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STABLE FORMULATION OF MODIFIED GLP-1

Field of the invention

The present invention relates to pharmaceutical formulations comprising GLP-1

compounds, uses thereof and methodsfor preparing said formulations.

Backgroundof the invention

Peptides are widely used in medical practice, and since they can be producedbyre-

combinant DNAtechnologyit can be expected that their importancewill increase alsoin the

years to come.

The hormones regulating insulin secretion belong to the so-called enteroinsular

axis, designating a group of hormones, released from the gastrointestinal mucosain re-

sponse to the presence and absorption of nutrients in the gut, which promote an early and

potentiated release of insulin. The enhancing effect on insulin secretion, the so-called incretin

effect, is probably essential for a normal glucose tolerance. Manyof the gastrointestinal hor-

mones, including gastrin and secretin (cholecystokinin is not insulinotropic in man), are insu-

linotropic, but the only physiologically important ones, those that are responsible for the in-

cretin effect, are the glucose-dependentinsulinotropic polypeptide, GIP, and glucagon-like

peptide-1 (GLP-1). Becauseofits insulinotropic effect, GIP, isolated in 1973 immediately at-

tracted considerable interest among diabetologists. However, numerousinvestigations car-

ried out during the following years clearly indicated that a defective secretion of GIP was not

involved in the pathogenesis of insulin dependent diabetes mellitus (IDDM) or non insulin-

dependentdiabetes mellitus (NIDDM). Furthermore, as an insulinotropic hormone, GIP was

found to be almostineffective in NIDDM. The otherincretin hormone, GLP-1 is the most po-

tent insulinotropic substance known. Unlike GIP,it is surprisingly effective in stimulating insu-

lin secretion in NIDDMpatients. In addition, and in contrast to the other insulinotropic hor-

mones(perhapswith the exception of secretin) it also potently inhibits glucagon secretion.

Becauseof these actions it has pronounced blood glucose lowering effects particularly in pa-

tients with NIDDM.

GLP-1, a product of the proglucagon, is one of the youngest membersof the se-

cretin-VIP family of peptides, but is already established as an important gut hormone with
regulatory function in glucose metabolism and gastrointestinal secretion and metabolism.

The glucagon geneis processeddifferently in the pancreas and in the intestine. In the pan-

creas, the processing leads to the formation and parallel secretion of 1) glucagonitself, oc-
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cupying positions 33-61 of proglucagon (PG); 2) an N-terminal peptide of 30 amino acids
(PG (1-30)) often called glicentin-related pancreatic peptide, GRPP; 3) a hexapeptide corre-

sponding to PG (64-69): 4) and, finally, the so-called major proglucagon fragment (PG (72-

158)), in which the two glucagon-like sequences are buried. Glucagon seemsto be the only

biologically active product. In contrast, in the intestinal mucosa,it is glucagonthat is buried in

a larger molecule, while the two glucagon-like peptides are formed separately.

While muchattention has been focused on the pharmacological properties of acy-

lated GLP-1 compounds,hithertolittle is known about their physico-chemical and solution

structural properties. Such knowledgeis a prerequisite for rational handling during e.g. pro-

duction, purification and formulation work and is eventually important for understanding of the

structural basis for the protraction mechanism.

It is an important technical challenge to ensure prolongedstability during storage

(shelf life) of many protein based drug products due to the inherentlability of macromole-

cules. Hence,proteins are sensitive to both chemical and physical degradation unlike many

small molecules. Chemical degradation involves covalent bonds, such as hydrolysis, racemi-

zation, oxidation or crosslinking. Physical degradation involves conformational changesrela-

tive to the native structure, which includes loss of higher order structure, aggregation, precipi-

tation or adsorption to surfaces. GLP-1 is knownto be proneto instability due to aggregation.

Both degradation pathways mayultimately lead to loss of biological activity of the protein

drug.

GLP-1 and analogues of GLP-1 and fragments thereof are potentially useful i.a. in the

treatment of type 1 and type 2 diabetes. However, solubility limitations and the low stability

against the actions of endogenous diaminopeptidyl peptidase limits the usefulness of these

compounds,and thustherestill is a need for improvementsin thisfield.

In WO 99/43341 are disclosed certain pharmaceutical formulations comprising GLP-1

havingalipophilic substituent. All of the disclosed formulations are maintained at pH 7.4.

In WO 00/37098are disclosed shelf-stable formulations comprising GLP-1, a preserva-

tive, and a tonicity modifier, at pH 8.2 to 8.8.

Human GLP-1is a 37 amino acid residue peptide originating from preproglucagon which

is synthesised /.a. in the L-cells in the distal ileum, in the pancreas and in the brain. Processing

of preproglucagonto give GLP-1(7-36)amide, GLP-1(7-37) and GLP-2 occurs mainly in the L-

cells. A simple system is used to describe fragments and analoguesofthis peptide. Thus,for

example, Val°-GLP-1(7-37) (or Val8GLP-1 (7-37)) designates a fragment of GLP-1 formally de-
rived from GLP-1 by deleting the amino acid residues Nos. 1 to 6 and substituting the naturally

occurring amino acid residuein position 8 (Ala) by Val. Similarly, Lys*4(N*-tetradecanoyl)-GLP-
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1(7-37) designates GLP-1(7-37) wherein the s-amino groupof the Lys residue in position 34 has

been tetradecanoylated. For convenience the amino acid sequence of GLP-1 (7-37)is given

below, wherein the N-terminal His is no. 7 and the C-terminal Gly is no. 37:

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-

Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-

{fe-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly.

Where referencein this text is made to C-terminally extended GLP-1 analogues, the amino acid

residue in position 38 is Arg unless otherwise indicated, the optional amino acid residue in

position 39 is also Arg unless otherwise indicated and the optional amino acid residue in

position 40 is Asp unless otherwiseindicated. Also, if a C-terminally extended analogue extends

to position 41, 42, 43, 44 or 45, the amino acid sequence of this extension is as in the

corresponding sequencein human preproglucagonunless otherwiseindicated.

Summaryof the invention

We have discovered that certain modified GLP-1 or analogues thereof when formu-

lated in aqueous solution together with a buffer, are physically stable at high concentrations

of the modified GLP-1 or analogues thereof, when kept in the pH range from about 7 to about

10. The present formulations are physically stable within a given shelflife period at the rec-

ommended storage temperature (typically 2-3 years at 2-8°C). Furthermore, the present for-

mulations are physically stable during in-use (typically 1 month at accelerated temperatures

e.g. 25°C or 37°C). The formulations of the invention are also chemically stable thus render-

ing them shelf-stable and suitable for invasive (eg. injection, subcutaneousinjection, intra-

muscular, intraveneousor infusion ) as well as non-invasive (eg nasal or pulmonary,trans-

dermal or transmucosal e.g. buccal ) means of administration. When the inventive formula-

tion comprising a GLP-1 compound was compared to the same formulation comprising GLP-

1(7-37) substituted for the GLP-1 compound, the physical stability was increased considera-

bly, and typically the shelf-life was increased from a few seconds to several monthsin the

tests used.

Oneobject of the presentinvention is to provide a pharmaceutical formulation com-

prising a GLP-1 compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or

an analogue thereof wherein an amino acid residue of the parent peptide hasa lipophilic sub-

stituent attached optionally via a spacer, wherein said GLP-1 compoundis present in a con-
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centration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to

10;

Anotherobject of the present invention is to provide a method of preparing a physi-

cally stable pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 com-

pound is GLP-1(7-37) or an analogue thereof wherein an aminoacid residue of the parent

peptide hasalipophilic substituent attached optionally via a spacer, comprising preparing a

formulation containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis

present in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a

pH from 7.0 to 10.

In one aspect of the invention the formulation contains a GLP-1 compoundin a con-

centration from 1 mg/ml to 100 mg/ml.

In another aspectof the invention the formulation has a pH from 7.5 to 10.

In one embodiment the GLP-1 compoundis Arg™, Lys*°(N-e-(y-Glu(N-o-

hexadecanoyl)))-GLP-1 (7-37).

Description of the invention

In one aspectthe invention relates to a pharmaceutical formulation comprising a GLP-1

compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an aminoacid residue of the parent peptide hasa lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 0.1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10;

provided thatif an isotonic agent is present and pH is 7.4 then mannitol or NaCl is not the

isotonic agent.

In another aspectthe invention relates to a pharmaceutical formulation comprising a

GLP-1 compound,and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an ana-

logue thereof wherein an amino acid residue of the parent peptide hasa lipophilic substituent

attached optionally via a spacer, wherein said GLP-1 compoundis presentin a concentration

from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10;

provided thatif an isotonic agentis present and pH is 7.4 then mannitol or NaClis not the
isotonic agent.

in a further aspect the invention relates to a pharmaceutical formulation comprising a

GLP-1 compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an ana-

logue thereof wherein an aminoacid residue of the parent peptide hasa lipophilic substituent

attached optionally via a spacer, wherein said GLP-1 compoundis present in a concentration

from 0.1 mg/ml or above, and wherein said formulation has a pH from 7.0 to 10.
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In a further aspect the invention relates to a pharmaceutical formulation comprising a

GLP-1 compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an ana-

logue thereof wherein an amino acid residue of the parent peptide hasalipophilic substituent

attached optionally via a spacer, wherein said GLP-1 compoundis present in a concentration

from 1 mg/ml or above, and wherein said formulation has a pH from 7.0 to 10.

In a further aspect the invention relates to a pharmaceutical formulation comprising

a GLP-1 compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an ana-

logue thereof, wherein an amino acid residue of the parent peptide hasa lipophilic substituent

attached optionally via a spacer, wherein said GLP-1 compoundis presentin a concentration

from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10.

In a further aspect the invention relates to a pharmaceutical formulation comprising

a GLP-1 compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an ana-

logue thereof, wherein an aminoacid residue of the parent peptide has a lipophilic substituent

attached optionally via a spacer, wherein said GLP-1 compoundis presentin a concentration

from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an aminoacid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising prepararing a formulation

containing the GLP-1 compound,and a buffer, wherein said GLP-1 compoundis presentin a

concentration from 0.1 mg/m! or above, and wherein said formulation has a pH from 7.0 to

10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an aminoacid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising prepararing a formulation

containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present in a

concentration from 1 mg/ml or above, and wherein said formulation has a pH from 7.0 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1 (7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising prepararing a formulation

containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present in a

concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0

to 10.
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In a further aspect theinvention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an aminoacid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing a formulation con-

taining the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present in a

concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to

10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing a formulation con-

taining the GLP-1 compound,water, and a buffer, wherein said GLP-1 compoundis present

in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.0 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing a formulation con-

taining the GLP-1 compound, water, and a buffer, wherein said GLP-1 compoundis present

in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.0 to 10.

In a further aspectthe invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing an aqueous solu-

tion containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present

in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.0 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing an aqueous solu-

tion containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present

in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.0 to 10.
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In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing a formulation con-

taining the GLP-1 compound, water, and a buffer, wherein said GLP-1 compoundis present

in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.5 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compoundis GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing a formulation con-

taining the GLP-1 compound, water, and a buffer, wherein said GLP-1 compoundis present

in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.5 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing an aqueoussolu-

tion containing the GLP-1 compound,and a buffer, wherein said GLP-1 compoundis present

in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.5 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an aminoacid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing an aqueous solu-

tion containing the GLP-1 compound,and a buffer, wherein said GLP-1 compoundis present

in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from
7.5 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compoundis GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing a formulation con-

taining the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present in a

concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0
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to 10; providedthatif an isotonic agent is present and pH is 7.4 then mannitol or NaCl is not

the isotonic agent.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compoundis GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, comprising preparing a formulation con-

taining the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present in a

concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to

10; provided thatif an isotonic agent is present and pHis 7.4 then mannitol or NaClis not the

isotonic agent.

