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INSULINS COMBINATIONS

The present invention provides pharmaceutical compositions and methods for the
treatment of diabetes mellitus using combination therapy. The compositions relate
to a compound selected from one or more of betaines, lipidic betaines, betaine
lipids and an antidiabetic agent such insulins. The methods include the
administration of the combination of compound of Formula I, preferably glycine
betaine (n = 1), with antidiabetic agent where the two components are delivered in
a simultaneous manner, where the compound selected from one or more of
betaines, lipidic betaines, betaine lipids is administered first, followed by the
antidiabetic agent, as well as wherein the antidiabetic agent is delivered first
followed by the compound selected from one or more of betaines, lipidic betaines,
betaine lipids. In the claims, betaine means pharmaceutically acceptable betaine,
lipidic betaines, betaine lipids, pharmaceutically acceptable salts thereof and
combinations thereof. The invention further relates to a pharmaceutical
composition comprising insulin and a betaine wherein the betaine is used to

enhance the insulin effects and/or durations.

FIELD OF INVENTION

In general, the present invention relates to pharmaceutical compositions, and more
particularly, to pharmaceutical compositions for the treatment of diabetes mellitus
using combination therapy. Betaines combinations with insulins extend the half
life and augment the efficiency of insulins, while protecting patients from

cardiovascular events.
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BACKGROUND OF THE INVENTION

Diabetes is a general term for disorders in man having excessive urine excretion
as in diabetes mellitus and diabetes insipidus. Diabetes mellitus is a metabolic
disorder in which the ability to utilize glucose is partly or completely lost. About
5% of all people suffer from diabetes. Since the introduction of insulin in the
1920's, continuous strides have been made to improve the treatment of diabetes
mellitus. To help avoid exireme glycemia levels, diabetic patients often practice
multiple daily injection therapy, whereby, for example, fast-acting insulin is
administered with each meal and long-acting or intermediate-acting insulin is

administered once or twice daily to cover the basal need.

In the treatment of diabetes mellitus, many varieties of insulin formulations have
been suggested and used, such as regular insulin, isophane insulin (designated
NPH), insulin zinc suspensions (such as Semilente. RTM., Lente RTM., and
Uliralente.RTM.), and biphasic isophane insulin. As diabetic patients are treated
with insulin for several decades, there is a major need for éafe and life quality
improving insulin formulations. Some of the commercially available insulin
formulations are characterized by a fast onset of action and other formulations
have a relatively slow onset but show a more or less prolonged action. Fast-acting
insulin formulations are usually solutions of insulin, while retarded acting insulin
formulations can be suspensions containing insulin in crystalline and/or
amorphous form precipitated by addition of zinc salts alone or by addition of
protamine or by -a combination of both. In addition, some patients are using
formulations having both a fast onset of action and a more prolonged action. Such
a formulation may be an insulin solution wherein protamine insulin crystals are
suspended. Some patients do themselves prepare the final formulation by mixing
a fast acting insulin solution with a protracted acting insulin suspension

formulation in the ratio desired by the patient in question.

Human insulin consists of two polypeptide chains, the so-called A and B chains
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which contain 21 and 30 amino acid residues, respectively. The A and B chains
are interconnected by two cystine disulphide bridges. Insulin from most other
species has a similar construction, but may not contain the same amino acid

residues at the same positions.

‘The development of the process known as genetic engineering has made it

possible to prepare a great variety of insulin compounds being analogous to
human insulin. In these insulin analogues, one or more of the amino acids have
been substituted with other amino acids which can be coded for by the nucleotide
sequences. All these compounds might be suitable to be combined with betaines

according to the present invention.

Normally, insulin formulations are administered by subcutaneous injection. What -
is important for the patient is the action profile of the insulin formulation which is
the action of insulin on the glucose metabolism as a function of the time from the
injection. In this profile, inter alia, the time for the onset, the maximum value, and
the total duration of action are important. A variety of insulin formulations with
different action profiles are desired and requested by the patients. One patient
may, on the same day, use insulin formulations with very different action profiles.
The action profile requested is, for example, depending on the time of the day and

the amount and composition of any meal eaten by the patient.

There is a big need for insulin formulations with different profiles of release of
insulin. A patient may, during the day, use insulin formulations with different
profiles of release. For example, the patient may, before a meal, use a fast-acting
insulin formulation with no retarded action. Another patient may, before a meal,
use a formulation having both a fast action and a retarded action. In such a
formulation having both a fast action and a retarded action, the ratio between fast
action and retarded action may vary considerably. Before a patient goes to sleep,
the patient may use a long-acting insulin formulation. Some patients will, before

they go to sleep, use a formulation having both a fast action and a retarded action.



WO 2006/113978 PCT/BE2006/000040

10

15

20

25

30

It is a goal of the present invention to provide stable insulin/betaine
pharmaceutical combinations and/or dosages forms suitable to meet patients’
needs. Such insulin/betaine combinations are suitable for reducing the necessity
of repeated administrations when rapidly and for long periods of time controlling

blood glucose in a mammal.

Diabetic conditions are generally classified as either insulin-dependent diabetes
mellitus (IDDM, Type I diabetes) or non-insulin-dependent diabetes mellitus
(NIDDM, Type II diabetes). There are also less common clinical pathologies that
are associated with diabetic conditions, such as gestational maturity-onset
diabetes of youth (MODY), tropical diabetes secondary to chronic pancreatitis,
diabetes secondary to pancreatic disease or surgery, and diabetes secondary to

endocrinopathies.

The concept of combination therapy is well exploited in current medical practice.
Treatment of pathology by combining two or more agents that target the same
pathogen or biochemical pathway sometimes results in greater efficacy and
diminished side effects relative to the use of the therapeutically relevant dose of
each agent alone. In some cases, the efficacy of the drug combination is additive
(the efficacy of the combination might be approximately equal to the sum of the
effects of each drug alone), but in other cases the effect can be synergistic (the
efficacy of the combination is greater than the sum of the effects of each drug
given alone). In real medical practice, it is often quite difficult to determine if

drug combinations are additive or synergistic.

For most diabetic patients, treatment involves some form of insulin therapy. In
addition, IDDM patients may receive a biguanide (e.g., metformin) to enhance the

insulin utilization by peripheral tissues. NIDDM patients are often treated with a
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combination of insulin, a sulfonylurea (to enhance insulin production in the
pancreas) and a biguanide or glitazone (to enhance insulin sensitivity by
peripheral tissues). For example, the improved utility of a glitazone in
combination with a sulfonylurea was recently demonstrated in human clinical
trials (see, WO 98/36755). Recently, two glitazone compounds (rosiglitazone and
pioglitazone) were approved in the United States for the treatment of NIDDM

patients in combination with metformin.

A variety of antidiabetic compounds are known. For example, sulfonylureas are a
group of drugs that induce hypoglycemia by stimulating insulin release from the
pancreas. Generally, sulfonylureas have found wide utility in the treatment of
NIDDM. Their efficacy is decreased in IDDM because of the inherent inability of
the patient to produce insulin. Adverse reactions to sulfonylureas occur in a
fraction of patients, particularly the elderly. One of the most severe side effects is
hypoglycemia and coma. Other side effects include nausea and vomiting,
cholestatic jaundice, agranulocytosis, cardiovascular mortality, aplastic and
hemolytic anemias, generalized hypersensitivity reactions and dermatological

reactions.

Biguanides are another group of drugs, first introduced in the mid 1950's that
have shown efficacy in the treatment of hyperglycemia by mechanisms that are
not well understood. The best known agents of this type include metformin,
phenformin and buformin. Unlike the sulfonylureas, metformin does not induce
release of insulin from the pancreas. It is thought that its effects are mediated by
increasing insulin activity in peripheral tissues, reducing hepatic glucose output.
due to inhibition of gluconeogenesis and reducing the absorption of glucose from
the intestine. Side effects associated with the use of biguanides include lactic
acidosis, diarrhea, nausea, and anorexia. These agents are ofteﬁ given in
combination with drugs that increase the output of insulin from the pancreas, such
as the sulfonylureas, which sometimes results in greater efficacy and/or the ability

to use lower doses of the drugs, with an improved side effect profile.
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More recently, the glitazones have been introduced and are widely used in the
treatment of NIDDM. These agents, also known generically as thiazolidinediones,
such as troglitazone, rosiglitazone and pioglitazone, are thought to work by
increasing the sensitivity of peripheral tissues, such as skeletal muscle, towards
insulin. They are often used in combination with insulin or other agents, such as
the sulfonylureas, that enhance the release of insulin from the pancreas. A number
of side effects have been described during the clinical evaluation of these agents,
including hepatotoxicity, organomegaly, edema, anemia and body weight gain.
While hepatotoxicity may be the most acutely life-threatening of these conditions,
it does not appear in a large percentage of the patient population. On the other
hand, the increases in body weight gain associated with chronic glitazone
treatment are generally perceived as worsening an already critical co-morbid
condition in the majority of the diabetic patients, and may ultimately result in the

loss of antidiabetic efficacy for this type of agent after chronic treatment.

Alpha.-Glucosidase inhibitors, such as acarbose, reduce intestinal absorption of
starch, dextrin, and disaccharides by inhibiting the action of intestinal brush
border .alpha.-glucosidase. Inhibition of this enzyme slows the absorption of
carbohydrates and the rise in plasma glucose that normally follows after a meal is
blunted. Acarbose has shown some benefit in IDDM and NIDDM patients, but is
often associated with dose-related malabsorption, flatulence and abdominal

bloating,.

Other types of agents that have found limited utility in treating diabetes include
potassium channel antagonists such as repaglinide, and aldose reductase inhibitors
such as zopolrestat and tolrestat. Still in the experimental stage, glucagon
antagonists, activators of the retinoid-X receptor (RXR), activators of
PPAR.alpha., activators of PPAR.delta. and anti-obesity agents are also being

evaluated as potential antidiabetic agents.

In view of the foregoing, there remains a need in the art to provide more
efficacious treatment for diabetic conditions and diabetic complications.

Combination therapy treatments are needed that will reduce the amount of drugs



WO 2006/113978 PCT/BE2006/000040

10

15

20

25

7

.taken, thereby decreasing side effects. Surprisingly it was found that combining

the betaines, i.e. one or more compounds selected from one or more of betaines,
lipidic betaines, betaine lipids, of the invention with insulin agents enhance their
effectiveness, the duration of theirs effects while lessening their potential side
effects. The concomitant uses of betaines with insulins agents permit to lower the
amounts of the latter while augmenting their half-life. The present invention

fulfils these and other needs.

SUMMARY OF THE INVENTION

The present invention provides pharmaceutical compositions for the treatment of
a variety of diseases, including diabetes mellitus, such as IDDM, NIDDM,
gestational diabetes, juvenile diabetes, and the like, using combination therapy. In
certain aspects, the pharmaceutical compositions comprise a pharmaceutically
acceptable carrier with a compound of Formula I and an insulin agent and/or
compound favorising the production of insulin by the body. Surprisingly, Betaine
combination with insulin extends the half life of insulin and augments its
efficiency and/or its bioavaibility. Advantageously, the compositions of the
present invention provide clinical advantage over the use of a single agent alone.
As such, the present advantageous invention provides a combination or

association or composition comprising:

D) a compound of Formula I (CH3)sN'— (CHz)n —COO °) n being an integer
from 1 to 5 (preferably n = 1) including pharmaceutically acceptable salts of
compounds of Formula I, esters thereof, precursors thereof, and mixtures thereof;

and

IT) one or more insulin agents, including, but not limited to, insulin therapy, short
acting insulins, medium acting insulins, long acting insulins, prodrugs thereof,

mixtures thereof or theirs pharmaceutically acceptable salts,
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and possibly, but advantageously, at least a pharmaceutically acceptable carrier or

diluent.

