168 | 720 | 80 | 971 | 118 {1132 222 | 983 | 143
360+ 960 | 186 | 961 | 133 | 1222 | 165 | 14951 198 {1568 1 212 | 1254 | 204
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Serum mnsulin concentrations and PK parameiers are generated and analyzed

generally as described above, and PK resulis are provided in table 9 below.

Table 9.

. o Tinax Farly 2 Max {Late 2 Max [Spread {150

Cornposiiion - g o L -

{rmin) {(rnin) {(ruin} (roin} (min}

Humalog® [Mean (SE)} 60.0(7.6) 22.9(5.8)  [52(17) 1129(18) HO7(7)
i Mean (SE}  157.1(9.5) 16.0(3.5) 1144 (16) 1128 (17) 102 (5)
J Mean (SE) 1553 (5.3) 13.7(1.5) 1139 (9) 125(9) [96.8 (4.6)
K Mean (SE)  155.0(6.2) 158(22)  H36(10)  [120(11) 011 (4.8)
L Mean (SE)  50.0(7.2) 132 (2.1) 121 (10) 108 (10) 190.7 (6.6)
M Mean (SE} 1525(7.4) 11.7(1.5) 139 (18) 127 (18) 99.0(7.4)

This study supports that compositions of the present invention have improved

5 pharmacokingtic and/or pharmacodynamic time action.

Insulin Hspro formulated with 10 pg/ml. treprostinil and either 15 or 28 mM citrate
A study on compositions coraprising 10 pg/mL treprostinil and either 15 or 25
mM citrate 1s performed in diabetic {(Alloxan induced), castrated, male Yucatan miniature
swine (average age 33 months, average body weight 49 kgs} following generally the
10 procedures described above.
Test articles (Compositions N and O in the table below) are formulated by adding
the indicated amounts of citrate, treprostinil, NaCl and MgCl, to a vial of Humalog®. As
with the study described above, the necessary quantity of treprostimi] is withdrawn from a
vial of I mg/mb Remodulin®, so the addition of treprostinil to the test compositions also
15 results in the addition of small quantities of mo-cresol, sodium citrate and sodium chloride,
as well as a slight dilution of the Humalog® excipients. Such small quantities are not
believed to affect the properties of the compositions, however, and are thus not reflected
i Table 10 below.

Table 16,

Name Formulation Compesition
99.5 U/ral Insulin lispro

10 pg/mi treprostini]

15 mM citrate

5 mM MgCh

15 mM NaCl

16 mg/ml glycerin

Composition N
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Name Formulation Compaesition
99.6 U/ml insulin lispro

10 pg/ml treprostinl

25 mM citrate

5 mbd MgCl,

15 mM Na(’l

16 mg/ml glycerin

100 U/mL KPB

1.88 mg/mkL dibasic sodium phosphate
16 mg/ml, glvcerol

3.15 mg/mL meta-cresol

0.3 mM zinc

pH 74

Composition O

Humalog®

Study is designed as a 20 pig full cross-over design in which each pig is studied
on gach test article. One animal does not participate in Composition N group due to port
non-patency or low baseline glucose, data is n=19 for that group. Serum glucose data are

represented in Table 11 below as mean (mg/dL} +/- SEM unless otherwise specified.

10

20
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Table 11,
Humalog® Composition N Composition &
Tme | \vGg | SEM | AVG | SEM | AVG SEM
{min)

=30 3238 8.4 3363 94 3233 92
-20 332 9.1 3447 9.5 336.0 972
0 3431 8.8 354.0 9.9 346.6 10.2

5 3533 98 3645 10.8 35572 10,9
i0 3558 9.8 3571 9.1 3423 11.4
15 35572 10.6 340.7 11.6 3256 138
30 3179 12.9 293.3 15.9 270.0 17.9
45 2914 19.1 2548 192 2397 21.0
60 2556 211 220.9 213 216.1 22.8
7: 2398 239 1952 21.7 1938 22.8
90 2057 237 1738 22.6 172.6 227
105 184 4 228 156.0 215 158.6 22.7
120 162.0 21.7 1391 194 1459 217
150 1353 20.5 107.1 18.2 116.3 194
180 1192 18,4 86. 1 16.5 1048 18.3
240 841 133 83.3 131 80.8 14.8
360 63.4 114 108.6 14.2 86.1 10.8

Collectively, the studies described above support that the compositions of the

present invention have faster pharmacokinetic and/or pharmacodynanuc action than

commercial formulations of existing insulin analog products.

