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Pharmaceutical solution of non covalently bound albumin and acylated insulin

FIELD OF THIS INVENTION
The present invention relates to an injectable, pharmaceutical solution of an acylated insulin which,

after subcutaneous injection, does not precipitate or precipitates only in an inferior or minor amount.

BACKGROUND OF THIS INVENTION

Diabetes mellitus is a metabolic disorder in which the ability to utilize glucose is partly or completely
lost (designated diabetes 2 and diabetes 1, respectively). World vide, about 5% of all people suffer
from diabetes and the disorder approaches epidemic proportions. Since the introduction of insulin in
the early 1920°s, continuous efforts have been made to improve the treatment of diabetes mellitus.
Since many people suffering from diabetes are subject to chronic treatment over several decades,
there is a major need for safe, convenient and life quality improving insulin formulations.

In the treatment of diabetes mellitus, many varieties of insulin formulations have been sug-
gested and used, such as regular insulin, isophane insulin (designated NPH), insulin zinc suspensions
(such as Semilente®, Lente®, and Ultralente®) and biphasic isophane insulin. Some of the commercial
available insulin formulations are characterized by a fast onset of action and other formulations have a
relatively slow onset but show a more or less prolonged action. Fast-acting insulin formulations are usually
solutions of insulin, while retarded acting insulin formulations can be suspensions containing insulin in
crystalline and/or amorphous form precipitated by addition of zinc salts alone or by addition of protamine
or by a combination of both. Recently, also soluble prolonged acting insulin formulations have also been
put on the market and in such formulations the insulin may be an acylated insulin.

Some previously invented insulins and insulin analogues which are acylated with a fatty acid
chain with high affinity for albumin have - due to analogue design — high hydrophobicity or changed pl
value (compared with that of human insulin). Subcutaneous injection of such an acylated insulin may
result in precipitation by salting out or oligomer formation of the acylated insulin. Unfortunately, the
precipitated, acylated insulin is only partly solubilised in the subcutis. One draw back of this is that
these insulins when injected have limited bioavailability and, hence, it is difficult to control the admini-
stration of insulin.

It has turned out that it is extremely important for a diabetic patient to control the blood glucose
level as much as possible. A good control of the blood glucose level will — in addition to the control of the
diabetic disease - reduce the risk for complications such as cardiovascular diseases, amputation of legs
and blindness.

In J. Histochem. Cytochem. 36 (1988), 359-65, receptor dynamics of gold-insulin complexes,
stabilized with bovine serum albumin, was studied. No pharmaceutical formulations are mentioned
therein.

The claims in US 2,789,080 relates to an agueous composition comprising insulin and an
esterified animal albumin. Alternatively, the albumin can be amidificated. Since this patent claims prior-

ity from 1953, the insulin dealt with probably is porcine or bovine insulin.
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Claim 1in US 4,492,684 relates to a composition comprising a matrix of partially cross-linked
albumin and insulin, said cross-linking being achieved by the use of glutaraldehyde resulting in cova-
lent bonds.

Claim 1 in US 4,963,526 relates to a composition useful as an oral dosage form of insulin,
said composition derived from a two phase liquid coacervate composition. According to claim 3
therein, said composition may, for example, contain albumin. Apparently, no acylated insulin is men-
tioned therein.

Claim 1 in US 6,051,551 relates to a method of treating diabetes, comprising administering a
fatty acid-acylated human insulin or insulin analogue by inhalation. According to columns 11 and 12
therein, formulations suitable for use with a sprayer or a nebulizer can also include an agent for stabi-
lizing of the fatty acid-acylated insulin protein, such as, for example, a bulk protein. Bulk proteins in-
clude, for example, albumin. Albumin is not used in any of the working examples therein.

Claim 1 in WO 92/19260 relates to a peptide hormone solution said solution containing se-
rum albumin in an amount capable of stabilizing the hormone to prevent precipitation thereof. In the
only experimental example in said application, the hormone insulin, of an unknown species, is used.

Claim 20 in WO 02/064115 relates to a powder insulin formulation manufactured by lyophili-
zation of a dispersion of a liquid insulin formulation according to claim 1 therein to which has been
added a cryoprotectant which, for example, is albumin. No acylated insulins are mentioned therein.

Claim 1 in WO 2008/013938 relates to an aerosolizable formulation comprising an insulin
derivative. At page 34 therein, albumin is mentioned as one of the many, possible ingredients in the
aerosolizable formulation.

Claim 1in WO 2008/034881 relates to novel, protease resistant insulin analogues which
have been developed for oral administration for patients preferring that route of administration. The
preparation of oral formulations is described therein at pages 31-34 and, at page 34, albumin is men-

tioned as one of the many, possible ingredients in the oral formulation.

OBJECTS OF THIS INVENTION
The object of this invention is to overcome or ameliorate at least one of the disadvantages of the prior
art, or to provide a useful alternative.

Another aspect of this invention relates to the furnishing of a soluble, aqueous, pharmaceutical
formulation which can be used to treat diabetes and which can be easily used to control or prevent
diabetes.

Another aspect of this invention relates to the furnishing of a soluble, aqueous, pharmaceutical
formulation containing an acylated insulin which, after subcutaneous injection, does not precipitate or
precipitates only in an inferior or minor amount.

Another aspect of this invention relates to the furnishing of a soluble, aqueous, pharmaceutical
formulation containing an acylated insulin which, after subcutaneous injection, does not oligomerise
with albumin at the injection site to form an oligomer with a high molecular weigth, e.g., 2 molecular

weigth of 440 kDa or oligomerises only in an inferior or minor amount.
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Another aspect of this invention relates to the furnishing of a soluble, aqueous, pharmaceutical
formulation containing an acylated insulin which has a more protracted pharmaceutical profile com-
pared with the profile of the analogous formulation with a relatively higher content of albumin.

Another aspect of this invention relates to the furnishing of a formulation facilitating the regu-
lating of the degree of protraction.

Another aspect of this invention relates to the furnishing of a formulation in which the degree
of protraction can be more conveniently regulated that in a corresponding formulation not containing
albumin.

Another aspect of this invention relates to the furnishing of an insulin formulation for which it is
easier than for the known insulin preparations to foresee the degree of protraction.

Another aspect of this invention relates to the furnishing of an acylated insulin formulation for

which it is easier than for the known insulin preparations to foresee the degree of protraction.

DEFINITIONS

Briefly, the term acylated insulin covers naturally occurring insulin and analogue thereof in which a
moiety containing an acyl group has been attached to the amino group in a lysine residue. Usually
such acyl groups originate from fatty acids, both mono and diacids, containing at least 16 carbon at-
oms and, preferably, containing not more than 38 carbon atoms, more preferred not more than 24 car-
bon atoms, more preferred not more than 22 carbon atoms, more preferred not more than 20 carbon
atoms. Said moiety containing an acyl group may also contain other groups such as an alkylene glycol
moiety. Preferably, the naturally occurring insulin or and analogue thereof which is acylated contains
only a single lysine residue. Such a lysine residue can, for example, be attached to the A21 amino
acid in which case the lysine residue is in the A22 position. Many acylated insulins have been de-
scribed in the last decade and acylated insulins is a class of insulins which are known to the skilled art
worker. A general formula of the acyl moiety connected to the insulin or analogue thereof is:
-X-CO-(CH,)-R, wherein n is an integer in the range from 14 to 24, R is methyl or carboxy, -(CH,)-R
is a straight chain, and X is a bond or a linker. In one embodiment, the term “acylated insulin” covers
the acylated insulins described in WO 2009/022005 and WO 2009/022013 which are both incorpo-
rated by reference. Hence, acylated insulins are, for example, covered by claim 1 in each of these
publications. Claim 1 in WO 2009/022005 reads as follows: “An acylated insulin analogue wherein the
insulin analogue comprises a lysine residue connected C-terminally to the A21 amino acid residue or a
peptide residue of up to 4 amino acid residues comprising a lysine residue which peptide residue is con-
nected C-terminally to the A21 amino acid residue, characterized in that an acyl moiety comprising an
alkylene glycol moiety is attached to the lysine residue in the A22 position or attached to a lysine residue
present in the peptide residue that is attached to the C terminal end of the A21 amino acid residue and
wherein there is only one lysine (K, Lys) in the insulin analogue.” A more detailed explanation of said acy-
lated insulins can be found in the two, last-mentioned PCT applications which are incorporated by refer-
ence. In one embodiment, the term “acylated insulin” covers the acylated insulins described in WO

2007/096431, for example in claim 1 in combination with claim 3. Hence, in this case, the term “acy-
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lated insulin” covers an insulin derivative comprising a parent insulin and a substituent, wherein the
substituent is attached either to an e-amino group of a Lys residue present in the A-chain of the parent
insulin at position A8, A9, A10, A12, A14, A15, A17, A18, A21, A22, A23 or A24 or to an € -amino
group of a Lys residue in the B-chain of the parent insulin at position B1, B2, B3, B4, B20, B21 or B22,
wherein the substituent comprises an acyl group having from 6 to 40 carbon atoms, and, preferably,
the substituent has the general formula CHs-(CH2),-CO-, where n is an integer in the range from 4 to
38, and wherein the term “parent insulin” is an insulin analogue containing only one Lys residue in the
A-chain and/or the B-chain. A more detailed explanation of said acylated insulins can be found in the
last-mentioned PCT applications which is incorporated by reference. In another embodiment, the term
“acylated insulin” covers the acylated insulins described in EP 1,991,576 B1, especially in claim 1
thereof and a more detailed explanation of said acylated insulins can be found in the last-mentioned EP
patent which is incorporated by reference.