In one embodimentof the invention the pharmaceutical formulation is an aqueous

formulation, i.e. a formulation comprising water. Such formulation is typically a solution or a

suspension. Jn a further embodimentof the invention the pharmaceutical formulation is an

aqueoussolution. The term “aqueous formulation”is defined as a formulation comprising at

least 50 %w/w water. Likewise, the term “aqueoussolution” is defined as a solution compris-

ing at least 50 %w/w water, and the term “aqueous suspension’is defined as a suspension

comprising at least 50 %w/w water.

In another embodiment the pharmaceutical formulation is a freeze-dried formulation,

whereto the physician or the patient adds the solventprior to use.

In a further aspect the invention relates to a pharmaceutical formulation comprising

an aqueoussolution of a GLP-1 compound, and a buffer, wherein said GLP-1 compoundis

GLP-1(7-37) or an analogue thereof wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, wherein said GLP-1 compoundis pre-

sent in a concentration from 0.1 mg/ml or above, and wherein said formulation has a pH from

7.0 to 10.

In a further aspect the invention relates to a pharmaceutical formulation comprising

an aqueoussolution of a GLP-1 compound, and a buffer, wherein said GLP-1 compoundis

GLP-1(7-37) or an analogue thereof wherein an amino acid residue of the parent peptide has a

lipophilic substituent attached optionally via a spacer, wherein said GLP-1 compoundis pre-

sent in a concentration from 1 mg/ml or above, and wherein said formulation has a pH from
7.0 to 10.

In a further aspect the invention relates to a pharmaceutical formulation comprising

an aqueoussolution of a GLP-1 compound,and a buffer, wherein said GLP-1 compoundis

GLP-1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has

a lipophilic substituent attached optionally via a spacer, wherein said GLP-1 compoundis pre-
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sent in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH

from 7.0 to 10.

In a further aspect the invention relates to a pharmaceutical formulation comprising

an aqueous solution of a GLP-1 compound, and a buffer, wherein said GLP-1 compoundis

GLP-1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has

a lipophilic substituent attached optionally via a spacer, wherein said GLP-1 compoundis pre-

sent in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH

from 7.0 to 10.

In a further aspect the invention relates to a pharmaceutical formulation comprising

an aqueoussolution of a GLP-1 compound, and a buffer, wherein said GLP-1 compoundis

GLP-1(7-37) or an analoguethereof, wherein an amino acid residue of the parent peptide has
a lipophilic substituent attached optionally via a spacer, wherein said GLP-1 compoundis pre-

sent in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH

from 7.0 to 10; providedthat if an isotonic agent is present and pH is 7.4 then mannitolor

NaClis not the isotonic agent.

In a further aspect the invention relates to a pharmaceutical formulation comprising

an aqueoussolution of a GLP-1 compound, and a buffer, wherein said GLP-1 compoundis

GLP-1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide has

a lipophilic substituent attached optionally via a spacer, wherein said GLP-1 compoundis pre-

sent in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH

from 7.0 to 10; provided thatif an isotonic agent is present and pHis 7.4 then mannitol or

NaClis not the isotonic agent. |
In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compoundis GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide hasa lipo-

philic substituent attached optionally via a spacer, comprising preparation of an aqueous

solution containing the GLP-1 compound,and a buffer, wherein said GLP-1 compoundis

present in a concentration from 0.1 mg/ml or above, and wherein said formulation has a pH

from 7.0 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an aminoacid residue of the parent peptide hasalipo-

philic substituent attached optionally via a spacer, comprising preparation of an aqueous

solution containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis

present in a concentration from 1 mg/ml or above, and wherein said formulation has a pH
from 7.0 to 10.
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In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an aminoacid residue of the parent peptide hasa lipo-

philic substituent attached optionally via a spacer, comprising preparation of an aqueous solu-

tion containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present

in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.0 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide hasa lipo-

philic substituent attached optionally via a spacer, comprising preparation of an aqueoussolu-

tion containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present

in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.0 to 10.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide hasa fipo-

philic substituent attached optionally via a spacer, comprising preparation of an aqueous solu-

tion containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present

in a conceniration from 0.1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.0 to 10; provided thatif an isotonic agent is present and pHis 7.4 then mannitol or NaClis

not the isotonic agent.

In a further aspect the invention relates to a method of preparing a physically stable

pharmaceutical formulation of a GLP-1 compound wherein said GLP-1 compound is GLP-

1(7-37) or an analogue thereof, wherein an amino acid residue of the parent peptide hasa lipo-

philic substituent attached optionally via a spacer, comprising preparation of an aqueous solu-

tion containing the GLP-1 compound, and a buffer, wherein said GLP-1 compoundis present

in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation has a pH from

7.0 to 10; provided thatif an isotonic agent is present and pH is 7.4 then mannitol or NaCl is

not the isotonic agent.

In a further aspect the present invention relates to a method of reducing blood glu-

coselevels, treating diabetes type |, diabetes typeII, obesity, or inhibiting gastric acid secre- ,

tion, inhibiting apoptosis of B-cells, or stimulating the proliferation of B-cells, comprising ad-

ministering to a patient in need thereof an effective amount of a pharmaceutical formulation

comprising an aqueous solution of a GLP-1 compound, and a buffer, wherein said GLP-1

compoundis GLP-1(7-37) or an analogue thereof wherein an amino acid residue of the parent
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peptide has a lipophilic substituent attached optionally via a spacer, wherein said GLP-1 com-

poundis present in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formula-

tion has a pH from 7.0 to 10.

In a further aspect the present invention relates to a method of reducing blood glu-

cose levels, treating diabetes type |, diabetes type Il, obesity, or inhibiting gastric acid secre-

tion, inhibiting apoptosis of B-cells, or stimulating the proliferation of B-cells comprising ad-

ministering to a patient in need thereof an effective amount of a pharmaceutical formulation

comprising an aqueous solution of a GLP-1 compound, and a buffer, wherein said GLP-1

compoundis GLP-1(7-37) or an analogue thereof wherein an amino acid residue of the parent

peptide hasa lipophilic substituent attached optionally via a spacer, wherein said GLP-1 com-

poundis present in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation

has a pH from 7.0 to 10.

In a further aspect the present invention relates to a method of treating gastric ulcers

comprising administering to a patient in need thereof an effective amount of a pharmaceuti-

cal formulation comprising an aqueoussolution of a GLP-1 compound, and a buffer, wherein

said GLP-1 compound is GLP-1(7-37) or an analogue thereof wherein an amino acid residue

of the parent peptide hasa lipophilic substituent attached optionally via a spacer, wherein said

GLP-1 compoundis present in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein

said formulation has a pH from 7.0 to 10.

In a further aspect the present invention relates to a methodof treating gastric ulcers

comprising administering to a patient in need thereof an effective amount of a pharmaceuti-

cal formulation comprising an aqueous solution of a GLP-1 compound, and a buffer, wherein

said GLP-1 compound is GLP-1(7-37) or an analogue thereof wherein an amino acid residue

of the parent peptide hasa lipophilic substituent attached optionally via a spacer, wherein said

GLP-1 compoundis present in a concentration from 1 mg/ml to 100 mg/ml, and wherein said

formulation has a pH from 7.0 to 10.

In a further aspect the present invention relates to a method of treating myocardial

infarct comprising administering to a patient in need thereof an effective amount of a phar-

maceutical formulation comprising an aqueous solution of a GLP-1 compound, and a buffer,

wherein said GLP-1 compound is GLP-1(7-37) or an analogue thereof wherein an amino acid

residue of the parent peptide hasalipophilic substituent attached optionally via a spacer,

wherein said GLP-1 compoundis present in a concentration from 0.1 mg/ml to 100 mg/ml,

and wherein said formulation has a pH from 7.0 to 10.

In a further aspect the present invention relates to a methodof treating myocardial

infarct comprising administering to a patient in need thereof an effective amountof a phar-

maceutical formulation comprising an aqueoussolution of a GLP-1 compound, and a buffer,
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wherein said GLP-1 compound is GLP-1(7-37) or an analogue thereof wherein an amino acid

residue of the parent peptide hasa lipophilic substituent attached optionally via a spacer,

wherein said GLP-1 compoundis present in a concentration from 1 mg/ml to 100 mg/ml, and

wherein said formulation has a pH from 7.0 to 10.

In a further aspect the present invention relates to a method of treating impaired

glucose tolerance (IGT) comprising administering to a patient in need thereof an effective

amount of a pharmaceutical formulation comprising an aqueoussolution of a GLP-1 com-

pound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue thereof

wherein an amino acid residue of the parent peptide hasa lipophilic substituent attached op-

tionally via a spacer, wherein said GLP-1 compound is present in a concentration from 0.1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10.

In a further aspect the present invention relates to a method of treating impaired

glucosetolerance (IGT) comprising administering to a patient in need thereof an effective

amount of a pharmaceutical formulation comprising an aqueous solution of a GLP-1 com-

pound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue thereof

wherein an amino acid residue of the parent peptide hasa lipophilic substituent attached op-

tionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10.

In a further aspect the present invention relates to a method of reducing body weight

in a subject in need of body weight reduction comprising administering to the subject an ef-

fective amount sufficient to cause reduction in body weight for a period of time effective to

produce weight loss, said time being at least 4 weeks, of a pharmaceutical formulation com-

prising an aqueoussolution of a GLP-1 compound,and a buffer, wherein said GLP-1 com-

pound is GLP-1(7-37) or an analogue thereof wherein an aminoacid residue of the parent

peptide hasa lipophilic substituent attached optionally via a spacer, wherein said GLP-1 com-

poundis present in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said formula-

tion has a pH from 7.0 to 10.

In a further aspect the presentinvention relates to a method of reducing body weight

in a subject in need of body weight reduction comprising administering to the subject an ef-
fective amount sufficient to cause reduction in body weight for a period of time effective to

produce weightloss, said time being at least 4 weeks, of a pharmaceutical formulation com-

prising an aqueous solution of a GLP-1 compound, and a buffer, wherein said GLP-1 com-

pound is GLP-1(7-37) or an analogue thereof wherein an amino acid residue of the parent

peptide has a lipophilic substituent attached optionally via a spacer, wherein said GLP-1 com-

poundis present in a concentration from 1 mg/ml to 100 mg/ml, and wherein said formulation

has a pH from 7.0 to 10.
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In a further aspect the present invention relates to a methodoftreating dyslipidemia,

stroke, left ventricular hypertrophy, arrhythmia, bacteraemia, septicaemia, irritable boweldis-

ease, functional dyspepsia, comprising administering to a patient in need thereof an effective

amount of a pharmaceutical formulation comprising an aqueous solution of a GLP-1 com-

pound, and a buffer, wherein said GLP-1 compoundis GLP-1(7-37) or an analogue thereof

wherein an amino acid residue of the parent peptide hasa lipophilic substituent attached op-

tionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 0.1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10.

In a further aspect the present invention relates to a methodof treating dyslipidemia,

stroke, left ventricular hypertrophy, arrhythmia, bacteraemia, septicaemia, irritable bowel dis-

ease, functional dyspepsia, comprising administering to a patient in need thereof an effective

amount of a pharmaceutical formulation comprising an aqueoussolution of a GLP-1 com-

pound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue thereof

wherein an amino acid residue of the parent peptide hasalipophilic substituent attached op-

tionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10.

The term “an effective amount”is the effective dose to be determined by a qualified

practitioner, who maytitrate dosages to achieve the desired response. Factors for

consideration of dosewill include potency, bioavailability, desired

pharmacokinetic/pharmacodynamic profiles, condition of treatment (e.g. diabetes, obesity,

weightloss, gastric ulcers), patient-related factors (e.g. weight, health, age, etc.), presence of

co-administered medications (e.g. insulin), time of administration, or other factors known to a

medical practitioner.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueous solution of the GLP-1

compound,and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide hasalipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 0.1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, for reducing
blood glucoselevels.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an aminoacid residue of the parent peptide hasa lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 1
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mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10,for reducing

blood glucoselevels.

