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COMPOSITIONS AND METHODS FOR INCREASING INSULIN SENSITIVITY

Related Application Information

[0001] This application claims priority to U.S. Provisional Patent Application 

Serial Nos. 60/738,893, filed November 22, 2005, and 60/759,117, filed January 12, 

2006, both of which are hereby incorporated by reference in their entireties.

Background of the Invention

Field of the Invention

[0002] The present invention is in the field of pharmaceutical compositions 

and methods for the treatment of insulin related disorders in individuals.

Description of the Related Art

]0003] Diabetes is a chronic disease that has no cure. Currently, about 18.2 

million people or 6.3% of the population in the United States have diabetes. While 

roughly 13 million have been diagnosed, it is estimated that 5.2 million people are not 

aware that they have the disease. As the sixth leading cause of death by disease in 2000, 
^>diabetes is costing the U.S. health care system an estimated $132 billion annually. See 

National Diabetes Information Clearinghouse, NIH Publication No. 04-3892, November 

2003. More serious than the economic costs associated with diabetes is the decrease in the 

quality of life, serious health complications/consequences, and deaths associated with 

diabetes.

[0004] Diabetes is a group of diseases characterized by high blood glucose 

levels, which result from defects in insulin production, insulin action, or both. Because 

diabetes can remain undiagnosed for years, many people become aware that they have 

diabetes only after the development of one of its life-threatening complications. It is well- 

accepted that both genetics and environmental factors, such as obesity and lack of 
exercise, are important factors in the onset of diabetes.

[0005] One group of diabetes, Type 1 (or insulin-dependent diabetes mellitus 

or juvenile-onset diabetes), develops when the body's immune system destroys pancreatic 

cells that make the hormone insulin, which regulates blood glucose levels. Type 1
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diabetes usually occurs in children and young adults, although disease onset can occur at

any age. Type 1 diabetes accounts for about 5 to 10 percent of all diagnosed cases of

diabetes. Risk factors for Type 1 diabetes include autoimmune, genetic,· and

environmental factors. Individuals diagnosed with Type 1 diabetes require daily delivery
of insulin via injections or pumps.

[0006] Another group of diabetes, Type 2 (or Type II) diabetes (non-insulin­

dependent diabetes mellitus (NIDDM) or adult-onset diabetes), is a metabolic disorder 

involving dysregulation of glucose metabolism and insulin resistance, which can result in 

long-term complications involving the eyes, kidneys, nerves, and blood vessels. Type 2 

diabetes results from the body's inability to make either sufficient insulin (abnormal 

insulin secretion) or its inability to effectively use insulin (resistance to insulin action in 

target organs and tissues). This disease usually begins as insulin resistance, a disorder in 

which the cells do not use insulin properly, and as the need for insulin rises, the pancreas 

gradually loses its ability to produce insulin. Patients suffering from Type 2 diabetes have 

a relative insulin deficiency. That is, in these patients, plasma insulin levels are normal to 

high in absolute terms, although they are lower than predicted for the level of plasma 

glucose that is present. Type 2 diabetes is the most common form of the disease 

accounting for 90-95% of diabetes. Type 2 diabetes is nearing epidemic proportions, due 

to an increased number of older Americans and a greater prevalence of obesity and a 

sedentary lifestyle.
[0007] Type II diabetes mellitus is characterized by the following clinical 

signs or symptoms: persistently elevated plasma glucose concentration or hyperglycemia; 
polyuria; polydipsia and/or polyphagia; chronic microvascular complications such as 

retinopathy, nephropathy and neuropathy; and macrovascular complications such as 

hyperlipidemia and hypertension. These micro-and macro-vascular complications can lead 

to blindness, end-stage renal disease, limb amputation and myocardial infarction

[0008] Gestational diabetes refers to a form of glucose intolerance that is 

diagnosed in pregnant women. During pregnancy, gestational diabetes requires treatment 

to normalize maternal blood glucose levels to avoid complications in the infant. A 
percentage (5-10 percent) of women with gestational diabetes have Type 2 diabetes after
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pregnancy. Women who have had gestational diabetes also have a 20-50 percent chance 

of developing diabetes in the next 5-10 years.

[0009] Many pharmaceutical compositions and methods have been proposed 

to treat and/or cure diabetes. For example, one approach to reducing hyperglycemia in 

diabetes involves increasing liver glucokinase (GK) activity (Van Schaftingen, E. et al., 

Adv. Enzyme Regul. 32:133-148, 1992). Studies involving transgenic diabetic mice have 

shown that increased GK copy number results in increased hepatic glucose metabolism 

and decreased plasma glucose levels (Ferre, T. et al., Proc. Natl. Acad. Sci. USA, 

93:7225-7230, 1996; FASEB J., 10:1213-1218, 1996; Niswender, K. D. et al., J. Biol. 

Chem., 272:22570-22575, 1997), demonstrating that increasing liver GK may be effective 

in reducing hyperglycemia in diabetes.

[0010] U.S. Patent No. 5,714,519 (hereinafter the '519 patent) discloses 

methods for controlling either hyperinsulinemia or insulin resistance by administering 

panthethine (see claims 1-18; col. 5, lines 6-15) or cysteamine (see claims 19-27; col. 5, 

lines 16-22) at predetermined intervals during the day. Unfortunately, some of the dosages 

of panthethine or cysteamine (for example, 500 mg of cysteamine) disclosed in the '519 

patent are toxic to humans. In fact, such dosage amounts of cysteamine or panthethine can 

also cause undesirable gastrointestinal symptoms, such as increased acid output or even 

ulcers (Srivastava, P. K. & L. Field, J. Med. Chem., 18(8):798-802, 1975). U.S. Patent 

No. 6,686,337 discloses methods for treating Type II diabetes using a combination of a 

specified sulfamate and an antidiabetic agent.

Summary of the Invention

[0011] An embodiment provides a method of treating a blood-glucose 

condition, comprising identifying a subject having a blood-glucose condition in need of 

treatment and administering to the subject an amount of a composition that is effective to 

modulate a blood-glucose level, wherein the composition comprises at least one selected 

from a non-sulfamate anticonvulsant; a psychotherapeutic agent; an opioid antagonist; a 

combination of a psychotherapeutic agent and an opioid antagonist; a combination of a 

psychotherapeutic agent and an anticonvulsant; a combination of an opioid antagonist and 
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an anticonvulsant; and a combination of an opioid antagonist, an anticonvulsant, and a 

psychotherapeutic agent.

[0012] In some embodiments, the subject can suffer from at least one 

condition selected from diabetes, insulin resistance, hyperinsulinemia, impaired glucose 

metabolism, and hyperglycemia. In some embodiments, the condition is insulin 

resistance. In some embodiments, the condition is Type 2 diabetes.

[0013] Examples of suitable psychotherapeutic agents include: amitriptyline, 

aripiprazole, benzodiazepines, bupropion, carbamezepine, clomipramine, clozapine, 

desipramine, dothiapen, doxepin, elatriptan, other triptans, fluoxetine, imipramine, 

lamotrogine, lithium, maprotiline, mirtazapine, nortriptyline, olanzapine, 

oxycarbamezepine, paroxetine, protriptyline, quetiapine, risperidone, setiptiline, 

sumatriptan, tiagabine, trimipramine, valproate, ziprasidone, and zolmitriptan. or a 

pharmaceutically-acceptable salt or prodrug thereof. In some preferred embodiments, the 

psychotherapeutic agent is selected from: bupropion, mirtazapine, olanzapine, setiptiline, 

fluoxetine, and valproate, or a pharmaceutically-acceptable salt or prodrug thereof

[0014] Examples of suitable anticonvulsants include: 5,5-diphenylhydantoin, 
benzodiazepine, carbamazepine, clonazepam, clorazepate, diazepam, divalproex, 

ethosuximide, felbamate, fosphenytoin, gabapentin, lamotrigine, levetiracetam, 

methsuximide, oxcarbazepine, phenytoin, pregabalin, tiagabine, topiramate, valproate, 
valproic acid, and zonisamide, or a pharmaceutically-acceptable salt or prodrug thereof. 

In some preferred embodiments, the anticonvulsant is zonisamide. The non-sulfamate 

anticonvulsant can be selected from zonisamide, valproate, and valproic acid, or a 

pharmaceutically-acceptable salt or prodrug thereof.

[0015] Examples of suitable opioid antagonists include: alvimopan, 

buprenorphine, lofexidine, nalmefene, nalorphine, naloxone, naltrexone, 
norbinaltorphimine, methylnaltrexone, pentacozine, and propiram, or a pharmaceutically- - 

acceptable salt or prodrug thereof. In some preferred embodiments, the opioid antagonist 

is selected from: nalmefene, nalorphine, naloxone, naltrexone, and methylnaltrexone, or a 

pharmaceutically-acceptable salt or prodrug thereof.

[0016] In some embodiments, the composition that is effective to modulate a 

blood-glucose level can comprise a combination of a psychotherapeutic agent and an 
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opioid antagonist. The psychotherapeutic agent can be selected from bupropion, 

mirtazapine, olanzapine, setiptiline, fluoxetine, and valproate, or a pharmaceutically- 

acceptable salt or prodrug thereof; and the opioid antagonist can be selected from 

nalmefene, nalorphine, naloxone, naltrexone, and methylnaltrexone, or a 

pharmaceutically-acceptable salt or prodrug thereof. In some embodiments, the 

psychotherapeutic agent can be administered to the subject separately from the opioid 

antagonist.

[0017] In some embodiments, the composition that is effective to modulate a 

blood-glucose level comprises a combination of a psychotherapeutic agent and an 

anticonvulsant. The psychotherapeutic agent can be selected from bupropion, 

mirtazapine, olanzapine, setiptiline, fluoxetine, and valproate, or a pharmaceutically- 

acceptable salt or prodrug thereof; and the anticonvulsant can be selected from 

topiramate, valproate, valproic acid, and zonisamide, or a pharmaceutically-acceptable 

salt or prodrug thereof. In some embodiments, the psychotherapeutic agent can be 

administered to the subject separately from the anticonvulsant.

[0018] In some embodiments, the composition that is effective to modulate a 

blood-glucose level comprises a combination of an opioid antagonist and an 

anticonvulsant. The opioid antagonist can be selected from: alvimopan, buprenorphine, 

lofexidine, nalmefene, nalorphine, naloxone, naltrexone, norbinaltorphimine, 

methylnaltrexone, pentacozine, and propiram, or a pharmaceutically-acceptable salt or 

prodrug thereof; and the anticonvulsant can be selected from topiramate, valproate, 
valproic acid, and zonisamide, or a pharmaceutically-acceptable salt or prodrug thereof. 

In some embodiments, the opioid antagonist is administered to the subject separately from 

the anticonvulsant.

[0019] In some embodiments, the composition that is effective to modulate a 

blood-glucose level comprises a combination of an opioid antagonist, an anticonvulsant, 

and a psychotherapeutic agent. The opioid antagonist can be selected from: alvimopan, 

buprenorphine, lofexidine, nalmefene, nalorphine, naloxone, naltrexone, 

norbinaltorphimine, methylnaltrexone, pentacozine, and propiram, or a pharmaceutically- 

acceptable salt or prodrug thereof; the anticonvulsant can be selected from topiramate, 

valproate, valproic acid, and zonisamide, or a pharmaceutically-acceptable salt or prodrug
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thereof; and the psychotherapeutic agent can be selected from bupropion, mirtazapine,

olanzapine, setiptiline, fluoxetine, and valproate, or a pharmaceutically-acceptable salt or

prodrug thereof. In some embodiments, at least one of the opioid antagonist, the

anticonvulsant, and the psychotherapeutic agent can be administered to the subject

separately from at least one of the others.