Stabibity Studies

The stability of msulin lispro when fornulated with a range of citrate

concentrations, treprostinil and other excipients is assessed. The compositions of

exemplary formulations, shown in table 12 below, are prepared by formulating inselin

lispro active pharmaceutical ingredient with the other excipients indicated.
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Table 12,

MName Composition
100 U/mL insulin lispro
15 mM citrate

10 png/mL treprostinil
0.65 mM zinc

5 mbd MgCl,

0.06% Poloxamer 18%
3.15 mg/mlL m-cresol
17.5 mM Glycerol
pH74

106 U/ml insulin hispro
20 mM citrate

10 png/mlL treprostinil
0.65 mM zinc
Formulation Q 6.6 mM MgCl,

0.06% Poloxamer 188
3.15 mg/mi. ro-cresol
15.68 mM Glycerol

pH 7.4

100 U/mL insulin hispro
25 mM citrate

10 pg/mL treprostini
8.3 mM MgCl,

0.65 mM zinc

0.66% Poloxamer 188
3.15 mg/ml, ro-cresol
13.82 mM Glycerol

pH 7.4

Composition P

Fornmulation R

The solutions are filtered using 50 mi Steriflip Vacuum filter with 0.22 uM PES
membrane (Cat#: SCGPO0525, EMD Millipore, Billerica, MD) and distributed into either
10-mL vials with crimp-top or 3-mL glass insulin cartridges, then incubated at 4 °C and
30 °C respectively. The 4 °C samples are stored without agitation for 64 days, while the
30 °C samples are incubated without agitation for 36 days, followed by a simulated in-use
period of 28 days. In the in-use sinmiation the container is inverted and a sample is
drawn from each vial or cartridge three timnes a day for 28 days. Two draws are done at
each time point on days before or after any Saturday, Sunday or boliday. Aliquots of 80
pL are drawn from each vial using Terumo U-100 insulin (1/2 cc 27 G x ¥27) syringe and
30 pL are drawn from each casiridge using the HumaPen Luxura HD using the Comfort

Point 6mm (31 G x 7)) needle.
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Saroples are collected from day 36 (day 1 of the im-use period at 30 °C), day 50
and day 64 to be analvzed using reversed-phase high-performance liquid chromatography
(RP-HPLC) and analytical size exclusion chromatography (SEC).

All formulations are also evaluated in 3 mL glass insulin cartridges at 37 °C while

5 shaking at ~100 rpm. This condition is intended to be imdicative of stability in continuous
subcutaneous insulin infusion therapy. Endpoint samples from this condition are
analyzed using RP-HPLC and SEC.

RP-HPLC analysis is performed to assess protein pusity in each fornulation at the
stability time points using a UV detector at 214 nm. Each sarople (§ pl) is separated

10 wusing a Zorbax 3008B-C18, Rapid Resslution 4.6 X 150 mm 3.5-Micron column (Part #
863973-902) at 40 °C with a flow rate of 0.6 mL/minute and mobile phase A (50 mM
sulfate, pH 2.3 + 20% acetonitrile (v/v}) and mobile phase B (50 mM sulfate, pH 2.3 +
50% acetonitrile (v/v}). Gradient of mobile phase B at 0, 3, 15, 21, 26, 27, 27.5 and 35.0
min is 21, 25, 25, 30, 80, 80, 21 and 21%, respectively. Insulin content is calculated

15 wsing RP-HPLC by combining the mitegrations of the insulin mamn peak area and A2}
area then dividing by an insulin lispro standard. Insulin loss for formulation samples
compared to Humalog® control is less than 5% for all samples out to 64 days at 4 °C and
30 °C. Percentage of sample outside of main peak with A21 is calculated by dividing
chromatographic main peak area by total peak area and subtracting that area and A21

20 from 100. The percent outside of the main peak area 15 less than 1.76% for all samples at
4 °C for 64 davs and less than 2.48% for all samples at 30 °C for 64 days.