In a further aspect the presentinvention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide hasa lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 0.1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, for treating dia-

betes type I.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueous solution of the GLP-1

compound,and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide hasa lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, fortreating dia-

betes typeI.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound,and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide hasalipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 0.1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, for treating dia-

betes typeIl.

In a further aspect the present invention relates to use of a GLP-1 compoundforthe

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide hasalipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 14

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, for treating dia-

betes typeIl.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an aminoacid residueof the parent peptide hasalipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 0.1
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mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, for treating obe-

sity.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueous solution of the GLP-1

compound,and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide hasa lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10,for treating obe-

sity.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound,and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide has a lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 0.1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, for reducing body

weight, typically for reducing body weight in a type 2 diabetic subject.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide has a lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, for reducing body

weight, typically for reducing body weight in a type 2 diabetic subject.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound, and a buffer, wherein said GLP-1 compoundis GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide has a lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 0.1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10,for treating gas-
tric ulcers.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide hasalipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 1
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mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10,for treating gas-

tric ulcers.

In a further aspect the present invention relates to use of a GLP-1 compoundfor the

preparation of a pharmaceutical formulation comprising an aqueoussolution of the GLP-1

compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an aminoacid residue of the parent peptide hasa lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 0.1

mg/ml to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, for inhibition of

apoptosis of B-cells.

In a further aspect the present invention relates to use of a GLP-1 compoundforthe

preparation of a pharmaceutical formulation comprising an aqueous solution of the GLP-1

compound, and a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue

thereof wherein an amino acid residue of the parent peptide has a lipophilic substituent attached

optionally via a spacer, wherein said GLP-1 compoundis present in a concentration from 1

mg/mi to 100 mg/ml, and wherein said formulation has a pH from 7.0 to 10, for inhibition of

apoptosis of B-cells.

The term “treatment” is defined as the managementand care of a patient, e.g. a

mammal, in particular a human,for the purpose of combating the disease, condition, or disorder

and includes the administration of a GLP-1 compoundto prevent the onset of the symptomsor

complications, or alleviating the symptoms or complications,or eliminating the disease, condi-

tion, or disorder. Pharmaceutical compositions containing a GLP-1 compound according to the

present invention may be administered parenterally to patients in need of such a treatment.

Parenteral administration may be performed by subcutaneous,intramuscularorintravenousin-

jection by meansof a syringe, optionally a pen-like syringe. Alternatively, parenteral administra-

tion can be performed by meansofan infusion pump.A further option is a composition which

may be a solution or suspension for the administration of the GLP-1 compoundin the form of a

nasal or pulmonalspray. Asa still further option, the pharmaceutical compositions containing

the GLP-1 compoundofthe invention can also be adapted to transdermal administration, e.g.
from a patch, optionally a iontophoretic patch, or transmucosal, e.g. bucal, administration.

A pharmaceutical formulation is found to be physically unstable whenit exhibits tur-

bidity. A pharmaceutical formulation of GLP1(7-37) is found to be physically unstable asit

turns out to be turbid momentaneously after preparation, whereas the same pharmaceutical

formulation comprising a GLP-1 compound, for example Arg™, Lys*°(N-e-(y-Glu(N-c.-

hexadecanoyl)))-GLP-1(7-37), is found to be physically stable for more than 90 daysat 5°C.
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Someof the present formulations are physically stable for more than 11 months and for more

than 22 monthsat 5°C.

Physical stability of the formulations is evaluated by meansofvisual inspection and

turbidity after storage of the formulation at different temperaturesin top filled glass cartridges for

various time periods. Visual inspection of the formulations is performed in a sharp focusedlight

with a dark background. Theturbidity of the formulation is characterized by a visual score rank-

ing the degreeofturbidity from 0 to 3 (a formulation showing noturbidity correspondsto a visual

score 0, and a formulation showing visualturbidity in daylight correspondsto visual score 3). A

formulationis classified physical unstable with respect to protein aggregation, when it shows

visualturbidity in daylight.

In one embodimentof the invention the pharmaceutical formulation comprising the

GLP-1 compoundis physically stable for more than 12 weeks and for more than 15 months

at 5°C as measured byvisual inspection.

In another embodimentof the invention the pharmaceutical formulation comprising

the GLP-1 compoundis physically stable for more than 12 weeks at 25°C as measured by

visual inspection. .

In a further embodimentof the invention the pharmaceutical formulation comprising

the GLP-1 compoundis physically stable for more than 12 weeks at 37°C as measured by

visual inspection.

In another embodimentof the invention the formulation has a pH in the range from

7.5 to 10. In another embodimentof the invention the formulation has a pH in the range from

7.5 to 9.5. In a further embodiment of the invention the formulation has a pHin the range

from 7.0 to 9.5. In a further embodimentof the invention the formulation has a pHin the

range from 7.0 to 8.0. In a further embodimentof the invention the formulation has a pH in

the range from 7.5 to 8.0. In a further embodimentof the invention the formulation has a pH

in the range from 9.0 to 10.

In a further embodimentof the invention the buffer is selected from the group

consisting of sodium acetate, sodium carbonate,citrate, glycylglycine, histidine, glycine,

lysine, arginin, sodium dihydrogen phosphate, disodium hydrogen phosphate, sodium

phosphate,andtris(hydroxymethyl)-aminomethan, or mixtures thereof. Each one of these

specific buffers constitutes an alternative embodimentof the invention. In a preferred

embodimentof the invention the buffer is glycylglycine, sodium dihydrogen phosphate,

disodium hydrogen phosphate, sodium phosphate or mixtures thereof.

In a further embodimentof the invention the GLP-1 compoundis present in a

concentration from 0.i1mg/ml to 80mg/mi. In a further embodimentof the invention the GLP-1
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compoundis presentin a concentration from 1mg/ml to 80mg/ml. In a further embodimentof

the invention the GLP-1 compoundis present in a concentration from 0.1mg/ml to SOmg/ml.

In a further embodimentof the invention the GLP-1 compoundis present in a concentration

from 1mg/ml to 50mg/ml. In a further embodimentof the invention the GLP-1 compoundis

present in a concentration from 0.4mg/ml to 20mg/ml. In a further embodimentof the

invention the GLP-1 compoundis present in a concentration from 1mg/ml to 20mg/ml. In a

further embodimentof the invention the GLP-1 compoundis present in a concentration from

0.14mg/ml to 10mg/ml. In a further embodimentof the invention the GLP-1 compoundis

present in a concentration from 1mg/ml to 10mg/ml. In a further embodimentof the invention

the GLP-1 compoundis present in a concentration from 0.1-5mg/ml. In a further embodiment

of the invention the GLP-1 compound is present in a concentration from 1-5mg/ml. In a

further embodiment of the invention the GLP-1 compoundis present in a concentration from

0.1-0.5mg/mi. In a further embodimentof the invention the GLP-1 compoundis present in a

concentration from 0.6-1mg/ml. Each one of these specific concentration ranges constitutes an

alternative embodimentof the invention.

In a further embodiment of the invention the formulation further comprises a

pharmaceutically acceptable preservative. In a further embodimentof the invention the

preservative is selected from the group consisting of phenol, m-cresol, methyl p-

hydroxybenzoate, propyl p-hydroxybenzoate, 2-phenoxyethanol, butyl p-hydroxybenzoate, 2-

phenylethanol, benzyl alcohol, chlorobutanol, and thiomerosal, or mixtures thereof. Each one

of these specific preservatives constitutes an alternative embodimentof the invention. In a

preferred embodimentof the invention the preservative is phenol or m-cresol.

In a further embodimentof the invention the preservative is present in a concentration

from 0.1mg/ml to 20mg/ml. In a further embodiment of the invention the preservativeis

presentin a concentration from 0.1mg/ml to 5 mg/ml. In a further embodimentof the

invention the preservative is present in a concentration from 5 mg/ml to 10mg/ml. In a further

embodimentof the invention the preservative is present in a concentration from 10 mg/mlto

20mg/ml. Each one of these specific concentration ranges constitutes an alternative

embodimentof the invention.

The use of a preservative in pharmaceutical compositions is well-knownto the skilled

person. For convenience reference is made to Remington: The Science and Practice of Phar-

macy, 19"edition, 1995.

In a further embodimentof the invention the formulation further comprises an isotonic

agent.In a further embodiment ofthe invention the isotonic agent is selected from the group

consisting of a salt (e.g. sodium chloride), a polyhydric alcohol (e.g. propyleneglycol, xylitol,
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mannitol, sorbitol or glycerol), a monosaccharide (e.g. glucose or maltose), a disccharide

(e.g. sucrose), an amino acid

(e.g. L-glycine, L-histidine, arginine, lysine, isoleucine, aspartic acid, tryptophan, threonine),

polyethyleneglycol (e.g. PEG400), or mixtures thereof. In a further embodimentof the

invention the isotonic agent is selected from the group consisting of sodium chloride,

glycerol, mannitol, glucose, sucrose, L-glycine, L-histidine, arginine, lysine or mixtures

thereof. Each one of these specific isotonic agents constitutes an alternative embodiment of

the invention. In a preferred embodiments of the invention the isotonic agent is mannitol or

glycerol.

In a further embodimentof the invention the isotonic agent is present in a

concentration from 1 mg/ml to 50 mg/ml. In a further embodimentof the invention the isotonic

agentis present in a concentration from 1 mg/m! to 7 mg/ml. In a further embodimentof the

invention the isotonic agent is present in a concentration from 8 mg/ml to 16 mg/ml. In a

further embodimentof the invention the isotonic agent is present in a concentration from 17

mg/m! to 50mg/mi. Each one of these specific concentration ranges constitutes an alternative

embodimentof the invention.

The use of an isotonic agent in pharmaceutical compositions is well-known to the

skilled person. For convenience reference is made to Remington: The Science and Practice of

Pharmacy, 19" edition, 1995.

In a further embodimentof the invention the formulation further comprises a chelating

agent. In a further embodimentof the invention the chelating agent is selected from salts of

ethlenediaminetetraacetic acid (EDTA), citric acid, and aspartic acid, and mixtures thereof.

Each oneof these specific chelating agents constitutes an alternative embodimentof the

invention.

in a further embodimentof the invention the chelating agent is present in a

concentration from 0.1mg/m! to 5mg/ml. In a further embodimentof the invention the

chelating agent is present in a concentration from 0.1mg/ml to 2mg/ml. In a further

embodimentof the invention the chelating agent is present in a concentration from 2mg/mlto

5mg/mi.

The use of a chelating agent in pharmaceutical compositions is well-known to the

skilled person. For convenience reference is made to Remington: The Science and Practice of

Pharmacy, 19" edition, 1995.

In a further embodimentof the invention the formulation further comprises a stabiliser

selected from the group of high molecular weight polymers or low molecular compounds.In a

further embodimentof the invention thestabilizer is selected from polyethylene glycol(e.g.

PEG 3350), polyvinylalcohol (PVA), polyvinylpyrrolidone, carboxymethylcellulose,different
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Salts (e.g. sodium chloride), L-glycine, L-histidine, imidazole, arginine, lysine, isoleucine,

aspartic acid, tryptophan, threonine and mixtures thereof. Each one of these specific

Stabilizers constitutes an alternative embodimentof the invention. In a preferred embodiment

of the invention the stabiliser is selected from the group consisting of L-histidine, imidazole

and arginine.