[0020] Any disclosed composition can further comprise insulin. Any 

disclosed composition can comprise a controlled release formulation, which can, in some 

embodiments, be a sustained release formulation.

[0021] In some embodiments, the disclosed methods comprise obtaining a 

measurement of the subject’s blood glucose level. A dosage of the composition can be 

adjusted after obtaining the measurement of the subject’s blood glucose level. The 

disclosed methods may comprise providing dietary instructions to the subject.

[0022] In some embodiments, the present invention relates to a package 

comprising a blood-glucose modulating composition in unit dosage form and written 

instructions advising the reader to monitor the blood-glucose level of an intended human 

recipient of the composition, wherein the blood glucose-modulating composition 

comprises at least one selected from: a non-sulfamate anticonvulsant; a 

psychotherapeutic agent; an opioid antagonist; a combination of a psychotherapeutic 

agent and an opioid antagonist; a combination of a psychotherapeutic agent and an 

anticonvulsant; a combination of an opioid antagonist and an anticonvulsant; and a 

combination of an opioid antagonist, an anticonvulsant, and a psychotherapeutic agent.

[0023] These and other embodiments are described in greater detail below.

Detailed Description of the Preferred Embodiment

[0024] It has been realized that melanocortin neurons influence insulin 

sensitivity (conversely, known as insulin insensitivity or insulin resistance). 

Embodiments of this invention include administering compositions that influence the 

activity of these neurons, thereby modulating blood-glucose levels and, e.g., altering, 

compensating for, or inhibiting the severity, risk, onset, and/or occurrence of blood- 

glucose conditions. In some embodiments, these blood-glucose modulating (BGM) 
compositions comprise at least one selected from a non-sulfamate anticonvulsant (e.g.,
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13 Detailed Description of the Preferred Embodiment

[0024] It has been realized that melanocortin neurons influence insulin sensitivity 

(conversely, known as insulin insensitivity or insulin resistance). Embodiments of this 

invention include administering compositions that influence the activity of these neurons, 

thereby modulating blood-glucose levels and, e.g., altering, compensating for, or inhibiting the 

severity, risk, onset, and/or occurrence of blood-glucose conditions. In some embodiments, 

these blood-glucose modulating (BGM) compositions comprise at least one selected from a 

non-sulfamate anticonvulsant (e.g.,

[Text continues on page 7]
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zonisamide); a psychotherapeutic agent (e.g., an anti-depressant such as fluoxetine, 

bupropion, mirtazapine, olanzapine and/or paroxetine); an opioid antagonist e.g., 

naltrexone, nalmafene and.or naloxone); a combination of a psychotherapeutic agent and 

an opioid antagonist; a combination of a psychotherapeutic agent and an anticonvulsant; 

a combination of an opioid antagonist and an anticonvulsant; and a combination of an 

opioid antagonist, an anticonvulsant, and a psychotherapeutic agent. Examples of 

compounds that alter the activity of melanocortin neurons include compounds that 

increase agonism of a melanocortin 3 receptor (MC3-R) or a melanocortin 4 receptor 

(MC4-R) compared to normal physiological conditions. The compounds can include 

those that enhance oc-MSH activity. These compounds can include psychotherapeutics. 

In some embodiments these also include anticonvulsants. Moreover, it has been realized 

that combinations of psychotherapeutics and anticonvulsants; psychotherapeutics and 

opioid antagonists; anticonvulsant and opioid antagonists; and/or psychotherapeutics, 

anticonvulsants, and opioid antagonists can have an even larger impact on melanocortin 

neurons and thus an even larger impact on insulin resistance. As such, by controlling the 

activity of melanocortin neurons, embodiments of this invention can provide a way to 

modulate blood glucose levels and thereby control, inhibit and/or prevent the onset, 

severity, risk, and/or occurrence of blood-glucose conditions. Similarly, various 
compositions comprising compounds that influence cells having melanocortin receptors 

are also provided.

[0025] In some aspects, a BGM composition having multiple compounds is 

provided. In some aspects, the BGM composition is used for treating insulin resistance 

and can comprise a first compound, which is an opioid antagonist, a second compound, 

which is a psychotherapeutic, and the third compound, which is an anticonvulsant, 

wherein each of the compounds is in present in sufficient amount to inhibit a blood- 

glucose condition. Any one, or combination of these compounds, can be administered to 

a person at risk of developing, or having, a blood-glucose condition and thereby decrease 

the patient’s risk of developing a blood-glucose condition or inhibiting the severity, 

progression, and/or duration of a patient’s blood-glucose condition.

[0026] In other aspects, the BGM composition comprises insulin or is further 

combined or administered with insulin, and thus can be used directly to treat and/or 
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inhibit a blood-glucose condition, such as diabetes or insulin resistance, as well as 

reducing the risk and/or reversing any onset of a blood-glucose condition. Thus, in some 

embodiments, for example, the BGM composition comprises (1) an opioid antagonist and 

insulin, (2) a psychotherapeutic agent and insulin, (3) an anticonvulsant and insulin, (4) an 

opioid antagonist, insulin, and a psychotherapeutic agent, (5) an opioid antagonist, 

insulin, and an anticonvulsant, (6) insulin, a psychotherapeutic, and an anticonvulsant; or 

(7) insulin, a psychotherapeutic agent, an anticonvulsant, and an opioid antagonist. These 

BGM compositions can be effective for treating insulin resistance as well as other blood- 

glucose conditions, including Type 1 diabetes, Type 2 diabetes, diabetes associated with 

obesity or obsessive-compulsive disorder, “pre-diabetes” (e.g., pre-diabetic obesity) in 

which the blood glucose level is between about 110 and 125 mg/dl (fasting), drug-induced 

diabetes, gestational diabetes and diabetes associated with various medical disorders such 

as Cushing’s syndrome. As will be appreciated by one of skill in the art, other BGM 

combinations are also contemplated. In some embodiments, a combination of insulin 

with a compound or method that alters the activity of melanocortin cells (e.g., neurons 

with melanocortin receptors) in a composition or method, is contemplated. These and 

other embodiments are discussed in greater detail below. The following definitions are 

provided to clarify some aspects of the relevant components and diseases.

Definitions
[0027] The term “blood-glucose condition” refers to a condition in which it is 

desirable to modulate a patient’s glucose levels. In some embodiments, blood-glucose 

conditions include conditions in which it is desirable to reduce blood-glucose levels. For 

example, high blood-glucose levels can be a blood-glucose condition. In other 

embodiments, blood-glucose conditions include conditions in which it is desirable to 

maintain blood-glucose levels at a specific value or within a range of values. In still other 

embodiments, blood-glucose conditions include conditions in which it is desirable to 

increase blood-glucose levels. In some embodiments, methods and compositions 

described herein can be used to first reduce blood-glucose levels and to then maintain the 

blood-glucose levels at a specific value or within a range of values. Blood-glucose 

conditions include conditions in which a patient is at risk of developing a blood-glucose 
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condition. In one embodiment, insulin resistance is a blood-glucose condition. In another 

embodiment, diabetes is a blood-glucose condition.

[0028] The term "insulin" refers to a polypeptide hormone (molecular weight 

of approximately 5700) naturally produced by the pancreas (secreted by beta cells in the 

islets of Langerhans) of a mammal which controls the amounts of glucose present in the 

blood by stimulating the uptake of glucose by muscle and adipose tissue. Insulin can exist 

in various states, such as preproinsulin and proinsulin. The term “insulin” also refers to 

synthetic versions, such as Humulin® (available commercially from Eli Lilly).

[0029] The term "insulin sensitivity" refers to the capacity of a cell, for 

example, a muscle cell (e.g., skeletal muscle cell) or fat cell (e.g., an adipocyte), or 

organism to sense or respond to stimulation by insulin or to insulin signaling. The 

preferred response to insulin or insulin signaling is glucose uptake.

[0030] The term "insulin resistance" refers to a condition or disorder in which 

the tissues of the body fail to respond normally to insulin. Insulin resistance manifests 

itself in pathologically elevated endogenous insulin and glucose levels and predisposes a 

mammal to the development of a cluster of abnormalities, including some degree of 

impaired glucose tolerance, an increase in plasma triglycerides and low density 

lipoprotein cholesterol (LDL) levels, a decrease in high-density lipoprotein cholesterol 

(HDL) levels, high blood pressure, hyperuricemia, a decrease in plasma fibrinolytic 
activity, an increase in cardiovascular disease and atherosclerosis (Reaven, G. M. Physiol 

Rev. 75(3): 473-86, 1995). Decompensated insulin resistance is widely believed to be an 

underlying cause of non-insulin dependent diabetes mellitus (NIDDM). 

Hyperinsulinemia refers to the overproduction of insulin by pancreatic cells. Often, 

hyperinsulinemia occurs as a result of insulin resistance, which is a condition defined by 

cellular resistance to the action of insulin. Insulin resistance, as defined above, is a 

state/disorder in which a normal amount of insulin produces a subnormal biologic 

(metabolic) response. In insulin-treated patients with diabetes, insulin resistance is 

considered to be present whenever the therapeutic dose of insulin exceeds the secretory 

rate of insulin in normal person.

[0031] Impaired glucose homeostasis (or metabolism) refers to a condition in 

which blood sugar levels are higher than normal but not high enough to be classified as 

-9-



WO 2007/067341 PCT/US2006/044966

diabetes. There are two categories that are considered risk factors for future diabetes and 

cardiovascular disease. Impaired glucose tolerance (IGT) occurs when the glucose levels 

following a 2-hour oral glucose tolerance test are between 140 and 199 mg/dl. IGT is a 

major risk factor for Type 2 diabetes and is present in about 11% of adults, or 

approximately 20 million Americans. About 40-45% of persons age 65 years or older 

have either Type 2 diabetes or IGT. Impaired fasting glucose (IFG) occurs when the 

glucose levels following an 8-hour fasting plasma glucose test are between 110 and 126 

mg/dl.

[0032] Hyperglycemia, a common feature of diabetes, is caused by decreased 

glucose utilization by liver and peripheral tissues and an increased glucose production by 

liver.

[0033] The term “compound” can refer to many different substances. For 

example, the first compound generally denotes an opioid antagonist, the second 

compound generally denotes an α-MSH activity enhancer or psychotherapeutic, and the 

third compound generally denotes an anticonvulsant. However, where explicitly denoted, 

these terms can take on different meanings. Generally, “compound” does not encompass 

insulin, unless explicitly denoted.

[0034] The term “pharmaceutically-acceptable salt” refers to a formulation of 

a compound that does not cause significant irritation to an organism to which it is 

administered and does not abrogate the biological activity and properties of the 

compound. Pharmaceutically-acceptable salts can be obtained by reacting a compound of 

the invention with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric 

acid, nitric acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid, p- 

toluenesulfonic acid, salicylic acid and the like. Pharmaceutically-acceptable salts can 

also be obtained by reacting a compound of the invention with a base to form a salt such 

as an ammonium salt, an alkali metal salt, such as a sodium or a potassium salt, an 

alkaline earth metal salt, such as a calcium or a magnesium salt, a salt of organic bases 

such as dicyclohexylamine, N-methyl-D-glucamine, tris(hydroxymethyl) methylamine, 

and salts thereof with amino acids such as arginine, lysine, and the like.