Herein, the term “analogues of naturally occurring insulins” and “insulin analogue” covers hu-
man insulin wherein one or more amino acid residues of the insulin have been substituted by other
amino acid residues and/or wherein one or more amino acid residues have been deleted from the in-
sulin and/or wherein one or more amino acid residues have been added and/or inserted to the insulin.
The amino acids dealt with in this invention are, preferably, amino acids which can be coded for by a
triplet ("codon") of nucleotides, vide genetic engineering. Herein, amino acids are, given by their com-
mon three letter codes, preferably. Gly, Pro, Ala, Val, Leu, lle, Met, Cys, Phe, Tyr, Trp, His, Lys, Arg,
GIn, Asn, Glu, Asp, Ser and Thr. In one embodiment, an insulin analogue comprises less than 8 modi-
fications (substitutions, deletions, additions (including insertions) and any combination thereof) relative
to the parent insulin, alternatively less than 7 modifications relative to the parent insulin, alternatively
less than 6 madifications relative to the parent insulin, alternatively less than 5 modifications relative to
the parent insulin, alternatively less than 4 modifications relative to the parent insulin, alternatively less
than 3 modifications relative to the parent insulin, alternatively less than 2 modifications relative to the
parent insulin.

Herein, the following abbreviations are used: "OEG” for 8-amino-3,6-dioxaoctanoic acid,;
“gGlu” (or “yGlu” or “y-Glu”) for gamma-glutamic acid and “HSA” for human serum albumin. “Milli-Q”
refers to water that has been purified and deionized to a high degree by a water purification systems
manufactured by Millipore Corporation. The system monitors the ion concentration by measuring the
electrical resistance of the water. Most Milli-Q systems dispense the water through a 0.22 pm
membrane filter.

Herein, the term insulin dimeric constant is used for the insulin concentration where more
than 90% of the insulin is in the dimeric form. Below this concentration an increasing amount of insulin

is in the monomeric form.

SUMMARY OF THE INVENTION
Certain acylated insulins as described in the present invention have been found to precipi-

tate in the subcutaneous tissue following subcutaneous injection of a soluble formulation with low ionic
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strength, for example, below 50 mM NaCl. Probably, precipitation is caused by the increase in ionic
strength to 150 mM NaCl in the subcutis and is associated with low bioavailability.

It has, surprisingly, been found that addition of albumin, for example, serum albumin, to the
insulin formulation (before it is administered) can prevent the acylated insulin formulations of the in-
vention from precipitation following subcutaneous injection. Probably, the reason for the surprising
effect obtained by the present invention it that the interaction between albumin and the acyl chain of
acylated insulin in the solution intended for injection to a patient prevents the precipitation of the acy-
lated insulin and restores the bioavailability of the acylated insulin after the injection has taken place
(although this invention is not restricted to this being the reason for the observed inventive effect).

Furthermore, it has been found that the stoichiometry of albumin vs. acylated insulin in the
formulation can be used to control the aggregation state of the insulin-albumin complex in the formula-
tion, and thus, the degree of protraction following subcutaneous injection.

In one embodiment, this invention addresses acylated insulins which interact with albumin
with a binding constant of at least 1 mM and, then, precipitate or aggregate after subcutaneous injec-
tion. Acylated insulins include, for example, insulins acylated in the A22K amino acid (A22K acylated

insulins), as described herein.

DETAILED DESCRIPTION OF THIS INVENTION

Briefly, this invention relates to formulations containing albumin and a salting out, acylated insulin
wherein the albumin is not covalently bound to the salting out, acylated insulin. Salting out, acylated
insulins can be divided into three sub groups of acylated insulins. Acylated insulins having a low solu-
bility in a 150 mM NaCl solution containing three zinc ions per six insulin molecules, i.e. a solubility
below 30%, as defined specifically in Test A below, are salting out, acylated insulins. Furthermore,
also acylated insulins which form an insulin-albumin-cligomer with a molecular weight above 440,000,
as defined specifically in Test B below, are salting out, acylated insulins. Furthermore, also acylated
insulins having a low solubility in 2 150 mM Na(l solution not containing zinc, i.e. a solubility below
50%, as defined specifically in Test C below, are salting out, acylated insulins.

It has been discovered that for certain acylated insulins, infer alia, acylated insulins having a
low solubility in a 150 mM NaCl solution with or without zinc ions as defined herein, it is difficult to give
a satisfactory prediction of the blood glucose profile in a patient after subcutaneous administration
thereof. It is known that it is very important that the blood glucose profile does not vary very much dur-
ing the day and night as, otherwise, this may give rise to late diabetic complications such as blindness,
amputation of legs and other serious illnesses. It has now, surprisingly, been found that if such an acy-
lated insulin formulation contains albumin, it is much easier to predict the patient’s blood glucose pro-
file.

Similarly, it has been discovered that for certain other acylated insulins, inter alfa, acylated
insulins which with albumin form an oligomer having a molecular weight above 440,000 as defined

herein, it is also difficult to give a satisfactory prediction of the blood glucose profile in a patient after
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subcutaneous administration thereof. It has now, surprisingly, been found that if such an acylated insu-
lin formulation contains albumin, it is much easier to predict the blood glucose profile.

The novel formulation of this invention is an aqueous, pharmaceutical solution containing albu-
min and an salting out acylated insulin wherein the albumin is not covalently bound to the salting out,
acylated insulin which formulation is to be administered to the patient by injection.

If a formulation of an acylated insulin as defined herein not containing albumin is injected to a
patient, precipitation of the acylated insulin may occur and this precipitation may be due to the ion strength
of the interstitial fluid combined with the presence of the acyl chain on the surface of the insulin, for exam-
ple the insulin hexamer. Surprisingly, this reaction can be avoided when a formulation of an acylated insu-
lin containing albumin is injected to a patient.

Below is an explanation of the interactions as they are presumed to take place. However, this
invention is not limited to the interactions taking place exactly as outlined below.

The pharmaceutical formulation of this invention contains acylated insulin and albumin. Fur-
thermore, the formulation of this invention may contain the following components: a buffer, a conserva-
tive, an isotonic agent, zinc acetate and/or a physical and/or a chemical stabiliser. Albumin has up to
seven different lipid binding sites depending on the size and structure of the lipid. Acylated insulin can
bind to albumin via the acyl chain to one or more of the albumin lipid binding sites. The invention is the
surprising discovery that co-formulation with albumin can result in stabilisation of the acyl chain of acy-
lated insulin thereby preventing or reducing unwanted reactions like precipitation and aggregation of
the acylated insulin.

After injection to a patient of an acylated insulin formulation containing no albumin, acylated
insulins may precipitate and/or aggregate as a result of ionic strength in the formulation or in the sub-
cutis. The ion strength in the subcutis is about 150 mM sodium chloride which defines the concentra-
tion in an isotonic solution. Precipitation of acylated insulin in the subcutis can result in decreased pre-
dictability of the time of action of the acylated insulin and decreased the bioavailbility of the acylated
insulin. One technical problem and pharmaceutical task is to make a pharmaceutical formulation of an
acylated insulin with predictable bioavailability and time of action resulting in a reproducable blood
glucose lowering profile for the diabetic patient. Furthermore, a pharmaceutical formulation which is
designed to contain soluble acylated insulin in high ionic strength may have a limited shelf life, due to
the physical precipitation of the acylated insulin in the formulation. A second technical problem is to
make a physically stable pharmaceutical formulation containing acylated insulin in high ionic strength.

The technical solution to the two problems is that the presence of albumin in the formulations
prevents acylated insulin to precipitate after injection, probably as a result of increase in ion strength,
e.g., by injection in the subcutis.

The acylated insulin precipitation in 150 mM sodium chloride is avoided by addition of albu-
min to the formulation in a stoichiometric amount in the range from about 1 to about 10 moles of acy-
lated insulins per mole albumin, preferably in the range from about 1 to about 6 moles of acylated in-

sulins per mole albumin.
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The insulin dimer formation constant is in micromolar range of human insulin. Acylated insu-
lins with dimer formation constants in the same range as for human insulin forms dimers and the acyl
chains of the acylated insulins interact with different albumin molecules in the ratio of two mole of acy-
lated insulin to two moles of albumin complexes. When zinc atoms are present in the formulation, acy-
lated insulin zinc hexamers can be formed and the acyl chains of these hexamers may interact with
different albumin molecules in the formation of an insulin hexamer—albumin complexes. The pharma-
ceutical profile of a formulation with albumin and an acylated insulin zinc hexamer will, therefore, de-
pend on the stoichiometric ratio between albumin and acylated insulin and the resulting existence of
oligomers of acylated insulin hexamers with albumin molecules.

The chemical and physical stability of the acylated insulin in the formulation may, to a large
degree, dependent on the formation of the R6 hexamer. Hence, the presence of at least two zinc ions,
at least two chloride ions, and at least six phenol or cresol molecules per mole of acylated insulin is
desirable. Such a formulation will, therefore, contain excess amounts of zinc acetate, sodium chloride,
phenol and cresol. Since albumin can bind zinc, the chemically stable formulation with albumin will,
preferably, contain from about 3 to about 7 zinc ions per 6 acylated insulin molecules which can en-
sure formation of the acylated insulin R6 hexamer and zinc albumin interaction. The chemical stability
of albumin is limited by formation of albumin covalent dimers. For example, addition of stabilisers like
sodium caprate and/or detergents like polysorbate 20 and polysorbate 80 reduce albumin dimer for-
mation. The combined acylated insulin / albumin formulation may, therefore, contain sodium caprate
and polysorbate in addition to zinc, phenol, cresol and sodium chloride.