In certain aspects, the compositions of the present invention comprise a
compound of Formula I formulated together with one or more insulin agents.
Alternatively, the compositions of the present invention comprise a compound of
Formula I independently formulated with one or more insulin agents i.e.,

separately formulated.

In one embodiment, the combinations of the invention can further comprise one
or more antidiabetic agents including, but not limited to, sulfonylureas,
biguanides, glitazones and other PPAR.gamma. agonists, .alpha.-glucosidase
inhibitors, potassium channel antagonists, aldose reductase inhibitors, glucagon
antagonists, activators of RXR, activators of PPAR.alpha., activators of

PPAR.delta., or anti-obesity agents.

The pharmaceutical methods of treatment, combinations and uses of compounds
of formula I, i.e. betaines, with insulins are claimed. Such insulin agents can
comprise all forms of insulins known by the skilled in the art, such as short acting
insulins, medium acting insulins, long acting insulins selected, their
pharmaceutical forms or their mixtures selected from the group consisting of
Humalog, Novorapid, Novorapid Novolet, Lantus, Long-acting analogues,
Levemir, Human Actrapid, Human Velosulin, Pork Actrapid, Humaject S,
Humulin S, Hypurin Bovine Neutral, Hypurin Porcine Neutral, Insuman Rapid,
Insuman Rapid Opti Set, Medium and long-acting, Humulin I, Humulin Lente,
Humulin ZN, Human Insulatard, Human Monotard, Pork Insulatard, Human
Ultratard, Hypurin Bovine Isophane, Hypurin Bovine Lente, Hypurin Bovine
Protamine Zinc, Hypurin Porcine Isophaﬁe, Insuman Basal, Insuman Basal
OptiSet, Analogue mixtures, Humalog Mix, NovoMix , Mixtures , Humaject,
Human Mixtard, Pork Mixtard, Hypurin Porcine Isophane mix, Insuman Comb,

Insuman Comb OptiSet and their mixtures.
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Thus the present specification describes the administration of a composition or

combination comprising:

i) One or more compound of Formula I (preferably glycine betaine), which
increase insulin production and/or effectiveness and/or body half-life and/or

increase peripheral tissue sensitivity to insulin, with

ii)  an antidiabetic agent such as insulin therapy, or a stimulator of insulin
secretion, and the like, increases the efficacy of either agent alone. In addition to
increased efficacy, the combination therapy of the present invention allows for a
concomitant reduction in the dose of the agents. The combination therapy of a
compound of Formula I and one or more of another antidiabetic agents (e.g.,
biguanides, glitazones, RXR ligands, PPAR.gamma. agonists, etc.) results in a

reduction in the side effects normally associated with certain antidiabetic agents.

In certain aspects, the combination compounds of the invention are administered
successively (for example prior to the administration of the antidiabetic agent) or
substantially simultaneously in combination with antidiabetic agents that are
ineffective for stimulation of insulin secretion or insulin sensitivity, such as a-
glucosidase iﬁhibitors, potassium channel antagonists, aldose reductase inhibitors,
glucagon antagonists, RXR ligands, PPAR.alpha. agonists, PPAR.delta. agonists,
and anti-obesity agents. Surprisingly, these types of combination therapy result in

enhanced efficacy relative to the use of the single agents alone.

In another embodiment, the present invention provides methods of treating
metabolic or inflammatory disorders in a host by administering a composition of
the present invention. In certain preferred aspects, the method includes the
administration of a composition comprising a combination of a compound of
Formula I with the insulin agents delivered in a simultaneous manner, such as in a
single formulation. In certain other aspects, the methods of the present invention
include combination therapy wherein the compound of Formula I is administered

at least partly first for example by means of a first formulation, followed by the
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insulin agent administration for example by means of another or separate
formulation. The methods also include an antidiabetic agent, such as the insulins
known and/or prescribed by the skilled person, being delivered first in one
formulation, followed by a compound of Formula I in a separate formulation, for
example in one or more separate compartment, form, dosage form, such forms
suitable for administration according to different paths. The combination
therapies, methods of treatment and/or dosages forms can be suitable for example
for different routes of administration. For example all the administration forms
and/or routes known and applied in clinical settings can be used according to the
present invention. Such routes including, but not limited to, oral, dermal,
transdermal, subcutaneous, parenteral, intraperitoneal, sublingual, nasal,
pulmonary, rectal and theirs combinations. The present invention includes all such
methods of administration. The combination therapy is especially efficacious on
conditions associated with diabetes, such as obesity, cardiovascular diseases,
cerebrovascular diseases, thrombosis, ischemia, hypoxia, hypertension,
hypercholesterolemia, lipid disorders, peripheral neuropathies and other
neurological disorders, and the like. The compound of formula I and the insulin
agent can be administered simultaneously, but preferably with a controlled release
at least partly for the amount to be administered for the compound of formula I

and/or for the amount of antidiabetic agent.

DEFINITIONS:

Betaine or betaines as used in the claims mean “Betaines” such as compound of
formula I, “lipidic betaines” and “betaine lipids”, as well as combinations and
2 M

mixtures thereof.

The term” Betaines” as employed herein refers advantageously to compounds of

formula (CHs);sN"(CH,),COO" with n an integer from 1 to 5, (preferably glycine
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betaine n = 1), pharmaceutically acceptable salts thereof, esters thereof,

precursors thereof, and mixtures thereof.

The terms “lipidic betaines” and “betaine lipids” refer to betaine lipids which are
structural components of membranes commonly found in ferns, mosses, fungi,
amoeba, eukaryotes such as nonseed plants and algae. Betaine lipids are ether-
linked, non-phosphorous glycerolipids that resemble the more commonly known
phosphatidylcholine in overall structure. Most common glycerolipids are
containing a diacyl-glycerol moiety to which a polar head group is attached. This
head group can be a carbohydrate moiety as in the very abundant plant
galactolipids or a phosphorylester as in the glycerophospholipids, the most
common lipid class in animals. Betaine lipids represent a third class of
glycerolipids in which a quaternary amine alcohol is bound in an ether linkage to
the diacylglycerol moiety. They can be obtained by extraction, by biosynthesis or
by synthesis. The betaine lipid diacylglyceryl- O-4° — (N, N, N- trimethyl)
homoserine and a closely related isoform diacylglyceryl - O-2’ — (hydroxymethyl)

(N, N, N- trimethyl)-f-alanine are the most common.

The term "pharmaceutically acceptable salts" is meant to include salts of the
active compounds which are prepared with relatively nontoxic acids or bases,
depending on the particular substituents found on the compounds described
herein. When compounds of the present invention contain relatively acidic
functionalities, base addition salts can be obtained by contacting the neutral form
of such compounds with a sufficient amount of the desired base, either neat orin a
suitable inert solvent. Examples of pharmaceutically acceptable base addition
salts include sodium, potassium, calcium, ammonium, organic amino, or
magnesium salt, or a similar salt. When compounds of the present invention
contain reIatively basic functionalities, acid addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the
desired acid, either neat or in a suitable inert solvent. Examples of
pharmaceutically acceptable acid addition salts include, but are not limited to,

those derived from inorganic acids like hydrochloric, hydrobromic, nitric,
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carbonic, monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric,  sulfuric, monohydrogensulfuric,  hydriodic, or
phosphorous acids and the like, as well as the salts derived from relatively
nontoxic organic acids like acetic, propionic, isobutyric, oxalic, maleic, malonic,
benzoic, succinic, suberic, fumaric, mandelic, phthalic, benzenesulfonic, p-
tolylsulfonic, citric, tartaric, methanesulfonic, and the like. Also included are salts
of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like (see, for example, Berge, S. M., et
al., "Pharmaceutical Salts", Journal of Pharmaceutical Science, 1977, 66, 1-19).
Certain specific compounds of the present invention contain both basic and acidic
functionalities that allow the compounds to be converted into either base or acid

addition salts.

The neutral forms of the compounds can be regenerated by contacting the salt
with a base or acid and isolating the parent compound in the conventional manner.
The parent form of the compound differs from the various salt forms in certain
physical properties, such as solubility in polar solvents, but otherwise the salts are
equivalent to the parent form of the compound for the purposes of the present

invention.

In addition to salt forms, the present invention provides compounds that are in a
prodrug form. Prodrugs of the compounds described herein are those compounds
that readily undergo chemical changes under physiological, such as for example
dissolution in aqueous media, conditions to provide the compounds of the present
invention. Additionally, prodrugs can be converted to the compounds of the
present invention by in vivo, chemical or biochemical methods in an ex vivo
environment. For example, prodrugs can be slowly converted to the compounds
of the present invention when placed in a reservoir such as transdermal patch
and/or enteral reservoir and/or an implantable reservoir with a suitable enzyme or

chemical reagent.

Certain compounds of the present invention can exist in un-solvated forms as well

as solvated forms, including hydrated forms. In general, the solvated forms are
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equivalent to un-solvated forms and are intended to be encompassed within the
scope of the present invention. Certain compounds of the present invention can
exist in multiple crystalline or amorphous forms. In general, all physical forms are
equivalent for the uses contemplated by the present invention and are intended to

be within the scope of the present invention.

Certain compounds of the present invention possess asymmetric carbon atoms
(optical centers) or double bonds; the racemates, diastereomers, geometric
isomers and individual isomers are all intended to be encompassed within the

scope of the present invention.

The compounds of the present invention can also contain unnatural proportions of
atomic isotopes, stable isotopes etc., at one or more of the atoms that constitute
such compounds. For example, the compounds may be radiolabeled with
radioactive isotopes, such as for example tritium (.sup.3 H), iodine-125 (.sup.125
I) or carbon-14 (.sup.14 C). All isotopic variations of the compounds of the
present invention, whether radioactive or not, are intended to be encompassed

within the scope of the present invention.

The term "prodrug" refers to compounds that are drug precursofs, which,
following administration, release the drug in vivo via a chemical or physiological
process (e.g., a prodrug on being brought to the physiological pH is converted to
the desired drug form).

"A combination amount sufficient," "an effective combination amount"
"therapeutically effective combination amount" or "an effective amount of the
combination of" all refer to a combined amount of both a compound of Formula I
and the antidiabetic agent that is effective to ameliorate symptoms associated with
diabetic diseases. As used herein, the term "combination" of compound of
Formula I with an antidiabetic agent means the two compounds can be delivered
in a simultaneous manner, in combination therapy wherein the compound of
Formula I is administered first, followed by the antidiabetic agent, as well as

wherein the antidiabetic agent is delivered first, followed by a compound of
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Formula I. The desired result can be either a subjective relief of a symptom(s) or

an objectively identifiable improvement in the recipient of the dosage.

The terms "synergistic effective amount" refers to a combined amount of both a
compound of Formula I and an antidiabetic agent that is effective to cause a
synergistic effect. Synergy is a biological phenomenon, in which the effectiveness
of two active components in a mixture is more than additive, i.e., the effectiveness
is greater than the équivalent concentration of either component alone. In certain
aspects, the effectiveness of the combination therapy of a compound of Formula I
and an antidiabetic agent is synergistic. Thus, synergism is a result, or function,

that is more than the sum of the results, or functions of individual elements.