[0035] A “prodrug” refers to an agent that is converted into the parent drug in 
vivo. Prodrugs are often useful because, in some situations, they may be easier to 
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administer than the parent drug. They may, for instance, be bioavailable by oral 

administration whereas the parent is not. The prodrug may also have improved solubility 

in pharmaceutical compositions over the parent drug or may demonstrate increased 

payability or be easier to formulate. An example, without limitation, of a prodrug would 

be a compound of the present invention which is administered as an ester (the “prodrug”) 

to facilitate transmittal across a cell membrane where water solubility is detrimental to 

mobility but which then is metabolically hydrolyzed to the carboxylic acid, the active 

entity, once inside the cell where water solubility is beneficial. A further example of a 

prodrug might be a short peptide (polyaminoacid) bonded to an acid group where the 

peptide is metabolized to provide the active moiety.

[0036] The term “pharmaceutical composition” refers to a mixture of an active 

compound (or combination of active compounds) with other chemical components, such 

as diluents or carriers. The pharmaceutical composition facilitates administration of the 

active compound to an organism. Multiple techniques of administering a compound exist 

in the art including, but not limited to, oral, injection, aerosol, parenteral, and topical 

administration, and a variety of chemical components have been developed for admixture 

with the active compound(s) to facilitate such administration. Pharmaceutical 

compositions can also be obtained by reacting compounds with inorganic or organic acids 

such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, 
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid and the 

like.
[0037] The term “carrier” defines a chemical compound that facilitates the 

incorporation of a compound into cells or tissues. For example dimethyl sulfoxide 

(DMSO) is a commonly utilized carrier as it facilitates the uptake of many organic 

compounds into the cells or tissues of an organism.

[0038] The term “diluent” defines chemical compounds diluted in solutions, 

such as water, that will dissolve the compound of interest as well as stabilize the 

biologically active form of the compound. Salts dissolved in buffered solutions are 

utilized as diluents in the art. One commonly used buffered solution is phosphate 

buffered saline (PBS) because it mimics the salt conditions of human blood. Since buffer 
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salts can control the pH of a solution at low concentrations, a buffered diluent rarely 

modifies the biological activity of a compound.

[0039] The term “treatment” does not necessarily mean curing a disease or 

disorder. A reduction in symptoms associated with the disorder or disease can also be 

characterized as a treatment. Further, a slowing in the progression of the disorder or 

disease can also be characterized as a treatment.

[0040] The term “insulin sensitizing” denotes that the compound makes a host 

or subject more sensitive to the presence of insulin, whether it be exogenous or 

endogenous insulin.

[0041] The term “physiologically acceptable” characterizes a carrier or diluent 

that does not abrogate the biological activity and properties of the compound.

[0042] The term “effective amount” denotes the amount of a substance 

required to achieve the particular utility. Thus, an effective amount can vary depending 

upon a particular use.

[0043] The term “inhibit” characterizes a decrease in the risk, time of onset, 

side effects, symptoms, and/or progression of a condition during a specified treatment 

compared to the risk, time of onset, side effects, symptoms, and/or progression of the 

condition predicted without the specified treatment. Comparisons can also be performed 

between two treatment options. For example, an opioid antagonist would be said to 

inhibit a condition if the risk, time of onset, side effects, symptoms and/or progression of 

the condition were decreased when a patient was administered both an opioid antagonist 

and insulin compared to administration of insulin. In some embodiments, a condition is 

inhibited if the condition is completely reversed or prevented from occurring. The 

severity of a symptom can be measured as a deviation in the host of some quantifiable 

amount from the norm (e.g., blood sugar or insulin levels), or, for example, as an amount 

of a medication that is given to the host (e.g., the host requires 30% less externally 

administered insulin for the desired effect when the host is also administered an 

anticonvulsant).

[0044] Throughout the present disclosure, when a particular compound is 

mentioned by name, for example, zonisamide, bupropion, naltrexone, fluoxetine, 

setiptiline, mirtazapine, or valproate, it is understood that the scope of the present 
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disclosure encompasses active metabolites, pharmaceutically-acceptable salts, esters, 

amides, and/or prodrugs of the named compound. Also, if the named compound 

comprises a chiral center, the scope of the present disclosure also includes compositions 

comprising the racemic mixture of the two enantiomers, as well as compositions 

comprising each enantiomer individually substantially free of the other enantiomer. Thus, 

for example, contemplated herein is a composition comprising the S enantiomer 

substantially free of the R enantiomer, or a composition comprising the R enantiomer 

substantially free of the S enantiomer. By “substantially free” it is meant that the 

composition comprises less than 10%, or less than 8%, or less than 5%, or less than 3%, 
or less than 1% of the minor enantiomer. If the named compound comprises more than 

one chiral center, the scope of the present disclosure also includes compositions 

comprising a mixture of the various diastereomers, as well as compositions comprising 

each diastereomer substantially free of the other diastereomers. Thus, for example, 

commercially available mirtazapine is a racemic mixture comprising two separate 

enantiomers. The recitation of “mirtazapine” throughout this disclosure includes 

compositions that comprise the racemic mixture of mirtazapine, the compositions that 

comprise the (+) enantiomer substantially free of the (-) enantiomer, and the compositions 

that comprise the (-) enantiomer substantially free of the (+) enantiomer.

[0045] In addition, active metabolites of the various compounds described 

herein are also within the scope of the present invention. For example, the 6-β- 
hydroxynaltrexone metabolite of naltrexone is active, as is the norfluoxetine, metabolite of 

fluoxetine. Fluoxetine is converted into both S-norfluoxetine (80% of total) and R- 

norfluoxetine (20% of total). Both of these metabolites are active and are contemplated 

for use in the compositions and methods described herein.

Compounds
[0046] As discussed above, in one aspect, a BGM composition for the 

treatment or inhibition of blood-glucose conditions is provided. In general, these BGM 

compositions comprise one or more active compounds selected from the group consisting 

of an opioid antagonist (e.g., naltrexone), an MC3-R/MC3-R agonist or α-MSH activity 

enhancer (e.g., psychotherapeutic agent), and an anticonvulsant (e.g., zonisamide). Non­

sulfamate anticonvulsants are preferably included in BGM compositions that do not 
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contain BGM amounts of an opioid antagonist or MC3-R/MC3-R agonist or a-MSH 

activity enhancer. Likewise, when an anticonvulsant in not administered in combination 

with BGM amounts of an opioid antagonist or MC3-R/MC3-R agonist or α-MSH activity 

enhancer, the anticonvulsant is preferably a non-sulfamate anticonvulsant. These BGM 

compositions can be used in amounts effective for the inhibition of insulin resistance. 

Additionally, they can also be used to inhibit or treat Type 1 or Type 2 diabetes, or any 

disorder of glucose dysregulation, including those mentioned above. In some 

embodiments, the BGM composition further comprises insulin, which can be used to treat 

a blood-glucose condition, such as Type 1 diabetes, while reducing the risk that insulin 

resistance will occur. Additionally, this combination of the BGM composition and insulin 

can be used to treat a blood-glucose condition, such as Type 2 diabetes, by allowing 

additional exogenous insulin to be administered to the subject while the insulin resistance 

aspect of the disorder is addressed by one or more of the above compounds. The BGM 

composition can comprise any one of the compounds or any combination of the 

compounds and the insulin in an effective amount. In some embodiments, the amount of 

each compound and insulin used is at least an effective amount and is preferably less than 

an amount that results in significant, unwanted side effects. In some embodiments, the 

amount is about a minimal amount that is at least an effective amount.

[0047] In some embodiments the psychotherapeutic agent, or α-MSH activity 

enhancer, is an antidepressant, an antimigrane, an antibipolar, an antimania drug, a mood 

stabilizer, or an antiepileptic. Examples of antidepressants include bupropion, paroxetine, 

fluoxetine and mirtazapine. Examples of antimigrane drugs include sumatriptan, 

zolmitriptan, elatriptan and other triptans. Examples of antibipolar drugs include lithium, 

valproate, carbamezepine, oxycarbamezepine, lamotrogine, tiagabine, olanzapine, 
clozapine, risperidone, quetiapine, aripiprazole, ziprasidone, and benzodiazepines. In 

some embodiments, the psychotherapeutic comprises a salt of lithium. In other 

embodiments, the psychotherapeutic is valproate, which includes both the salt of 

valproate and the free acid form of valproic acid. Also included are pharmaceutically 

acceptable salts or prodrugs of these drugs, controlled release (e.g., sustained or extended 

release) formulations of the above drugs, as well as combinations of the above drugs. In 

some embodiments, the lithium salt may be lithium carbonate or lithium citrate. In some 
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embodiments, the lithium drug is in an extended release formulation. In other 

embodiments, more than one psychotherapeutic agent is included in the BGM 

composition and/or method.

[0048] In some embodiments, the present invention is directed to BGM 

compositions comprising insulin, zonisamide, and a salt of lithium, as described herein 

and in formulations described herein. In other embodiments, the present invention is 

directed to compositions comprising insulin, zonisamide, and valproic acid, and/or a 

pharmaceutically-acceptable salt, such as different salts of valproate, ester, amide, or 

prodrugs thereof.

[0049] Zonisamide is a marketed anticonvulsant indicated as adjunctive 

therapy for adults with partial onset seizures. Without being bound by any particular 

theory, it is believed that the mechanism of antiepileptic activity appears to be: 1) sodium- 

channel blocking; and, 2) reduction of inward T-type calcium currents. In addition, 

zonisamide binds to the GABA/benzodiazepine receptor complex without producing 

change in chloride flux. Further, zonisamide facilitates serotonergic and dopaminergic 

neurotransmission and possesses a weak inhibitory effect on carbonic anhydrase.

[0050] In certain embodiments, the antidepressant is mirtazapine or an 

analogous compound of Formula I

where
W is nitrogen, CH, oxygen, or sulfur;
Ri is selected from the group consisting of hydrogen, optionally substituted 

Ci_6 alkyl, optionally substituted C3-8 cycloalkyl, optionally substituted C2.6 alkenyl, 

optionally substituted C2-6 alkynyl, optionally substituted C1.6 alkoxyalkyl, and optionally 

substituted aryl and arylalkyl;

R2, R3, R4, and R5, are each independently selected from the group 

consisting of hydrogen, halogen, optionally substituted Cj-6 alkyl, optionally substituted 
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Ci-6 alkyloxy, optionally substituted C2-6 alkenyl, optionally substituted C2_6 alkynyl, 

optionally substituted C].6-alkoxyalkyl, optionally substituted Cj-6 alkylthio, perhaloalkyl, 

CN, CORio, CONHRio, heteroalkyl, and NO2;

Rg, R7, R8, and R9, are each independently selected from the group 

consisting of hydrogen, halogen, optionally substituted Cj.6 alkyl, optionally substituted 

Ci-6 alkyloxy, optionally substituted C2.6 alkenyl, optionally substituted C2_6 alkynyl, 

optionally substituted Ci-6-alkoxyalkyl, optionally substituted Cj-6 alkylthio, perhaloalkyl, 

CN, CORio, CONHRio, heteroalkyl, and NO2; and Rio is C1-6 alkyl.

(0051] The administration of both an opioid antagonist and a 

psychotherapeutic agent can have a synergistic effect on modulating blood glucose and/or 

inhibiting insulin resistance compared to the effect of the compounds alone. The 

administration of both an opioid antagonist and an anticonvulsant can have a synergistic 

effect on modulating blood glucose and/or inhibiting insulin resistance compared to the 

effect of the compounds alone. The administration of both an anticonvulsant and a 

psychotherapeutic agent can have a synergistic effect on modulating blood glucose and/or 

inhibiting insulin resistance compared to the effect of the compounds alone. Further, the 

administration of an anti-diabetic medication and an opioid antagonist, a 

psychotherapeutic agent, an anticonvulsant or a combination thereof can also have a 

synergistic effect on modulating blood glucose and/or inhibiting insulin resistance. 