Furthermore, it has surprisingly been found that the properties of the formulations of this in-
vention can be improved if nicotinamide is added to the formulations. In one embodiment, the formula-
tions of this invention contains from about 20 mM to about 200 mM of nicotinamide, optionally com-
bined with from about 5 mM to about 50 mM arginine, and preferably from about 40 mM to about 150
mM of nicotinamide, optionally combined with from about 10 mM to about 30 mM arginine.

Even though this invention relates to a formulation containing albumin and an acylated insu-
lin as defined herein wherein there is no covalent bond between albumin and said acylated insulin,
said formulation may in a specific embodiment contain an acylated insulin to which albumin is bound
covalently. In such an embodiment, the amino acid sequence of the acylated insulin may be the same
or different from the amino acid sequence of the insulin to which albumin is bound covalently.

In a preferred embodiment of this invention, there is no precipitated material in the formula-
tion of this invention. However, insulin formulations containing both insulin in dissolved form and insu-
lin in non-dissolved (precipitated) form have been on the market for decades and are known to the
skilled art worker. Hence, in one embodiment of this invention, the formulation contains both dissolved
insulin and non-dissolved insulin.

The formulation can be made as follows: Acylated insulin powder is dissolved in Milli-Q water
at pH 7.4. Phosphate buffer, zinc acetate, sodium chloride, phenol, cresol, glycerol and albumin may
be added in the order listed or in any other desired or convenient order to vield the final concentrations

designed for the formulation.
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The degree of protraction is, to a certain degree, dependent on the molar ratio between the
acylated insulin and albumin. Generally, a relatively larger amount of insulin will result in 2 more pro-
tracted rate of absorption, i.e., a longer duration of action, probably due to the larger size of the insu-
lin-albumin aggregate.

In an embodiment of this invention, it relates to a pharmaceutical formulation containing an
acylated insulin analogue and albumin in amounts defined by the insulin solubility meaning that it does
not result in precipitation or precipitates only to a minor or inferior degree and wherein the insulin is not
covalently bound to albumin.

In another embodiment of this invention, it relates to a pharmaceutical formulation containing an
acylated insulin analogue and albumin in stoichiometric amounts defined by the pharmaceutical protrac-
tion profile meaning that it depends on the pharmaceutical protraction profile desired and wherein the in-
sulin is not covalently bound to albumin or only bound to a minor degree.

As mentioned earlier, the novel formulation of this invention also contains albumin. Albumin can
be albumin of any species, for example, human albumin or des1(Asp) human albumin, e.g. albagen. Pref-
erably, the albumin is of recombinant origin.

In the formulation of this invention, the albumin is not covalently bound to other chemical mole-
cules or albumin is only bound in an amount of about 5 % (weight/weight) or less to such other molecules,
preferably less than 2%, more preferred less than 1%. In one embodiment, the albumin is not covalently
bound to the acylated insulin or only bound in an amount of about 5 % (weight/weight) or less to the acy-
lated insulin, preferably less than 2%, more preferred less than 1%.

In one embodiment, the acylated insulin is an insulin acylated in the g-amino group in the
lysine side chain present in an amino acid extension of the C-terminal end of the A-chain of insulin and
analogues thereof as disclosed in WO 2009/022005 or WO 2009/022013.

In another embodiment, the acylated insulin is selected from the following:

Name Alternative name

A22K(N*-Hexadecandioyl-(3-(2-{2-[2-(2-aminoethoxy)-
ethoxylethoxyl}ethoxy)propionyl-yGlu), B29R, desB30

human insulin

A22K(N*-Hexadecandioyl-(2-aminoethyl-PEG2000-yl-
acetyl)), B29R desB30 human insulin

A22K(N*-3~(3-{4-[3-(5-Carboxypentanoylamino)propoxy]-
butoxy}propylcarbamoyl)propionyl-yGlu), B29R, desB30

human insulin

A22K(N*-[2-(2-[2-(2-[2-(Octadecandioyl-yGlu)amino]- A22K(N*(Octadecandioyl-yGlu-OEG-OEG)),
ethoxy)ethoxylacetylamino)ethoxylethoxy)acetyl]), B29R, | B29R, desB30 human insulin

desB30 human insulin
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A22K(N*-3-(3-{4-[3~(13-Carboxytridecanoylamino)-
propoxy]butoxy}propylcarbamoyl)propionyl-yGlu), B29R,

desB30 human insulin

A22K(N°-[2-(2-[2-(2-[2-(Eicosanedioyl-yGlu)amino]-
ethoxy)ethoxylacetylamino)ethoxylethoxy)acetyl]), B29R,

desB30 human insulin

A22K(N*(Eicosanedioyl-yGlu-OEG-OEG)),
B29R, desB30 human insulin

A14E, A22K(N°-{2-(2-[2-(2-[2-(Octadecandioyl-yGlu)-
amino]ethoxy)ethoxylacetylamino)ethoxy]ethoxy)acetyl]),
B25H, B29R, desB30 human insulin

A14E, A22K(N¥(Octadecandioyl-yGlu-OEG-
OEG)), B25H, B29R, desB30 human insulin

A22K(N*-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-amino-
ethoxy)ethoxylacetylamino}ethoxy)ethoxylacetyl),
desB29, desB30 human insulin

A22K(N(Octadecandioyl-yGlu-OEG-OEG)),
desB29, desB30 human insulin

A14E, A22K(N*-Eicosanedioyl-yGlu-(3-(2-{2-[2-(2-amino-
ethoxy)ethoxyl]ethoxy}ethoxy)propionyl)), B25H, B29R,

desB30 human insulin

A18L, A22K(N"-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-
aminoethoxy)ethoxylacetylamino}ethoxy)ethoxylacetyl),
B29R, desB30 human insulin

A18L, A22K(N“(Octadecandioyl-yGlu-OEG-
OEG)), B29R, desB30 human insulin

A8H, A22K(N*-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-amino-
ethoxy)ethoxylacetylamino}ethoxy)ethoxylacetyl), B29R,

desB30 human insulin

A8H, A22K(N*(Octadecandioyl-vyGlu-OEG-
OEG)), B29R, desB30 human insulin

A22K(N*-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-amino-
ethoxy)ethoxylacetylamino}ethoxy)ethoxylacetyl-yGlu),
B29R, desB30 human insulin

A22K(N*(Octadecandioyl-yGlu-OEG-OEG-
vGlu)), B29R, desB30 human insulin

A22K(N*-Eicosanedioyl-yGlu-(3-{2-[2-(2-{2-[2-(2-amino-
ethoxy)ethoxylethoxy}ethoxy)ethoxylethoxy}propionyl)),
B29R, desB30 human Insulin

A22K(N*-Octadecandioyl-yGlu-(3-(2-{2-[2-(2-amino-
ethoxy)ethoxylethoxy}ethoxy)propionyl)), B29R, desB30

human insulin

A14E, A22K(N*-Octadecandioyl-yGlu-(3-[2-(2-{2-[2-(2-{2-
[2-(2-aminoethoxy)ethoxy]ethoxy}ethoxy)ethoxylethoxy}-
ethoxy)ethoxy]propionyl)), B25H, B29R, desB30 human

insulin
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A14E, A22K(N°*-Eicosanedioyl-yGlu-yGlu-(3-[2-(2-{2-[2-
(2-{2-[2-(2-aminoethoxy)ethoxylethoxy}ethoxy)ethoxy]-
ethoxy}ethoxy)ethoxy]propionyl)), B25H, B29R, desB30

human insulin

A14E, A22K(N°*-Octadecandioyl-yGlu-(3-(2-{2-[2-(2-
aminoethoxy)ethoxylethoxy}ethoxy)propionyl)-yGlu),
B25H, B29R, desB30 human insulin

A22K(N*-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-amino-
ethoxy)ethoxylacetylamino}ethoxy)ethoxylacetyl), B28E,
B29R, desB30 human insulin

A22K(Nf(Octadecandioyl-yGlu-OEG-OEG)),
B28E, B29R, desB30 human insulin

A22K(N°-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-{2-{2-(2-
aminoethoxy)ethoxylacetylamino}ethoxy)ethoxylacetyl-
amino}ethoxy)ethoxylacetyl), B29R, desB30 human insu-

lin

A22K(N*-Octadecandioyl-yGlu-OEG-OEG-
OEG)), B29R, desB30 human insulin

A14E, A22K(N*-{2-(2-[2-(2-[2-(Eicosanedioyl-yGlu)-
amino]ethoxy)ethoxylacetylamino)ethoxy]ethoxy)acetyl]),
B25H, B29R, desB30 human insulin

A14E, A22K(N*(Eicosanedioyl-yGlu-OEG-
OEG)), B25H, B29R, desB30 human insulin

A22K(N*-Octadecandioyl-(3-(2-{2-[2-(2-aminoethoxy)-
ethoxy]ethoxy}ethoxy)propionyl-yGlu), B29R, desB30

human insulin

A22K(N*-Eicosanedioyl-(3-(2-{2-[2-(2-aminoethoxy)-
ethoxy]ethoxy}ethoxy)propionyl-yGlu), B29R, desB30

human insulin

A22K(N°-Octadecandioyl-(2-aminoethyl-PEG2000-yl-
acetyl)), B29R desB30 human insulin

A22K(N*-Eicosanedioyl-(2-aminoethyl-PEG2000-yl-
acetyl)), B29R desB30 human insulin