In a further embodiment of the invention the high molecular weight polymeris pre-

sent in a concentration from 0.1mg/ml to 50mg/ml. In a further embodimentof the invention

the high molecular weight polymeris present in a concentration from 0.1mg/ml to 5mg/ml. In

a further embodimentof the invention the high molecular weight polymeris present in a con-

centration from 5mg/ml to 10mg/ml. In a further embodimentof the invention the high mo-

lecular weight polymeris present in a concentration from 10mg/ml to 20mg/ml. In a further

embodimentof the invention the high molecular weight polymeris present in a concentration

from 20mg/ml to 30mg/ml. In a further embodimentof the invention the high molecular

weight polymeris present in a concentration from 30mg/ml to 50mg/ml.

In a further embodimentof the invention the low molecular weight compoundis pre-

sent in a concentration from 0.img/ml to 50mg/ml. In a further embodimentof the invention

the low molecular weight compoundis present in a concentration from 0.1mg/ml to 5mg/ml.

In a further embodimentof the invention the low molecular weight compoundis presentin a

concentration from Smg/ml to 10mg/ml. In a further embodimentof the invention the low mo-

lecular weight compoundis present in a concentration from 10mg/ml to 20mg/mi. In a further

embodimentof the invention the low molecular weight compoundis present in a concentra-

tion from 20mg/ml to 30mg/ml. In a further embodimentof the invention the low molecular

weight compoundis present in a concentration from 30mg/ml to 50mg/nl.

The use of a stabilizer in pharmaceutical compositions is well-knownto the skilled

person. For convenience reference is made to Remington: The Science and Practice of Phar-

macy, 19" edition, 1995.

In a further embodimentof the invention the formulation further comprises a

surfactant. In a further embodimentof the invention the surfactant is selected from a

detergent, ethoxylated castoroil, polyglycolyzed glycerides, acetylated monoglycerides,
sorbitan fatty acid esters, poloxamers, such as 188 and 407, polyoxyethylene sorbitanfatty

acid esters, polyoxyethylene derivatives such as alkylated and alkoxylated derivatives

(tweens, e.g. Tween-20, or Tween-80), monoglycerides or ethoxylated derivatives thereof,

diglycerides or polyoxyethylene derivatives thereof, glycerol, cholic acid or derivatives

thereof, lecithins, alcohols and phospholipids, glycerophospholipids (lecithins, kephalins,

phosphatidyl serine), glyceroglycolipids (galactopyransoide), sphingophospholipids

(sphingomyelin), and sphingoglycolipids (ceramides, gangliosides), DSS (docusate sodium,
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CASregistry no [577-11-7]), docusate calcium, CAS registry no [128-49-4]), docusate

potassium, CAS registry no [7491-09-0]), SDS (sodium dodecyl sulfate or sodium laury!

sulfate), dipalmitoyl phosphatidic acid, sodium caprylate, bile acids and salts thereof and

glycine or taurine conjugates, ursodeoxycholic acid, sodium cholate, sodium deoxycholate,

sodium taurocholate, sodium glycocholate, N-Hexadecyl-N,N-dimethyl-3-ammonio-1-

propanesulfonate, anionic (alkyl-aryl-sulphonates) monovalent surfactants, palmitoy|

lysophosphatidyl-L-serine, lysophospholipids (e.g. 1-acyl-sn-glycero-3-phosphate esters of

ethanolamine,choline, serine or threonine), alkyl, alkoxyl (alkyl ester), alkoxy (alkyl ether)-

derivatives of lysophosphatidyl and phosphatidylcholines, e.g. lauroyl and myristoyl

derivatives of lysophosphatidylcholine, dipalmitoylphosphatidylcholine, and modifications of

the polar head group,that is cholines, ethanolamines, phosphatidic acid, serines, threonines,

glycerol, inositol, and the postively charged DODAC, DOTMA, DCP, BISHOP,

lysophosphatidylserine and lysophosphatidylthreonine, zwitterionic surfactants (e.g. N-alkyl-

N,N-dimethylammonio-1-propanesulfonates, 3-cholamido-1-propyldimethylammonio-1-

propanesulfonate, dodecylphosphocholine, myristoyl lysophosphatidylcholine, hen egg

lysolecithin), cationic surfactants (quarternary ammonium bases)(e.g. cetyl-

trimethylammonium bromide, cetylpyridinium chloride), non-ionic surfactants,

polyethyleneoxide/polypropyleneoxide block copolymers (Pluronics/Tetronics, Triton X-100,

Dodecyl B-D-glucopyranoside) or polymeric surfactants (Tween-40, Tween-80, Brij-35),

fusidic acid derivatives- (e.g. sodium tauro-dihydrofusidate etc.), long-chain fatty acids and

salts thereof C6-C12 (eg. oleic acid and caprylic acid), acylcarnitines and derivatives, N°-

acylated derivatives of lysine, arginine or histidine, or side-chain acylated derivatives of

lysine or arginine, N°-acylated derivatives of dipeptides comprising any combinationoflysine,

arginine or histidine and a neutral or acidic amino acid, N*-acylated derivative of a tripeptide

comprising any combination of a neutral amino acid and two charged aminoacids,or the

surfactant may be selected from the group of imidazoline derivatives, or mixtures thereof.

Each one of these specific surfactants constitutes an alternative embodiment of the invention.

The useof a surfactant in pharmaceutical compositions is well-knownto the skilled

person. For convenience reference is made to Remington: The Science and Practice of Phar-
macy, 19" edition, 1995.

In a further embodimentof the invention the GLP-1 compoundis selected from GLP-

1(7-36) or an analogue thereof having a lysine residue wherein a lipophilic substituent optionally

via a spaceris attached to the epsilon amino groupofsaid lysine. In a further embodiment of

the invention the GLP-1 compoundis selected from a GLP-1(7-36) analogue having one lysine

residue wherein onelipophilic substituent optionally via a spaceris attached to the epsilon
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amino groupof said lysine. In a further embodimentofthe invention the GLP-1 compoundis

selected from Arg26,34,Lys36GLP-1 (7-36) having onelysine residue wherein onelipophilic

substituent optionally via a spaceris attached to the epsilon amino groupof said lysine.

In a further embodimentof the invention the GLP-1 compoundis selected from GLP-

1(7-37) or an analogue thereof having a lysine residue wherein a lipophilic substituent optionally

via a spaceris attached to the epsilon amino groupofsaid lysine. In a further embodimentof

the invention the GLP-1 compoundis selected from a GLP-1(7-37) analogue having onelysine

residue wherein onelipophilic substituent optionally via a spaceris attached to the epsilon

amino groupofsaid lysine. In a further embodimentof the invention the GLP-1 compoundis

selected from Arg34GLP-1 (7-37), or Arg26GLP-1(7-37) having one lysine residue wherein one

lipophilic substituent optionally via a spaceris attached to the epsilon amino groupof said ly-
sine.

In a further embodimentof the invention the GLP-1 compoundis selected from

GLP-1(7-38) or an analogue thereof having a lysine residue wherein a lipophilic substituent

optionally via a spaceris attached to the epsilon amino groupof said lysine. In a further em-

bodimentof the invention the GLP-1 compoundis selected from a GLP-1(7-38) analogue

having onelysine residue wherein onelipophilic substituent optionally via a spaceris at-

tached to the epsilon amino group of said lysine. In a further embodimentof the invention the

GLP-1 compound is selected from Gly8,Arg26,34,Glu37,Lys38GLP-1(7-38) having onely-

sine residue wherein onelipophilic substituent optionally via a spacer is attached to the epsi-

lon amino groupof said lysine.

In a further embodimentof the invention the GLP-1 compoundis selected from

GLP-1(7-37) or an analogue thereof having onelipophilic substituent optionally attached via

a spacer. In a further embodimentthe lipophilic substituent is attached to any one of the amino

acid residuesin position 18-37, typically 26-34. In case of the GLP-1(7-36) analoguethelipo-

philic substituent is attached to any one of the amino acid residues in position 18-36, typically

26-34. In case of the GLP-1(7-38) analoguethelipophilic substituent is attached to any one of

the amino acid residuesin position 18-38, typically 26-34.

In the present text, the designation “an analogue” is used to designate a peptide

wherein one or more amino acid residues of the parent peptide have been substituted by an-

other amino acid residue and/or wherein one or more amino acid residues of the parent peptide

have been deleted and/or wherein one or more amino acid residues have been addedto the

parent peptide. Such addition can take placeeither at the N-terminal end or at the C-terminal

end of the parent peptide or both. Typically "GLP-1(7-37) or an analogue thereof" comprises
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GLP-1(7-36), GLP-1(7-37), and GLP-1(7-38), and analogues thereof wherein at least one,

preferably at least 3, more preferable at least 5 amino acid residues have been substituted

by another aminoacid residue. In the present context the GLP-1 compound binds to a GLP-1

receptor, preferably with an affinity constant (Kp) or a potency (ECs) of below 1 YM, e.g. be-

low 100 nM (measured as knownin the art, see e.g. WO 98/08871). The term “GLP-1 com-

pound” encompasses GLP-1(7-37) and analogues thereof as well as derivatives of any of the

foregoing. Derivatives of GLP-1 analogues are GLP-1 analogues which are chemically modified

by introducing e.g. ester, alkyl orlipophilic functionalities on one or more amino acid residues of

GLP-1 analogues. Methodsforidentifying GLP-1 compounds are described in WO 93/19175

(Novo Nordisk A/S). Examples of suitable GLP-1 compounds which can be usedin the pre-

sent formulation have been disclosed in e.g WO 98/08871, WO 99/43705, WO 99/43706,

WO 99/43707, WO 99/43708, WO 99/43341, which are incorporated herein by reference.

The term “lipophilic substituent” is characterised by comprising 4-40 carbon atoms and

having a solubility in water at 20°C in the range from about 0.1 mg/100 ml water to about 250

mg/100 ml water, such as in the range from about 0.3 mg/100 ml water to about 75 mg/100

ml water. For instance, octanoic acid (C8) has a solubility in water at 20°C of 68 mg/100 ml,

decanoic acid (C10) has a solubility in water at 20°C of 15 mg/100 ml, and octadecanoic acid

(C18) has a solubility in water at 20°C of 0.3 mg/100 ml.

Thelipophilic substituent may be attached to an amino groupof the GLP-1(7-37) or

an analogue thereof by meansof a carboxyl group of the lipophilic substituent which forms

an amide bond with an amino group of the amino acid residue to whichit is attached.

Alternatively, the lipophilic substituent may be attached to said amino acid residue in such a

way that an amino groupof thelipophilic substituent forms an amide bond with a carboxyl

group of the amino acid residue. As a further option, the lipophilic substituent may be linked

to the GLP-1(7-37) or an analogue thereof via an ester bond. Formally, the ester can be

formedeither by reaction between a carboxyl group of the GLP-1(7-37) or an analogue

thereof and a hydroxyl group of the substituent-to-be or by reaction between a hydroxyl

group of the GLP-1(7-37) or an analogue thereof and a carboxyl group of the substituent-to-

be. As a furtheralternative, the lipophilic substituent can be an alkyl group whichis

introducedinto a primary amino group of the GLP-1(7-37) or an analogue thereof.