Examples of opioid antagonists include alvimopan, norbinaltorphimine, nalmefene, 

naloxone, naltrexone, methylnaltrexone, and nalorphine, and pharmaceutically-acceptable 

salts or prodrugs thereof.
[0052] As will be appreciated by one of skill in the art, there are a variety of 

ways in which the compounds above can be administered and the timing involved in the 

administration. Some of these are discussed below; others will be appreciated from the 

present description by one of skill in the art.

[0053] In another embodiment, the antidepressant to be administered either by 

itself or with or combined with other compounds and/or insulin is a tricyclic 

antidepressant. Examples of tricyclic antidepressants include, but are not limited to, 

imipramine, desipramine, trimipramine, nortriptyline, clomipramine, doxepin, 

amitriptyline, protriptyline, dothiapen, and maprotiline. Maprotiline, a very effective
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antidepressant, is not used widely because it carries risk of seizures. The combination of
maprotiline and zonisamide or other anticonvulsants has the added benefit of reducing the

risk of seizures, in addition to reducing the risk of weight gain due to the use of the

antidepressant. Non-limiting examples of useful antidepressants include fluoxetine,

bupropion, mirtazapine, olanzapine and/or paroxetine,

[0054] In further embodiments, the antidepressant to be administered either by 

itself or with or combined with other compounds and/or insulin is a monoamine oxidase 

inhibitor (MAO inhibitor). Examples of MAO inhibitors include, but are not limited to, 

phenelzine (Nardil®), tranylcypromine (Parnate®), isocarboxazid (Marplan®) and 

moclobemide (Aurorix®).

[0055] In certain embodiments, the antihistamine to be administered either by 

itself or with or combined with other compounds and/or insulin is one of setiptilinie, 

teciptiline, ORG 8282 (Organon, Netherlands), or MO 8282 (Mochida, Japan).

[0056] In some embodiments, the 5HT2C receptor antagonist to be 

administered either by itself or with or combined with other compounds and/or insulin is 

selected from colozapine, N-desmethylclozapine, and clozapine-N-oxide.

[0057] In some embodiments, the first or second compound is an 

anticonvulsant, which is to be administered either by itself or with or combined with other 

compounds and/or insulin. Examples of anticonvulsants include barbiturates, 

benzodiazepines, GABA analogues, hydantoins, miscellaneous anticonvulsants, 

phenyltriazines, and succinimides. An example of a barbiturate includes pentobarbital. 

Examples of benzodiazepines include clonazepam, clorazepate, benzodiazepine, and 

diazepam. Examples of GABA analogues include tiagabine, pregabalin, and gabapentin. 

Examples of hydantoins include fosphenytoin, phenytoin, and 5,5-Diphenylhydantoin. 

Examples of miscellaneous anticonvulsants include carbamazepine, valproate, valproic 

acid, divalproex, felbamate, levetiracetam, carbamazepine, topiramate, oxcarbazepine, 

and zonisamide. An example of a phenyltriazine is lamotrigine. Examples of 

succinimides include methsuximide and ethosuximide. Also included are extended 

release formulations of the above drugs, pharmaceutically-acceptable salts or prodrugs 

thereof, as well as combinations of the above drugs.
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[0058] In one embodiment, the present invention is directed to a BGM 

composition for the treatment of insulin resistance comprising zonisamide and 

mirtazapine. In another embodiment, the present invention is directed to a BGM 

composition for the treatment of insulin resistance comprising zonisamide and paroxetine. 

In yet another embodiment, the present invention is directed to a BGM composition for 

the treatment of insulin resistance comprising zonisamide and venlafaxine. In some 

embodiments, the above embodiments are further combined with insulin, allowing for the 

treatment or inhibition of a blood-glucose condition upon the administration of the 

insulin.

[0059] In some embodiments, the present invention is directed to a BGM 

composition for inhibiting a blood-glucose condition, comprising bupropion and 

mirtazapine. In further embodiments, the present invention is directed to a BGM 

composition for inhibiting a blood-glucose condition, comprising zonisamide and 

setiptiline. In other embodiments, the present invention is directed to a BGM 

composition for inhibiting a blood-glucose condition comprising, bupropion and 

setiptiline. In other embodiments, the present invention is directed to a BGM 

composition for inhibiting a blood-glucose condition, comprising bupropion and 

naltrexone. In yet other embodiments, the present invention is directed to a BGM 

composition for inhibiting a blood-glucose condition, comprising fluoxetine and 

naltrexone. In other embodiments, the present invention is directed to a BGM 

composition for inhibiting a blood-glucose condition, comprising zonisamide, bupropion, 

and mirtazapine. In yet other embodiments, the present invention is directed to a BGM 

composition for inhibiting a blood-glucose condition, comprising zonisamide, bupropion, 

and setiptiline. In some embodiments, in each of the above embodiments, insulin is also 

included.
[0060] As will be appreciated by one of skill in the art, when insulin is 

included with the above compounds, the amount of insulin used may be an amount that is 

effective for the treatment of a subject’s diabetes in the presence of the above compounds. 

Thus, basal insulin levels are contemplated as well as bolus levels (e.g., for meals). The 

administration of insulin with the above compounds allows for lower levels of insulin to 

be more effective in resulting in a desired goal (e.g., a particular insulin or blood sugar 
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level). Thus, the use of lower levels of insulin will help to inhibit the onset of a blood- 

glucose condition. In some embodiments, the amount of insulin administered, when 

administered with one or more of the compounds described herein is less than would 

otherwise be administered to achieve the same blood sugar level in the subject. For 
example, the amount of insulin can be reduced by 1-10, 10-20, 20-30, 30-40, 450-50, 50- 

60, 60-70, 70-80, 80-90, 90-99% or more when the above compounds are used.

[0061] Insulin can be part of the composition(s) by which the compounds are 

administered. Thus, in some embodiments, insulin is contained in the pharmaceutical 

preparation with the above compounds. In other embodiments, the insulin is separate 

from the above compounds. In other embodiments, a subject no longer needs to take 

exogenous insulin, as the patient is only suffering from insulin resistance, which was 

reduced or reversed by the above compounds, allowing the normal doses of endogenous 

insulin to be sufficient for the subject.

Method of Treatment

[0062] In another aspect, the present invention relates to a method of 

inhibiting a blood-glucose condition comprising identifying an individual in need thereof 

and treating that individual with an amount of a BGM composition as described herein 

that is effective to modulate a blood glucose level. In an embodiment, the BGM 

composition comprises a psychotherapeutic agent (e.g. an α-MSH activity enhancer) and 

an anticonvulsant. The psychotherapeutic agent and the anticonvulsant are as described 
above. In some embodiments, the above BGM compositions and the following methods 

are used to inhibit Type 2 diabetes. In other embodiments, they are used to inhibit Type 1 

diabetes. In some embodiments, these are administered with insulin, allowing for less 

insulin to be administered to a subject. In some embodiments, the method involves 

identifying a subject in need of treatment or preventative measures and then administering 

the above compounds or BGM compositions to the subject. Optionally, exogenous 

insulin can also be administered to the subject. Preferably, the amount of the compounds 

or insulin is low enough to minimize side effects, but high enough to be effective for 

inhibiting a blood-glucose condition. In one embodiment, the blood-glucose condition is 

caused by administration of a psychotherapeutic agent and/or anticonvulsant.
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[0063] In another aspect, the present invention relates to inhibiting a blood- 

glucose condition comprising identifying an individual in need thereof and treating that 

individual with a BGM composition as described herein. In an embodiment, the BGM 

composition comprises a first compound that antagonizes opioid receptor activity and a 

second compound that enhances α-MSH activity. In some embodiments, opioid receptor 

activity is antagonized by administering an opioid receptor antagonist. The opioid 

receptor antagonist may be a μ-opioid receptor (MOP-R) antagonist. In some 

embodiments, the opioid receptor antagonist is selected from alvimopan, 

norbinaltorphimine, nalmefene, naloxone, naltrexone, methylnaltrexone, and nalorphine, 

and pharmaceutically-acceptable salts or prodrugs thereof.

[0064] In some of the embodiments set forth above, α-MSH activity is 

enhanced by administering a psychotherapeutic compound, e.g., as the second compound 

in the combinations described herein, where the psychotherapeutic compound triggers 

release of α-MSH or increases the activity of neurons that express α-MSH. In some 

embodiments, the psychotherapeutic compound is a selective serotonin reuptake inhibitor 

(SSRI) or a specific 5-HT receptor agonist (e.g. 2C agonist, IB agonist, 5HTlb agonist or 

5HT2c agonist). Although these specific receptors are more commonly found in rodents, 

it is understood by those of skill in the art that other mammals have serotonin receptors on 

various neurons that are analogous in function and form to these receptors. Agonists (or 

antagonists) of these non-rodent, preferably human, serotonin receptors are within the 

scope of the present invention. Examples of SSRIs that can be used in the present 
invention include fluoxetine, fluvoxamine, sertraline, paroxetine, citalopram, 

escitalopram, sibutramine, duloxetine, and venlafaxine, and pharmaceutically-acceptable 

salts or prodrugs thereof.

[0065] In other embodiments, the second compound is a γ-amino butyric acid 

(GABA) inhibitor, a GABA receptor antagonist or a GABA channel antagonist. By 

“GABA inhibitor” it is meant a compound that reduces the production of GABA in the 

cells, reduces the release of GABA from the cells, or reduces the activity of GABA on its 

receptors, either by preventing the binding of GABA to GABA receptors or by 

minimizing the effect of such binding. The GABA inhibitor may be a 5-HTlb receptor 
agonist. The GABA inhibitor may suppress the expression of the agouti-related peptide 
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(AgRP) gene, or it may suppress the production or release of AgRP. The GABA inhibitor 

may suppress the suppression or release of neuropeptide Y (NPY). In certain . 

embodiments, the GABA inhibitor suppresses the activity of neurons that express AgRP. 

For example, the GABA inhibitor may be topiramate, 1 -(2- 

(((diphenylmethylene)amino)oxy)ethyl)-l, 2, 5, 6-tetrahydro-3-pyridinecarboxylic acid 

hydrochloride (NNC-711), or vigabatrin. It is, however, understood that a 5-HTlb 

agonist may inhibit the NPY/AgRP/GABA neuron (and therefore activate POMC 

neurons) without acting as an inhibitor of the GABA pathway.

[0066] In certain other embodiments, the GABA inhibitor increases the 

expression of proopiomelanocortin (POMC) neurons, leading to greater agonism at MC3- 

R and/or MC4-R. In some of these embodiments, the GABA inhibitor increases the 

production or release of POMC protein. In certain other of these embodiments, the 

GABA inhibitor increases the activity on POMC expressing neurons. In some 

embodiments, the GABA inhibitor is topiramate.

[0067] In other embodiments, the second compound is a dopamine reuptake 

inhibitor. Phentermine is an example of a dopamine reuptake inhibitor. In certain other 

embodiments, the second compound is a norepinephrine reuptake inhibitor. Examples of 

norepinephrine reuptake inhibitors include bupropion, thionisoxetine and reboxetine. 
Other embodiments include those in which the second compound is a dopamine agonist. 
Dopamine agonists include cabergoline, amantadine, lisuride, pergolide, ropinirole, 

pramipexole and bromocriptine. In further embodiments, the second compound is a 

norepinephrine releaser, for example diethylpropion, or a mixed dopamine/norepinephrine 

reuptake inhibitor, for example, atomoxatine.