A22K(Ne-3-(3-{4-[3-(15-Carboxypentadecanoylamino)-
propoxy]butoxy}propylcarbamoyl)propionyl-yGlu), B29R

desB30 human insulin

A22K(Ne-3-(3-{4-[3-(17-Carboxyheptadecanoylamino)-
propoxy]butoxy}propylcarbamoyl)propionyl-yGlu), B29R

desB30 human insulin
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A22K(N*-Tetradecandioyl-(3-(2-{2-[2-(2-aminoethoxy)-
ethoxy]ethoxy}ethoxy)propionyl-yGlu), B29R, desB30

human insulin

A8H, A22K(N*-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-
(2-aminoethoxy)ethoxylacetylamino}ethoxy)ethoxy]-
acetylamino}ethoxy)ethoxylacetyl), B29R, desB30 hu-

man insulin

A8H, A22K(N*(Octadecandioyl-yGlu-OEG-
OEG)), B29R, desB30 human insulin

A18L, A22K(N*-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-
(2-aminoethoxy)ethoxyl]acetylamino}ethoxy)ethoxy]-
acetylamino}ethoxy)ethoxylacetyl), B29R, desB30 hu-

man insulin

A18L, A22K(N*(Octadecandioyl-yGlu-OEG-
OEG)), B29R, desB30 human insulin

A22K(N*-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-(2-{2-
[2-(2-aminoethoxy)ethoxy]acetylamino}ethoxy)ethoxy]-
acetylamino}ethoxy)ethoxylacetylamino}ethoxy)ethoxy]-
acetyl), B29R, desB30 human insulin

A8H, A22K(N*-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-
(2-{2-[2-(2-aminoethoxy)ethoxy]acetylamino}ethoxy)-
ethoxylacetylamino}ethoxy)ethoxylacetylamino}ethoxy)-

ethoxylacetyl), B29R, desB30 human insulin

A8H, A22K(N*(Octadecandioyl-vyGlu-OEG-OEG-
OEG)), B29R, desB30 human insulin

A18L, A22K(N°-Octadecandioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-
(2-{2-[2-(2-aminoethoxy)ethoxy]acetylamino}ethoxy)-
ethoxylacetylamino}ethoxy)ethoxylacetylamino}ethoxy)-

ethoxylacetyl), B29R, desB30 human insulin

A18L, A22K(N*(Octadecandioyl-yGlu-OEG-
OEG-OEG)), B29R, desB30 human insulin

A8H, A22K(N*-Eicosanedioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-(2-
aminoethoxy)ethoxylacetylamino}ethoxy)ethoxylacetyl-
amino}ethoxy)ethoxylacetyl), B29R, desB30 human insu-

lin

A8H, A22K(N*(Eicosanedioyl-yGlu-OEG-OEG-
OEG)), B29R, desB30 human insulin

A8H, A22K(N*-Eicosanedioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-(2-
aminoethoxy)ethoxylacetylamino}ethoxy)ethoxylacetyl-
amino}ethoxy)ethoxylacetyl), B29R, desB30 human insu-

lin

A18L, A22K(N*-Eicosanedioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-
(2-aminoethoxy)ethoxylacetylamino}ethoxy)ethoxy]-
acetylamino}ethoxy)ethoxylacetyl), B29R, desB30 hu-

man insulin

A18L, A22K(N*(Eicosanedioyl-yGlu-OEG-OEG-
OEG)), B29R, desB30 human insulin
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A22K(N*-Eicosanedioyl-yGlu-[2-(2-{2-{2-(2-{2-[2(2-{2-[2-
(2-aminoethoxy)ethoxylacetylamino}ethoxy)ethoxyl-
acetylamino}ethoxy)ethoxylacetylamino}ethoxy)ethoxy]-
acetyl), B29R, desB30 human insulin

A22K(N¢(Eicosanedioyl-yGlu-OEG-OEG-OEG-
OEG)), B29R, desB30 human insulin

A8H, A22K(N*-Eicosanedioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-(2-
{2-[2-(2-aminoethoxy)ethoxy]acetylamino}ethoxy)-
ethoxyl]acetylamino}ethoxy)ethoxylacetylamino}ethoxy)-

ethoxylacetyl), B29R, desB30 human insulin

A8H, A22K(N*(Eicosanedioyl-yGlu-OEG-OEG-
OEG-0OEG)), B29R, desB30 human insulin

A18L, A22K(N*-Eicosanedioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-
(2-{2-[2-(2-aminoethoxy)ethoxy]acetylamino}ethoxy)-
ethoxy]acetylamino}ethoxy)ethoxylacetylamino}ethoxy)-

ethoxylacetyl), B29R, desB30 human insulin

A18L, A22K(N*(Eicosanedioyl-yGlu-OEG-OEG-
OEG-0OEG)), B29R, desB30 human insulin

A8H, A22K(N°-Hexadecanedioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-
(2-aminoethoxy)ethoxylacetylamino}ethoxy)ethoxyl-
acetylamino}ethoxy)ethoxyl]acetyl), B29R, desB30 hu-

man insulin

A8H, A22K(N(Hexadecanedioyl-yGlu-OEG-
OEG-0OEG)), B29R, desB30 human insulin

A8H, A22K(N°-Hexadecanedioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-
(2-aminoethoxy)ethoxylacetylamino}ethoxy)ethoxyl-
acetylamino}ethoxy)ethoxyl]acetyl), B29R, desB30 hu-

man insulin

A8H, A22K(N(Hexadecanedioyl-yGlu-OEG-
OEG-0OEG)), B29R, desB30 human insulin

A18L, A22K(N°-Hexadecanedioyl-yGlu-[2-(2-{2-[2-(2-{2-
[2-(2-aminoethoxy)ethoxylacetylamino}ethoxy)ethoxyl-
acetylamino}ethoxy)ethoxylacetyl), B29R, desB30 hu-

man insulin

A18L, A22K(N(Hexadecanedioyl-yGlu-OEG-
OEG-0OEG)), B29R, desB30 human insulin

A22K(N-Hexadecanedioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-(2-{2-
[2-(2-aminoethoxy)ethoxy]acetylamino}ethoxy)ethoxyl-

acetylamino}ethoxy)ethoxylacetylamino}ethoxy)ethoxy]-
acetyl), B29R, desB30 human insulin

A22K(N*(Hexadecanedioyl-yGlu-OEG-OEG-
OEG-OEG)), B29R, desB30 human insulin

A8H, A22K(N°-Hexadecanedioyl-yGlu-[2-(2-{2-[2-(2-{2-[2-
(2-{2-[2-(2-aminoethoxy)ethoxy]acetylamino}ethoxy)-
ethoxylacetylamino}ethoxy)ethoxylacetylamino}ethoxy)-

ethoxylacetyl), B29R, desB30 human insulin

A8H, A22K(N(Hexadecanedioyl-yGlu-OEG-
OEG-OEG-OEQG)), B29R, desB30 human insulin

A18L, A22K(N°-Hexadecanedioyl-yGlu-[2-(2-{2-[2-(2-{2-
[2-(2-{2-[2-(2-aminoethoxy)ethoxy]acetylamino}ethoxy)-

ethoxylacetylamino}ethoxy)ethoxylacetylamino}ethoxy)-

A18L, A22K(N*(Hexadecanedioyl-yGlu-OEG-
OEG-OEG-OEQG)), B29R, desB30 human insulin
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ethoxylacetyl), B29R, desB30 human insulin

A22K(N°-Hexadecanedioyl-yGlu-[2-(2-{2-[2-(2-amino- A22K(N*(Hexadecanedioyl-yGlu-OEG-OEG)),
ethoxy)ethoxylacetylamino}ethoxy)ethoxylacetyl), B29R, | B29R, desB30 human insulin

desB30 human insulin

A8H, A22K(N*-Hexadecanedioyl-yGlu-[2-(2-{2-[2-(2- A8H, A22K(N(Hexadecanedioyl-yGlu-OEG-
aminoethoxy)ethoxy]acetylamino}ethoxy)ethoxylacetyl), OEQG)), B29R, desB30 human insulin
B29R, desB30 human insulin

A18L, A22K(N°-Hexadecanedioyl-yGlu-[2-(2-{2-[2-(2- A18L, A22K(N(Hexadecanedioyl-yGlu-OEG-
aminoethoxy)ethoxy]acetylamino}ethoxy)ethoxylacetyl), OEQG)), B29R, desB30 human insulin
B29R, desB30 human insulin

Albumin can be covalently bound to an acylated insulin. However, it is important that, in the formulations
of this invention, no or less than 5% of the albumin is covalently bound to the acylated insulin. The skilled
art worker knows how to bind albumin covalently to insulin. For example, albumin can be covalently bound
to insulin by the use of cross-linking reagents, e.g., aldehydes and N-hydroxysuccinimide esters. The
skilled art worker also knows how to avoid that albumin binds covalently to insulin. If, for example, acy-
lated insulin having no reactive groups and albumin are mixed at room temperature and at a neutral pH
values, e.g., about 7, no covalent binding is expected to take place between the acylated insulin and al-
bumin.

Furthermore, the formulation of this invention may contain other ingredients commonly used in
insulin formulations. Examples of such ingredients are buffers, for example, acetate, citrate, phosphates,
malonic acid, arginine or TRIS, preservatives, for example, phenol, m-cresol or methyl 4-hydroxy-
benzoate, zinc ions and an acid or a base used to regulate the pH value, for example hydrochloric acid or
sodium hydroxide, isotonic agents, for example, glycerol, mannitol or propyleneglycol, stabilisers, for ex-
ample, polysorbate 20, polysorbate 80 or sodium caprate.

Injection devices are syringes which more and more frequently are pen like devices. Another
sort of injection devices is pump devices which are placed on the body and which are stationary for days
or weeks.

The formulation of this invention is used analogously to the use of known insulin formulations.
The physician is familiar with the treatment of patients with diabetes and the physician will know how to
use the formulation of this invention, i.e., analogously with the administration of other insulin formulations.

Also, the physician and many diabetic patients will know how to inject the novel formulations.