For the SEC analysis, each sample (5§ pl.) is separated using a Sepax Zemix-C
SEC-80, 7.8 x 300 nun, 3 um particles coluron (catalog# 233080-7830}) at 5 °C and a flow
rate of 1.0 mb/minute with isocratic elution of mobile phase (0.1% TFA, 50% ACN) over

25 anmtime of 25 minutes.

Percentage of high molecule weight polvmer (JoHMWP} 15 calculated by
integrating the total percent area of all peaks eluting prior to the main peak. Results (%
HMWP) are given in the tables below. HMWP formation is less than 1% for all samples
out 1o 64 days at 4 °C and 30 °C, and HMWP formation in citrate~-containing samples is

30 comparable to HMWP formation in Humalog® control samples.
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Table 13. Vials stored at 4 °C: msulin content, units/mb.

Cemposition Bay 36 Day 56 Day 64
P 100.07 99.89 99.36
9, 100.06 99.88 99.38
R 100.03 99.85 99.29

Table 14. Vials stored ai 4 °C: other related substances, percent.

Compesition Bay 36 Day 88 Day 64

P 0.92 1.05 1.17
G 0.93 1.07 1.12
R 0.96 1.09 1.32

Table 15, Vials stored at 4 °C: high molecular weight species, percent.

Composifien Bay 36 Day 50 Day 64

P 0.17 0.19 0.21
O 0.1¢6 0.20 0.22
R 0.16 0.20 0.21

Table 16, Vials stored at 30 °C: mnsulin content, units/mb..

Composition Bay 36 Day 56 Day 64

P 98.77 98.60 98.47
Q 98.67 98.50 98.46
R 98.82 U8.65 98.46

Table 17. Vials stored at 30 °C. other related substances, percent.

Compesition Bay 36 Bay 50 Day 64

p 1.23 1.40 1.53
G 1.33 1.50 1.54
R 1.18 1.35 1.54

Table 18. Vials stored at 30 °C: high molecular weight species, percent.

Cempeosition Bay 36 Day 56 Day 64
P 0.33 0.41 0.46
O 0.29 0.39 .43

R 0.29 (.38 0.43
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Table 19, 3-mL cartridges stored 14 days at 37 °C with shaking.

Ye{rther
Compeosition Y% HMW Units/mi Related
Substances
P 0.33 08.24 1.32
G 0.34 07.88 1.54
R 0.30 97.66 1.59

An additional stability study is performed wherein formulations containing insulin
Hspro and different concentrations of ciirate, treprostinil, zine and other excipients are
subjected to different conditions. Twenty-four formulations of citrate-containing
formulations and two control formulations which do not contain citrate are prepared. The
concentrations of cifrate, magnesium chioride, Zn, total chioride, treprostinil and
poloxamer in the formulations are indicated in Table 20 below.