[0068] In certain other embodiments, the second compound is a 5-HTlb 

agonist, such as sumatriptan, almotriptan, naratriptan, frovatriptan, rizatriptan, 

zomitriptan and/or elitriptan.
[0069] In another aspect, the present invention relates to inhibiting a blood- 

glucose condition comprising identifying an individual in need thereof and treating that 

individual with a an effective amount of a BGM composition comprising a first 

compound and a second compound, where the first compound is an opioid antagonist and 
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the second compound causes increased agonism of a melanocortin 3 receptor (MC3-R) or 

a melanocortin 4 receptor (MC4-R) compared to normal physiological conditions.

[0070J In certain embodiments, the opioid antagonist antagonizes a MOP-R in 

a mammal. The mammal may be selected from the group consisting of mice; rats; 

rabbits; guinea pigs; dogs; cats; sheep; goats; cows; primates, such as monkeys, 
chimpanzees and apes; and humans.

[0071] In some embodiments, the opioid antagonist is selected from 

alvimopan, norbinaltorphimine, nalmefene, naloxone, naltrexone, methylnaltrexone, and 

nalorphine, and pharmaceuticaliy-acceptable salts or prodrugs thereof. In other 

embodiments, the opioid antagonist is a partial opioid agonist. Compounds of this class 

have some agonist activity at opioid receptors. Examples of partial opioid agonists 

include pentacozine, buprenorphine, nalorphine, propiram and lofexidine.

[0072] In some embodiments, a subject or patient to receive the treatment is 

identified by identifying a patient with diabetes; this can be Type 1 and/or Type 2 

diabetes. In some embodiments, the patient or subject is identified by identifying a 

patient with insulin resistance. In some embodiments, the patient or subject is identified 

by identifying a patient with insulin resistance. In other embodiments, the patient or 

subject is identified by identifying a patient with hyperinsulinemia. In other 

embodiments, the patient or subject is identified by identifying a patient with impaired 

glucose metabolism (impaired glucose tolerance or impaired fasting glucose). In other 
embodiments, the patient or subject is identified by identifying a patient with 

hyperglycemia. This can be done by measuring the absolute or relative amount of insulin 

given to the patient and the resulting change in blood sugar therefrom, or by simply 

determining the amount of insulin given to a patient and if that amount is greater than the 

expected endogenous amount. Alternatively, this can be done by noting an increase in the 

amount of insulin required for a patient to get a particular goal or result. In some 

embodiments, any patient or subject taking insulin can benefit from the above 

compositions or methods. In other embodiments, any of the above compounds (e.g., 

opioid antagonist, psychotherapeutic, anticonvulsant, or combinations thereof) can be 

used alone to one or more of the above conditions, simply by administering the 
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compound(s) to the subject and allowing the subject’s endogenous insulin levels to 

control the subject’s blood sugar levels.

[0073] In further embodiments of this invention, a patient is already being 

administered composition comprising a psychotherapeutic agent (e.g., an antipsychotic), 

an opioid antagonist, an anticonvulsant, or some combination thereof for a non-glucose- 

related purpose and is in need of treatment of a blood-glucose condition. In these 

embodiments the quantity of the composition being administered can be modulated in 

order to inhibit the blood-glucose condition. In some of these embodiments, the blood- 

glucose condition is one in which it is desirable to increase blood glucose levels. In some 

of these embodiments, the amount of the composition being administered can be reduced.

[0074] In some embodiments, inhibiting a blood-glucose condition comprises 

administering to the individual an effective amount of a BGM composition comprising a 

psychotherapeutic agent (an α-MSH activity enhancer) and an anticonvulsant. In some 

embodiments the psychotherapeutic agent and the anticonvulsant are administered more 

or less simultaneously. In other embodiments the psychotherapeutic agent is administered 

prior to the anticonvulsant. In yet other embodiments, the psychotherapeutic agent is 

administered subsequent to the anticonvulsant. These compounds can be administered 

substantially simultaneously with insulin, thereby making insulin more effective in 

lowering blood sugar levels. Alternatively, insulin can be administered with one 

compound and the other compound added later. Alternatively, insulin can be 

administered before the compounds. As will be appreciated by one of skill in the art, the 

speed with which the above compounds act and the duration for which they act can 

determine when, how, and how much insulin should be added. Of course, these orders 

and methods can apply to any of the compounds, including the opioid antagonist.

[0075] In certain embodiments, the compounds of the BGM composition are 

administered individually or separately; in other embodiments they are administered 

together. In other embodiments, the compounds are covalently linked to each other such 

that they form a single chemical entity. The single chemical entity is then digested and is 

metabolized into two separate physiologically active chemical entities; one of which is 

one compound (e.g., a psychotherapeutic) and the other one is the other compound (e.g., 
anticonvulsant). The linked compound can be mixed with insulin for administration. In
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some embodiments, insulin is also linked to one or both of the compounds. The chemical

linkage is selected such that after entry into the body, the linkage is broken, such as by

enzymatic action, acid hydrolysis, base hydrolysis, or the like, and the two separate

compounds are then formed.

[0076] Aspects of the present invention provide, at least in part, for methods 

of inhibiting the risk, side effects, or symptoms of a blood-glucose condition, such as 

insulin resistance or type 2 diabetes. These methods can involve the use of BGM 

compoitions comprising anticonvulsants and/or any of the compounds disclosed herein. 

In some embodiments, insulin resistance is completely reversed or prevented from 

occurring. In other embodiments, the symptoms are only lessened or delayed from 

symptoms predicted without administration of the composition. In some embodiments, 

the addition of one of the above compounds to insulin (e.g., an anticonvulsant, a 

psychotherapeutic, and/or an opioid antagonist) can be used to reduce a symptom(s) by 1- 

10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80, 80-90, 90-99, or 100%. Symptoms 

or the severity of a symptom can be measured as a deviation in the host of some 

quantifiable amount from the norm (e.g., blood sugar or insulin levels), or, for example, 

as an amount of a medication that is given to the host (e.g., the host requires 30% less 

externally administered insulin for the desired effect when the host is also administered an 

anticonvulsant).

[0077] In certain embodiments, the anticonvulsant is effective in reducing 

convulsions associated with a blood-glucose condition in a mammal. The mammal may 

be selected from the group consisting of mice; rats; rabbits; guinea pigs; dogs; cats; sheep; 

goats; cows; primates, such as monkeys, chimpanzees, and apes; and humans. As will be 

appreciated by one of skill in the art, the anticonvulsant need not actually prevent a 

convulsion in a subject that is not suffering from a risk or likelihood of a convulsion. 
When the phrase “reducing convulsions” is used, it denotes the fact that, if the particular 

treatment had been administered to a patient suffering from a risk of a convulsion, that, 

the patient’s risk of a convulsion would have decreased. However, a risk of convulsion 

actually need not occur in a patient who is not at risk of suffering from a convulsion. 

Rather, what is denoted is that similar biochemical mechanisms or pathways are being 

activated or suppressed in both patients.
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[0078] In certain embodiments, the first compound of the BGM composition 

is zonisamide and the second compound is mirtazapine. In other embodiments, the first 

compound is bupropion and the second compound is mirtazapine. In further 

embodiments, the first compound is zonisamide and the second compound is setiptiline. 
In other embodiments, the first compound is bupropion and the second compound is 

setiptiline. In additional embodiments, the first compound is a combination of 

zonisamide and bupropion and the second compound is mirtazapine. In yet other 

embodiments, the first compound is a combination of zonisamide and bupropion and the 

second compound is setiptiline. As will be appreciated by one of skill in the art, any of 

the above compounds can be mixed with insulin or administered with insulin.

[0079] In some embodiments, the first compound is zonisamide and the 

second compound is a salt of lithium, as described herein and in formulations described 

herein. In other embodiments, the first compound is zonisamide and the second 

compound is valproic acid, or a pharmaceutically-acceptable salt, such as different salts of 

valproate, ester, amide, or prodrugs thereof. As will be appreciated by one of skill in the 

art, any of the above compounds can be mixed with insulin or administered with insulin.

[0080] In some embodiments, the first compound of the BGM composition is 

topiramate and the second compound is a salt of lithium, as described herein and in 

formulations described herein. In other embodiments, the first compound is topiramate 

and the second compound is valproic acid, or a pharmaceutically-acceptable salt, such as 

different salts of valproate, ester, amide, or prodrugs thereof. As will be appreciated by 

one of skill in the art, any of the above compounds can be mixed with insulin or 

administered with insulin.
[0081] In one embodiment, the methods comprise administering to a mammal 

receiving insulin an amount of zonisamide, at least sufficient to inhibit the risk of a 

subject experiencing a blood-glucose condition. In an alternative embodiment, the 

methods comprise administering to mammal receiving an antidepressant; a combination 

of zonisamide or topiramate, or other anticonvulsant (including agents that block 

kainate/AMPA (D,L-a-amino-3-hydroxy-5-methyl-isoxazole propionic acid) subtype 

glutamate receptors); and bupropion, or other compound that enhances the activity of 
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norepinephrine and/or dopamine via uptake inhibition or other mechanism, in an amount 

sufficient to reduce the risk that a subject will experience a blood-glucose condition.

[0082] In certain embodiments, the insulin sensitizing agents for use in the 

methods of the present invention include zonisamide or topiramate (and 

pharmaceutically-acceptable salts thereof). In other embodiments, other methane­

sulfonamide derivatives, such as those described in U.S. Patent 4,172,896, or other 

sulfamates (including sulfamate-substituted monosaccharides), such as those described in 

U.S. Patent 4,513,006 are used. Both of these references are incorporated by reference 

herein in its entirety. In other embodiments, particularly those involving the use of an 

anticonvulsant without a psychotherapeutic agent or an opioid agonist, the anticonvulsant 

is a non-sulfamiate anticonvulsant. Zonisamide is an example of a non-sulfamate 

anticonvulsant.

[0083] In further embodiments, the insulin sensitizing agent is bupropion; 

while in other embodiments, one or more compounds disclosed in U.S. Patent Nos. 

3,819,706 and 3,885,046, both of which are incorporated by reference herein in their 

entirety, is used. In additional embodiments, the insulin sensitizing agent is a compound 

that enhances the activity of norepinephrine and/or dopamine, such as by reuptake 

inhibition or other mechanism. An insulin sensitizing agent is one that reduces the 

likelihood that a blood-glucose condition will occur in a patient and can include, for 

example, opioid antagonists, psychotherapeutic, and anticonvulsants.

[0084] Compounds that enhance the activity of norepinephrine and/or 

dopamine include norepinephrine agonists, such as phendimetrazine and benzphetamine; 

norepinephrine reuptake inhibitors such as atomoxetine, bupropion, thionisoxetine, and 

reboxetine; dopamine agonists, such as cabergoline, amantadine, lisuride, pergolide, 
ropinirole, pramipexole, and/or bromocriptine; norepinephrine releasers, for example 

diethylpropion; a mixed dopamine/norepinephrine reuptake inhibitor, for example, 

bupropion; a combination of a dopamine reuptake inhibitor and a norepinephrine reuptake 

inhibitor, e.g. bupropion and mazindol; or a combination of a selective serotonin reuptake 

inhibitor (SSRI) and a norepinephrine reuptake inhibitor, such as sibutramine, 

venlafaxine, and duloxetine.
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[0085] Patients and subjects suitable for treatment include those identified as 

such, as described above, as well as those receiving insulin, an insulin derivative, or a 

compound that modulates blood sugar levels in a subject or patient.