PREFERRED FEATURES OF THIS INVENTION

To sum up and supplement the above statements, the features of this invention are as follows:
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An injectable pharmaceutical formulation containing an acylated insulin and albumin characterized
in that at least 80% (weight/weight) of the acylated insulin is dissolved and wherein not more than

5% (weight/weight) of the insulin is covalently bound to albumin.

An pharmaceutical formulation containing an acylated insulin and albumin wherein at least 80%
(weight/weight) of the acylated insulin is dissolved and wherein not more than 5% (weight/weight)

of the insulin is covalently bound to albumin for use by injection.

A pharmaceutical, optionally injectable, formulation according to any one of the preceding clauses,

wherein the acylated insulin is a salting out, acylated insulin.

A pharmaceutical, optionally injectable, formulation according to any one of the preceding clauses,
wherein the salting out, acylated insulin is an acylated insulin which has a solubility in a 150 mM
NaCl solution containing three zinc ions per six insulin molecules of below 30%, as defined spe-
cifically in Test A herein, preferably above 50 % in a 150 M sodium chloride solution containing
three zinc ions per six insulin molecules and most preferred above 60 % in a 150 mM sodium chlo-

ride solution containing three zinc ions per six insulin molecules.

A pharmaceutical, optionally injectable, formulation according to any one of the preceding clauses to
the extent possible, wherein the salting out, acylated insulin is an acylated insulins which forms an
insulin-albumin-oligomer with a molecular weight above 440,000, as defined specifically in Test B

herein.

A pharmaceultical, optionally injectable, formulation according to any one of the preceding clauses to
the extent possible, wherein the salting out, acylated insulin is an acylated insulin which has a solu-
bility in a 150 mM NaCl solution not containing zinc of below 30%, as defined specifically in Test

C herein.

A pharmaceutical, optionally injectable, formulation according to any one of the preceding clauses, to
the extent possible, wherein the salting out, acylated insulin is an acylated insulin mentioned specifi-
cally in WO 07/096431, i.e., the compounds mentioned therein with the names I\fAS-myristyI Ly-
sA8 ArgB29 desB30 human insulin, N***-myristyl LysA9 ArgB29 desB30 human insulin, N**'-
myristyl LysA10 ArgB29 desB30 human insulin, N*"*-myristyl LysA12 ArgB29 desB30 human in-
sulin, N*"-myristyl LysA14 ArgB29 desB30 human insulin, N*"*-myristyl LysA15 ArgB29 desB30
human insulin, I\FA”-myristyI LysA17 ArgB29 desB30 human insulin, N”“S-myristyl LysA18
ArgB29 desB30 human insulin, I\FAZW-myristyI LysA21 ArgB29 desB30 human insulin, NP2
myristyl LysA22 ArgB29 desB30 human insulin, I\FB1-myristyI LysB1 ArgB29 desB30 human insu-
lin, N*®2-myristyl LysB2 ArgB29 desB30 human insulin, N®*-myristyl LysB3 ArgB29 desB30 hu-
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man insulin, N°®*-myristyl LysB4 ArgB29 desB30 human insulin, N¥®*°-myristyl LysB20 ArgB29
desB30 human insulin, N°°*"-myristyl LysB21 ArgB29 desB30 human insulin, N®**-myristyl
LysB22 ArgB29 desB30 human insulin, N**°-g-carboxypentadecanoyl-y-Glu LysA8 ArgB29
desB30 human insulin, N”\Q-oo-carboxy-pentadecanoyl-y—GIu LysA9 ArgB29 desB30 human insu-
lin, I\FMO-wcarboxypentadecanoyl-y—GIu LysA10 ArgB29 desB30 human insulin, I\fmz-a)-carboxy-
pentadecanoyl-y-Glu LysA12 ArgB29 desB30 human insulin, I\FM4-0)-carboxypentadecanoyl-y—GIu
LysA14 ArgB29 desB30 human insulin, N*"°-a-carboxypentadecanoyl-y-Glu LysA15 ArgB29
desB30 human insulin, N**""-a-carboxypentadecanoyl-y-Glu LysA17 ArgB29 desB30 human insu-
lin, N*""°->-carboxypentadecanoyl-y-Glu LysA18 ArgB29 desB30 human insulin, N***'-o>-carboxy-
pentadecanoyl-y-Glu LysA21 ArgB29 desB30 human insulin, Wz-wcarboxypentadecanoyI-y—GIu
LysA22 ArgB29 desB30 human insulin, I\FB1-oo—carboxypentadecanoyl-y—GIu LysB1 ArgB29
desB30 human insulin, NeBz-m-carboxypentadecanoyl-y—GIu LysB2 ArgB29 desB30 human insulin,
I\FBs-a)-carboxypentadecanoyl-y—GIu LysB3 ArgB29 desB30 human insulin, I\FB4-a)-carboxypenta-
decanoyl-y-Glu LysB4 ArgB29 desB30 human insulin, N°***-or-carboxypenta-decanoyl-y-Glu
LysB20 ArgB29 desB30 human insulin, N°®*"-@-carboxypentadecanoyl-y-Glu LysB21 ArgB29
desB30 human insulin, NeBzz-uycarboxypentadecanoyl-y—GIu LysB22 ArgB29 desB30 human insu-
lin, I\FAzz-w-carboxypentadecanoyl-y—GIu LysA22 GlyA21 ArgB29 desB30 human insulin, NA22_p-
carboxypentadecanoyl-y-Glu LysA22 AlaA21 ArgB29 desB30 human insulin, NeAzQ-w-carboxy-
pentadecanoyl-y-Glu LysA22 GInA21 ArgB29 desB30 human insulin, N£A23-w-carboxypenta-
decanoyl-»-Glu LysA23 GlyA21 GlyA22 ArgB29 desB30 human insulin, N***-w-carboxypenta-
decanoyl-y-Glu LysA23 AlaA21 GlyA22 ArgB29 desB30 human insulin, N****-w-carboxypenta-
decanoyl-y-Glu LysA23 GInA21 GlyA22 ArgB29 desB30 human insulin, N****-w-carboxypenta-
decanoyl-y-Glu LysA24 GlyA21 GlyA22 GlyA23 ArgB29 desB30 human insulin, I\FA24-w-carboxy-
pentadecanoyl-y-Glu LysA24 AlaA21 GlyA22 GlyA23 ArgB29 desB30 human insulin, N****-g-
carboxypentadecanoyl-vGlu LysA24 GInA21 GlyA22 GlyA23 ArgB29 desB30 human insulin,
N#%%_-carboxyheptadecanoyl-y-Glu LysA22 ArgB29 desB30 human insulin, N¥***-w-carboxy-
heptadecanoyl-y-Glu LysA23 GlyA22 ArgB29 desB30 human insulin, N****-w-carboxyhepta-
decanoyl-y-Glu LysA23 GlyA21 GlyA22 ArgB29 desB30 human insulin, N***-w-carboxyhepta-
decanoyl-y-Glu LysA23 AlaA21 GlyA22 ArgB29 desB30 human insulin, I\FAZ3-(»-carboxyhepta-
decanoyl-y-Glu LysA23 GInA21 GlyA22 ArgB29 desB30 human insulin, I\FAZA-w-carboxyhepta-
decanoyl-y-Glu LysA24 GlyA21 GlyA22 GlyA23 ArgB29 desB30 human insulin, I\FA24-u)-carboxy-
heptadecanoyl-y-Glu LysA24 AlaA21 GlyA22 GlyA23 ArgB29 desB30 human insulin, N¥***-e-
carboxyheptadecanoyl-v-Glu LysA24 GInA21 GlyA22 GlyA23ArgB29 desB30 human insulin,
N**2_3-carboxy-5-hexadecandioylaminobenzoyl LysA22 ArgB29 desB30 human insulin, N*%*-3-
carboxy-5-octadecandioylaminobenzoyl LysA22 ArgB29 desB30 human insulin, I\FA22-1O-(3,5-di-
carboxyphenoxy)decanoyl-y+-Glu LysA22 ArgB29 desB30 human insulin and I\FA22-4-[10-(3,5-di-
carboxyphenoxy)decanoylamino]butyryl LysA22 ArgB29 desB30 human insulin.



10

15

20

25

30

35

WO 2011/051486 PCT/EP2010/066553

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

16

A pharmaceutical, optionally injectable, formulation according to any one of the preceding clauses, to
the extent possible, wherein the salting out, acylated insulin is any of the acylated insulins mentioned

in the above table.

A formulation, according to any one of the preceding clauses to the extent possible wherein at

least 85% (weight/weight) of the acylated insulin is dissolved.

A formulation, according to any one of the preceding clauses to the extent possible wherein at

least 90% (weight/weight) of the acylated insulin is dissolved.

A formulation, according to any one of the preceding clauses to the extent possible wherein at

least 95% (weight/weight) of the acylated insulin is dissolved.

A formulation according to any one of the preceding clauses to the extent possible wherein at least

99% (weight/weight) of the acylated insulin is dissolved.

A formulation according to any one of the preceding clauses to the extent possible wherein at least

99.9% (weight/weight) of the acylated insulin is dissolved.

A formulation according to the preceding clause wherein all the acylated insulin is dissolved.

A formulation according to any one of the preceding clauses to the extent possible wherein not

more than 1% (weight/weight) of the acylated insulin is covalently bound to albumin.

A formulation according to any one of the preceding clauses to the extent possible wherein not

more than 0.1% (weight/weight) of the acylated insulin is covalently bound to albumin.

A formulation according to any one of the preceding clauses to the extent possible wherein no in-

sulin is covalently bound to albumin.