The term "simultaneous manner" and "combination treatment" refer to an
administration protocol wherein the compounds of the present invention, and
optionally at least further one antidiabetic agent, are administered within a single

24-hour period, 48 hours, 72 hours, 96 hours or more.

Onset of action: The length of time before insulin reaches the bloodstream and
begins lowering blood glucose.
Peak time: The time during which insulin is at its maximum strength in terms of

lowering blood glucose levels.

Duration of action: How long the insulin continues to lower blood glucose.

In one embodiment the period can be longer such as a week, a month, 3 months, 6
months, etc. Such longer periods are necessary when the compounds of the
invention are administrated with implanted mini-pumps and/or devices and/or

dosages forms suitable for long period deliveries in the body.

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED
EMBODIMENTS
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Compositions

In one embodiment, the present invention provides a pharmaceutical composition

comprising:
a compound of Formula I, preferably glycine betaine, and

(ii) an antidiabetic agent. Advantageously, the compositions of the present

invention provide clinical advantage over the use of a single agent alone.

The invention relates thus to a pharmaceutical association or combination
comprising a therapeutic effective amount of insulin or insulin analogue, and a
therapeutic effective amount of a pharmaceutically acceptable betaine, in which
the insulin and the betaine possibly form a chemical entity or complex, and in
which the amount of betaine is adapted for controlling the degradation of the

insulin or insulin analogue.

Advantageously, the amount of betaine is adapted for reducing the time of onset
of action of the insulin after its administration of at least 30 minutes, preferably at
least 1 hour, most preferably at least two hours. The time of onset action is
advantageously the time required after administration for reaching a reduction of
30% (preferably a reduction of 50%, most preferably a reduction of 70%) of the
glucose content in the blood of a human suffering from diabetes, such as diabetes

1 and diabetes 2.

Preferably, the amount of betaine is adapted for increasing the efficiency of the
insulin at least for the period of 4 to 6 hours after administration of the insulin,
preferably for the period of 3 to 8 hours after administration of the insulin. The
insulin is suitable for lowering the blood glucose content to about the blood
glucose content of a human not suffering from diabetes for the period of 4 to 6,
advantageously 4 to 8, most preferably 4 to 10 hours after administration, such as

from 3 to 8 hours after administration.
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According to an embodiment, the amount of betaine is adapted for increasing the
in vivo bioavaibility of the insulin of at least 20%, preferably at least 30%, most
preferably at least 50% for the period of 2 to 10 hours after administration. The
bioavaibility or bioefficacy is increased by at least 20%, advantageously at least
40%, preferably at least 50% with respect to the bioavaibility or bioefficacy of the
insulin usedwithout betaine. While tests have still to be performed, possible
mechanisms why a higher insulin bioavailability or bioefficacy can be reached is
a lower degradation rate for insulin, a protecting effect by the betaine for sites or
cells known to favor the degradation of insulin, activation of PPAR receptor by
the betaine, whereby improving the control of the transcription of many genes in
lipid catabolism, as well as the control of the expression of genes involved in
adipocyte differentiation and insulin sensitization, improvement of the B-

oxidation and insulin sensitization.

The insulin is advantageously an insulin known as a short acting insulin as such,
whereby the amount of betaine is preferably adapted so as to achieve a rapid and
efficient action of the insulin, as well as a prolonged action of insulin, meaning
therefore a better efficiency of the insulin or that the amount of insulin can be

reduce while enabling an effective treatment.

According to another embodiment, the insulin is an insulin or insulin mixture
known as a mix of two different insulins, advantageously a mix selected from the
group consisting of a mix of short acting insulin and long acting insulin, a mix of
short acting insulin and intermediate acting insulin, a mix of intermediate acting
insulin and long acting insulin, and a mix of short acting insulin, intermediate
acting insulin and long acting insulin.

The insulin can also be an insulin known as a long acting insulin as such or an

insulin known as an intermediate acting insulin as such.

The pharmaceutical association or combination of the invention is for example an
association or combination comprising short acting insulin selected from the

group consisting of regular insulin, insulin lispro, insulin analogues and a
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pharmaceutically acceptable betaine, (the insulin and betaine forming possibly a
complex or a compound. In such a case the betaine content is expressed as also
containing the betaine portion of the compound, while the short insulin content is
expressed so as to also comprise the insulin portion of the compound)
characterized in that its onset of action is sensibly equal to the pharmaceutical
duration of activity is at least 1.3 the duration of activity of the pharmaceutically

acceptable insulin.

Based on the unique features of the compounds of Formula I, the combination of
one of these compounds with one or more antidiabetic agents described herein
provides a significant clinical advantage over the use of a single agent alone.
Thus, (1) the combination of a compound of Formula I (which is thought to
increase peripheral tissue sensitivity to insulin) with either insulin therapy, or a
stimulator of inéulin secretion (e.g., a sulfonylurea) increases the efficacy of either
agent alone, and moreover, allows for the reduction in dosage of all agents used in
the combination therapy. In addition, (2) the combination therapy between a
compound of Formula I and one or more other agents that increase insulin
sensitivity (e.g., biguanides, glitazones, RXR ligands, PPAR.gamma. agonists,
and the like.), results in an enhanced effect between the various agents, with
reduction in the side effects normally associated with these other agents. Further,
(3) compounds of Formula I can be administered in combination with antidiabetic
agents Whos¢ mode of action is other than stimulation of insulin secretion or
insulin sensitivity (e.g., .alpha.-glucosidase inhibitors, potassium channel
antagonists, aldose reductase inhibitors, glucagon antagonists, RXR ligands and
anti-obesity agents). Importantly, these types of combinations result in enhanced
efficacy relative to the use of a single agent alone. In addition, the present
invention includes (4) a combination treatment comprising a compound of
Formula I (preferably glycine betaine) in combination with agents aimed at
treating any one of the conditions often associated with diabetes, such as obesity,
cardiovascular diseases, cerebrovascular diseases, thrombosis, ischemia, hypoxia,

hypertension, hypercholesterolemia and other lipid disorders, peripheral
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neuropathies and other neurological disorders. Furthermore, (5) the combination
therapy between a compound of Formula I and one or more other agents that
increase insulin sensitivity (e.g., biguanides, glitazones, RXR ligands,
PPAR.gamma. agonists, and the like.), results in a prevention of diabetic troubles
or conditions or in a delaying of the appearance of diabetic troubles or

conditions.

The compounds of Formula I, particularly glycine betaine, are known to possess
antiaggregant, anticoagulant, anti-adhesives, anti-inflammatory and fibrinolytic

properties. The exact potency and intrinsic agonist activity of each compound of

" Formula I is a function of the compound's structure in a relatively predictable

manner.

In an embodiment of the invention the compounds of Formula I, preferably
glycine betaine (n = 1) can be used for therapeutic and/or dietary supplementation

as to manage diabetes.

According to the invention, therapeutic and/or dietary betaines supplementation
may represent a potentially useful strategy for the management of diabetes.
Betaine is a stable amino acid in an aqueous solution, and is not destroyed by
sterilization conditions (e.g., high temperature and high pressure). In addition,
betaine is nontoxic, and its administration is generally safe for both humans and
animals. Betaine can be useful in the treatment of patients with type I diabetes,
when been used along with insulin therapy to increase insulin secretion by the
remaining pancreatic B-cells and improve insulin sensitivity in tissues via:
enhanced production of NO. This can help reduce the dosage and frequency of
insulin therapy for patients with type I diabetes, while improving protein balance
and endothelial function. In patients with type II diabetes, the pancreas is
exhausted from the overproduction of insulin to overcome the insulin resistance of
tissues, and most clinicians do not use drugs or agents that stimulate insulin

secretion to treat this type of diabetes.
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In one embodiment, one or more compounds of Formula I can be partly or
completely in slow, delayed, extended, sustained or controlled release dosage

forms when associated to one or more of the insulin compounds.

In one embodiment, one or more of the anti-diabetics compounds can be partly or
completely in slow, delayed, extended, sustained or controlled release dosage

forms when associated to one or more compounds of Formula I

In one embodiment, one or more compounds of Formula I can be partly or
completely in slow, delayed, extended, sustained or controlled release dosage
forms and are associated to one or more anti-diabetics compounds which are

partly or completely in slow, delayed or controlled release dosage forms.

Preferred compound of Formula I are those in which n=1 is i.e. glycine betaine
and its pharmaceutical acceptable salts. But at least one or more of the betaines of
Formula I can be used according to the invention alone to achieve the
therapeutical purposes of the invention. One or more of the betaines of Formula I,
can also be used in mixtures or in combinations with the insulin compounds of the

invention to achieve the therapeutical purposes of the invention.

The combined compositions and methods of treatment of the present invention
can further comprise one or more antidiabetic compounds. A wide range of
antidiabetic agents can be used in the compositions and methods of the present
invention. Suitable agents include, but are not limited to, one or more antidiabetic
agent such as sulfonylureas, biguanides, glitazones and other PPAR.gamma.
agonists, alpha.—glucoéidase inhibitors, potassium channel antagonists, aldose
reductase inhibitors, glucagon antagonists, activators of RXR, insulin therapy or
other anti-obesity agent, prodrugs thereof, or pharmaceutically acceptable salts of
the antidiabetic agents. In certain instances, the antidiabetic agents include, but
are not limited to, one or more agents such as sulfonylureas and analogs,
including, but not limited to, chlorpropamide, glibenclamide, tolbutamide,
tolazamide, acetohexamide, glipizide, glimepiride, repaglinide and meglitinide;

biguanides, including, but not limited to, metformin, phenformin and buformin.
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The methods of treatment combining the uses of one or more of the antidiabetic
agents, as described in the present application, with the combined compounds of
the invention for treating the pathologies, as described in the present application,

are also claimed.

In one embodiment, the combined compounds of the invention are claimed to
treat, alleviate and/or provide method of treatment to diabetic associated
conditions such as: diabetic retinopathy, heart disease, mouth conditions,
proteinuria, retinal detachment, transient ischemic attack, hypertension,
pulmonary hypertension, portal hypertension, obesity, high cholesterol, diabetic

retinopathy, heart disease, etc.

In one embodiment, the associations of the present application can be further
associated and/or combined with one or more therapeutic agent selected from the
group consisting in: aspirin, polyphenols, vitamins, Dhea, statins, bi-aspirin,

antioxidants, anti-cholesterol agents, etc.

In another embodiment, the insulin agents include various forms of insulin, such
as insulin in its various dosage forms, subcutaneous, oral, inhaled, sublingual, and
the like, molecular variations, and short-, medium- and long-acting versions.
Suitable insulin sources include, but are not limited to, recombinant human
insulin, natural pig insulin, natural ox insulin, natural bovine insulin, natural
human insulin, recombinant human argine-insulin, recombinant human aspartic-
insulin, dalanated insulin, defalan insulin, glargine insulin, human insulin zinc,
human insulin isophane, lispro insulin, neutral insulin, human proinsulin, their

mixtures and the like.

Methods, Uses, Dosages and Schedules

In another embodiment, the present invention provides a method for modulating

conditions associated with diabetes or diabetes-related disorders in a host,
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comprising administering to the host an efficacious amount of compositions
comprising (i) a compound of Formula I in combination with (ii) one or more

insulin agents.