[0086] In accordance with the invention, the combination of, for example, 

zonisamide or topiramate with bupropion (including contolled release forms such as 

sustained release preparations) provides an effective means of inhibiting a blood-glucose 

condition. The combination can be more effective than, for example, zonisamide or 

topiramate treatment alone and with fewer side effects. Neuropharmacologically, all three 

major nerve transmitters, e.g., serotonin, norepinephrine and dopamine, are targeted with 

the combination of, for example, bupropion with either zonisamide or topiramate. Side 

effects of, for example, zonisamide or topiramate (such as somnolence, psychomotor 

slowing, cognitive impairment, fatigue and depression) can be offset by insomnia, 

activation, psychomotor agitation and antidepressant effects of, for example, bupropion. 

On the other hand, zonisamide or topiramate, for example, can reduce the seizure risk 

associated with, for example, bupropion. Lower doses of both types of medication can be 

used in the combination treatment, thereby further reducing the overall side effect burden. 

Of course, insulin can be added to any of the above combinations in order to provide a 

convenient and reliable means for administering the desired compounds to a subject with 

the insulin the subject is to receive.

(0087] With regard to the pharmacokinetics of zonisamide, its renal excretion 

and minimal potential for inhibition or induction of hepatic microsomal enzymes, are 

favorable qualities in the concept of combination use with antidepressants, particularly 

newer generation antidepressants. The following section describes various 

pharmaceutical compositions which can be further embodiments of the compositions 

described above and used in the methods described above as well.

Pharmaceutical Compositions

[0088] In another aspect, the invention relates to a pharmaceutical 

composition comprising a combination of a psychotherapeutic agent, an anticonvulsant, 

and/or insulin, as described above, or comprising a linked molecule, as described herein, 

and a physiologically-acceptable carrier, diluent, or excipient, or a combination thereof.
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[0089] Details of some embodiments of the appropriate routes of 

administration and compositions suitable for same can be found in, for example, U.S. 

Patent Nos. 6,110,973, 5,763,493, 5,731,000, 5,541,231, 5,427,798, 5,358,970 and 

4,172,896, as well as in patents cited therein, all of which are incorporated by reference 

herein in their entirety, including any drawing. As will be appreciated by one of skill in 

the art, any method that is appropriate for delivery of insulin or for at least one of the 

compounds can be appropriate for delivery of the combination. For example, the 

compounds can be administered subcutaneously, all in one injection.

[0090] The pharmaceutical compositions described herein can be administered 

to a human patient per se, or in pharmaceutical compositions where they are mixed with 

other active ingredients, as in combination therapy, or suitable carriers or excipient(s). 

Techniques for formulation and administration of the compounds of the instant 

application may be found in “Remington’s Pharmaceutical Sciences,” Mack Publishing 

Co., Easton, PA, 18th edition, 1990. The following discussion, regarding pharmaceutical 

compositions and methods of administration, can apply not only to the compounds, but 

the compositions as a whole and any insulin as well.

[0091] Suitable routes of administration may, for example, include oral, rectal, 

transmucosal, or intestinal administration; parenteral delivery, including intramuscular, 

subcutaneous, intravenous, intramedullary injections, as well as intrathecal, direct 

intraventricular, intraperitoneal, intranasal, or intraocular injections. In some 

embodiments, at least one component of the composition can be administered by one 

administration route while at least one other component of the composition can be 

administered by another administration route. For example, insulin can be administered 

by subcutaneous injections and an antipsychotic can be administered orally.

[0092] Alternatively, one may administer the compound and/or insulin in a 

local rather than systemic manner, for example, via injection of the compound directly in 

the renal or cardiac area, often in a depot or sustained release formulation. Furthermore, 

one may administer the drug in a targeted drug delivery system, for example, in a 

liposome coated with a tissue-specific antibody. The liposomes will be targeted to and 

taken up selectively by the organ.
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[0093] The pharmaceutical compositions of the present invention may be

manufactured in a manner that is itself known, e.g., by means of conventional mixing,

dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping
or tabletting processes.

[0094] Pharmaceutical compositions for use in accordance with the present 
invention thus may be formulated in conventional manner using one or more 

physiologically acceptable carriers comprising excipients and auxiliaries which facilitate 

processing of the active compounds into preparations which can be used pharmaceutically. 

Proper formulation is dependent upon the route of administration chosen. Any of the 

well-known techniques, carriers, and excipients may be used as suitable and as 

understood in the art; e.g., in Remington’s Pharmaceutical Sciences, above.

[0095] For injection, the compounds of the invention and/or insulin may be 

formulated in aqueous solutions, preferably in physiologically-compatible buffers such as 

Hanks’s solution, Ringer’s solution, or physiological saline buffer. For transmucosal 

administration, penetrants appropriate to the barrier to be permeated are used in the 

formulation. Such penetrants are generally known in the art.

[0096] For oral administration, the compounds and/or insulin can be 

formulated readily by combining the active compounds with pharmaceutically-acceptable 

.carriers well known in the art. Such carriers enable the compounds and/or insulin of the 

invention to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, 

slurries, suspensions and the like, for oral ingestion by a patient to be treated. 

Pharmaceutical preparations for oral use can be obtained by mixing one or more solid 

excipients with pharmaceutical combination of the invention, optionally grinding the 

resulting mixture, and processing the mixture of granules, after adding suitable 

auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients are, in 

particular, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol; 

cellulose preparations such as, for example, maize starch, wheat starch, rice starch, potato 

starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium 

carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, disintegrating 

agents may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic acid 

or a salt thereof such as sodium alginate. Controlled release forms of the BGM
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compositions described herein are specifically contemplated, including sustained release
formulations. Methods for formulating controlled release forms are known to those

skilled in the art and may be applied to make controlled release BGM compositions using

routine experimentation informed by the guidance provided herein.

[0097] Dragee cores are provided with suitable coatings. For this purpose, 

concentrated sugar solutions may be used, which may optionally contain gum arabic, talc, 

polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer 

solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may 

be added to the tablets or dragee coatings for identification or to characterize different 

combinations of active compound doses.

[0098] Pharmaceutical preparations which can be used orally, including 

sublingually, which include push-fit capsules made of gelatin, as well as soft, sealed 

capsules made of gelatin and a plasticizer, such as glycerol or sorbitol. The push-fit 

capsules can contain the active ingredients in admixture with filler such as lactose, 

binders such as starches, and/or lubricants such as talc or magnesium stearate and, 

optionally, stabilizers. In soft capsules, the active compounds and/or insulin may be 

dissolved or suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid 

polyethylene glycols. In addition, stabilizers may be added. All formulations for oral 

administration should be in dosages suitable for such administration.

[0099] For buccal administration, the BGM compositions may take the form 

of tablets or lozenges formulated in conventional manner.

[0100] For administration by inhalation, the compounds and/or insulin for use 

according to the present invention are conveniently delivered in the form of an aerosol 

spray presentation from pressurized packs or a nebulizer, with the use of a suitable 

propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane,

dichlorotetrafluoroethane, carbon dioxide, or other suitable gas. In the case of a 

pressurized aerosol the dosage unit may be determined by providing a valve to deliver a 

metered amount. Capsules and cartridges of, e.g., gelatin for use in an inhaler or 
insufflator may be formulated containing a powder mix of the compound and a suitable 

powder base such as lactose or starch.
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[0101] The BGM compositions and/or insulin may be formulated for 

parenteral administration by injection, e.g., by bolus injection or continuous infusion. 

Formulations for injection may be presented in unit dosage form, e.g., in ampoules or in 

multi-dose containers, with an added preservative. The BGM compositions may take 

such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and may 

contain formulatory agents such as suspending, stabilizing and/or dispersing agents.

[0102] Pharmaceutical formulations for parenteral administration include 

aqueous solutions of the active compounds in water-soluble form. Additionally, 

suspensions of the active compounds and/or insulin may be prepared as appropriate oily 

injection suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as 

sfesame oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or 

liposomes. Aqueous injection suspensions may contain substances which increase the 

viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. 

Optionally, the suspension may also contain suitable stabilizers or agents which increase 

the solubility of the compounds and/or insulin to allow for the preparation of highly 

concentrated solutions.

[0103] Alternatively, the active ingredient may be in powder form for 

constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

[0104] The compounds and/or insulin may also be formulated in rectal 

compositions such as suppositories or retention enemas, e.g., containing conventional 

suppository bases such as cocoa butter or other glycerides.

[0105] In addition to the formulations described previously, the compounds 

and/or insulin may also be formulated as a depot preparation. Such long acting 

formulations may be administered by implantation (for example subcutaneously or 

intramuscularly) or by intramuscular injection. Thus, for example, the compounds may be 

formulated with suitable polymeric or hydrophobic materials (for example as an emulsion 

in an acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for 

example, as a sparingly soluble salt.

[0106] A pharmaceutical carrier for the hydrophobic compounds and/or 
insulin of the invention is a cosolvent system comprising benzyl alcohol, a nonpolar 

surfactant, a water-miscible organic polymer, and an aqueous phase. A common 
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cosolvent system used is the VPD co-solvent system, which is a solution of 3% w/v 

benzyl alcohol, 8% w/v of the nonpolar surfactant Polysorbate 80™, and 65% w/v 

polyethylene glycol 300, made up to volume in absolute ethanol. Naturally, the 

proportions of a co-solvent system may be varied considerably without destroying its 

solubility and toxicity characteristics. Furthermore, the identity of the co-solvent 

components may be varied: for example, other low-toxicity nonpolar surfactants may be 

used instead of POLYSORBATE 80™; the fraction size of polyethylene glycol may be 

varied; other biocompatible polymers may replace polyethylene glycol, e.g., polyvinyl 

pyrrolidone; and other sugars or polysaccharides may substitute for dextrose.

[0107] Alternatively, other delivery systems for hydrophobic pharmaceutical 

compounds and/or insulin may be employed. Liposomes and emulsions are well known 

examples of delivery vehicles or carriers for hydrophobic drugs. Certain organic solvents, 

such as dimethylsulfoxide, also may be employed, although usually at the cost of greater 

toxicity. Additionally, the compounds may be delivered using a sustained-release system, 

such as semipermeable matrices of solid hydrophobic polymers containing the therapeutic 

agent. Various sustained-release materials have been established and are well known by 

those skilled in the art. Sustained-release capsules may, depending on their chemical 

nature, release the compounds for a few weeks up to over 100 days. Depending on the 
chemical nature and the biological stability of the therapeutic reagent, additional strategies 

for protein stabilization may be employed.
[0108] Many of the compounds and/or insulin used in the pharmaceutical 

compositions of the invention may be provided as salts with pharmaceutically-compatible 

counterions. Pharmaceutically-compatible salts may be formed with many acids, 
including but not limited to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, 

etc. Salts tend to be more soluble in aqueous or other protonic solvents than are the 

corresponding free acid or base forms.

[0109] Pharmaceutical BGM positions suitable for use in the present invention 

include compositions where the active ingredients are contained in an amount effective to 

achieve its intended purpose. More specifically, a therapeutically-effective amount means 

an amount of a compound or composition effective to prevent, stabilize, alleviate or 

ameliorate symptoms of disease, worsening of the disease, or prolong the survival of the
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subject being treated. Determination of a therapeutically-effective amount is well within

the capability of those skilled in the art, especially in light of the detailed disclosure

provided herein.