In a furtheralternative, the lipophilic substituent may be attached to the GLP-1(7-37) or

an analogue thereof by meansof a spacerin such a way that a carboxyl group of the spacer

forms an amide bond with an amino group of the GLP-1(7-37) or an analogue thereof. A

spacer must containat least two functional groups, one to attach to a functional group of the

lipophilic substituent and the otherto a functional groupof the parent GLP-1(7-37) or an

analogue thereof. The term “spacer”is used in the present text to designate a bivalent moiety
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which contain at least two functional groups, one to attach to a functional groupof the lipophilic

substituent and the other to a functional group of the GLP-1 compound. Examplesof suitable

spacers are succinic acid, lysyl, glutamyl, asparagyl, glycyl, beta-alanyl and gamma-

aminobutanoyl, or a dipeptide such as Gly-Lys, each of which constitutes an individual

embodiment. When the spaceris succinic acid, one carboxyl group thereof may form an amide

bond with an amino groupof the aminoacid residue, and the other carboxyl group thereof may

form an amide bond with an amino groupofthe lipophilic substituent. When the spaceris lysyl,

glutamyl, asparagyl, glycyl, beta-alanyl or gamma-aminobutanoyl, the carboxyl group thereof

may form an amide bond with an amino group of the amino acid residue, and the amino group

thereof may form an amide bondwith a carboxyl group of the lipophilic substituent. When Lysis

used as the spacer, a further spacer may in some instances be inserted between the e-amino

group of Lys andthelipophilic substituent. In one preferred embodiment, such a further spacer

is succinic acid which forms an amide bond with the s-amino group of Lys and with an amino

group presentin the lipophilic substituent. In another preferred embodiment such a further

spaceris Glu or Asp which forms an amide bond with the e-amino group of Lys and another

amide bond with a carboxyl group presentin the lipophilic substituent, that is, the lipophilic

substituent is a N*-acylated lysine residue. In an embodiment, the spaceris an amino acid

residue except Cys or Met, or a dipeptide such as Gly-Lys. For purposesof the present

invention, the phrase “a dipeptide such as Gly-Lys” means any combination of two amino acids

except Cys or Met, typically a dipeptide wherein the C-terminal amino acid residue is Lys, His or
Trp, typically Lys, and the N-terminal amino acid residue is Ala, Arg, Asp, Asn, Gly, Glu, Gln, Ile,

Leu, Val, Phe, Pro, Ser, Tyr, Thr, Lys, His and Trp. Typically, an amino group of the GLP-1

compound forms an amide bond with a carboxylic group of the amino acid residue or dipeptide

spacer, and an amino group of the amino acid residue or dipeptide spacer forms an amide bond

with a carboxyl groupofthelipophilic substituent.

In a further embodimentof the invention the lipophilic substituent has from 8 to 40

carbon atoms. In a further embodimentof the invention the lipophilic substituent has from 10

to 24 carbon atoms.In a further embodimentof the invention the lipophilic substituent has

from 12 to 24 carbon atoms. In a further embodimentof the invention the lipophilic substitu-

ent has from 12 to 18 carbon atoms.In a further embodimentof the invention the lipophilic

substituent has from 14 to 18 carbon atoms.

In a further embodimentof the invention the spaceris present. In a further embodi-

mentof the invention the spaceris selected from an amino acid. In a further embodimentof

the invention, the spacer is an amino acid residue except Cys or Met. In another embodiment,
the spaceris a dipeptide such as Gly-Lys.In a further embodimentthe spaceris selected from

lysyl, glutamyl, asparagyl, glycyl, beta-alanyl and gamma-aminobutanoyl, each of which consti-
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tutes an individual embodiment. Typically used spacers are glutamyl, aminobutyroyl, and beta-

alanyl (beta-Ala).

In another embodiment, the spaceris an unbranched alkane a,a-dicarboxylic acid

group having from 1 to 7 methylene groups, which spacer forms a bridge between an amino

groupof the parent peptide and an amino groupof thelipophilic substituent. Typically, the

spaceris succinic acid.

Thelipophilic substituent(s) contain a functional group which can be attached to one of

the following functional groups of an amino acid of the parent GLP-1(7-37) or an analogue

thereof:

(a) the amino group attached to the alpha-carbon of the N-terminal amino acid,

(b) the carboxy group attached to the alpha-carbon of the C-terminal amino acid,

(c) the epsilon-amino group of any Lys residue,

(d) the carboxy group of the R group of any Asp and Glu residue,

(e) the hydroxy group of the R group of any Tyr, Ser and Thrresidue,

(f) the amino group of the R group of any Trp, Asn, Gln, Arg, and His residue, or

(g) the thiol group of the R group of any Cys residue.

In a further embodimentof the invention, the lipophilic substituent is attached to the

carboxy group of the R group of any Asp and Gluresidue.

In a further embodimentof the invention, a lipophilic substituent is attached to the

carboxy group attached to the alpha-carbonof the C-terminal amino acid.

In a further embodimentof the invention, a lipophilic substituent is attached to the

epsilon-amino group of any Lys residue.

Eachlipophilic substituent contains a functional group which may be attached to a

functional group of an amino acid of the parent GLP-1(7-37) or an analogue thereof. For

example, a lipophilic substituent may contain a carboxyl group which can be attached to an

amino group of the parent GLP-1(7-37) or an analogue thereof by means of an amide bond.

In a further embodimentof the invention, the lipophilic substituent comprises a partially

or completely hydrogenated cyclopentanophenathreneskeleton.

In a further embodimentof the invention, the lipophilic substituent is a straight chain or

branched alkyl group.

In a further embodimentof the invention, the lipophilic substituent is an acyl group of a

straight-chain or branched fatty acid.

In a further embodiment ofthe invention thelipophilic substituentis an acyl group

having the formula CH3(CH2),CO-, wherein n is an integer from 4 to 38. In a further embodiment

nis an integer from 12 to 38. In further embodiments the lipophilic substituent is selected from

the following individual embodiments CHs(CHz)12CO-, CH3(CH2)14CO-, CHa(CH2)16CO-,
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CH3(CH2)1gCO-, CH3(CH2)29CO- and CH3(CH2)22CO-. In a specific embodiment, the lipophilic

substituent is tetradecanoyl. In another specific embodiment, the lipophilic substituent is

hexadecanoyl.

In another embodimentof the present invention, the lipophilic substituent has a group

which is negatively charged such as a carboxylic acid group. For example, the lipophilic

substituent may be an acyl groupof a straight-chain or branched alkane a,-dicarboxylic acid of

the formula HOOC(CH2)mCO-, wherein m is an integer from 4 to 38, preferably an integer from

12 to 38, and most preferably is HOOC(CHs2),4CO-, HOOC(CH2);sCO-, HOOC(CH2),gCO-,

HOOC(CH2)29CO- or HOOC(CHa2)22CO-.

In a further embodimentof the invention the GLP-1 compoundis Arg”**4,Lys**-(N-

epsilon-(gamma-L-glutamyl(N-alfa-hexadecanoyl)))-GLP-1 (7-36).

in a further embodimentof the invention the GLP-1 compoundis Arg”,Lys**-(N-

epsilon-(gamma-L-glutamyl(N-alfa-hexadecanoyl)))-GLP-1 (7-37).

In a further embodimentof the invention the GLP-1 compoundis

Gly’Arg”>**Giu*”,Lys**-(N-epsilon-(gamma-L-glutamyl(N-alfa-hexadecanoyl)))-GLP-1 (7-38).

In a further embodimentof the invention the GLP-1 compoundis Arg™,Lys”°-(N-

epsilon-(gamma-aminobutyroyl(N-gamma-hexadecanoyl)))-GLP-1 (7-37).

In a further embodimentof the invention the GLP-1 compoundis Arg**,Lys”°-(N-

epsilon-(beta-alanyl(N-beta-hexadecanoyl)))-GLP-1 (7-37).

In a further embodimentof the invention the GLP-1 compoundis Arg*‘,Lys”°-(N-

epsilon-(beta-alanyl-(N-beta-tetradecanoyl)))-GLP-1 (7-37).

In a further embodimentof the invention the GLP-1 compoundis Arg*,Lys?°-(N-

epsilon-(gamma-aminobutyroyl)-(N-gamma-tetradecanoyl))-GLP-1-(7-37).

In a further embodimentof the invention the GLP-1 compoundis Arg**,_Lys”°-(N-

epsilon-(beta-alanyl-(N-beta-16-hydroxyhexadecanoyl)))-GLP-1 (7-37).

In a further embodimentof the invention the GLP-1 compoundis Arg™, Lys”°(N-e-(y-

Glu(N-o-hexadecanoyl)))-GLP-1 (7-37).

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 1mg/ml Arg™, Lys”°(N-s-(y-Glu(N-o-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 2mg/ml Arg™, Lys”°(N-s-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 3mg/mI Arg™, Lys?°(N-s-(y-Glu(N-c-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 7.9.
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Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 5 mg/ml Arg**, Lys?5(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1 (7-37), diso-
dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 7 mg/ml Arg**, Lys?®(N-e-(y-Glu(N-o.-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of i1mg/ml Arg**, Lys”°(N-e-(y-Glu(N-a.-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg™, Lys®®(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 3mg/ml Arg™, Lys*6(N-s-(y-Glu(N-c-hexadecanoyl)))-GLP-1(7-37), diso-
dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/mi phenol, at pH 8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 5 mg/ml Arg**, Lys?®(N-e-(y-Glu(N-c-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 7 mg/ml Arg™’, Lys”°(N-s-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/mI mannitol, and 5mg/ml phenol, at pH 8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 1mg/ml Arg™, Lys”°(N-s-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

7.9

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg**, Lys”°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 3mg/ml Arg**, Lys®°(N-s-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5 mg/ml Arg”, Lys?°(N-e-(y-Glu(N-c.-hexadecanoyl)))-GLP-1 (7-37), diso-
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dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/mI phenol, and 1.55 mg/ml L-His, at pH

7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 7 mg/ml Arg™, Lys”°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 1mg/ml Arg™, Lys”°(N--(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg™, Lys”°(N-e-(y-Glu(N-o-hexadecanoyl)))~-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH
8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 3mg/ml Arg™, Lys**(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH
8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 5 mg/ml Arg, Lys?°(N-s-(y-Glu(N-a-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH
8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 7 mg/ml Arg, Lys*°(N-s-(y-Glu(N-a-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH
8.1.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 1mg/ml Arg™, Lys”°(N-e-(y-Glu(N-ca-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0 mg/ml glycerol, and 5 mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg™, Lys*°(N-e-(y-Glu(N-o-hexadecanoyl)))-~GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0 mg/ml glycerol, and 5 mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 3mg/ml Arg™, Lys?°(N-s-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0 mg/ml glycerol, and 5 mg/ml phenol, at pH 7.9.
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Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 1mg/ml Arg™, Lys”*(N-e-(y-Glu(N-c.-hexadecanoyl)))~GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0 mg/mlglycerol, and 7 mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 2mg/ml Arg**, Lys”*(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0 mg/ml glycerol, and 7 mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 3mg/ml Arg®*, Lys”*(N-s-(y-Glu(N-c.-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0 mg/ml glycerol, and 7 mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5mg/ml Arg*’, Lys”°(N-e-(y-Glu(N-o~hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 1mg/ml Arg™, Lys*°(N-e-(y-Glu(N-o.-hexadecanoyl)))-GLP-1(7-37), gly-

cylglycine, 16.0mg/ml glycerol, and 5mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 2mg/ml Arg™, Lys”*(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), gly-
cylglycine, 16.0mg/ml glycerol, and 5mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 3mg/ml Arg™, Lys*(N-e-(y-Glu(N-o.-hexadecanoyl)))-GLP-1(7-37), gly-
cylglycine, 16.0mg/ml glycerol, and 5mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 1mg/ml Arg™, Lys”°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), gly-
cylglycine, 16.0mg/mlglycerol, and 7 mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg™, Lys”°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), gly-
cylglycine, 16.0mg/ml glycerol, and 7 mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 3mg/ml Arg™, Lys”°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37),gly-
cylglycine, 16.0mg/mlglycerol, and 7 mg/ml phenol, at pH 7.9.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 1mg/ml Arg™, Lys”°(N-e-(y-Glu(N-c-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate/sodium dihydrogen phosphate, 17.0mg/ml mannitol, and 18mg/ml
benzylalcohol, at pH 7.0.
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Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg*’, Lys?6(N-s-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate/sodium dihydrogen phosphate, 17.0mg/ml mannitol, and 18mg/ml

benzylalcohol, at pH 7.0.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 3mg/ml Arg™, Lys?6(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate/sodium dihydrogen phosphate, 17.0mg/ml mannitol, and 18mg/ml

benzylalcohol, at pH 7.0.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5mg/ml Arg, Lys?°(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate/sodium dihydrogen phosphate, 17.0mg/ml mannitol, and 18mg/ml

benzylalcohol, at pH 7.0.