The pharmaceutical compositions of the present invention are suitable for use in a
variety of drug delivery systems. Examples of suitable formulations for use in the
present invention are found in Remington's Pharmaceutical Sciences (Mack
Publishing Company, Philadelphia, Pa., 17th ed. (1985), which is incorporated
herein by reference. In addition, for a brief review of methods for drug delivery,
see, Langer,. Science 249:1527-1533 (1990), which is incorporated herein by

reference,

The pharmaceutical compositions of the present invention are intended for
subcutaneous, intraperitoneal, lingual, sublingual, nasal, pulmonary, parenteral,
topical, oral or local administration. In certain aspects, the pharmaceutical
compositions are administered parenterally, e.g., intravenously, subcutaneously,
intradermally, or intramuscularly. In one embodiment, the invention provides
compositions for parenteral administration which comprise a compound of
Formula I, one or more insulin agent as described above, dissolved or suspended
in an acceptable carrier, preferably an aqueous carrier. A variety of aqueous
carriers may be used including, for example, water, buffered water, 0.4% saline,
0.3% glycine, hyéluronic acid and the like. These compositions may be sterilized
by conventional, well-known sterilization techniques or, they may be sterile
filtered. The resulting aqueous solutions may be packaged for use as is or
lyophilized, the lyophilized preparation being combined with a sterile solution

prior to administration.

Additionally the compositions may contain pharmaceutically acceptable auxiliary
substances as required to approximé.te physiological conditions including pH
adjusting and buffering agents, tonicity adjusting agents, wetting agents and the
like, such as, for example, sodium acetate, sodium lactate, sodium chloride,
potassium chloride, calcium chloride, sorbitan monolaurate, triethanolamine

oleate, etc.
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For solid formulations, compounds of Formula I can be admixed with
conventional nontoxic solid carriers can be used which include, for example,
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium
saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate, and the like.
For oral administration, a pharmaceutically acceptable nontoxic composition is
formed by incorporating any of the normally employed excipients, such as those
carriers previously listed, and generally 10-95% of active ingredient and more

preferably at a concentration of 25%-75%.

In one embodiment the invention claims entrapped insulins/ betaines in

microcapsules and or nanocapsules.

In one embodiment the invention claims entrapped insulins/ betaines in

microspheres and or nanospheres.

In one embodiment the invention claims entrapped insulins/ betaines in liposomes

and/or in multiple liposomal formulations.

In one embodiment the invention claims the combinations insulins/ betaines

further combined with mucosal bioadhesives.

In one embodiment the invention claims the combinations insulins/ betaines

further combined with chitosan.

In one embodiment the invention claims the combinations insulins/ betaines

further combined with permeation enhancers.

In one embodiment the invention claims the combinations insulins/ betaines in

slow release and/or buoyant and/or floating dosages forms.

For aerosol administration, the compounds of Formula I and insulin agents are
preferably supplied in finely divided form along with a surfactant and propellant.
The surfactant must, of course, be nontoxic, and preferably soluble in the
propellant. In one embodiment the betaines of the invention can be used as

surfactants. Others representative of such agents are the esters or partial esters of
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fatty acids containing from 6 to 22 carbon atoms, such as caproic, octanoic, lauric,
palmitic, stearic, linoleic, linolenic, olesteric and oleic acids with an aliphatic
polyhydric alcohol or its cyclic anhydride. Mixed esters, such as ﬁlixed or natural
glycerides may be employed. A carrier can also be included, as desired, as with,

e.g., lecithin for intranasal delivery.

The compounds of the present invention can be prepared and administered in a
wide variety of oral, enteral and parenteral dosage forms. Thus, the compounds of
the present invention can be administered by injection, that is, iﬁtravenously,
intramuscularly, intracutaneously, subcutaneously, intraduodenally, or
intraperitoneally. Also, the compounds described herein can be administered by
inhalation, for example, intranasally. Additionally, the compounds of the present
invention can be administered transdermally. Accordingly, the present invention
also provides pharmaceutical compositions comprising a pharmaceutically
acceptable carrier or excipient and either a compound of Formula I or a

pharmaceutically acceptable salt of a compound of Formula I.

For preparing pharmaceutical compositions from the compounds of the present
invention, pharmaceutically acceptable carriers can be either solid or liquid. Solid
oral form preparations include powders, tablets, pills, capsules, cachets‘,
suppositories, and dispersible granules. A solid carrier can be one or more
substances that may also act as diluents, flavoring agents, binders, preservatives,

tablet disintegrating agents, or an encapsulating material.

In powders, the carrier is a finely divided solid that is in a mixture with the finely
divided active component. In tablets, the active component is mixed with the
carrier having the necessary binding properties in suitable proportions and

compacted in the shape and size desired.

The powders and tablets preferably contain from 5% to 95% of the active
compounds. Suitable carriers are magnesium carbonate, magnesium stearate, talc,
sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium

carboxymethylcellulose, a low melting wax, cocoa butter, and the like. The term



WO 2006/113978 PCT/BE2006/000040

10

15

20

25

24

"preparation" is intended to include the formulation of the active compound with
encapsulating material as a carrier providing a capsule in which the active
component with or without other carriers, is surrounded by a carrier, which is thus
in association with it. Similarly, cachets and lozenges are included. Tablets,
powders, capsules, pills, cachets, and lozenges can be used as solid dosage forms

suitable for oral administration.

For preparing suppositories, a low melting wax, such as a mixture of fatty acid
glycerides or cocoa butter, is first melted and the active component is dispersed
homogeneously therein, as by stirring. The molten homogeneous mixture is then

poured into convenient sized molds, allowed to cool, and thereby to solidify.

Liquid form preparations include solutions, suspensions, and emulsions, for
example, water or water/propylene glycol solutions. For parenteral injection,
liquid preparations can be formulated in solution in aqueous polyethylene glycol

solution.

Aqueous solutions suitable for oral use can be prepared by dissolving the active
components in water and adding suitable colorants, flavors, stabilizers,
preservatives and thickening agents as desired. Aqueous suspensions suitable for
oral use can be made by dispersing the finely divided active component in water
with viscous material, such as natural or synthetic gums, resins, methylcellulose,

sodium carboxymethylcellulose, and other well-known suspending agents.

Also included are solid form preparations that are intended to be converted,
shortly before use, to liquid form preparations for oral administration. Such liquid
forms include solutions, suspensions, and emulsions. These preparations may
contain, in addition to the active component, colorants, flavors, stabilizers,
buffers, artificial and natural sweeteners, dispersants, thickeners, solubilizing

agents, and the like.

The pharmaceutical preparation is preferably in unit dosage form. In such form

the preparation is subdivided into unit doses containing appropriate and/or
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effective quantities of the active components. The unit dosage form can be a
packaged preparation, the package containing discrete quantities of preparation,
such as blisters, pocketed tablets, capsules, and powders and/or beads in vials,
bags, sachets, or ampoules. Also, the unit dosage form can be a capsule, tablet,
cachet, or lozenge itself, or it can be the appropriate number of any of these in

packaged form.

The pharmaceutical preparations/compositions of the invention can be suitable for

pen injection (such as Novopen and similar devices).

The quantity of active insulin components in a unit dose preparation may be
varied or adjﬁsted from 0.1 mg to 100 mg, preferably 1.0 mg to 10 mg according
to the particular application and the potency of the active component. The

composition can, if desired, also contain other compatible therapeutic agents.

In therapeutic use especially for the treatment of IDDM, or inflammatory
conditions, the insulin compounds utilized in the pharmaceutical methods and/or
combinations of the invention are administered at the initial dosage of about 0.01
mg/kg to about 1 mg/kg daily. A daily dose range of about 0.01 mg/kg to about
0.5 mg/kg is preferred. Most preferably, the daily dose range is comprised
between 0.02 mg/kg and 1 mg/kg, especially between 0.03 mg/kg and 0.5 mg/kg.
The dosages, however, may be varied depending upon the requirements of the
patient, the severity of the condition being treated, and the compound being
employed. Determination of the proper dosage for a particular situation is within
the skill of the practitioner. Generally, treatment is initiated with smaller dosages
that are less than the optimum dose of the compound. Thereafter, the dosage is
increased by small increments until the optimum effect under circumstances is
reached. For convenience, the total daily dosage may be divided and administered

in portions during the day, if desired.

In therapeutic applications, the compounds of Formula I and antidiabetic agents of
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the present invention are administered to a patient in a combination amount
sufficient to elicit a response. An amount adequate to accomplish this is defined
as "therapeutically effective combination dose." The methods include the
administration of the combination of compound of Formula I with antidiabetic
agent wherein the two components are delivered in a simultaneous manner, in
combination therapy wherein the compound of Formula I is administered first,
followed by the antidiabetic agent, as well as wherein the antidiabetic agent is

delivered first followed by the compound of Formula I.

The betaine of Formula I utilized in the pharmaceutical method of the invention is
administered at the initial dosage of about 0.01 mg/kg to about 200 mg/kg daily.
A daily dose range of about 0.1 mg/kg to about 100 mg/kg is preferred. Most
preferably, the daily dose range is comprised between 1 mg/kg and 100 mg/kg,
especially between 10 mg/kg and 50 mg/kg.

Since the present invention has an aspect that relates to a combination of active
ingredients which can be administered separately, the invention also relates to
corﬁbining separate pharmaceutical compositions in kit form. The kit comprises
two separate pharmaceutical compositions: a compound of Formula I, a prodrug
thereof or a pharmaceutically acceptable salt and a second compound such as an
antidiabetic agent as described above. The kit comprises a container for
containing the separate components such as a divided bc;ttle or a divided foil
packet, however, the separate components can also be contained within a single,
undivided container. Typically, the kit comprises directions for the administration
of the separate components. The kit form is particularly advantageous when the
separate components are preferably administered in different dosage forms (e.g.,
oral and parenteral), are administered at different dosage intervals, or when
titration of the individual components of the combination is desired by the

prescribing physician.

Effective combination amounts for various uses will depend on, for example, the

particular insulin agent, the compound of Formula I employed, the manner of
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administration, the weight and general state of health of the patient, and the
judgment of the prescribing physician. In one embodiment, composition or
formulation to be administered will contain a quantity of a compound(s)
according to Formula I in an amount effective to treat the disease/condition of the
subject being treated. The amount of antidiabetic agent will depend in part on its

chemical class.

In certain instances, administration of the compounds of Formula I can be via any
method which provides systemic exposure to the compound of this invention,
preferably to the muscle and fatty tissue. These methods include oral routes,
enteral, parenteral, intraduodenal routes, etc. Generally, the compounds of the
present invention are administered in single (e.g., once daily) or multiple doses.
The compounds of the present invention are generally administered in the form of
a pharmaceutical composition comprising at least one of the compounds of
Formula I together with a pharmaceutically acceptable carrier or diluent. Thus,
the compounds of this invention can be administered individually or together in

any conventional oral, parenteral or transdermal dosage form.