Table 20. Formulations Tested

Total
Citrate | MgCh | Toetal Zn{ Chioride | Treprostinil | Poloxamer
Ng (mM} | (mb) | (M) (mM) {(ug/ml) 188%
S 0 0 0.3 10 0 0
T 0 0 0.3 20 0 0
U 12 2.5 0.4 10 2 0
v 2 2.3 0.8 i3 0 0
X 12 7.5 0.4 20 0 0
Y 2 7.3 0.8 23 2 0
Z 15 5 0.6 20 1 0
AA 18 2.5 0.4 10 0 0
BB 18 2.5 0.8 13 2 0
CC 18 7.5 0.4 20 2 0
DD 13 7.5 0.8 23 0 0
EE 15 3 0.6 16 1 0.045
FF 15 S 0.6 16 1 0.045
GG 15 5 0.6 25 1 0.045
HH 15 3 0.6 30 i 0.045
i 15 3 0.6 50 1 0.045
i i5 S 0.6 100 1 0.045
KK 15 5 0.6 20 1 .06
LL 12 2.5 0.4 10 0 (.09
MM 12 2.3 0.8 13 2 0.09
NN 12 7.5 0.4 20 2 0.09
00 12 7.5 0.8 23 0 0.090
PP 18 2.5 0.4 10 2 0.09
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QQ 18 2.5 0.8 13 0 0.09
RR 18 7.5 0.4 20 0 0.090
S8 13 7.5 0.8 23 2 0.090

In order to prepare the formulations, a lispro concentrate stock solution is
prepared containing 200 units insulin lispro/mi., 24.2 mg glvcerin/mL, 6.30 mg
metacresol/ml., and 0.6 oM zinc in water for bulk sterile operations. This stock solution

5 1s pH adjusted with hydrochlonc acid to dissolve the insulin lispro and then adjusted with
sodium hydroxide to pH of 7.40.

The citrate-containing formulations are prepared by diluting the lispro concentrate
with the appropriate volumes of exciptent stock solutions: sodium citrate, magnesium
chloride, zinc oxide, treprostinil, and poloxamer 188. To achieve target chloride content,

10 astock solution of sodium chloride is added to some formulations. The solution is pH
adjusied to 7.30 — 7.50 with hydrochloric acid or sodium hydroxide followed by g.s. with
water for bulk sterile operations.

The non-citrate formulations are prepared by diluting the lispro concentrate with
the appropriate volumes of water for bulk sterile operations or water for bulk sterile

15 operations and sodium chloride solution. The solution is pH adjusted 1o 7.30- 7.50 with
hydrochloric acid or sodium hydroxide followed by q.s. with water for bulk sterile
operations.

The formudations are stenile filtered and then volumetrically transferred to 10 mL
glass vials with a 10.3 mb fill, stoppered, and crivop sealed. Twenty vials are filled per

20 batch.
The study includes subjecting vials of each formulation to one of three different

conditions, as described below.

Table 21.

Condition Description

Control {n=5} 5°C static upright storage for 39 days

Thermal stress {n=5) Abbreviated shipping stress stmulation foliowed by
30°C static upright storage for 32 days

Cumulative Stress (n=3) Abbreviated shipping stress simulation foliowed by 32
day simuiated patient in-use with 30°C upright storage
between dosing
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As indicated in the table above, the thermal stress and curnulative stress
conditions include first subjecting the vials to an abbreviaied shipping stress simulation,
which is performed as described in International Safe Transit Association (ISTA)
Procedure 3A (2008). For the thermal stress condition, the vials are then placed into
5 static upright storage at 30°C. For the cumudative stress condition, the vials are then
subjected to a patient in-use simulation. The patient in-use simulation 1s performed by
withdrawing 8 units of air into any insulin syringe, inserting the needle into the vial while
the vial 13 in the upright position, ensuring that the needle tip does not touch the imsulin
solution, mjecting air into the vial, inverting the vial and syringe, withdrawing 8 units of
10 the product solution, elinunating any air bubbles in the syringe by slowly moving the
phunger io push the bubble back into the vial {repeating if necessary) and adjusting the
syringe planger so that the final dosage is 8 units, removing the svringe, and placing the
vial back into the 30°C incubator. This process is repeated for three doses per day for 32
days. When not being dosed, the vials are stored upright at 30°C.
15 Chemical stability is tesied by size exclusion chromatography (SEC) and reverse
phase HPLC (RP-HPLC). RP-HPLC analysis is performed to assess protein purty in
each formulation using a UV detector at 214 nm. Each sample (5 pl) is separated using a
Halo Peptide ES-C18, 4.6 X 150 mm 2.7-Micron column (Part # 92124-702) at 40 °C
with a flow rate of 1.0 mL/minuie and mobile phase A (50 oM sulfate, pH 2.3 + 20%