Typically the invention relates to a pharmaceutical formulation consisting of an aque-

ous solution of 1mg/ml Arg™, Lys*°(N-e-(y-Glu(N-c-hexadecanoyl)))-GLP-1 (7-37), disodium hy-

drogen phosphate/sodium dihydrogen phosphate, 38.5mg/ml mannitol, and either 3mg/ml m-

cresol or 1.5mg/ml phenol, at pH 7.0.

Typically the invention relates to a pharmaceutical formulation consisting of an aque-

ous solution of 2mg/ml Arg™, Lys?°(N-e-(y-Glu(N-c.-hexadecanoyl)))-GLP-1 (7-37), disodium hy-

drogen phosphate/sodium dihydrogen phosphate, 38.5mg/ml mannitol, and either 3mg/ml m-

cresol or 1.5mg/ml phenol, at pH 7.0.

Typically the invention relates to a pharmaceutical formulation consisting of an aque-

ous solution of 3mg/ml Arg™, Lys*(N-s-(y-Glu(N-o.-hexadecanoyl)))-GLP-1(7-37), disodium hy-

drogen phosphate/sodium dihydrogen phosphate, 38.5mg/ml mannitol, and either 3mg/ml m-

cresol or 1.5mg/ml phenol, at pH 7.0.

Typically the invention relates to a pharmaceutical formulation consisting of an aque-

oussolution of 5mg/ml Arg”, Lys*°(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), disodium hy-

drogen phosphate/sodium dihydrogen phosphate, 38.5mg/m! mannitol, and either 3mg/ml m-

cresol or 1.5mg/ml phenol, at pH 7.0.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of {mg/ml Arg**, Lys?6(N-s-(y-Glu(N-a-hexadecanoyl)))~GLP-1(7-37), diso-

dium hydrogen phosphate/sodium dihydrogen phosphate, 17.0mg/ml mannitol, and 18mg/ml

benzylalcohol, at pH 7.8.
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Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg™, Lys”°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate/sodium dihydrogen phosphate, 17.0mg/ml mannitol, and 18mg/ml

benzylalcohol, at pH 7.8.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 3mg/ml Arg™, Lys**(N-e-(y-Glu(N-c-hexadecanoy!)))-GLP-1(7-37), diso-

dium hydrogen phosphate/sodium dihydrogen phosphate, 17.0mg/ml mannitol, and 18mg/ml

benzylalcohol, at pH 7.8. ,

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5mg/mi Arg™, Lys”°(N-s-(y-Glu(N-co-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate/sodium dihydrogen phosphate, 17.0mg/mli mannitol, and 18mg/mi

benzylalcohol, at pH 7.8.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 1mg/ml Arg**, Lys?°(N-s-(y-Glu(N-c-hexadecanoyl)))-GLP-1(7-37), gly-

cine, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg**, Lys?°(N-e-(y-Glu(N-c-hexadecanoyl)))-GLP-1(7-37), gly-

cine, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 3mg/ml Arg**, Lys*°(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), gly-

cine, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5mg/mi Arg™, Lys”°(N-e-(y-Glu(N-ca-hexadecanoyl)))-GLP-1 (7-37), gly-

cine, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 1mg/ml Arg™’, Lys*°(N-e-(y-Glu(N-o.-hexadecanoyl)))-GLP-1(7-37), gly-

cine, 36.9mg/ml mannitol, 5mg/m! phenol, and either 1mg/m!i EDTA or 1.55mg/ml L-His, at

pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg™, Lys”°(N-e-(y-Glu(N-o.-hexadecanoyl)))-GLP-1(7-37), gly-

cine, 36.9mg/ml mannitol, 5mg/ml phenol, and 1mg/ml EDTA/1.55mg/ml L-His, at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 1mg/ml Arg™*, Lys?(N-e-(y-Glu(N-o.-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate , 16.0 mg/ml glycerol, 5mg/ml! phenol, and 1.55 mg/ml L-His, at pH

7.4.
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Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg™, Lys*°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate , 16.0 mg/ml glycerol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

7A.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5mg/ml Arg™, Lys*°(N-e-(y-Glu(N-c-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate , 16.0 mg/ml glycerol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

7.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of img/ml Arg™, Lys?°(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate , 16.0 mg/ml glycerol, 7 mg/ml phenol, and 1.55 mg/ml L-His, at

pH 7.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 2mg/ml Arg’, Lys”°(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate , 16.0 mg/ml glycerol, 7 mg/ml phenol, and 1.55 mg/ml L-His, at

PH 7.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5mg/ml Arg™, Lys?6(N-s-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate , 16.0 mg/ml glycerol, 7 mg/ml phenol, and 1.55 mg/ml L-His,at

PH 7.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 3mg/ml Arg™, Lys”°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), gly-

cine, 36.9mg/ml mannitol, 5mg/ml phenol, and either 1mg/ml EDTA or 1.55mg/m! L-His, at

pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an aque-

ous solution of 5mg/ml Arg™*, Lys®(N-s-(y-Glu(N-c-hexadecanoyl)))-GLP-1(7-37), glycine,

36.9mg/ml mannitol, 5mg/ml phenol, and either {mg/ml EDTA or 1.55mg/ml L-His, at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an aque-

ous solution of 1mg/ml Arg™’, Lys”°(N-s-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), glycine,

36.9mg/mI mannitol, S5mg/m! phenol, and either 4mg/ml Poloxamer 188 or 30mg/ml PEG 35000,

at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an aque-

ous solution of 2mg/ml Arg™, Lys**(N-e-(y-Glu(N-c.-hexadecanoyl)))-GLP-1(7-37), glycine,
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36.9mg/m! mannitol, 5mg/m! phenol, and either 4mg/ml Poloxamer 188 or 30mg/m!l PEG 35000,

at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an aque-

ous solution of 3mg/ml Arg**, Lys°(N-s-(y-Glu(N-a-hexadecanoyl)))-GLP-1 (7-37), glycine,

36.9mg/ml mannitol, 5mg/ml phenol, and either 4mg/ml Poloxamer 188 or 30mg/ml PEG 35000,

at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an aque-

ous solution of 5mg/ml Arg™, Lys”°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1 (7-37), glycine,

36.9mg/ml mannitol, 5mg/ml phenol, and either 4mg/ml Poloxamer 188 or 30mg/ml PEG 35000,

at pH 9.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 1mg/ml Arg™, Lys?°(N-e-(y-Glu(N-o.-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0mg/ml glycerol, and 7mg/ml phenol, at pH 8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/ml Arg™, Lys*°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0mg/ml glycerol, and 7mg/ml phenol, at pH 8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 3mg/ml Arg™, Lys*°(N-s-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0mg/ml glycerol, and 7mg/mi phenol, at pH 8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5mg/ml Arg™, Lys®°(N-e-(y-Glu(N-o.-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0mg/ml glycerol, and 7mg/ml phenol, at pH 8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 7mg/ml Arg™, Lys*°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 16.0mg/ml glycerol, and 7mg/ml phenol, at pH 8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of {mg/ml Arg™, Lys*°(N-s-(y-Glu(N-c-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 8.4.

Typicaily the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 2mg/ml Arg”, Lys*°(N-e-(y-Glu(N-c.-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/m! phenol, at pH 8.4.
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Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 3mg/ml Arg*™, Lys”®(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5 mg/ml Arg™, Lys”°(N--(y-Glu(N-a-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/ml phenol, at pH 8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueous solution of 7 mg/ml Arg™, Lys”°(N-e-(y-Glu(N-o-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, and 5mg/m! phenol, at pH 8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 1mg/ml Arg™, Lys*®(N-s-(y-Glu(N-o-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/m! phenol, and 1.55 mg/ml L-His, at pH

8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 2mg/m! Arg™, Lys*®(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

8.4. -

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 3mg/ml Arg™, Lys*°(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

8.4,

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 5 mg/ml Arg™, Lys*°(N-e-(y-Glu(N-c.-hexadecanoyl)))-GLP-1 (7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/m! phenol, and 1.55 mg/ml L-His, at pH

8.4.

Typically the invention relates to a pharmaceutical formulation consisting of an

aqueoussolution of 7 mg/ml Arg”, Lys*®(N-e-(y-Glu(N-a-hexadecanoyl)))-GLP-1(7-37), diso-

dium hydrogen phosphate, 36.9mg/ml mannitol, 5mg/ml phenol, and 1.55 mg/ml L-His, at pH

3.4.

Any possible combination of two or more of the embodiments described herein is com-

prised within the scopeof the present invention.

The parent peptide, GLP-1(7-37) or analogue thereof, can be produced by a method

which comprises culturing a host cell containing a DNA sequence encoding the polypeptide and
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capable of expressing the polypeptide in a suitable nutrient medium under conditions permitting

the expression of the peptide, after which the resulting peptide is recovered from the culture.

The medium used to culture the cells may be any conventional medium suitable for

growing the host cells, such as minimal or complex media containing appropriate supplements.

Suitable media are available from commercial suppliers or may be prepared according to pub-

lished recipes (e.g. in catalogues of the American Type Culture Collection). The peptide pro-

duced by the cells may then be recovered from the culture medium by conventional procedures

including separating the hostcells from the medium by centrifugation orfiltration, precipitating

the proteinaceous componentsof the supernatantorfiltrate by means ofa salt, e.g. ammonium

sulphate, purification by a variety of chromatographic procedures, e.g. ion exchange chromatog-

raphy,gelfiltration chromatography,affinity chromatography, or the like, dependent on the type

of peptide in question.

The DNA sequence encoding the parent peptide may suitably be of genomic or cDNA

origin, for instance obtained by preparing a genomic or cDNAlibrary and screening for DNA se-

quencescodingforall or part of the peptide by hybridisation using synthetic oligonucleotide

probesin accordance with standard techniques (see, for example, Sambrook, J, Fritsch, EF and

Maniatis, T, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press,

New York, 1989). The DNA sequence encoding the peptide may also be prepared synthetically

by established standard methods, e.g. the phosphoamidite method described by Beaucage and

Caruthers, Tetrahedron Letters 22 (1981), 1859 - 1869, or the method described by Matthes et

‘al, EMBO Journal3 (1984), 801 - 805. The DNA sequence mayalso be prepared by poly-

merase chain reaction using specific primers, for instance as described in US 4,683,202 or Saiki

et al., Science 239 (1988), 487 - 491.

The DNA sequence maybeinserted into any vector which may conveniently be sub-

jected to recombinant DNA procedures, and the choice of vector will often dependon the host
cell into whichit is to be introduced. Thus, the vector may be an autonomouslyreplicating vec-

tor, i.e, a vector which exists as an extrachromosomalentity, the replication of whichis inde-

pendent of chromosomalreplication, e.g. a plasmid. Alternatively, the vector may be one which,

whenintroduced into a hostcell, is integrated into the host cell genome and replicated together

with the chromosome(s)into whichit has been integrated.

The vectoris preferably an expression vector in which the DNA sequence encoding the

peptide is operably linked to additional segments required for transcription of the DNA, such as

a promoter. The promoter may be any DNA sequence which showstranscriptionalactivity in the

hostcell of choice and may be derived from genes encoding proteins either homologousorhet-

erologousto the hostcell. Examples of suitable promoters for directing the transcription of the .