For oral administration, a pharmaceutical composition and/or, according to the
invention claimed, can take the form of solutions, suspensions, tablets, pills,
capsules, micro-emulsions, micro or nanospheres, powders, and the like. Tablets
containing combinations various excipients such as sodium citrate, calcium
carbonate and calcium phosphate are employed along with various binders such
as starch and preferably potato or tapioca starch and certain complex silicates,
together with binding agents such as polyvinylpyrrolidone, sucrose, gelatin and
acacia. Additionally, lubricating agents such as magnesium stearate, sodium
lauryl sulfate and talc are often very useful for tabletting purposes. Solid
compositions of a similar type are also employed as fillers in soft and hard-filled
gelatin capsules; preferred materials in this connection also include lactose or
milk sugar as well as high molecular weight polyethylene glycols. When aqueous
suspensions and/or elixirs are desired for oral administration, the compounds of

this invention can be combined with various sweetening agents, flavoring agents,



WO 2006/113978 PCT/BE2006/000040

10

15

20

25

30

28

colouring agents, emulsifying agents and/or suspending agents, as well as such
diluents as water, ethanol, propylene glycol, glycerine and various like

combinations thereof,

In one embodiment, the combined compounds in the form of a powder, granules,
micro-granules, micro-spheres, nanospheres, pellets and gels. The combined
compounds can be in the form of a pharmaceutical unit dosage form said dosage
form being selected from the group conmsisting of sachets, pouches, blisters and
bags. Pharmaceutical unit dosage form of a composition containing at least a
betaine, said dosage form being selected from the group consisting of sachets,
pouches, blisters and bags, wherein the pharmaceutical unit dosage form is
provided with moisture barrier property defined by an increase of weight of the
composition of less than 1% after storage of the unit dosage form in sealed
condition in an environment with a temperature of 38°C and a relative humidity

of 90% during 30 days.

Such individual sachet being possibly further submitted to an encrypting against

counterfeiting and/or a notch to facilitate the tearing and/or the opening.

As MVTR stands for "Moisture Vapour Transmission Rate", a measure of the
passage of gaseous HyO through a barrier, the pharmaceutical oral unitary dose of
betaine in a sealed dosage form from the group consisting of sachets, bags,
blisters and i)ouches in which the dosage form is at least partly flexible, water
impermeable and characterized by a protective barrier by a MVTR value inferior

to 0.1g/m* at 38 C° and 90% relative humidity during 24 hours.

In one embodiment, the sizes of the betaines particles can be selected so as to
absorb minimally the water (for instance from micronized particles to an optimal
size particles allowing a minimal water intake). Optionally the particles (or the
dosage form such as a sugar-coated pill could be further enveloped by a surfactant
having good moisture barrier) can be sugar-coated and optionally such particles
can be trapped in a gel or a polymer before being packaged in a selected MVTR

container or pharmaceutical unit dosage form.
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For example the coating or primary packaging material could be a laminate which
is made up of 12um PET, 25um Alufoil and a 50um PE inner heat-seal layer.
Further high quality and clarity of surface decoration might be realized by gravure

reverse printing process.

The complete barrier requirement for this highly hygroscopic product (betaine
after being dried, i.e. its liquid content partially or completely removed) could be
provided by a laminate of PET, PE and Alufoil. The single 250 to 5000 mg doses
are easy to tear open and safe for mouth contact. In this dosage form betaine can
be taken directly by mouth without the need to dissolve in water. Some flavoring
agents might be added to mask betaines taste by the way augmenting patients’
compliance. Geometrical forms which augment the facility of use can be

privileged.

In one embodiment a stick format of the sachet will be preferred as it uses a
minimum amount of material in relation to the volume of its contents and further

by reducing the bag surface it allows also to reduce the MVTR.

The dosage forms can be optimized according to selected combinations of
MVTR, betaine doses, tensile strengths, sizes, forms, coefficients of friction. The
initial rate of moisture of the betaines can also be selected and/or controlled so as
to lower the other parameters (MVTR, etc) thus augmenting the compliance of the

dosage form.

In one embodiment, the compounds of Formula I and/or the antidiabetic
compounds and/or the combined compounds of the invention can be
manufactured in formulations, forms and dosages forms such as those claimed in
WO00051596, US 20020065320, WO002062322, US 20040033223,
W02004049095, W02004091601, BE 2004/ 0364, PCT/BE 2004/00110, PCT
/BE 2004/000163 of the inventor.
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According to the invention it will be appreciated that the actual preferred course
of therapy will vary according to, inter alia, the mode of administration of the
compound of Formula I, the particular formulation of the antidiabetic agent being
utilized, the mode of administration of the compounds, the particular disease
being treated and the particular host being treated. The optimal course of therapy
for a given set of conditions can be ascertained by those skilled in the art using
conventional course of therapy determination tests and in view of the information

set out herein.
Additional Uses for Compounds of Formula I

The compounds of Formula I have been recently shown to enhance nitric oxide
production in human and other species. As such, specific compounds of Formula I

are well suited for the treatment of the various conditions and diseases established

'to be mediated by, or linked to nitric’ oxide levels. Thus the compounds of

Formula I can be suitable to treat below outline other indications alone or in

combinations with the insulin compounds of the present invention.

Metabolic Conditions such as: Diabetes and Conditions Secondary to Diabetes, |
Hypertension, Angina pectoris, Dyslipidemia, Hypertriglyceridemia, Gout,
Hyperlipoproteinemias, Hypercholesterolemia, Nephropathy and other renal
diseases secondary to diabetes, Diabetic neuropathy, other insulin-resistance-
related diseases, polycystic ovarian syndrome, glucocorticoid-induced insulin
resistance.

Obesity, promote adipocyte differentiation and fat.

Hypertension, suppress or lower or cross endothelin-1 secretion by vascular
endothelial cells and result in decreased blood pressure.

Lipid Disorders, been implicated in systemic glucose and lipid homeostasis.

Bone Disorders.

Female specific conditions where Formula I compounds can be used to inhibit
excessive uterine bleeding in women and also to alleviate hormones disorders in
menopausal women

Male hormone disorders such as andropause related disorders.
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Acne and other skin disorders associated with differentiation of epidermal cells as
proliferative diseases of the skin.

CNS, Alzheimer's disease, Neuroinflammation, such as ischemic stroke, closed-
head injury, and multiple sclerosis.

Chemotherapy, Cancer.

Inflammation/Immune disorders.

Ophthalmic, Macular Degeneration

3. Anti-angiogenic

Additional Embodiments
In one embodiment Betaine is claimed to improve glucose tolerance.

Due to its very low toxicity betaine can be particularly suitable as therapeutic
agent for treating and/or alleviating symptoms linked non insulin dependent

gestational diabetes.

Due to its pharmacological capabilities betaines can be particularly suitable in

methods of treatment combining betaine and pancreatic cells transplantation.

In one embodiment, the insulin/betaines combinations can be combined with the
dialysis solutions before infusion. The diluted insulin/betaines solution will result

in slow and continuous diffusion.

Contrarily to NPH insulin the mix do not precipitates and is rapidly absorbed
across the peritoneal membrane, thus it is particularly suitable for peritoneal
administrations. Insulin/betaines combinations are stable, soluble insulin
formulations having both a fast and a long action, meaning by the way that
Insulin/betaine combinations represent a controlled release or long acting dosage
form which can be administrated intraperitoneally contrarily to Hagedorm insulin.
Thus the combined forms of the invention are particularly suitable for pumps or

implantable pumps which deliver therapeutical compound inside the living body.

In one embodiment the combinations of the invention can further comprise zinc

and its physiélo gical acceptable salts or derivatives.
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The primary mechanism of action of betaine in lowering blood glucose appears to
be dependent on stimulating the release of insulin from functioning pancreatic

beta cells.

The present invention relates to methods for administration of insulin into the
intradermal compartment of subject's skin, preferably to the dermal vasculature of
the intradermal compartment. The methods and combined dosage forms of the
present invention enhance the pharmacokinetic and pharmacodynamic parameters
of insulin efficiency and/or delivery and/or duration of action and effectively
result in a superior clinical efficacy in the treatment and/or prevention of diabetes
mellitus. The methods of the instant invention provide an improved glycemic
control of both non-fasting (i.e., post-prandial) and fasting blood glucose levels
and thus have an enhanced therapeutic efficacy in treatment, prevention and/or
management of diabetes relative to traditional methods of insulin delivery,

including subcutaneous insulin delivery.

The low efficiency of pulmonary delivery of the commercially available
inhalation devices and the relatively low pulmonary bioavailability of insulin
represent potential aerosol formulation and delivery barriers. The use of the H-
MAP may increase the potential of the lungs as route of administration for insulin

in concentrations required to treat diabetes.

In one embodiment, betaines due to their cationic structure might be covalently
coupled to insulin, an anionic compound, to obtain derivatives that have a
decreased receptor-binding capacity and thus avoids receptor-mediated
degradation, thereby living longer in circulation. Thus, insulins might be modified
by the addition of one or more betaine to produce a suspension of amorphous
insulin. In one embodiment, insulins reacted with one or more betaine to form

complex from which one or more insulin is slowly released.
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The insulin constituent of the betaine insulin conjugate undergoes a slow,
spontaneous activation in the circulatory system, manifesting a prolonged
glucose-lowering action in vivo.

In one embodiment, betaine alone and/or the compositions of the invention are
claimed to lower and/or to control glycemia hemoglobin in a mammal.

In one embodiment, betaine alone and/or the compositions of the invention are
claimed to lower and/or to control glycated hemoglobin in a mammal.

In one embodiment, betaine alone and/or the compositions of the invention are
claimed to lower and/or to control acidosis in a mammal.

In one embodiment, betaine alone and/or the compositions of the invention are
claimed to lower and/or to control ketones in a mammal.

In one embodiment, betaine alone and/or the compositions of the invention are
claimed to lower and/or to control ketoacidosis in a mammal.

In one embodiment, betaine alone and/or the compositions of the invention are
claimed to treat and/or prevent glaucoma and/or open angle glaucoma in a

mammal.

In one embodiment, betaine can be combined in specific dosage forms with
Vanadium an oral insulin-mimetic agent that diminishes hyperglycemia, improves

beta-cell insulin store and secretory function, and can reverse the diabetic state

‘chronically.

In one embodiment betaine is used as an insulin sensitizer. Betaine might promote

glucose entry to cells and thus possess pee se insulin like activity.

In one embodiment a slow release insulin consisting in a mix with betaine.

Betaine/insulin combinations provide more stable and more predictable glucose

control and avoid micro-precipitation in the catheters due to better stability.
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In one embodiment Betaine/insulin provide the possibility to be mixed with
ultralente (very slow) insulins without affecting or being affected in their release
and activity profile. Thus Betaine/insulin is compatible with other insulins and
could be used in premixed formulations. Thus, it is provided an insulin
formulation either possessing rapid onset of action and/or delayed or long acting

action.

The present invention describes and claims premixed compositions where
insulins/betaines mixtures are combined with insulins.

The betaines replacing protamine in the compositions of the invention.

In summary, subcutaneous administration of insulin suspended in betaine and/or
betaine—insulin combinations, can bring about prolonged, non-hypoglycaemic
glucose-lowering profiles, unattainable with insulin preparations, which are
known to be active at the time of administration. But surprisingly the betaine—
insulin combinations retain insulin short acting profile, while augmenting insulin

efficiency and duration of action.

The goal of any insulin program is to keep blood sugar within or close to its
normal range by mimicking normal pancreatic secretions of insulin. Ideally, this
regimen would provide continuous (basal) secretion of insulin as well as periodic
meal-related secretions. As useful as the current types of human insulin are,
they're not perfect. Their action and rate of absorption vary. Thus the present
invention provides dosage forms with onset and duration which resemble to those

of natural (endogenous) insulin.