20 acetomitrile (v/v)) and mobile phase B (50 mM sulfate, pH 2.3 + 50% acetoninle
{v/v})). Gradient of mobile phase B at 0, 2, 17, 22, 25, 29, 29.5, and 35 minutes is 25, 25,
27,40, 90, 90, 25 and 25%, respectively. Insulin content is calculated by combining the
mtegrations of the insulin main peak and B3 peak areas then dividing by an insulin lispro
standard. For SEC, each sample (50 pL) 1s separated using a Sepax Zenix-C SEC-80, 7.8

25 x 300 mm, 3 um particles column (catalog# 233080-78303 at 5 °C and a flow rate of 1.0

mlb./minute with isocratic elution of mobile phase (0.1% TFA, 30% ACWN) over a run time
of 25 minutes. Percentage of high molecule weight polymer (SsHMWP) is calculated by
integrating the total percent area of all peaks eluting prior to the main peak. One vial
each from formulations PP and QQ subjected to the cumudative siress conditions could

30 not be sampled due to particulate formation.  All other vials were tested, and all results

were within insulin lispro acceptance criteria for both potency (95 — 105 U/mbL) and

HMWP (NMT 1.5%).
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Physical stability 1s assessed by visual appearance testing in which samples are
visually inspected. Samples are graded as pass that are clear, colorless, and essentially
free of visible particles. All samples of all formulations pass visual appearance testing at
all time points in the control and thermal stress conditions. Visual appearance testing
results for the comulative stress condition are provided in table 22 below.

Table 22.

24 Bays 28 Bays 32 Days
Formulation | 21 Days (n=5) {(n=5%} {n=5}) (n=5%)
S 100% Pass 100% Pass | 100% Pass | 100% Pass
T 100% Pass 100% Pass | 80% Pass | 100% Pass
U 100% Pass 100% Pass | 100% Pass | 100% Pass
v 100% Pass 100% Pass | 100% Pass | 100% Pass
X 100% Pass 100% Pass | 100% Pass | 100% Pass
Y 1009% Pass 100% Pass | 100% Pass | 100% Pass
Z 100% Pass 100% Pass | 100% Pass | 100% Pass
AA 100% Pass 100% Pass | 100% Pass | 100% Pass
BB 100% Pass 100% Pass | 100% Pass | 100% Pass
CC 100% Pass 100% Pass | 100% Pass | 100% Pass
DI 100% Pass 100% Pass | 100% Pass | 100% Pass
EE 100% Pass 100% Pass | 40% Pass 0% Pass
FF 100% Pass 100% Pass | 100% Pass (3% Pass
GG 100% Pass 80% Pass 0% Pass (% Pass
HH 100% Pass 100% Pass (% Pass (% Pass
I 100% Pass 100% Pass 0% Pass (0% Pass
i 100% Pass 100% Pass 0% Pass 0% Pass
KK 100% Pass 100% Pass 0% Pass (% Pass
LL 60% Pass 60% Pass 40% Pass (% Pass
MM 1009 Pagss 100% Pass | 100% Pass | 20% Pass
NN 100% Pass 100% Pass | 100% Pass | 80% Pass
00 100% Pass 100% Pass | 100% Pass | 100% Pass
PP 20% Pass Yo Pass 0% Pass (% Pass
QG 20% Pass 80% Pass 20% Pass 0% Pass
RR 100% Pass 100% Pass | 100% Pass (% Pass
S8 100% Pass 100% Pass | 100% Pass 0% Pass