A formulation according to any one of the preceding clauses to the extent possible wherein the
molar ratio between albumin and acylated insulin is in the range from about 1:3 to about 1:10,
preferably from about 1:5 to about 1:7.

A formulation according to any one of the preceding clauses which is injectable.

A formulation according to any one of the preceding clauses which is isotonic.
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A formulation according to any one of the preceding use clause to the extent possible, character-
ized in that the acylated insulin is A22K(N*(eicosanedioyl-gGlu-OEG-OEG)), B29R, desB30 hu-

man insulin.

A formulation according to any one of the preceding clauses to the extent possible, characterized

in that the albumin is human serum albumin or Albagen.

A formulation according to any one of the preceding clauses to the extent possible, characterized

in that the albumin is human serum albumin.

A formulation according to any one of the preceding clauses to the extent possible containing so-
dium chloride, preferably in an amount in the range from about 2 to about 50 mM, preferably from
about 5 to about 20 mM.

A formulation according to any one of the preceding clauses to the extent possible containing glyc-
erol, in the range from about 20 to about 200 mM, preferably from about 50 to about 200 mM,

even more preferred about 174 mM.

A formulation according to any one of the preceding clauses to the extent possible containing zinc
ions, preferably in an amount in the range from about two zinc atoms per six acylated insulin
molecules to about 10 zinc atoms per 6 acylated insulin molecules, preferably from about three
zinc atoms per six acylated insulin molecules to about 6 zinc atoms per 6 acylated insulin mole-

cules.

A formulation according to any one of the preceding clauses to the extent possible containing phe-
nol, preferably in an amount in the range from about 5 to about 60 mM, more preferred from about
8 to about 30 mM, preferably from about 10 to about 20 mM.

A formulation according to any one of the preceding clauses to the extent possible containing m-
cresol, preferably in an amount in the range from about 5 to about 50 mM, more preferably from

about 8 to about 30 mM, preferably from about 10 to about 20 mM.

A formulation according to any one of the preceding clauses to the extent possible containing so-
dium caprate, preferably in an amount in the range from about 2 to about 50 mM, more preferred

from about 5 to about 30 mM.

A formulation according to any one of the preceding clauses to the extent possible containing
polysorbate 20, preferably in an amount in the range from about 0.001 % to about 0.1 %, prefera-
bly from about 0.005 % to about 0.05%.
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A formulation according to any one of the preceding clauses to the extent possible containing
polysorbate 80, preferably in an amount in the range from about 0.001 % to about 0.1 %, prefera-
bly from about 0.005 % to about 0.05%.

A formulation according to any one of the preceding clauses to the extent possible containing
nicotinamide, preferably in an amount in the rage from about 10 mM to about 200 mM, more pre-
ferred in the range from about 20 mM to about 200 mM and even more preferred in the range
from about 40 mM to about 150 mM.

A formulation according to any one of the preceding clauses to the extent possible containing ar-
ginine, preferably in an amount in the rage from about 5 mM to about 50 mM, more preferred in

the range from about 10 mM to about 30 mM.

A formulation as described in any one of the above, specific examples.

A formulation according to any one of the preceding clauses for subcutaneous administration.

The use of albumin to avoid precipitation or avoid precipitation in an inferior or minor amountin a
pharmaceutical, aqueous solution of an acylated insulin after subcutaneous injection, character-
ized in that albumin is added to said aqueous scolution of an acylated insulin before the solution is

injected subcutaneously.

The use according to the preceding clause, characterized in that said solution is isotonic.

The use according to any one of the preceding use clauses, characterized in that said solution is

isotonic.

The use according to any one of the preceding use clause to the extent possible, characterized in
that the acylated insulin is A22ZK(N(eps)-eicosanedioyl-gGlu-OEG-OEG)), B29R, desB30 human

insulin.

The use of an acylated insulin and albumin for the manufacture of a medicament for the preven-
tion or treatment of diabetes by injection characterized in that the solution to be injected contains

an acylated insulin and albumin according to any of the preceding clauses.

A method of treating or preventing diabetes, the method comprising administering to a subject in
need thereof a therapeutically effective amount of an injectable pharmaceutical formulation contain-

ing an acylated insulin and albumin wherein at least 95% (weight/weight) of the insulin is dis-
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solved and wherein not more than 5% (weight/weight) of the insulin is covalently bound to albumin

and, preferably, said formulation is as defined in any of the above product clauses.

42. Any novel feature or combination of features described herein.

Combining one or more of the clauses and embodiments described herein, optionally also with one or
more of the claims below, results in further embodiments and the present invention relates to all possible
combinations of said clauses, embodiments and claims.

All references, including publications, patent applications, and patents, cited herein are
hereby incorporated by reference in their entirety and to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in its entirety
herein (to the maximum extent permitted by law).

All headings and sub-headings are used herein for convenience only and should not be con-
strued as limiting the invention in any way.

The use of any and all examples, or exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does not pose a limitation on the scope of the
invention unless otherwise claimed. No language in the specification should be construed as indicat-
ing any non-claimed element as essential to the practice of the invention.

The citation and incorporation of patent documents herein is done for convenience only and
does not reflect any view of the validity, patentability, and/or enforceability of such patent documents.
The mentioning herein of references is no admission that they constitute prior art.

Herein, the word “comprise” is to be interpreted broadly meaning “include”, “contain” or “com-
prehend” (vide, EPO guidelines C, I, 4.13).

This invention includes all modifications and equivalents of the subject matter recited in the

claims and clauses appended hereto as permitted by applicable law.

The following examples are offered by way of illustration, not by limitation.

The abbreviations used are as follows: HSA is human serum albumin.

Example 1

Pigs were given equal amounts of A22K(N(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human
insulin, by subcutaneous administration. The concentration of insulin in the blood wes measured after
injection and the result is shown in Figs. 1 and 2. The graph in Fig. 1 show the measured insulin con-
centration from time 0 to 1500 minutes after injection and the graph in Fig. 2 shows the measured in-
sulin concentration the first 100 minutes after injection. In the figures, the following abbreviations are
used: “ins” is insulin, “PK” is pharmacckinetic, and “SEM” is standard error mean value. The following

formulations were investigated:
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1a): 300 uM A22K(N(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin, 7mM phosphate,
pH 7.4, 300 pM pig serum albumin, 150 mM NaCl, 0 Zn/hexamer insulin (designated “Formulation with
Albumin” in Figs. 1 & 2).
1b): 600 uM A22K(N*(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin, 7mM phosphate,
pH 7.4, 174mM glycerol, 30 mM phenol, 3 Zn/hexamer insulin (designated “Formulation with 3 Zn/6
ins” in Figs. 1 & 2).
1¢): 600 uM A22K(N(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin, 7mM phosphate,
pH 7.4, 174mM glycerol, 0 Zn / 6 insulin molecules (designated “Formulation with 0 Zn/6 ins” in Figs. 1
& 2).
1d): 600 uM A22K A22K(N*(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin, 7mM
phosphate, pH 7.4, 150mM NacCl, 0 Zn / 6 insulin molecules (designated “Formulation with 150 mM
NaCl” in Figs. 1 & 2).

The conclusions from the above investigation are as follows:

Acylated insulin in suspension with isotonic sodium chloride results in the lowest insulin con-
centration in the blood of the four formulations.

Soluble acylated insulin with and without zinc in the formulation, results in comparable insu-
lin concentrations in the blood.

Soluble acylated insulin co-formulated with pig albumin and isotonic sodium chloride, result
in the highest insulin concentration the blood, i.e., more than twice as high than the other three formu-
lations. Co-formulation with albumin is seen to increase the bioavailability of acylated insulin and pre-

vent precipitation of the acylated insulin in isotonic sodium chloride.

Example 2

A solution of 45 ul 660 uM A22K(N(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin
(abbreviated to A22K(N(eps)eicosanedioyl) in table 1) in formulation according to Table 1 was mixed with
5 pl 1 of sodium chloride solution in concentration according to Table 1. 48 hours after the two solutions
were mixed, the amount of precipitated acylated insulin was determined after filtration. The determination
of the concentration was carried out by HPLC measurement of insulin in solution. The percentage amount
of soluble acylated insulin in relation to the total amount of acylated insulin present in the test solution
must be above 30% at a sodium chloride concentration of 150 mM, preferably above 50% at 150 M so-

dium chloride and most preferred above 60 % at 150 mM.

Table 1
Formulation: NaCl % insulin in
600 pM insulin, concentration, solution
7 mM phosphate pH 7.4, in mM
30 mM phenol
Human insulin, 3 Zn/ 6 insulin 0 100
5 76
10 92

25 75
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50 75

75 86

100 98

125 87

150 84

175 78

200 84

AZ22K(N(eps)eicosanedioyl, 0 97
0 Zn/ 6 insulin 5 82
10 81

25 75

50 62

75 44

100 28

125 20

150 12

175 0

200 0

A22K(N(eps)eicosanedioyl, 0 71
3 Zn/ 6 insulin 5 66
10 70

25 71

50 74

75 90

100 50

125 34

150 23

175 0

200 0

A22K(N(eps)eicosanedioyl, 0 77
0 Zn/ 6 insulin, 600 pM HSA 5 75
10 77

25 65

50 63

75 70

100 84

125 68
150 100

175 66

200 77

A22K(N(eps)eicosanedioyl 0 95
3 Zn/ 6 insulin, 600 pM HSA 5 86
10 71

25 91

50 Nd

75 Nd

100 Nd

125 89

150 91

175 71

200 80

The conclusion from the above investigation is as follows:
The investigation of the solubility of A22K(N*(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30

human insulin in increasing amounts of sodium chloride show that the presence of albumin prevents
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the otherwise observed insulin precipitation at 150 mM sodium chloride (isotonicity). A non-acylated

insulin like human insulin is not precipitated at isotonic sodium chloride. Furthermore, the solubility of
A22K(N*(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin is higher in the presence of

zinc than in the absence of zinc.