MPI EXHIBIT 1041 PAGE 36

DR. REDDY’S LABORATORIES, INC. 
IPR2024-00009 
Ex. 1041, p. 36 of 50

 



MPI EXHIBIT 1041 PAGE 37MPI EXHIBIT 1041 PAGE 37

10

15

20

25

30

35

WO 03/002136 PCT/DK02/00437

36

DNAencoding the peptide of the invention in a variety of host cells are well Knownin the art, cf.

for instance Sambrookefal., supra.

The DNA sequence encoding the peptide mayalso,if necessary, be operably con-

nected to a suitable terminator, polyadenylation signals, transcriptional enhancer sequences,

and translational enhancer sequences. The recombinantvector of the invention mayfurther

comprise a DNA sequenceenabling the vector to replicate in the host cell in question.

The vector may also comprise a selectable marker, e.g. a gene the product of which

complements a defectin the host cell or one which confers resistance to a drug, e.g. ampicillin,

kanamycin, tetracyclin, chloramphenicol, neomycin, hygromycin or methotrexate.

To direct a parent peptide of the present invention into the secretory pathwayof the host

cells, a secretory signal sequence (also knownas a leader sequence, prepro sequenceor pre

sequence) may be provided in the recombinant vector. The secretory signal sequenceis joined

to the DNA sequenceencoding the peptide in the correct reading frame. Secretory signa! se-

quences are commonly positioned 5' to the DNA sequence encoding the peptide. The secretory

signal sequence may bethat normally associated with the peptide or may be from a gene en-

coding anothersecreted protein.

The procedures used toligate the DNA sequencescoding for the present peptide, the

promoter and optionally the terminator and/or secretory signal sequence, respectively, and to

insert them into suitable vectors containing the information necessaryfor replication, are well

known to personsskilled in the art (cf., for instance, Sambrooket al.., supra).

The hostcell into which the DNA sequenceor the recombinantvectoris introduced may

be any cell which is capable of producing the present peptide and includes bacteria, yeast, fungi

and higher eukaryotic cells. Examples of suitable host cells well known and usedin the art are,

withoutlimitation, E. coli, Saccharomyces cerevisiae, or mammalian BHK or CHOcelllines.

Examples of pharmaceutical formulations

In the following “Compound 1”is intended to mean: Arg**,Lys*°(N®-('-Glu(N“-hexadecanoyl)))

GLP-1 (7-37).

Physicalstability of the formulations is evaluated by meansof visual inspection and turbidity af-

ter storage of the formulation in topfilled glass cartridges for various time periods. The car-

tridges are stored at 5°C + 3°C and/orat elevated temperatures (e.g. 25°C or 37°C).

Visual inspection of the formulations is performed in a sharp focusedlight with a dark

background. Theturbidity of the formulation is characterized by a visual score ranking the de-

greeofturbidity from 0 to 3 (a formulation showing noturbidity correspondsto a visual score 0,
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and a formulation showing visualturbidity in daylight correspondsto visual score 3). A formula-

tion is classified physical unstable with respect to protein aggregation, whenit showsvisual tur-

bidity in daylight.

The turbidity is also measured in Nephelometric Turbidity Units (NTU) with a

nephelometer, which has been calibrated with a Formazin standard. A formulation with a turbid-

ity > 10 NTU is regarded as physical unstable.

Infrared measurements have shownthatthe turbididy is protein related. Hence,pre-

cipitate in a turbid Compound 1 sample has beenisolated after centrifugation as a semisolid

pellet. Fourier Transform Infrared measurements in the amide region on the pellet shows high

absorption and increased amounts of B-sheet structure and a concomitant decrease in a-helix

relative to compound 1 in solution, which is consistent with aggregated compound 1.

Example1.

Preservative, isotonic agent and buffer were dissolved and pH was adjusted to the specified pH.

Hereafter the Compound 1 or GLP1(7-37) wasdissolved underslow stirring. The pH was ad-

justed to the specified using Sodium Hydroxide and/or Hydrochloric Acid. Finally, the formula-

tion wassterilised byfiltration through a 0.22 um sterile filter.

 

  
 

Compound |Amount|pH|Buffer ‘Isotonic Preserva-

Arg™,Lys(N®-| 3mg/ml|7.

('-Glu(N*-

hexadecanoyl)))

GLP-1 (7-37).

|~ ||
It is seen that a formulation with GLP1(7-37) is physically unstable after just 1 day as it has a

TVisual in- 
 

n-|Turbidity
measure- 

 
 
 

  
 
 

 agent tive spection at

5°C (visual

score)

ments at 5°C

(NTU)

 
  

1.5 0.9

5 mg/ml|(12 weeks)|(6 weeks)

Mannitol Phenol

36.9 mg/ml

9|Disodium 
 hydrogen  

phosphate

Phenol 3 364

5 mg/ml (1 day) (1 day)

Mannitol

36.9 mg/ml

Disodium 
hydrogen

 
phosphate

 
 —— = a 

visual score corresponding to 3 and a turbidity of 364 NTU, whereas a formulation with Com-

pound 1 is physically stable for more than 12 weeks.
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Example 2.

Buffer was dissolved and pH wasadjusted to the specified pH. Hereafter the Compound 1 was

dissolved underslowstirring. The pH was adjusted to the specified using Sodium Hydroxide

and/or Hydrochloric Acid. Finally, the formulation wassterilised byfiltration through a 0.22 um

sterile filter.

The physical stability is evaluated by visual inspection and Turbidity measurements in NTU as

described in Example 1.
  <=

Buffer Visual inspection at 5°C Turbidity measure- 
 
 

 
  
  

Amount of|PH

compound

1

(visual score) ments at 5°C (NTU)

 
 

  

  

  

   

  
  

 

80 mg/ml | 7.4~Disodium 4 47

hydrogen (8 months) (10 months)

phosphate

80 mg/ml 7.4 Disodium 1 4.9

hydrogen (22 monihs) (22 months)

phosphate

    
a  —=—$—=  

It is seen that the formulation is physically stable for more than 22 months.
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Preservative and buffer was dissolved and pH wasadjusted to the specified pH. Hereafter the

Compound 1 wasdissolved underslowstirring. The pH was adjusted to the specified using So-

5—dium Hydroxide and/or Hydrochloric Acid. Finally, the formulation wassterilised byfiltration

through a 0.22 um sterile filter.

The physicalstability is evaluated by visual inspection and Turbidity measurements in NTU as

described in Example 1.

    

   
   

 
           

    

10

Amountof Buffer Preservative Visual inspection|Turbidity

compound at 5°C (visual measurementsat

1 score) 5°C (NTU)

80mg/ml|7.4 Disodium Phenol 1 43... «||

hydrogen 10 mg/ml (8 months) (10 months)

phosphate

|80mg/ml|7.4|Disodium Phenol 1 54

hydrogen 10 mg/ml (22 months) (22 months)

phosphate

It is seen that the formulation is physically stable for more than 10 months and even for more
than 22 months.

15
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Example4.

Preservative, isotonic agent and buffer were dissolved and pH was adjusted to the specified pH.

Hereafter the Compound 1 was dissolved underslowstirring. The pH was adjusted to the speci-

fied using Sodium Hydroxide and/or Hydrochloric Acid. Finally, the formulation wassterilised by

filtration through a 0.22 um sterilefilter.

The physicalstability is evaluated by visual inspection and Turbidity measurements in NTU as

described in Example 1.
   

 

      

  

     

   

 
 

 
 
 

  
 
 

 

 
  

  
 

  
 
 

 
 

    

 
 
 

 
 
 

 
 

  
 

  

  

 
 
 

 

 
Amount of|PH Isotonic Preservative|Visual in- Turbidity

Compound agent spection at measure-

1 5°C (visual menis at

score) 5°C (NTU)

~0.3mg/ml | 7.4|Sodium dihydrogen Mannitol Phenol 0 0.6

phosphate/ 36.9 mg/m! 5 mg/ml (24 months)|(24 months)

disodium hydrogen

phosphate

3 mg/ml 7.9 | glycylglycine 7 Glycerol Phenol 0.5 2.1

16.0 mg/ml 5 mg/ml (12 weeks) (6 weeks)

3mgiml | 7.9 glycylglycine "Glycerol Phenol 1 07

16.0 mg/ml 5 mg/ml (15 months)|(15 months)

“{mgiml | 7.0|Sodiumdihydrogen| Mannitol|Benzylalcohol] _0. “| 1.7
phosphate/ 17.0 mg/ml 18 mg/ml (9 months)|(11 months)

disodium hydrogen

phosphate

~~4mg/ml|7.0| Sodiumdihydrogen Mannitol | Benzylalcohol 0. 1.7—

phosphate/ 17.0 mg/ml 18 mg/ml (22 months)|(22 months)

disodium hydrogen

phosphate

1mg/ml|7.0|Sodium dihydrogen Mannitol ™m-cresol 0 15
phosphate/ 38.5 mg/ml|(3mg/ml) and|(9months)|(11 months)

disodium hydrogen phenol

phosphate (1.5 mg/ml)
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1 mg/ml 7.0|Sodium dihydrogen Mannitol m-cresol 0.5 1.9

phosphate/ 38.5 mg/m!|(3 mg/ml) and|(22 months)|(22 months)

disodium hydrogen phenol

phosphate (1.5 mg/mi)

| 5 mg/mi 7.8|Sodium dihydrogen Mannitol Benzylalcohol 0.5 1.8

phosphate/ 17.0 mg/ml 18 mg/mi (8 months) (11 months)

disodium hydrogen

phosphate

[~5mg/ml_| 7.8|Sodiumdihydrogen|Mannitol|Benzylaicohol 1 15
phosphate/ 17.0 mg/ml 18 mg/ml (22 months)|(22 months)

disodium hydrogen

phosphate

~3mgiml|94 glycine Mannitol Phenol 0.5 0.7
36.9 mg/ml 5 mg/mi (2% months)|(2 months)

_ ___— Ld
Mannitol Phenol 1 0.7

36.9 mg/ml 5 mg/mi (14 months)|(14 months)

      
  

 
 

 
a —— J  

It is seen that some of the formulations has already been measured to be stable for more

than 14 months and some more than 22 months.

Example 5.

Preservative, isotonic agent, buffer, and further additive(s) selected from chelating agent, stabi-

liser and surfactant were dissolved and pH was adjusted to the specified pH. Hereafter the

Compound 1 wasdissolved underslowstirring. The pH was adjusted to the specified using So-

dium Hydroxide and/or Hydrochloric Acid. Finally, the formulation wassterilised byfiltration

through a 0.22 um sterile filter.

The physical stability is evaluated by visual inspection and Turbidity measurements in NTU as

described in Example 1.
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‘Amountof |PH|Buffer| isotonic|Preser- Chelating ~~ | Visualine | Turbidity

compound agent vative agent/stabi- spection at measure-

1 liser/surfactant|5°C (visual mentsat

score) 5°C (NTU)

“3mmg/ml|9.4- Glycine | Mannitol |Phenol|EDTA 05, 12.

36.9 5 mg/ml (1 mg/ml)/ (2% months)|(2 months)

mg/ml L-Histidin

(1.55 mg/ml)

3 mg/ml Glycine Mannitol Phenol EDTA 0.5 0.9

36.9 5 mg/ml (1 mg/mlV/ (14 months)|(14 months)

mg/ml L-Histidin

(1.55 mg/ml)

3 mg/ml glycine Mannitol Phenol|Poloxamer 188 4 1.3

36.9 5 mg/ml (4 mg/ml) (2% months)|(2 months)

mg/ml PEG 35000

(30 mg/ml)

3 mg/ml glycine Mannitol Phenol|Poloxamer 18836.9 5 mg/ml (4 mg/mb/ (14 month) (14 onthe
mg/ml PEG 35000

(30 mg/ml)

80 mg/ml Disodium none LPCM

hydrogen 19 mg/ml (8 months) (10 months)

phosphate

80 mg/ml Disodium none LPCMhydrogen 19 mg/ml (22 month (22 vont)
phosphate

 
 
     

It is seen that some of the formulations has already been measured to be stable for more

than 14 months and some more than 22 months.