Doses and Combinations

[0110] The exact formulation, route of administration and dosage for the 

pharmaceutical compositions of the present invention can be chosen by the individual 

physician in view of the patient’s condition. (See e.g., Fingl et al. 1975, in “The 

Pharmacological Basis of Therapeutics’’, Ch. 1 p. 1). Typically, the dose range of the 

composition administered to the patient can be from about 0.5 to 1000 mg/kg of the 

patient’s body weight. The dosage may be a single one or a series of two or more given 

in the course of one or more days, as is needed by the patient. Note that for almost all of 

the specific compounds and insulin mentioned in the present disclosure, human dosages 

for treatment of at least some condition have been established. Thus, in most instances, 

the present invention will use those same dosages, or dosages that are between about 

0.1% and 500%, about 1% and about 500%, about 10% and about 500%, about 25% and 

about 500%, about 50% and about 500%, about 100% and about 500%, about 250% and 

about 500%, about 0.1% and about 250%, about 1% and about 250%, about 10% and 

about 250%, about 25% and about 250%, about 50% and about 250%, about 100% and 

about 250%, about 0.1% and about 100%, about 1% and about 100%, about 10% and 

about 100%, about 25% and about 100%, about 50% and about 100%, about 0.1% and 

about 50%, about 1% and about 50%, about 10% and about 50%, about 25% and about 

50%, about 0.1% and about 25%, about 1% and about 25%, about 10% and about 25%, 

about 0.1% and about 10%, about 1% about and 10%, or about 0.1% and 1% of the 

established human dosage. Where no human dosage is established, as will be the case for 

newly-discovered pharmaceutical compounds, a suitable human dosage can be inferred 

from ED50 or ID50 values, or other appropriate values derived from in vitro or in vivo 

studies, as qualified by toxicity studies and efficacy studies in animals. For the doses of 

insulin, a lower amount can be required as a unit dose, in some embodiments, due to the 

effect of the other compounds. However, this lower dose can readily be determined by 

using the teachings and methods disclosed herein and the knowledge of one of skill in the 

art.
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[0111] As will be appreciated by one of skill in the art, the amount of the

various compounds (e.g., opioid antagonist, psychotherapeutic, and/or anticonvulsant) and

insulin can vary depending upon the particular situation. The exact doses or amounts can

be determined by one of skill in the art in light of the present disclosure.

[0112] The amount of insulin administered with or in each composition can 

vary, depending upon the particular circumstances in which it is to be used. In some 

embodiments, only a fraction of a unit (e.g., 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5, 0.5-0.6, 0.6- 

0.7, 0.7-0.8, 0.9-0.99 U) to one or two units of insulin is included. Such levels of insulin 

can be useful for basal insulin treatment. The amount of additional compounds (e.g., 

anticonvulsant or psychotherapeutic) can be adjusted accordingly. In other embodiments, 

the amount of insulin is higher, for example, 2-5, 5-10, 10-15, or 15-20 U. Of course, the 

amount of insulin to add can depend upon the activity of the subject, the size and sex of 

the subject, as well as the amount of time that the insulin is supposed to alter a patient’s 

blood sugar. Additionally, as the above compounds increase a subject’s insulin 

sensitivity, the amount of the above compounds can also lower the amount of insulin to 

add. For example, 99-90, 90-80, 80-70, 70-60, 60-50, 50-40, 40-30, 30-20, 20-10, 10-1% 

of the above amounts of insulin can be used depending upon the amount of the above 

compounds used.

[0113] Although the exact dosage of the compounds (e.g., opioid antagonist, 
psychotherapeutic, and/or anticonvulsant) will be determined on a drug-by-drug basis, in 

most cases, some generalizations regarding the dosage can be made. The daily dosage 

regimen for an adult human patient may be, for example, an oral dose of between 0.1 mg 

and 6000 mg of each ingredient, preferably between 1 mg and 5000 mg, e.g. 25 to 5000 

mg or an intravenous, subcutaneous, or intramuscular dose of each ingredient between 

0.01 mg and 100 mg, preferably between 0.1 mg and 60 mg, e.g. 1 to 40 mg of each 

ingredient of the pharmaceutical compositions of the present invention or a 

pharmaceutically-acceptable salt thereof calculated as the free base, the composition being 

administered 1 to 4 times per day. Alternatively the compositions of the invention may be 

administered by continuous intravenous infusion, preferably at a dose of each ingredient 

up to 400 mg per day. Thus, the total daily dosage by oral administration of each 
ingredient will typically be in the range 1 to 2500 mg and the total daily dosage by
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parenteral administration will typically be in the range 0.1 to 400 mg. Suitably the

compounds will be administered for a period of continuous therapy, for example for a

week or more, or for months or years. Particular examples of amounts of the various

compounds that can be mixed with insulin are described below.

[0114] In some embodiments, the dosage range for lithium carbonate, for an 

oral dose, will result in blood levels of lithium being between about 0.5 and about 1.5 

meq/1. In a preferred embodiment, the lithium carbonate dosage range, for an oral dose, 

will be about 900 mg/day.

[0115] In certain embodiments, the dosage range for valproate, for an oral 

dose, is in the range of about 250 to about 5000 mg/day. In a preferred embodiment, the 

valproate dosage range, for an oral dose, will be about 1500 mg/day.

[0116] In further embodiments, the dosage range for zonisamide, for an oral 

dose, is in the range of about 25 to about 600 mg per day. In some embodiments, the 

dosage is 25 mg per day. In other embodiments, the dosage is 50 mg per day. In yet other 

embodiments, the dosage is 100 mg per day.

[0117] In further embodiments, the dosage range for mitrazepine, for an oral 

dose, is in the range of about 5 to about 500 mg per day. In some embodiments, the 

dosage is 8 mg per day. In other embodiments, the dosage is 16 mg per day. In yet other 

embodiments, the dosage is 32 mg per day. In some embodiments, the dosage is 15 mg 

per day. In other embodiments, the dosage is 30 mg per day. In yet other embodiments, 

the dosage is 45 mg per day.

[0118] In other embodiments, the dosage range for venlafaxinor venlafaxin 

XR, for an oral dose, is in the range of about 20 mg to about 600 mg per day. In some 

embodiments, the dosage is 25 mg per day. In other embodiments, the dosage is 37.5 mg 

per day. In yet other embodiments, the dosage is 50 mg per day. In some embodiments, 
the dosage is 75 mg per day. In other embodiments, the dosage is 100 mg per day. In yet 

other embodiments, the dosage is 150 mg per day.

[0119] As noted above, any of the above compounds can further be mixed 

with insulin in either a method or composition.
[0120] Dosage amount and interval may be adjusted individually to provide 

plasma levels of the compound(s) and/or insulin which are sufficient to maintain the
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modulating effects, or minimal effective concentration (MEC). The MEC will vary for

each compound but can be estimated from in vitro data. Dosages necessary to achieve the

MEC will depend on individual characteristics and route of administration. However,

HPLC assays or bioassays can be used to determine plasma concentrations.

[0121] Dosage intervals can also be determined using MEC value. 

Compositions should be administered using a regimen that maintains plasma levels above 

the MEC for 10-90% of the time, preferably between 30-90% and most preferably 

between 50-90%. The relevant time period need not be the whole and can be, for 

example, during feeding, or during sleep.

[0122] In cases of local administration or selective uptake, the effective local 

concentration of the drug may not be related to plasma concentration.

[0123] The amount of composition administered will, of course, be dependent 

on the subject being treated, on the subject’s weight, the severity of the affliction, the 

manner of administration and the judgment of the prescribing physician.

[0124] The composition or compounds may, if desired, be presented in a pack 

or dispenser device which may contain one or more unit dosage forms containing the 

active ingredient(s). The pack may for example comprise metal or plastic foil, such as a 

blister pack. The pack or dispenser device may be accompanied by instructions for 
administration. The pack or dispenser may also be accompanied with a notice associated 

with the container in form prescribed by a governmental agency regulating the 

manufacture, use, or sale of pharmaceuticals, which notice is reflective of approval by the 

agency of the form of the drug for human or veterinary administration. Such notice, for 

example, may be the labeling approved by the U.S. Food and Drug Administration for 

prescription drugs, or the approved product insert. Compositions comprising a compound 

of the invention formulated in a compatible pharmaceutical carrier may also be prepared, 

placed in an appropriate container, and labeled for treatment of an indicated condition. In 

some embodiments, the above pack or kit above comprises the compounds (e.g., opioid 

antagonist, psychotherapeutic, and/or anticonvulsant) as well as insulin. The kit can also 

contain a means for administering the insulin, such as a needle and syringe for 
subcutaneous injection.
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[0125] It will be understood by those of skill in the art that numerous and 

various modifications can be made without departing from the spirit of the present 

invention. Therefore, it should be clearly understood that the forms of the present 

invention are illustrative only and are not intended to limit the scope of the present 

invention. Additionally, the various sections of the above text are for ease of use only and 

are not meant to exclude relevant sections from one part from another part.

[0126] All documents and other information sources cited above are hereby 

incorporated in their entirety by reference, as are Gadde et al, Obesity Res. 9:544-551 

(2001) and Gadde et al, JAMA 289:1820-1825 (2003).

[0127] As will be appreciated by one of skill in the art, any of the above 

methods or compositions that include insulin can be modified so that they do not include 

insulin. Likewise, any of the above methods or compositions that do not include insulin 

can be modified so that they include insulin if they do not already explicitly include 

insulin. For example, while a pharmaceutical composition comprising insulin and an oc- 

MSH activity enhancer or psychotherapeutic can be administered to a patient as a method 

for inhibiting a blood-glucose condition, a patient can get the benefit from simply the 

administration of the α-MSH activity enhancer, and thus the insulin need not be added as 

part of the method itself. Methods of administering the BGM compositions to a subject 

as described herein may comprise obtaining a measurement of the subject’s blood glucose 

level. Such measurements may be made by the subject or by another person, such as by a 

medical professional, using methods known to those skilled in the art. In an embodiment, 

a method of administering the BGM compositions to a subject as described herein further 

comprises adjusting a dosage of the composition after obtaining the measurement of the 

subject’s blood glucose level. In an embodiment, a method of administering the BGM 

compositions to a subject as described herein further comprises providing dietary 

instructions to the subject.

[0128] An embodiment provides a package comprising a BGM composition as 

described herein, along with instructions advising the reader to monitor the blood glucose 

level of the intended recipient of the BGM composition.

Some Embodiments of the Invention
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[0129] Some of the embodiments of the present invention are as follows:

[0130] In a first embodiment, the invention relates to a composition for the
inhibition a blood-glucose condition comprising a psychotherapeutic agent, an

anticonvulsant, or both the psychotherapeutic agent and the anticonvulsant, and insulin.

[0131] In the second embodiment, the invention relates to a composition of the 

first embodiment, wherein said psychotherapeutic agent is selected from the group 

consisting of buproprion, lithium carbonate, lithium citrate, valproate, olanzapine, 

mixtures thereof, and pharmaceutically acceptable salts or prodrugs thereof.

[0132] In the third embodiment, the invention relates to a composition of the 

first embodiment wherein said anticonvulsant is selected from the group consisting of 

topiramate and zonisamide, and pharmaceutically-acceptable salts or prodrugs thereof, 

and combinations thereof.

[0133] In the fourth embodiment, the invention relates to a composition of the 

first embodiment, wherein said anticonvulsant is zonisamide.

[0134] In the fifth embodiment, the invention relates to a composition of the 

fourth embodiment, wherein said psychotherapeutic agent is lithium carbonate or lithium 

citrate.
[0135] In the sixth embodiment, the invention relates to a composition of the 

fourth embodiment, wherein said psychotherapeutic agent is valproate.
[0136] In the seventh embodiment, the invention relates to a composition of 

the first embodiment, wherein said psychotherapeutic agent is a salt of lithium and said 

anticonvulsant is zonisamide.