Several pharmacological problems complicate insulin therapy. Firstly,
subcutaneous insulin injection sites drain into the peripheral, not the portal
circulation.

Thus, insulin-treated patients can only achieve effective portal insulin

concentrations at the expense of hyperinsulinaemia in the systemic circulation.
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Secondly, the pharmacokinetic and pharmacodynamic properties of therapeutic
insulin preparations are a poor match for the finely tuned B, cell: ‘short-acting’
insulins are absorbed too slowly and last too long to mimic the normal prandial
peaks while ‘long-acting’ preparations do not provide the steady, low
concentrations required between meals. Moreover, subcutaneous insulin
absorption is highly variable, so that the glucose-lowering effect of an insulin
dose cannot be accurately predicted. Some of these pharmacokinetic shortcomings
have been addressed by the development of the insulin compositions, described
and claimed in the present invention.

The compositions of the invention can be administered by various routes,
including intraperitoneal, infusion, pulmonary, nasal, oral, sub-lingual,
cutaneously (patches), trans-cutaneously (with compressed air or any acceptable
vehicle) and subcutaneous injections.

Thus the compositions of the invention mimic the physiological release of insulin
in a mammal. In a preferred embodiment the compositions of the invention
enhance insulins effectiveness and thus make possible to reduce the total amounts
or doses of insulins administered daily or daily (24 hours) required in a patient or
an animal in need.

In one embodiment, the compositions of the invention are suitable for treating
patients sufféring or having protamine induced antibodies.

In one embodiment, the betaines of the invention are claimed and are suitable for
treating patients suffering or at risk to suffer from diabetes, said betaines having

pharmacological effects by regulating Na*" /K" ATPases in said patients.

In an important embodiment, the betaines of the invention are claimed and are
suitable for treating patients suffering or at risk to suffer from diabetes, said
betaines having pharmacological effects by enhancing insulin secretion in said

patients.

In an important embodiment, the betaines of the invention are claimed and are

suitable for treating patients suffering or at risk to suffer from diabetes, said
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betaines having pharmacological effects by enhancing C-peptide secretion in said

patients.

Insulin/betaine increases glucose disposal into muscle. In addition, in vivo
insulin/betaine elicits distinct nitric oxide synthase-dependent vascular responses
to increase total skeletal muscle blood flow and to recruit muscle capillaries by

relaxing resistance and terminal arterioles, respectively.

In one embodiment the betaines are claimed to protect the insulins from

enzymatic degradation follows receptor-mediated endocytosis.

The invention further relates to pharmaceutical formulations containing insulin
and betaines, wherein insulin/betaine combinations have a profile of action which
is identical or substantially identical with the profile of action of short and/or fast
acting insulins combined to a profile of action of delayed and/or long acting
insulins. The invention also relates to methods of treating diabetes which utilize

the pharmaceutical formulations of the invention.

Insulin/betaine belongs to a new class of basal insulin analogues with a neutral pH
and unique mechanism for prolonging action (protraction). Currently available
basal insulin preparations may produce variable blood glucose responses to the
same dose given on different days. The distinct chemical structure and/or

formulations allow for a slower and more stable absorption from the injection site.

It is a goal of the present invention to provide stable insulin/betaine
pharmaceutical combinations and/or dosages forms suitable to meet patients’
needs. Such insuliﬁ/betaine combinations are suitable for reducing the necessity
of repeated administrations when rapidly and for long periods of time controlling

blood glucose in a mammal.

One object of the present invention is to furnish insulin/betaine formulations
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wherein the betaines and insulins have been co-crystallised together. All the
methods, techniques and processes known by the skilled man previously used in
the art to co-crystallise insulins with protamine are suitable in the scope of the

present invention to be used to co-crystallise the betaines and insulins.

One object of the present invention is to furnish insulin analogs obtained by the
addition of one or more betaine. Such analogs may vary with regard to their
pharmacokinetic profile, stability, tissue specificity and mode of administration.
In addition, alterations involving incorporation of betaines moieties in insulin and
its co-crystallization with betaines are used to modulate the time-action profile of

the drug and/or to modify the native insulin sequence.

In one embodiment the combinations of the invention, wherein the betaines and
insulins are mixed and/or co-crystallised, are further submitted to one or more
separation step selected from centrifugation, ultracentrifugation, chromatic
separation, chemical separations, electrophoresis, filtration, ultrafiltration,
nanofiltration, osmosis reverse and the processes generally used by the skilled
man in insulins and/or betaine purifications.

In one embodiment, the permeates and/or the retentates, and/or theirs
combinations, of such separations processes can be used to obtain a medicament.
In another embodiment, the separation processes can be used to obtain particular
insulins/betaines mixtures having the desired profiles such as, but non limited to:
particular onsets of actions, particular durations of actions, particular modes of
administrations, particular pharmacological effectiveness and the combinations of
such profiles/characteristics. Accordingly, the separations steps/processes serve to

modulate the desired characteristics of the combinations of the invention.

One object of the present invention is to furnish insulin/betaine formulations
having a convenient profile of action.
In one embodiment the betaines are claimed to protect the insulins from

enzymatic degradation follows receptor-mediated endocytosis
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Another object of the present invention is to provide soluble insulin/betaine

formulations having both a fast onset of action and also a retarded action.

Another object of the present invention is to furnish insulin/betaine formulations

having no or only a minor amount of non-dissolved material.

Another object of the present invention is to furnish insulin/betaine formulations
containing both a fast and long acting insulin cofnponent wherein the two insulin
components acts as or acts substantially as they would have acted if they had been

the only insulin components present in the formulation.

Another object of the present invention is to furnish insulin/betaine formulations
having a profile of release which is very predictable, both from time to time an

also form patient to patient.

Another object of the present invention is to furnish combinations of betaines with
short acting analogs, said combinations being further combined with short acting
analogs. The ratios between short acting analogs and short acting analogs/betaines

can vary from 1/10 to 10/1.

DETAILS OF THE INVENTION

The formulations of the inventions have no or only a minor content of non-
dissolved material. The formulations of the present invention have a profile of
release which is very predictable, both from time to time and also from patient to

patient.

The pharmaceutical formulation of this invention may be prepared using the
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conventional techniques of the pharmaceutical industry which involves dissolving
and mixing the pertinent ingredients as appropriate to give the desired end

product.

An isotonic agent, a preservative, and, optionally, a buffer is added as required
and the pH value of the solution is adjusted--if necessary--using an acid, for
example, hydrochloric acid, or a base, for example, aqueous sodium hydroxide as
needed. Finally, the volume of the solution is adjusted with water to give the

desired concentration of the ingredients.

In a preferred embodiment of this invention, the formulation contains solely a
glycine betaine as agent rendering the solution isotonic and optionally one or
more agents selected from the group of antimicrobial preservative, a pH-buffering
agent, and a suitable zinc salt.

In a preferred embodiment of this invention the compositions may content further
a therapeutic active agent.

In a preferred embodiment of this invention, the formulation has a total amount of
the insulin in the range from about 10 U/ml to about 1500 U/ml, preferably in the
range from about 40 U/ml to about 1000 U/ml, more preferred in the range from
about 100 U/ml to about 500 U/ml, for example, 100, 200, 400, or 500 U/ml. The
term "U", when used herein, refers to insulin units. For insulin aspart, one unit
equals 6 nmol (about 40 microgram) and for insulin detemir, one unit equals 24

nmol (about 160 microgram).

In a preferred embodiment of this invention, the preservative is phenol, m-cresol
or a mixture of phenol and m-cresol. In a further preferred embodiment of this
invention, the total concentration of phenol and/or m-cresol is in the range from
about 20 mM to about 50 mM, preferably in the range from about 30 mM to about
45 mM. The concentration of phenol and/or m-cresol is, inter alia, dependent on

the concentration of insulin.
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In a preferred embodiment of this invention, the formulation has a content of zinc
ions at the disposal of insulin in proportions in the range from about 2.3 to about
4.5 Zn** per hexamer insulin (corresponding to from about 0.38 to about 0.75
Zn*'monomer insulin) where it is understood that the content of zinc is expressed
per insulin hexamer as a theoretical value, i.e., as the number of zinc atoms per 6
molecules of monomeric insulin, independent of whether all insulin actually is
present as hexameric insulin or not. The zinc salt used for preparing the
formulations of this invention may, for example, be zinc chloride, zinc oxide or

zinc acetate.

In a preferred embodiment of this invention, the isotonic agent is glycerol,
mannitol, sorbitol or a mixture thereof at a concentration in the range from about

100 to 250 mM.

In another preferred embodiment of this invention, the formulation contains
halogenide ions, preferably as sodium chloride, in an amount corresponding to
from about 1 mM to about 100 mM, preferably from about 5 mM to about 40
mM.

In a preferred embodiment of this invention, the pH buffer is sodium phosphate,
TRIS (trometamol), N-glycylglycine or L-arginine. Preferably, the pH buffer is a
physiologically acceptable buffer in a concentration in the range from about 3
mM to about 20 mM, preferably from about 5 mM to about 15 mM. In a preferred
embodiment of this invention, the formulations of this invention have a pH value

in the range from about 7.0 to about 8.0.
In a preferred embodiment of this invention, the formulation of this invention has
a content of non-dissolved material below about 0.1%, preferably below 0.01%

(weight per weight).

Administration of the formulations of this invention may be via any route known
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to be effective by the physician of ordinary skill. Parenteral and preferably

subcutaneous administration is preferred.

The amount of the formulation of this invention that is administered to treat
diabetes depends on a number of factors, among which are included the patient's
sex, weight, physical activity, and age, diet of the patient, the underlying causes of
the condition or disease to be treated, the route of administration and
bioavailability, the persistence of the administered insulin or insulin analogues in
the body, the specific formulation used, the potency of the insulin or insulin
analogue used, a possible combination with other drugs, the severity of the case of
diabetes, and the interval between dosages, if any interval. It is within the skill of
the ordinary physiciari to titrate the dose and frequency of administration of the
formulation of this invention to achieve the desired result. It is recommended that
the daily dosage of the insulin components used in the formulation according to
this invention be determined for each individual patient by those skilled in the art

in a similar way as for known insulin compositions.

This invention is further illustrated by the following examples which, however,
are not to be construed as limiting the scope of protection. The features disclosed
in the foregoing description and in the following examples may, both separately
and in any combination thereof, be material for realizing this invention in diverse

forms thereof.

The invention will be described in greater detail by way of specific examples. The
following examples are offered for illustrative purposes, and are not intended to
limit the invention in any manner.

EXAMPLES

Example 1
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Animal Model

Male Wistar rats (£ 250 g) after 1 week stabulation are injected Streptozotocin 65
mg/kg intraperitoneally as to destroy pancreatic cells thus depriving the animals
of endogenoﬁs insulin production. Rats were maintained at 24°C under conditions
of controlled lighting and were feed with normal chow and water ad libitum
during 5 days. The experiment compounds, i.e. insulin (Bovine - Ref I5500 Sigma
- U/kg) and Insulin/Betaine (U/mg/kg) + Insulin combination were injected
subcutaneously at 1 ml/kg solutions to non-fastened rats at day of experiments. In
Insulin/Betaine (U/mg/kg) + Insulin combination half of the Insulin was mixed
with betaine, the second half being added after. Glycemia (mg/dl) was measured
every 10 minutes using a glucometer One Touch Ultra — Johnson & Johnson.
Blood samples for the analysis of blood glucose were taken from the tail veins.
Groups consisted of five rats. (Control non diabetic animals displayed = 140
mg/dl)

Figure 1 shows the results of this test. Said figure gives the blood glucose level in

function of the time, after the injection. IN means insulin units, while Betaine and

BET mean glycine betaine (mg).