Al vials of formudations U, V, X, Y, Z, AA, BB, CC DD and OO0 pass the
curmudative stress festing through day 32 of the patient in-use simulation.  All vials of
fornulations FF, MM, NN, RR and S8 pass the cumulative stress testing out through day
28, All vials of formulations EE, HH, I, JJ and KK pass through day 24. Al vials of

formulation GG pass out through day 21.
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The studies described above support that the compositions are chemically and
physically stable under refrigerated and thermal stress conditions, and that certain
compositions of the present invention are sufficiently stable for comumercial use even

under simulated in use testing out to 32 days.
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Sequences

Human insulin A-chain

Gly Ile Val Glu Gln Cys Cys Thr Ser lle Cys Ser Leu Tyr Gln Leu Glu Asn Tvr Cys Asn
(SEQ IDNO: 1)

Human insulin B-chain
Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val Glu Ala Len Tyr Leu Val Cyvs Gly
Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr (S8EQ 1D NO: 2).

Insulin lispro B-chain
Phe Val Asn Glin His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly
Glu Arg Gly Phe Phe Tyr Thr Lys Pro Thr (SEQ 1D NO: 3).

Insulin aspart B-chain
Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Gl Ala Len Tyr Leu Val Cys Gly
Glu Arg Gly Phe Phe Tyr Thr Asp Lys Thr (SEQ 1D NO: 4.

Insulin glulisine B-chain
Phe Val Lvs Gln His Leu Cys Gly Ser His Leu Val Gla Ala Leu Tyr Leu Val Cys Gly
Glu Arg Gly Phe Phe Tyr Thr Pro Glu Thr (SEQ D NG: 5},
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WE CLAIM:

1.

10.

A pharmaceutical composition comprising:
a. an insulin;
b. citrate, in a concentration from 5 to 25 mM;

c. treprostinil, in a concentration from 0.04 to 20 pg/mL;

o

zinc, in a concentration sufficient to provide at least 2 zinc ions per six
molecules of insulin;

e. apreservative; and

f. one or more additional stabilizing agents selected from the group consisting of

magnesium-containing compounds and sodium chloride;

and having a pH of 7.0 to 7.8 at room temperature.
The pharmaceutical composition of claim 1 wherein the zinc concentration is from 0.2
to 2 mM.
The pharmaceutical composition of any of claims 1-2 wherein the zinc concentration
is from 0.2 to 1 mM.
The pharmaceutical composition of any of claims 1-3, wherein the zinc concentration
is from 0.6 to 0.8 mM.
The pharmaceutical composition of any of claims 1-4, wherein the one or more
additional stabilizing agents comprise a magnesium-containing compound.
The pharmaceutical composition of claim 5, wherein the magnesium-containing
compound is present in a concentration resulting in a molar ratio of magnesium to
citrate from 1:2 to 1:10.
The pharmaceutical composition of claim 6, wherein the molar ratio of magnesium to
citrate is from 1:3 to 1:5.
The pharmaceutical composition of any of claims 6-7 wherein the magnesium-
containing compound is magnesium chloride.
The pharmaceutical composition of any of claims 1-8, wherein the insulin
concentration is from 100 to 300 U/mL.
The pharmaceutical composition of any of claims 1-9, wherein the insulin
concentration is either 100 U/mL or 200 U/mL.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22,

23.

24,

25.