5
Example 3
A solution of 500 pl of A22K(N*(eicosanedioyl-yGIu-OEG-OEG)), B29R, desB30 human insulin in for-
mulation according to Table 2 was mixed with sodium chloride solution or glycerol in concentration ac-
cording to Table 2 yielding a final insulin concentration of 600 uM. One hour after the two solutions were
10 mixed, the solubility of the acylated insulin was judged by eye, visual inspection, determination of precipi-
tation. The recovery of the insulin and the size of the insulin—albumin complexes formed in the samples
were measured by native gelfiltration (size exclusion chromatography, see method description below).
Only samples containing glycerol as isotonic agent were characterised by native geffiltration. The recovery
of acylated insulin with and without albumin was measured as the area of the chromatographic peak rela-
15 tive to the area of dilution rows of albumin standards.

Size Exclusion Chromatography (SEC), method description: SEC by non dissociating eluent to
measure multihexamers larger than dihexamer (> albumin size). Superose 6PC 3.2/30 (GE life-
sciences) 3.2 x 300 mm (V= 2.4 ml) was eluted by isotonic saline (NaCl 140 mM + tris/HCI 10 mM +
sodium azide 0.01 %, pH 7.7 at 23 °C corresponding to 7.3 at 37 °C) at 80 pL/min and 37 °C. UV de-

20  tection was performed at 276 nm, and injection volume of 20 uL (22.7 yL loop) was used as standard
injection volume (0.9 % of total column volume). Run time of 32 min was used followed by an equili-
bration time of 48 min to elute phenol + m-cresol (total run time 80 min). Compare plot 6-32 min. The
size of the insulin-albumin complexes were estimated from the retention times of the protein markers: thy-
roglobulin, Mw 669 kDa, ferritin, Mw 440 kDa, human serum albumin, Mw 60 kDa, ovalbumin 44 kDa,

25 Cobalt insulin hexamer, Mw 36 kDa, insulin monomer, Mw 6kDa.

Table 2

Formulation: Isotonic Insulin SEC SEC gelfil- SEC gelfiltra-

600 uM Agent precipitate gelfiltration tration tion estimation

A22K(N¢(eicosanedioyl- 174 mM Recovery Retention of Mw (kDa)

gGlu-OEG-OEG)), B29R, glycerol or time in min

desB30 human insulin 150 mM

7 mM phosphate pH 7.4 NaCl

30 mM phenol

3 Zn/ 6 insulin Glycerol No 20% Nd Nd
NaCl Yes

3 Zn/ 6 insulin, 200 yM HSA Glycerol No 100% 22,6 70
NaCl No

3 Zn/ 6 insulin, 120 pM HSA Glycerol No 100% 19,7 440
NaCl No

3 Zn/ 6 insulin, 80 pM HSA Glycerol No 100 % 17,6 669
NaCl No

3 Zn/ 6 insulin, 60 pM HSA Glycerol No 100 % 17,6 669
NaCl yes
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3 Zn/ 6 insulin, 30 yM HSA Glycerol No Nd Nd Nd
NaCl yes
0 Zn/ 6 insulin Glycerol No 20 % Nd Nd
NaCl Yes
0 Zn/ 6 insulin, 200 yM HSA Glycerol No 100 % 21,7 130
NaCl No
0 Zn/ 6 insulin, 120 yM HSA Glycerol No 100 % 21,7 130
NaCl No
0 Zn/ 6 insulin, 80 yM HSA Glycerol No 100 % 25/217 6/130
NaCl No
0 Zn/ 6 insulin, 60 pM HSA Glycerol No 100 % 25/217 6/130
NaCl yes
0 Zn/ 6 insulin, 30 yM HSA Glycerol No 30 % Nd Nd
NaCl Yes
1 Zn/ 6 insulin Glycerol No Nd Nd Nd
NaCl Yes
1 2Zn/ 6 insulin, 200 uM HSA Glycerol No Nd Nd Nd
NaCl No
1 2Zn/ 6 insulin, 120 yM HSA Glycerol No 100 % 21,4 130
NaCl No
1 2Zn/ 6 insulin, 80 yM HSA Glycerol No 100 % 25/18,2 6/550
NaCl No
1 2Zn/ 6 insulin, 60 yM HSA Glycerol No 100 % 25/17.,8 6/669
NaCl yes
1 Zn/ 6 insulin, 30 yM HSA Glycerol No Nd Nd Nd
Na(Cl Yes
4 Zn/ 6 insulin Glycerol No Nd Nd Nd
Na(Cl Yes
4 Zn/ 6 insulin, 200 pM HSA Glycerol No Nd Nd Nd
Na(Cl No
4 Zn/ 6 insulin, 120 pM HSA Glycerol No 100 % 19,4 440
Na(Cl No
4 Zn/ 6 insulin, 80 pM HSA Glycerol No 100 % 18,2 550
Na(Cl No
4 Zn/ 6 insulin, 60 pM HSA Glycerol No 100 % 17,5 669
Na(Cl yes
4 Zn/ 6 insulin, 30 pM HSA Glycerol No Nd Nd Nd
Na(Cl Yes
6 Zn/ 6 insulin Glycerol No Nd Nd Nd
Na(Cl Yes
6 Zn/ 6 insulin, 200 pM HSA Glycerol No Nd Nd Nd
Na(Cl No
6 Zn/ 6 insulin, 120 pM HSA Glycerol No Nd Nd Nd
Na(Cl No
6 Zn/ 6 insulin, 80 pM HSA Glycerol No 100 % 19,2 440
Na(Cl No
6 Zn/ 6 insulin, 60 pM HSA Glycerol No 100 % 18,8 500
Na(Cl No
6 Zn/ 6 insulin, 30 pM HSA Glycerol No Nd Nd Nd
Na(Cl Yes

The conclusion from the above investigation is as follows:

The solubililty of A22K(N*(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin

was investigated in isotonic sodium chloride (150 mM) as a function of zinc and albumin concentration.
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In the absence of albumin, A22K(N(eicosanedioyl-yGIu-OEG-OEG)), B29R, desB30 human insulin
forms a precipitate. In the presence of albumin minimum in the stoichiometric amount 7.5 moles of
acylated insulins to 1 mole of albumin, the acylated insulin is soluble in the zinc concentration range 0
— 6 zinc atoms / 6 insulins.

In native gelfiltration, where the mobile phase is 10 mM Tris, 140 mM NaCl, the recovery of
A22K(N*(eicosanedioyl-yGIlu-OEG-OEG)), B29R, desB30 human insulin was investigated for formula-
tions with glycerol as isotonic agent as a function of zinc and albumin concentration. In the absence of
albumin the recovery of acylated insulin was reduced indicating precipitation of insulin in the mobile
phase. In the presence of albumin the recovery of the acylated insulin corresponded to 100 %. The
retention time of the acylated insulin mixed with albumin was decreased with decreasing albumin con-
centration. For formulations with no zinc, the albumin-acylated insulin complex was measured to con-
sist of two albumin molecules oligomerised by an acylated insulin dimer. For formulations with 1 zinc
ion per insulin hexamer, the insulin-albumin complex was measured to the size of two albumin mole-
cules oligomerised by an acylated insulin dimer at the ratio 5 insulin molecules per albumin molecule.
For the ratios 7.5 and 10 insulin molecules per albumin molecule, two peaks were detected, one cor-
responds to monomeric insulin and one corresponding to the size of several acylated insulin hexamers
binding several albumin molecules.

For formulations with 3, 4 and 6 zinc ions per insulin molecule, large oligomers were formed
corresponding to the size of several acylated insulin hexamers binding several albumin molecules.

It is concluded that, in the minimum ratio 7.5 insulin molecule per albumin molecules, albu-
min keeps the acylated insulin soluble, both in a formulation with 150 mM NaCl and also in native gel-
filtration.

Furthermore, it is shown that the acylated insulin dimer forms a complex with two albumin
molecules. In the presence of 1 Zn ion per 6 insulin molecules and albumin, a fraction of the acylated
insulin in hexamers is bound to albumin and a fraction of the acylated insulin is on the monomeric form
bound to albumin. In the presence of 3, 4 or 6 zinc ions per 6 insulin molecules, no monomeric insulin

is detected and large insulin hexamer-albumin oligomers are formed.

Example 4

A22K(N(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin is dissolved in Milli-Q yielding
samples according to table 3 containing 7 mM Tris pH 7.4; 1.6% glycerol; 30 mM phenol; 3 Zn per 6
insulin molecules; 1 human serum albumin per 4 insulin molecules; 150 mM NaCl. The test solution is
filtered through a 0.2 um filter and the resulting insulin concentration in the supernatant was measured
by standard reverse phase HPLC using human insulin as reference.

Resulting amount of soluble insulin is reported in table 3.

Table 3

Insulin concentration before filtration Amount of insulin in solution after filtration, in percentage
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300 pM 100
600 pM 100
1200 uM 100
1800 uM 100

The conclusion from the above experiment is that addition of albumin in stoikiometric amounts of 1
albumin molecule per 4 insulin molecules in 150 mM NaCl results in soluble insulin molecule in the
concentrations 300 uM, 600 uM, 1200 uM and 1800 uM.