Example 2

The rats of example 1 were after the procedures of example 1, sampled every 2
hours using a glucometer One Touch Ultra — Johnson & Johnson. Blood samples

for the analysis of blood glucose were taken from the tail veins.

Figure 2 shows the results of this test. Said figure gives the blood glucose level in

function of the time, after the injection. IN means insulin units, while Betaine and
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BET mean glycine betaine (mg). This figure clearly shows that by adapting the
amount of betaine, it is possible to improve drastically the efficiency of the short
acting insulin, said short acting having still a prolonged action up to after 10

hours.

Example 3

Male Wistar rats (+ 250 g) after 1 week stabulation are injected Streptozotocin 75
mg/kg intraperitoneally. Rats were maintained at 24°C under conditions of
controlled lighting and were feed with normal chow and water ad libitum during 5
days. The experiment compounds, i.e. insulin (Bovine - Ref 15500 Sigma - U/kg)
and Insulin/Betaine (U/mg/kg) were injected subcutaneously at 1 ml/kg solutions
to non-fastened rats at day of experiments. Glycemia (mg/dl) was measured every
2 hours using a glucometer One Touch Ultra — Johnson & Johnson. Blood
samples for the analysis of blood glucose were taken from the tail veins. Groups
consisted of five rats. High values (HI display on the device) were considered as
600 mg/dl. (Control non diabetic animals displayed & 140 mg/dl)

Figure 3 shows the results of this test. Said figure gives the blood glucose level in
function of the time, after the injection. IN means insulin units, while Betaine and

BET mean glycine betaine (mg).

This figure shows clearly that by adapting the amount of betaine, it is possible to
improve drastically the efficiency of the short acting insulin, said short acting
having still a quick action, and a prolonged action up to after 24 hours, meaning
that the short acting insulin is converted in a long acting insulin, for example an

insulin active for about 24 hours or a daily insulin.
Example 4
Male Wistar rats (£ 250 g) after 1 week stabulation are injected Streptozotocin 60

mg/kg intraperitoneally. Animals (n = 8/ group) were feed with normal chow and

water ad libitum during 5 days, then at day 1 (T0) Betaine (200 mg/kg/day) or
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placebo were dissolved and administrated daily in drinking water during 24 days;
full access to normal chow was maintained during the whole experiments.
Glycemia was measured morning at days of experiments, in non-fastened rats (as
in previous exp.). At TO + 7 days the treatments were inverted between the 2
groups.

Results in figure 4 show that glycine betaine per se possesses an effect on the
regulation of blood glucose and accordingly can be suitable to treat and/or to

prevent diabetes pathological expressions in a patient in need.

Example 5

Dosage form with metformin and betaine anhydrous:
Sachet comprising unit powder dosage form of 500 mg metformin and 2000 mg

glycine betaine

The dosage form of example 1 has been repeated excepted that metformin and
glycine betaine are mixed together with a granulating agent, extruded and
spheronized in beads of about lmm, The beads have been coated with eudragit,
said eudragit being mixed in an organic solvent and sprayed on the beads, where

after the beads are dried.

Example 6

This example illustrates combination therapy of a compound of Formula I and a

metformin by oral administration.

Patients having NIDDM (Type II diabetes mellitus) are selected for therapy. The
patients weigh between 70-100 kilograms. A compound of Formula I is orally
administered in a dosage of 1 to 15 grams twice daily, more typically 100 mg/kg



WO 2006/113978 PCT/BE2006/000040

10

15

20

25

30

45

twice daily. For infants or children the doses suggested are lowered in a linear

fashion based on body weight or surface area.

Half the patient population is administered metformin as well as a compound of
Formula I using an effective dose of both agents. The other half of the patients are
administered an effective dose of metformin. The patients are monitored for
improvement in the manifestations of the disease and for side effects, such as

body weight gain and signs of liver toxicity.

The combined compounds of the invention increased the patients’ body's

sensitivity to insulin and lowered glucose fasting levels.

The results indicate the administration of a combination of i) a compound of
Formula I with ii) metformin increases the efficacy of either agent alone. The
composition also provides concomitant decrease in the side effects of either agent

alone.

Example 7
Capsule containing glyburide and betaine anhydrous:
Sachet comprising unit powder dosage form of 1 mg metformin and 1000 mg

glycine betaine

Example 8

Solution of insulin was prepared, by using insulin composition similar to that
marketed as injectable solution (such as intravenous or subcutaneous) to said
insulin a solution of glycine betaine in sterile water was added. Prior to said
mixing, the betaine solution was filtered.

The solution to be injected before its mixing with betaine comprised from 50 to

100 insulin units (short acting) equivalent to 10 mg to 20mg.
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The following table gives the content of the unit doses as 1.5 ml or 2 ml injectable

solutions having a pH of about 7.

vial Insulin (mg) Glycine betaine
(mg)

1 10 50

2 10 100
3 7.5 100
4 5 50

5 5 100
6 4 50

7 4 70

8 4 100
9 10 200
10 7.5 150
11 7.5 300
12 8 160
13 20 400

10

15
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CLAIMS

A pharmaceutical association or combination comprising a therapeutic effective
amount of insulin or insulin analogue, and a therapeutic effective amount of a
pharmaceutically acceptable betaine, in which the insulin and the betaine possibly
form a chemical entity or complex, and in which the weight ratio insulin or insulin
analogue / betaine is comprised between 1:50 and 1:2, advantageously between 1:30
and 1:2.5, preferably comprised between 1:25 and 1:5.

The pharmaceutical association or combination of claim 1, in which the amount of
betaine is selected for achieving a human time onset of action of less than 30 minutes
after administration of the association or combination, and a time of action of more
than 8 hours, advantageously of more than 10 hours.

The pharmaceutical association or combination of claim 1 or 2, in which the insulin
or insulin analogue is a long acting insulin and in which the amount of betaine is
adapted for ensuring a time onset of action of less than 30 minutes.

The pharmaceutical association or combination of claim 3, said association or
combination having an action time of more than 16 hours, advantageously of more
than 24 hours.

The pharmaceutical association or combination of claim 1 or 2, in which the insulin
or insulin analogue is a short acting insulin and in which the amount of betaine is
adapted for extending the time action of insulin or insulin analogue at least for a
period comprised between 8 and 14 hours after administration of the association or
combination.

The pharmaceutical association or combination of anyone of the claims 1 to 5, in
which the betaine is in a form adapted for being released in the blood at least 1
minute, preferably at least 5 minutes, most preferably at least 15 minutes before the
release of the insulin or insulin analogue in the blood.

The pharmaceutical association or combination of anyone of the preceding claims,
which comprises a mix of short acting insulin or insulin analogue and long acting

insulin or insulin analogue.
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The pharmaceutical association or combination of anyone of the preceding claims, in
which the insulin or insulin analogue and the betaine form structure in which the
insulin or insulin analogue is dispersed and/or dissolved in a betaine phase and/or is
enveloped by a betaine containing membrane.

The pharmaceutical association or combination of the preceding claim, in which the
insulin or insulin analogue and the betaine form co-precipitate or co-crystal.

The pharmaceutical association or combination of anyone of the preceding claims, in
which the insulin or insulin-analogue and the betaine form a structure in which the
betaine forms bounds between insulin or insulin analogue molecules.

The pharmaceutical association or combination of claim 10, in which the betaine and
the insulin or insulin analogue form a structure similar to a copolymer. or a cured
structure.

The pharmacéutical association or combination of anyone of the preceding claims, in
the form of unit daily dose adapted for human injection, said dose comprising 1 mg to
50 mg insulin or insulin analogue.

The pharmaceutical association or combination of claim 12, which comprises less
than 1g betaine, advantageously less than 500 mg.

The pharmaceutical association or combination of anyone of the preceding claims, in
which the amount of betaine is adapted for reducing the time of onset of action of a
long acting insulin or insulin analogue after its administration of at least 30 minutes,
preferably at least 1 hour, most preferably at least two hours.

The pharmaceutical association or combination of anyone of the preceding claims, in
which the amount of betaine is adapted for reducing the time of onset of action of a
short acting insulin or insulin analogue after its administration of at least 5 minutes,
preferably at least 10 minutes, most preferably at least 15 minutes.

The pharmacéutical association or combination of anyone of the preceding claims , in
which the amount of betaine is adapted for increasing the time of action of the insulin
or insulin analogue at least for a period of 2 hours, advantageously for at least 4
hours.

The pharmaceutical association or combination of anyone of the preceding claims,

which is in a form suitable for twice-daily administration, said association or
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combination comprising as insulin or insulin analogue only short acting insulin or
insulin analogue.

The pharmaceutical association or combination of anyone of the preceding claims,
which comprises a suitable amount of betaine for increasing the efficiency of insulin
or insulin analogue at least for the period of 4 to 6 hours after administration of the
insulin, preferably at least for the period of 3 to 8 hours after administration of the
insulin.

The pharmaceutical association or combination of anyone of the preceding claims , in
which the amount of betaine is adapted for increasing the in vivo bioavaibility of the
insulin of at least 20%, preferably at least 30%, most preferably at least 50% for the
period of 2 to 10 hours after administration.

The pharmaceutical association or combination of anyone of the preceding claims , in
which the amount of betaine is adapted for increasing the in vivo total bioavaibility of
the insulin of at least 20%, preferably at least 30%, most preferably at least 50%.

The pharmaceutical association or combination of anyone of the preceding claims, in
which the insulin is an insulin known as a short acting insulin as such.

The pharmaceutical association or combination of anyone of the preceding claims, in
which the insulin is an insulin or insulin mixture known as a mix of two different
insulins, advantageously a mix selected from the group consisting of a mix of short

acting insulin and long acting insulin, a mix of short acting insulin and intermediate

* acting insulin, a mix of intermediate acting insulin and long acting insulin, and a mix

23.

24,

25.

of short acting insulin, intermediate acting insulin and long acting insulin.

The pharmaceutical association or combination of anyone of the preceding claims, in
which the insulin is an insulin known as a long acting insulin as such.

The pharmaceutical association or combination of anyone of the preceding claims, in

which the insulin is an insulin known as an intermediate acting insulin as such.

The pharmaceutical association or combination of anyone of the preceding claims
comprising short acting insulin selected from the group consisting of regular insulin,
insulin lispro, insulin analogues and a pharmaceutically acceptable betaine,

characterized in that its time of action is sensibly equal to the pharmaceutical duration
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of activity is at least 1.3 the duration of activity of the pharmaceutically acceptable
insulin.

The pharmaceutical association or combination according to claim 25, which further
comprises one or more insulin selected from the group of intermediate-acting
insulins, long-acting insulins or their mixtures.

The pharmaceutical association or combination according to any one of the preceding
claims, in which the betaine is glycine betaine.

The pharmaceutical association or combination of any one of the preceding claims, in
which the weight ratio pharmaceutically acceptable insulin / pharmaceutically
acceptable betaine is greater than 3, advantageously greater than 5, most preferably
greater than 7.