-51-

The pharmaceutical composition of any of claims 1-10, wherein the insulin is insulin
lispro.
The pharmaceutical composition of any of claims 1-11, wherein the concentration of
citrate is from 10 to 25 mM.
The pharmaceutical composition of any of claims 1-12, wherein the concentration of
treprostinil is from 0.04 to 10 pg/mL.
The pharmaceutical composition of any of claims 1-13, wherein the concentration of
treprostinil is from 0.5 to 2 pg/mL.
The pharmaceutical composition of any of claims 1-14, wherein the preservative is m-
cresol.
The pharmaceutical composition of claim 15, wherein the concentration of m-cresol is
from 2.5 to 3.8 mg/mL.
The pharmaceutical composition of any of claims 1-16, wherein the one or more
additional stabilizing agents comprise sodium chloride.
The pharmaceutical composition of claim 17 wherein the sodium chloride is present
in a concentration from 1 to 50 mM.
The pharmaceutical composition of any of claims 1-18, wherein the total
concentration of chloride is from 10 to 50 mM.
The pharmaceutical composition of any of claims 1-19, further comprising a tonicity
agent.
The pharmaceutical composition of claim 20, wherein the tonicity agent is glycerol.
The pharmaceutical composition of claim 21, wherein the concentration of glycerol is
from 1 to 15 mg/mL.
The pharmaceutical composition of claim 1 comprising:

a. insulin lispro, in a concentration from 100 to 200 U/mL;

b. citrate, in a concentration from 5 to 25 mM;

c. treprostinil, in a concentration from 0.5 to 2 pg/mL; and

d. zinc, in a concentration from 0.2 mM to 2 mM.
The pharmaceutical composition of claim 23, wherein the concentration of citrate is
from 15 to 25 mM.
The pharmaceutical composition of any of claims 23-24, wherein the concentration of

zinc is from 0.6 to 0.9 mM.
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26. The pharmaceutical composition of any of claims 23-25, further comprising a
magnesium-containing compound, in a concentration resulting in a molar ratio of
magnesium to citrate from 1:3 to 1:5.

27. The pharmaceutical composition of any of claims 1-26 having a pH of about 7.4.

5

10

15

20

25

28. The pharmaceutical composition of claim 23 wherein:

a.
b.
C.
d.

e.
f.

g.

insulin lispro is in a concentration of about 100 U/mL;
citrate is in a concentration of about 15 mM;
treprostinil is in a concentration of about 1 pg/mL; and
zinc is in a concentration of about 0.6 mM;

and further comprising:

magnesium chloride in a concentration of about 5 mM;
m-cresol, in a concentration of about 3.15 mg/mL,;

glycerol, in a concentration of about 12 mg/mL;

and having a pH of about 7.4.

29. The pharmaceutical composition of claim 23 wherein:

a
b.
C.
d.

e.
f.

g.

insulin lispro is in a concentration of about 200 U/mL;
citrate is in a concentration of about 15 mM;
treprostinil is in a concentration of about 1 pg/mL; and
zinc is in a concentration of about 0.8 mM;

and further comprising:

magnesium chloride in a concentration of about 5 mM;
m-cresol, in a concentration of about 3.15 mg/mL; and

glycerol, in a concentration of about 12 mg/mL;

and having a pH of about 7.4.



10

15

20

30.

-53-

A pharmaceutical composition comprising:
a. aninsulin;
b. citrate, in a concentration from 5 to 25 mM;
c. treprostinil, in a concentration from 0.04 to 20 pug/mL;
d. apreservative;
e. astabilizing agent comprising zinc, in a concentration sufficient to provide at

least 2 zinc ions per six molecules of insulin; and

and having a pH of 7.0 to 7.8 at room temperature.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

The pharmaceutical composition of any one of Claims 1-30 for use in therapy.

The pharmaceutical composition of any one of Claims 1-30 for use in the treatment of
diabetes.

Use of the pharmaceutical composition of any one of Claims 1-30 in the manufacture
of a medicament for the treatment of diabetes.

An article of manufacture comprising any one of the pharmaceutical compositions of
Claims 1-30.

The article of manufacture of Claim 34 which is a multi-use vial.

The article of manufacture of Claim 34 which is a multi-use cartridge.

The article of manufacture of Claim 34 which is a re-usable pen injector.

The article of manufacture of Claim 34 which is a disposable pen device.

The article of manufacture of Claim 34 which is a pump device for continuous
subcutaneous insulin infusion therapy.

The article of manufacture of Claim 34 which is a container closure system for use in

a pump device for continuous subcutaneous insulin infusion therapy.