Example 5

Pigs were given equal amounts of A22K(Nf(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human
insulin, by subcutaneous administration. The concentration of insulin in the blood was measured after
injection and the result is shown in Figs. 3 and 4. The graph in Fig. 3 shows the result from time 0 to
1500 minutes after injection and the graph in Fig. 4 illustrates the first 300 minutes after injection. In
the figures, the following abbreviations are used: “ins” is insulin, “PK” is pharmacokinetic, and “SEM” is
standard error mean value. The following formulations were investigated:

1a): 600 uM A22K(N*(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin, 150 uM pig se-
rum albumin, 3 Zn/hexamer insulin, 1 Zn / pig serum albumin, 174 mM glycerol, 30 mM phenol, pH
7.4.

1b): 600 uM A22K(N*(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin, 150 uM pig se-
rum albumin, 3 Zn/hexamer insulin, 1 Zn / pig serum albumin, 30 mM arginine, 120 mM nicotinamide,
30 mM phenol, pH 7.4.

The conclusion from the above experiment is that the addition of nicotinamide further increases the

bioavailability of the acylated insulin.

Example 6

Pigs were given equal amounts of A22K(N*(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human
insulin by subcutaneous administration. The concentration of insulin in the blood was measured after
injection and the result is shown in Figs. 5 and 6. The graph in Fig. 5 shows the result from time 0 to
1500 minutes after injection and the graph in Fig. 6 illustrates the first 300 minutes after injection. In
the figures, the following abbreviations are used: “ins” is insulin, “PK” is pharmacokinetic, and “SEM” is
standard error mean value. The following formulations were investigated:

1a): 600 uM A22K(N*(eicosanedioyl-yGlu-OEG-OEG)), B29R, desB30 human insulin 150 pM pig se-
rum albumin, 3 Zn/hexamer insulin, 1 Zn / pig serum albumin, 174 mM glycerol, 30 mM phenol, pH
7.4.

1b): 600 uM A22K(N*(eicosanedioyl-yGIu-OEG-OEG)), B29R, desB30 human insulin, 3 Zn/hexamer

insulin, 1 Zn / pig serum albumin, 30 mM arginine, 120 mM nicotinamide, 30 mM phenol, pH 7.4.
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The conclusion from the above experiment is that the addition of albumin increases the bioavailability

of the acylated insulin.

Example 7

A solution of 45 pl 660 uM of 1) A22K(N*(eicosanedioyl-yGlu-OEG-OEG-OEG-OEG)), A18L, B29R,
desB30 human insulin abbreviated to A22K(N*(C20-yGlu-OEG-OEG-OEG-OEG)), A18L, B29R, 2)
A22K(Nfoctadecandioyl-yGIu-OEG-OEG)), A18L, B29R, desB30 human insulin (abbreviated to A18L,
A22K, Neps C18-yGlu-OEG-OEG), or 3) A22K(N(eps)eicosanedioyl-yGlu-OEG-OEG), desB29-30 hu-
man insulin abbreviated to A22K(N*(C20-yGlu-OEG-OEG)), desB29-30, in formulation according to Ta-
ble 4 was mixed with 5 pl of sodium chloride solution in concentration according to Table 4. 48 hours after
the two solutions were mixed the amount of precipitated acylated insulin was determined after filtration.
The concentration determination was carried out by HPLC measurement of insulin in solution. The per-
centage amount of soluble acylated insulin in relation to the total amount of acylated insulin present in the
test solution must be above 30 % at a sodium chloride concentration of 150 mM, preferably above 50 %

at 150 M sodium chloride and most preferred above 60 % at 150 mM.

Table 4
Formulation: 600 uM insulin, 300 uM zinc acetate, NaCl % insulin in solution
7 mM phosphate pH 7.4, 30 mM phenol concentration,
in mM
A22K(N(C20-yGlu-OEG, OEG, OEG-OEG)), A18L, 0 100
B29R 5
10
25
50 100
75 100
100
125 46
150
175 13
200 13
A18L, A22K, Neps C18-yGlu-OEG-OEG 0 100
5
10 100
25
50 100
75
100 100
125 75
150
175 58
200 50
A22K(N(C20-yGlu-OEG-OEG)), desB29-30 0
5 100
10 100
15 100
20 100
34 15
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62

~J

100 3

Example 8

A solution of 45 pl 660 uM of 1) A22K(Noctadecandioyl-yGlu-OEG-OEG)), A18L, B29R, desB30 hu-
man insulin (abbreviated to A18L, A22K, Neps C18-yGlu-OEG-OEG), or 2) A22K(N(eps)eicosanedioyl-
vGlu-OEG-OEG), desB29-30 human insulin abbreviated to A22K(N*(C20-yGIlu-OEG-OEG)), desB29-
30, in formulation according to Table 5 was mixed with 5 pl of sodium chloride solution in concentration
according to Table 5. 48 hours after the two solutions were mixed the amount of precipitated acylated in-
sulin was determined after filtration. The concentration determination was carried out by HPLC measure-
ment of insulin in solution. The percentage amount of soluble acylated insulin in relation to the total
amount of acylated insulin present in the test solution must be above 30 % at a sodium chloride concen-
tration of 150 mM, preferably above 50 % at 150 M sodium chloride and most preferred above 60 % at
150 mM.

Table 5
Formulation: 600 uM insulin, 7 mM phosphate pH NaCl % insulin in solution
7.4, 30 mM phenol concentration,
in mM
A18L, A22K, Neps C18-yGlu-OEG-OEG 0 100
5
10 100
25
50 100
75
100 23
125 20
150 20
175 13
200 7
A22K(NH(C20-yGlu-OEG-OEG)), desB29-30 0 100
5
10 27
20 27
34 23
50 13
62 3
100 3
Test A

Test for solubility of an acylated insulin in the presence of zinc.

This test is performed as follows: Four mg of the acylated insulin to be tested is dissolved in
Milli-Q water yielding a final concentration of 600 uM containing zinc acetate acetate supplied to a final
concentration of three zinc ions per six insulin molecules and phenol to a final concentration of 30 mM.
The pH value is adjusted to 7.4 using 1 N NaOH. Sodium chloride is added to a final concentration of

150 mM. The test solution is mixed by gentle rotation and incubated one hour at room temperature.
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The test solution is filtrated through a 0.2 pum filter and the insulin concentration in the filtrate is meas-
ured by standard reverse phase HPLC using human insulin as reference.
If the insulin concentration is below 30% of the starting concentration after centrifugation, this

acylated insulin is among those covered by the present invention, when mixed with albumin.

TestB
Test for the molecular weight of an insulin-albumin-oligomer
This test is performed as follows: Four mg of the acylated insulin to be tested is dissolved in Milli-Q
yielding a final concentration of 600 pM containing zinc acetate acetate supplied to a final concentra-
tion of three zinc ions per six insulin molecules. Human serum albumin is added to a final concentra-
tion of 150 uM and phenol to a final concentration of 30 mM. The pH value is adjusted to 7.4 using 1 N
NaOH. The test solution is applied to a gelfiltration column equilibrated in Tris pH 7.4, 140 mM NaCl
and the molecular weight of the oligomers in the test solution is measured using the molecular weight
standards and the gelfiltration method described by Jonassen, I., Havelund, S., Ribel, U., Plum, A,
Loftager, M., Hoeg-Jensen, T., Valund, A., and Markussen, J. in: Pharmaceutical Research, 2006; 23,
1; 49-55.

Acylated insulins forming aggregates of 440 kDa or higher in the described test solution are

covered by the present invention, when mixed with albumin.

TestC

Test for solubility of an acylated insulin in the absence of zinc.

This test is performed as follows: Four mg of the acylated insulin to be tested is dissolved in Milli-Q
yielding a final concentration of 600 uM containing phenal to a final concentration of 30 mM, The pH
value is adjusted to 7.4 using 1 N NaOH. Sodium chloride is added to a final concentration of 150 mM.
The test solution is mixed by gentle rotation and incubated one hour at room temperature. The test
solution is filtrated through a 0.2 um filter and the insulin concentration in the filtrate is measured by
standard reverse phase HPLC using human insulin as reference. If the insulin concentration is below
50% of the starting concentration after centrifugation, this acylated insulin is among those covered by

the present invention, when mixed with albumin.
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What is claimed is:

1. An pharmaceutical formulation containing an acylated insulin and albumin wherein at least 80%
(weight/weight) of the acylated insulin is dissolved and wherein not more than 5% (weight/weight)
of the insulin is covalently bound to albumin, for use by injection.

2. An injectable pharmaceutical formulation containing an acylated insulin and albumin characterized
in that at least 80% (weight/weight) of the acylated insulin is dissolved and wherein not more than
5% (weight/weight) of the insulin is covalently bound to albumin.

3. A pharmaceutical formulation containing an acylated insulin and albumin wherein all the acylated
insulin is dissolved and wherein there is no covalent bond between the acylated insulin and albu-

min, for use by injection.

4. A pharmaceutical, optionally injectable, formulation according to any one of the preceding claims,

wherein the acylated insulin is a salting out, acylated insulin.

5. A pharmaceutical, optionally injectable, formulation according to any one of the preceding claims,
wherein the salting out, acylated insulin is an acylated insulin which has a solubility in a 150 mM
NaCl solution, of below 30%, as defined specifically in Test A herein.

6. A pharmaceutical, optionally injectable, formulation according to any one of the preceding claims,
wherein the salting out, acylated insulin is an acylated insulins which forms an insulin-albumin-
oligomer with a molecular weight above 440,000, as defined specifically in Test B herein.

7. Anovel product as herein described, e.g., in any one of the above clauses.

8. Anovel process as herein described, e.g., in any one of the above clauses.

9. Anovel use as herein described, e.g., in any one of the above clauses.

10. A novel treatment as herein described, e.g., in any one of the above clauses.

11. A product as described in any of the above examples, e.g., in example 1.

12. A process as described in any of the above examples, e.g., in example 1.

13. Any novel feature or combination of features described herein.
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