The pharmaceutical association or combination of any one of the preceding claims,
which is a human unit dosage form comprising less than 100U insulin,
advantageously less than 50 U insulin, preferably less than 30 U insulin.

The pharmaceutical association or combination of claim 14, which comprises an
insulin daily dose corresponding to less than the insulin daily dose required in the
absence of betaine, the same insulin or insulin mix being used.

The pharmaceutical association or combination of claim 30, which comprises an
insulin daily dose (expressed in unit) corresponding to less than 75%, advantageously
less than 50% the insulin daily dose (expressed in unit) required in the absence of
betaine, the same insulin or insulin mix being used.

The pharmaceutical association or combination of any one of the preceding claims,
which is in a form suitable for oral administration.

The pharmaceutical association or combination of any one of the preceding claims,
which further comprises a pharmaceutically acceptable biguanide.

The pharmaceutical association or combination of claim 33 , in which the weight ratio
pharmaceutically acceptable biguanide / pharmaceutically acceptable betaine is
comprised between 1 : 10 and 10:1, advantageously between 1 : 8 and 8 : 1,
preferably between 1 : 5and 5 : 1.
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The pharmaceutical association or combination of claim 34, in which the weight ratio
pharmaceutically acceptable biguanide / pharmaceutically acceptable betaine is
greater than 1.

The pharmaceutical association or combination of claim 33 or 34, which comprises a
controlled release form comprising the pharmaceutically acceptable biguanide.

The pharmaceutical association or combination of claim 36, in which the controlled
release form comprises less than 3g of pharmaceutically acceptable biguanide,
advantageously les than 2.5 g, preferably less than 2 g.

38. The pharmaceutical association or combination of any one of the claims 1 to 22,
which comprises a controlled release form comprising pharmaceutically acceptable
betaine.

The pharmaceutical association or combination of any one of the claims 1 to 23,
which comprises more than 1g pharmaceutically acceptable betaine, advantageously
more than 1.5g, preferably more than 2g.

The pharmaceutical association or combination of any one of the claims 1 to 24,
which is in the form of one or more units for oral administration.

The pharmaceutical association or combination of claim 25, which comprises beads
or particles comprising pharmaceutically acceptable biguanide, said beads or particles
being provided with a water insoluble polymer coating, said coating being entero
soluble.

The pharmaceutical association or combination of claim 25 or 26, which comprises
beads or particles comprising pharmaceutically acceptable betaine, said beads or
particles being provided with a water insoluble polymer coating, said coatiﬁg being
entero soluble.

The pharmaceutical association or combination of claim 25 or 26, which comprises
beads or particles comprising pharmaceutically acceptable biguanide and
pharmaceutically acceptable betaine, said beads or particles being provided with a
water insoluble polymer coating, said coating being entero soluble.

The pharmaceutical association or combination of any one of the claims 1 to 28, in
which pharmaceutically acceptable insulin and the pharmaceutically acceptable

betaine are placed in a sealed dosage form, preferably a sealed vial or bag.
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The pharmaceutical association or combination of claim 29, in which each bag forms
a unit dose comprising from 500 mg to 6000 mg pharmaceutically acceptable betaine
and possibly from 500 mg to 3000 mg pharmaceutically acceptable biguanide.

The pharmaceutical association or combination of anyone of the claims 1 to 30,

in which the betaine is in a form adapted for being administered before the

administration of the insulin or insulin analogue.

47.

48.

49.

50.

51

52.

53.

The pharmaceutical association or combination of claim 31, in which the betaine is in
a form adapted for being administered at least partly in the blood before the
administration of the insulin or insulin analogue in the blood.
A pharmaceutical composition combining:
- a component or phase or form A comprising one or more short acting insulin
and no betaine of general formula (CH3)sN'— (CHz)n —COO ', n being an integer
from 1 to 5, and
- acomponent or phase or form B comprising a mixture of:

a. one or more short acting insulin, and

b. a betaine of general formula (CH3)sN'— (CHz)n —COO ~, n being
an integer from 1 to 5, its pharmaceutically acceptable salts, esters thereof,
precursors thereof, and mixtures thereof. ’
The pharmaceutical composition of claim 48, characterised in that component or
phase or form A and component or phase or form B are combined in a same dosage
form. '
The pharmaceutical composition of claim 48 or 49, in which the component or phase

or form B comprises short acting insulin bound to betaine.

. The pharmaceutical composition of claim 48 or 49, in which the component or phase

or form B comprises short acting insulin dispersed in a betaine containing phase.

The pharmaceutical composition of any one of the preceding claims, in which one or
more betaine augment the duration of insulin action of the short acting insulin at least
of the component or phase or form B.

The pharmaceutical composition of anyone of the preceding claims, in which the

components or phases or forms A and B are combined together so as to maintain or
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keep at least the onset time of insulin action of component or phase or form A before
its combination with the component or phase or form B.

The pharmaceutical composition of anyone of the preceding claims, in which the
components or phases or forms A and B are combined together so as to maintain or
keep at least the onset time of insulin action of component or phase or form B before

its combination with the component or phase or form A.

. The pharmaceutical composition of anyone of the preceding claims, in which the

components or phases or forms A and B are combined together so as to reduce the
onset time of insulin action of insulin of component or phase or form A

The pharmaceutical composition of anyone of the preceding claims, in which the
components or phases or forms A and B are combined together so as to reduce the
onset time of insulin action of insulin of component or phase or form B.

The pharmaceutical composition of anyone of the preceding claims, in which the
components or phases or forms A and B are combined together so that the onset of
insulin action of the composition is equal or lower to the time onset of insulin action
of the short acting insulin of component or phase or form A and/or B, and so that time
of insulin action of the composition is higher than the time of action of the short
acting insulin of the component or phase or form A and/or B.

The pharmaceutical composition of anyone of the preceding claims, in which the
same shor’t acting insulin or insulin analogue is used in the components or phases or
forms A and B.

The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form A has, after being combined to component or phase or
form B, has the same duration of insulin action than the time of insulin action of
component or phase or form B.

The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form B has, after being combined to component or phase or
form A, has the same time onset of insulin action than the time onset of insulin action

of component or phase or form A.
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72.
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The pharmaceutical composition of anyone of the preceding claims, in which the ratio
by weight and/or by unit between the component or phase or form A and the
component or phase or form B is comprised between 0.1 to 1.

The pharmaceutical composition of anyone of the preceding claims, in which the ratio
by weight and/or by unit between the component or phase or form B and the
component or phase or form A is comprised between 0.1 to 1.

The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form B has a delayed onset of insulin action.

The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form B has a delayed duration of insulin action

The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form B has a delayed proteolysis action in the human body.
The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form B has a delayed and/or controlled degradation in the
human body.

The pharmaceutical composition of anyone of the preceding claims, in which the
insulin of component or phase or form A has the same characteristics and/or
properties than the insulin used to form the mixture of the component or phase or
form B.

The pharmaceutical composition of anyone of the preceding claims, in which the
insulin of component or phase or form A has different characteristics than the insulin
used to form the mixture of the component or phase or form B.

The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form A is dispersed in the component or phase or form B.

The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form B is dispersed in the component or phase or form A.

The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form B is separated from the component or phase or form A
by a controlled release layer or barrier, advantageously an extended or sustained
release layer or barrier.

A pharmaceutical composition combining:
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79.
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- a component or phase or form A comprising one or more short acting insulin,
said component or phase or form A being advantageously substantially free of
betaine, and,
- a component or phase or form B comprising a mixture of:

a. one or more compound select from the group consisting of short
acting insulin, medium acting insulin, long acting insulin, and mixtures thereof, and

b. a betaine of general formula (CH3)sN™— (CHa)n —COO ~, n being
an integer from 1 to 5, preferably 1, its pharmaceutically acceptable salts, esters
thereof, precursors thereof, and mixtures thereof.
The pharmaceutical composition of claim 72, characterised in that component or
phase or form A and component or phase or form B are combined in a same dosage

form.

The compositions according to claims 72 to 73, in which one or more betaine
augment the duration of action of insulin of component or phase or form B.

The pharmaceutical composition of anyone of the preceding claims 72 to 74, in which
the component or phase or form A has, after being combined to component or phase
or form B, has the same duration of insulin action than the time of insulin action of
component or phase or form B.

The pharmaceutical composition of anyone of the preceding claims 72 to 75,, in
which the component or phase or form B has, after being combined to component or
phase or form A, has the same time onset of insulin action than the time onset of
insulin action of component or phase or form A.

The pharmaceutical composition of anyone of the preceding claims 72 to 76,, in
which the ratio by weight and/or by unit between the component or phase or form A
and the component or phase or form B is comprised between 0.1 to 1.

The pharmaceutical composition of anyone of the preceding claims 72 to 77,, in
which the ratio by weight and/or by unit between the component or phase or form B
and the component or phase or form A is comprised between 0.1 to 1.

The pharmaceutical composition of anyone of the preceding claims 72 to 78,, in

which the component or phase or form B has a delayed onset of insulin action.
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The pharmaceutical composition of anyone of the preceding claims 72 to 79,, in
which the component or phase or form B has a delayed duration of insulin action

The pharmaceutical composition of anyone of the preceding claims 72 t0.80, in which
the component or phase or form B has a delayed proteolysis action in the human
body.

The pharmaceutical composition of anyone of the preceding claims 72 to 81, in which
the component or phase or form B has a delayed and/or controlled degradation in the
human body.

The pharmaceutical composition of anyone of the preceding claims 72 to 82, in which
the insulin of component or phase or form A has the same characteristics and/or
properties than the insulin used to form the mixture of the component or phase or
form B.

The pharmaceutical composition of anyone of the preceding claims 72 to 83, in which
the insulin of component or phase or form A has different characteristics than the
insulin used to form the mixture of the component or phase or form B.

The pharmaceutical composition of anyone of the preceding claims 72 to 84, in which
the component or phase or form A is dispersed in the component or phase or form B.
The pharmaceutical composition of anyone of the preceding claims 72 to 85, in which
the component or phase or form B is dispersed in the component or phase or form A.
The pharmaceutical composition of anyone of the preceding claims 72 to 86, in which
the component or phase or form B is separated from the component or phase or form
A by a controlled release layer or barrier, advantageously an extended or sustained
release layer or barrier.

The pharmaceutical composition of anyone of the preceding claims, in which the
component or phase or form B is a co-crystal of at least one insulin and at least one
betaine.

Process of qo-crystallisation of one or more compound select from short acting
insulin, medium acting insulin, long acting insulin, and a betaine of general formula
(CH3)sN'— (CHy)n — COO ", n being an integer from 1 to 5, its pharmaceutically

acceptable salts, esters thereof, precursors thereof, and mixtures thereof.
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90. The use of pharmaceutical compositions of anyone of the claims 48 to 89 for treating

91.

diabetes in a mammal, especially diabetes of the type 2 and 1.
A pharmaceutical composition combining:
- a component or phase or form A comprising one or more short acting insulin and A
betaine of general formula (CH3)sN*— (CHy)n —COO ", n being an integer from 1
to 5, and
- a component or phase or form B comprising a mixture of:

a. one or more short acting insulin, and

b. a betaine of general formula (CH3)sN"— (CHz)n —COO ~, n being
an integer from 1 to 5, its pharmaceutically acceptable salts, esters thereof, precursors
thereof, and mixtures thereof,
whereby the insulin of component of phase or form A is different from the insulin of

phase or form B.
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