SUBSTITUTE SHEET (RULE 26)
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Example 6.

Preservative, isotonic agent and buffer were dissolved and pH adjusted to the specified pH.

Hereafter the Compound wasdissolved underslowstirring. The pH was adjusted to the speci-

fied using Sodium Hydroxide and/or Hydrochloric Acid. Finally, the formulation wassterilised by

5 filtration through a 0.22 um sterile filter. The physicalstability was followed at 5, 25 and 37°C.

The physicalstability is evaluated by visual inspection and Turbidity measurements in NTU as

described in Example 1.

 

 

  

 

 

 
 
 

 
 

   

 
 
  
 
 

 

     

 
  
   
  
 

  

 

 
 

 

 

 

  
 

   

 
Amountof_ ‘isotonic|Preservative|Temp.|Visual inspec-|Turbidity
Compound agent tion measure-

1 (visual score)|ments

(NTU)

Disodium _ Glycerol Phenol "5G 0.5 —10|
hydrogen 16.0 7 mg/mi (12 weeks) (6 weeks)

phosphate mg/ml

3mgiml | 8.4|Disodium|Glycerol|Phenol| 5°C_ 1 06|
hydrogen 16.0 7 mg/ml (15 monihs) (15 months)

phosphate mg/ml

— ——— en —— re

3 mgiml Disodium|Glycerol Phenol| 25°C 0.5 1.00 |

hydrogen 16.0 7 mg/ml (12 weeks) (8 weeks)

phosphate mg/m

~ 3mgimi “Disodium|Glycerol Phenol 37°C 1 4d
hydrogen 16.0 7 mg/ml (12 weeks) (8 weeks)

phosphate mg/m

        
   

10 ‘It is seen that the formulation is physically stable after storage at 5°C for more than 15

months andafter storage at 25 and 37°C it is physically stable for more than 12 weeks.
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The chemicalstability of modified GLP-1 can be significantly improved by the use of certain

amino acids (charged-basic) and imidazole as stabilizers.

 

Composition

a

pH _| Temperature 
 

Compound1 (%)

T= 12 weeks

Compound1 (%)

T=12 weeks  

|3mg/mlCompound1
1.42 mg/ml disodium

hydrogenphosphate, dihydrate

5 mg/ml phenol

36.9 mg/mi mannitol

3 mg/ml Compound 1

1.42 mg/ml disodium

hydrogenphosphate, dihydrate

5 mg/ml phenol

36.9 mg/ml mannitol

4.55 mg/ml L-histidine

3 mg/ml Compound 1

1.42 mg/ml disodium

hydrogenphosphate, dihydrate

5 mg/ml phenol

36.9 mg/ml mannitol

7.78 mg/ml L-histidine

3 mg/ml Compound 14

1.42 mg/ml disodium

hydrogenphosphate, dihydrate

5 mg/ml phenol

36.9 mg/ml mannitol

1.74 mg/ml L-arginine

3 mg/ml Compound 1

1.42 mg/ml disodium

hydrogenphosphate, dihydrate

5 mg/ml phenol

36.9 mg/mi mannitol

0.68 mg/ml imidazole

2 mg/ml Compound 1

1.42 mg/ml disodium

hydrogenphosphate, dihydrate

5.5 mg/m! phenol

     
Thi ——)

Dimer formation,

 ————

7.4 37°C 548.

7.74

78.4

 
SUBSTITUTE SHEET(RULE26)

MPI EXHIBIT 1041 PAGE 45

       
DR. REDDY’S LABORATORIES, INC. 
IPR2024-00009 
Ex. 1041, p. 45 of 50

 



MPI EXHIBIT 1041 PAGE 46MPI EXHIBIT 1041 PAGE 46

 
WO 03/002136 PCT/DK02/00437

  

2 mg/ml Compound 1 37°C 88.2

1.42 mg/mldisodium

hydrogenphosphate, dihydrate

5.5 mg/ml phenol

16 mg/ml glycerol

2 mg/m! Compound 1 7.7 37°C 90.4 471

1.42 mg/mldisodium

hydrogenphosphate, dihydrate

5.5 mg/ml phenol

16 mg/mi glycerol

1.55 mg/mlhistidine

8.0 90.62 mg/ml Compound 1 37°C 67

62=~

&

1.42 mg/ml disodium

hydrogenphosphate, dihydrate

5.5 mg/ml phenol

16 mg/ml glycerol

1.55 mg/mlhistidine

 
   Se rr ee Re

From the abovetable it appears that the purity of Compound 1, analyzed by RP-HPLC,is

significantly improved in preparations comprising histidine or arginine as stabilizers. Further-

more the formation of Compound 1 dimers, analyzed by SE-HPLC,is clearly reducedin

preparations with imidazole, histidine and arginine.

SUBSTITUTE SHEET(RULE26)
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Claims

1. A pharmaceutical formulation comprising a GLP-1 compound, and a buffer, wherein said

GLP-1 compoundis GLP-1(7-37) or an analogue thereof wherein an amino acid residue of the

parent peptide hasa lipophilic substituent attached optionally via a spacer, wherein said GLP-

1 compoundis present in a concentration from 0.1 mg/ml to 100 mg/ml, and wherein said

formulation has a pH from 7.0 to 10;

provided thatif an isotonic agent is present and pH is 7.4 then mannitol or NaCl is not the

isotonic agent.

2. The formulation according to claim 1, wherein said GLP-1 compoundis present in a con-

centration from 1 mg/ml to 100 mg/mi.

3. The formulation according to claim 1, further comprising water.

4. The formulation according to claim 2, further comprising water.

5. A pharmaceutical formulation comprising an aqueous solution of a GLP-1 compound, and

a buffer, wherein said GLP-1 compound is GLP-1(7-37) or an analogue thereof wherein an

amino acid residue of the parent peptide hasa lipophilic substituent attached optionally via a

spacer, wherein said GLP-1 compoundis present in a concentration from 0.1 mg/ml to 100

mg/mi, and wherein said formulation has a pH from 7.0 to 10;

provided that if an isotonic agent is present and pHis 7.4 then mannitol or NaClis not the

isotonic agent.

6. The formulation according to claim 5, wherein said GLP-1 compoundis present in a con-

centration from 1 mg/ml to 100 mg/ml.

7. The formulation according to any one of claims 3 and 5, wherein said formulation has a pH

from 7.5 to 10.

8. The formulation according to any one of claims 4 and 6, wherein said formulation has a pH

from 7.5 to 10.

MPI EXHIBIT 1041 PAGE 47

DR. REDDY’S LABORATORIES, INC. 
IPR2024-00009 
Ex. 1041, p. 47 of 50

 



MPI EXHIBIT 1041 PAGE 48MPI EXHIBIT 1041 PAGE 48

10

15

20

25

30

35

WO 03/002136 PCT/DK02/00437

47

9. The formulation according to any one of claims 1, 3, 5 and 7, wherein the GLP-1 com-

pound is present in a concentration from 0.1mg/ml to 80mg/ml, 0.1mg/ml to 50mg/mi,

0.1mg/ml to 20mg/ml, 0.1mg/ml to 10mg/ml, typically from 0.1-5mg/ml.

10. The formulation according to any one of claims 2, 4, 6 and 8, wherein the GLP-1 com-

poundis present in a concentration from 1mg/ml to 80mg/ml, 1mg/ml to 50mg/mi, 1mg/ml to

20mg/ml, 1mg/ml to 10mg/ml, typically from 1-5mg/ml.

11. The formulation according to any one of claims 1-10, further comprising a preservative.

12. The formulation according to claim 11, wherein said preservative is present in a concen-

tration from 0.1mg/ml to 20mg/ml.

13. The formulation according to any one of claims 1-12, further comprising an isotonic

agent.

14. The formulation according to claim 13, wherein said isotonic agent is present in a con-

centration from 1mg/ml to 50mg/ml.

15. The formulation according to any oneof claims 1-14, further comprising a chelating

agent.

16. The formulation according to claim 15 wherein said chelating agent is present in a

concentration from 0.1mg/m! to 5mg/mi.

17. The formulation according to any one of claims 1-16, further comprising a stabiliser.

18. The formulation according to claim 17, wherein said stabiliser is selected from the group

consisting of L-histidine, imidazole and arginine.

19. The formulation according to claim 17, wherein said stabiliser is a high molecular weight

polymer and/or a low molecular weight compound and is present in a concentration from

0.1mg/ml to 50mg/ml.

20. The formulation according to any one of claims 1-19, further comprising a surfactant.
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21. The formulation according to any one of claims 1-20, wherein said GLP-1 compoundis

selected from a GLP-1(7-36), GLP-1(7-37), or GLP-1(7-38) analogue having a lysine residue,

such as onelysine, whereinalipophilic substituent optionally via a spacer is attached to the

epsilon amino groupof said lysine.

22. The formulation according to claim 21, wherein said GLP-1(7-36), GLP-1(7-37), or GLP-

1(7-38) analogueis selected from Arg34GLP-1(7-37), Arg26,34,Lys36GLP-1(7-36),

Arg26GLP-1(7-37), or Gly8,Arg26,34,Glu37,Lys38GLP-1(7-38).

23. The formulation according to any one of claims 1-22, wherein said lipophilic substituent

has from 8 to 40 carbon atoms, preferably from 12 to 24, eg 14-18.

24. The formulation according to any one of claims 1-23, wherein said spacer is present and

is selected from an aminoacid, eg. beta-Ala, L-Glu, aminobutyroyl.

25. The formulation according to any one of claims 1-24, wherein said GLP-1 compoundis

Arg’, Lys*°(N-e-(y-Glu(N-a.-hexadecanoyl)))-GLP-1 (7-37).

26. A method of preparing a physically stable pharmaceutical formulation of a GLP-1 com-

pound wherein said GLP-1 compound is GLP-1(7-37) or an analogue thereof wherein an

amino acid residue of the parent peptide hasa lipophilic substituent attached optionally via a

spacer, comprising preparing a formulation containing the GLP-1 compound, and a buffer,

wherein said GLP-1 compoundis present in a concentration from 0.1 mg/ml to 100 mg/ml,

and wherein said formulation has a pH from 7.0 to 10.

27. The method according to claim 26, wherein said GLP-1 compoundis present in a con-

centration from 1 mg/ml to 100 mg/ml.

28. A method of preparing a physically stable pharmaceutical formulation of a GLP-1 com-

pound wherein said GLP-1 compound is GLP-1(7-37) or an analogue thereof, wherein an

amino acid residue of the parent peptide hasalipophilic substituent attached optionally via a

spacer, comprising preparing a formulation containing the GLP-1 compound, water, and a

buffer, wherein said GLP-1 compound is present in a concentration from 0.1 mg/ml to 100

mg/ml, and wherein said formulation has a pH from 7.0 to 10.
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29. The method according to claim 28, wherein said GLP-1 compoundis present in a con-

centration from 1 mg/ml to 100 mg/ml.

30. A method of preparing a physically stable pharmaceutical formulation of a GLP-1 com-

pound wherein said GLP-1 compound is GLP-1(7-37) or an analogue thereof, wherein an

amino acid residue of the parent peptide hasa lipophilic substituent attached optionally via a

spacer, comprising preparing an aqueoussolution containing the GLP-1 compound, and a

buffer, wherein said GLP-1 compoundis present in a concentration from 0.1 mg/ml to 100

mg/ml, and wherein said formulation has a pH from 7.0 to 10.

31. The method according to claim 30, wherein said GLP-1 compoundis present in a con-

centration from 1 mg/ml to 100 mg/ml.

32. The method according to any one of claims 26-31, wherein said formulation has a pH

from 7.5 to 10.0
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