[0137] In the eighth embodiment, the invention relates to a composition of the 

first embodiment, wherein said psychotherapeutic agent is valproic acid, or a 

pharmaceutically-acceptable salt; ester, amide, or prodrug thereof, and said anticonvulsant 

is zonisamide.

[0138] In the ninth embodiment, the invention relates to a composition of the 

first embodiment, wherein said psychotherapeutic agent is mirtazapine and said 

anticonvulsant is zonisamide.
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[0139] In the tenth embodiment, the invention relates to a composition of the 

first embodiment, wherein said psychotherapeutic agent is bupropion and said 

anticonvulsant is zonisamide.

[0140] In the eleventh embodiment, the invention relates to a composition of 

the first embodiment, wherein said psychotherapeutic agent is setiptiline and said 

anticonvulsant is zonisamide.

[0141] In the twelfth embodiment, the invention relates to a composition of 

the first embodiment, wherein said psychotherapeutic agent is bupropion and said 

anticonvulsant is topiramate.

[0142] In the thirteenth embodiment, the invention relates to a composition of 

the first embodiment, wherein said psychotherapeutic agent is a combination of bupropion 

and mirtazapine and said anticonvulsant is zonisamide.

[0143] In the fourteenth embodiment, the invention relates to a composition of 

the first embodiment, wherein said psychotherapeutic agent is a combination of bupropion 

and setiptiline and said anticonvulsant is zonisamide.

[0144] In the fifteenth embodiment, the invention relates to a method of 

inhibiting a blood-glucose condition comprising identifying a subject in need thereof, 

administering to the subject a psychotherapeutic agent, an anticonvulsant, or both to the 

subject.
[0145] In the sixteenth embodiment, the invention relates to a method of the 

fifteenth embodiment, wherein the psychotherapeutic agent is selected from the group 

consisting of lithium carbonate, lithium citrate, and valproate, and pharmaceutically- 

acceptable salts, esters, amides, or prodrugs thereof, and said anticonvulsant is 

zonisamide.
[0146] In the seventeenth embodiment, the invention relates to a method of the 

fifteenth embodiment, wherein the psychotherapeutic agent is selected from the group 

consisting of mirtazapine, and setiptiline, and pharmaceutically-acceptable salts, esters, 

amides, or prodrugs thereof, and said anticonvulsant is zonisamide.

[0147] In the eighteenth embodiment, the invention relates to a method of the 

fifteenth embodiment, further comprising administering insulin, wherein the insulin is 

-39-



WO 2007/067341 PCT/US2006/044966

administered at approximately the same time as the psychotherapeutic agent, the 

anticonvulsant, or both is administered to the individual.

[0148] In the nineteenth embodiment, the invention relates to a method of the 

fifteenth embodiment, further comprising administering insulin, wherein said insulin is 

administered after the psychotherapeutic agent, the anticonvulsant, or both is administered 

to the subject.

[0149] In the twentieth embodiment, the invention relates to a method of the 

fifteenth embodiment, further comprising administering insulin to the subject, wherein the 

insulin is administered before the psychotherapeutic agent, the anticonvulsant, or both is 

administered to the subject.

[0150] In the twenty first embodiment, the invention relates to a method of 

inhibiting loss of insulin sensitivity, said method comprising identifying a subject in need 

of a inhbition in the loss of insulin sensitivity and administering a compound selected 

from the group consisting of a psychotherapeutic agent, an anticonvulsant, an opioid 

receptor antagonist or some combination thereof.

[0151] In the twenty second embodiment, the invention relates to a 

pharmaceutical composition for the inhibition of a blood-glucose condition comprising a 

psychotherapeutic agent, an opioid antagonist, or both the psychotherapeutic agent and the 

opioid antagonist and insulin.
[0152] In the twenty third embodiment, the invention relates to a composition 

of the twenty second embodiment, wherein the opioid antagonist comprises naltrexone.

[0153] In the twenty fourth embodiment, the invention relates to a 

composition comprising any of the above compositions, wherein the amount of the 

compound(s) is no more than about an effective amount for increasing insulin sensitivity.

[0154] In the twenty fifth embodiment, the invention relates to a composition 

comprising a psychotherapeutic agent, an anticonvulsant, or some combination thereof, 

wherein said psychotherapeutic agent and said anticonvulsant are present in at least an 

effective amount.

[0155] In the twenty sixth embodiment, the invention relates to the method of 

the twenty first embodiment, wherein the psychotherapeutic agent is bupropion and the 

opioid receptor antagonist is naltrexone.
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[0156] In the twenty seventh embodiment, the invention relates to the method 

of the twenty first embodiment, wherein the psychotherapeutic agent is fluoxetine and the 

opioid receptor antagonist is naltrexone.

[0157] In the twenty eighth embodiment, the invention relates to a 

composition for the inhibition of a blood-glucose condition comprising an anticonvulsant 
and an opioid receptor antagonist.

[0158] In the twenty ninth embodiment, the invention relates to a composition 

for the inhibition of a blood-glucose condition comprising a psychotherapeutic agent and 
an opioid receptor antagonist.

[0159] In the thirtieth embodiment, the invention relates to the twenty ninth 

embodiment in which the psychotherapeutic agent is bupropion and the opioid receptor 

antagonist is naltrexone.

[0160] In the thirty first embodiment, the invention relates to the twenty ninth 

embodiment in which the psychotherapeutic agent is fluoxetine and the opioid receptor 

antagonist is naltrexone.

[0161] In the thirty second embodiment, the invention relates to a composition 

for inhibition of a blood-glucose condition, wherein said composition comprises a 

psychotherapeutic agent and an anticonvulsant.
[0162] In the thirty third embodiment, the invention relates to the composition 

of the thirty second embodiment, in which the psychotherapeutic agent is olanzapine and 

the anticonvulsant is zonisamide.

[0163] In the thirty fourth embodiment, the invention relates to a method of 

inhibition of a blood-glucose condition, comprising identifying a subject in need thereof, 

and administering both a psychotherapeutic agent and an anticonvulsant to the subject.

[0164] In the thirty fifth embodiment, the invention relates to the method of 

the thirty fourth embodiment in which the psychotherapeutic agent is olanzapine and the 

anticonvulsant is zonisamide.

[0165] In the thirty sixth embodiment, the invention relates to a composition 

for reversing insulin resistance caused by administration of a psychotherapeutic agent or 

an anticonvulsant, wherein said composition comprises a psychotherapeutic agent and an 
anticonvulsant.
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[0166] In the thirty seventh embodiment, the invention relates to the 

composition of the thirty sixth embodiment, in which the psychotherapeutic agent is 

olanzapine and the anticonvulsant is zonisamide.

[0167] In the thirty eighth embodiment, the invention relates to a method of 

reversing a blood-glucose condition caused by administration of a psychotherapeutic 

agent or an anticonvulsant, comprising identifying a subject in need thereof, and 

administering a psychotherapeutic agent and an anticonvulsant to the subject.

[0168] In the thirty ninth embodiment, the invention relates to the method of 

the thirty eighth embodiment, in which the psychotherapeutic agent is olanzapine and the 

anticonvulsant is zonisamide.

Examples

[0169] The examples below are non-limiting and are merely representative of 

various aspects of the invention.

Example 1: Use of Zonisamide:
[0170] Individuals taking insulin are identified. Each individual is instructed 

to take one 25 mg tablet of zonisamide on a daily basis, in addition to the insulin therapy.

[0171] The individuals are monitored for a period of months. It is 

recommended that the dosage be adjusted so that each individual remains sensitive to 

their dose of insulin and to maintain a healthy blood sugar level; thus the insulin levels 

may have to be decreased.

[0172] The dosage of zonisamide can be from about 25 mg to about 800 mg 

per day, generally given once per day or divided (e.g., equally) into multiple doses. 

Preferably, the dose is from about 100 mg to about 600 mg per day, more preferably, the 

dose is from about 200 mg to about 400 mg per day. However, it may be necessary to use 

dosages outside these ranges. Zonisamide tablets are usually made and marketed in 25 

mg, 50 mg, and 100 mg doses. Individual tablets, or combination of tablets can be used to 

achieve the desired dosing. The insulin is administered subcutaneously in amounts 

varying from 1-10 units.

Example 2: Use of Topiramate:
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[0173] Individuals taking insulin are identified. Each individual is instructed

to take one 25 mg tablet of topiramate on a daily basis, in addition to the insulin therapy.

[0174] The individuals are monitored for a period of months. It is

recommended that the dosage be adjusted so that each remains sensitive to their current

dosing scheme of insulin.

[0175] The dosage of topiramate can be from about 25 mg to about 1600 mg, 

preferably from about 50 mg to about 600 mg, more preferably from about 100 mg to 

about 400 mg. However, it may be necessary to use dosages outside these ranges.

[0176] Alternatively, upon the administration of the topiramate, the dosing 

scheme of the individual’s insulin is reduced by 10%. As this reduction in insulin, in 

combination with topiramate, will not adversely impact the individual, lower doses of 

insulin will be effective for maintaining the individual’s desired blood sugar levels and 

the risk that the individual will develop insulin resistance is reduced.

Example 3: Combination of Zonisamide and Mitrazepine:

[0177] Individuals taking insulin are identified. Each individual’s dosing 

scheme for insulin is noted as well as the resulting blood sugar of the individual from the 

particular doses of insulin.

[0178] Each individual is instructed to take one tablet of zonisamide on a daily 

basis, in addition to one tablet of mitrazepine on a daily basis, and the individual’s dosing 

scheme for insulin is reduced gradually over time. Initially, the drugs are administered as 

follows: 8 mg mitrazepine and 64 mg zonisamide; or 16 mg mitrazepine and 128 mg 

zonisamide; or 32 mg mitrazepine and 252 mg zonisamide; generally with an 

mitrazepine/zonisamide ratio of 1:8. Over a period of weeks, the individual’s dosing 

scheme of insulin is reduced by 5%, then 10, 20, 30, 40, 50% and so on. During this 

reduction in administered insulin levels, the individual’s blood sugar levels are monitored. 

The reduction in insulin level is continued until the individual’s blood sugar level is no 

longer safe. Thus, the ability of these compounds to sensitize an individual to insulin, 

allowing the individual to take less insulin, can be determined.

[0179] If the initial dosages are not effective, they can be increased.

Example 4: Combination of Zonisamide and Paroxetine:
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[0180] Individuals suffering from insulin resistance are identified. The 

amount of insulin administered to the individual (initial level of insulin) and the resulting 

impact of that insulin on the individual’s blood sugar is determined.

10181] Each individual is instructed to take one tablet of zonisamide on a daily 

basis, in addition to one tablet of paroxetine on a daily basis, in addition to their normal 

dose of insulin. Initially, the drugs are administered as follows: 10 mg paroxetine and 60 

mg zonisamide; or 20 mg paroxetine and 120 mg zonisamide; or 30 mg paroxetine and 

180 mg zonisamide; or 40 mg paroxetine and 240 mg zonisamide; generally with a 

paroxetine/zonisamide ratio of 1:6. The amount of insulin can vary, and is generally 

between about 1 unit and 10 units.

[0182] The individuals are monitored for a period of months. Following this, 

the amount of insulin administered is lowered to a point beneath the initial level of 

insulin, and closer to the amount of insulin that was administered to the individual before 

the individual suffered from insulin resistance (pre-insulin resistance level of insulin). 

The blood sugar levels of the individual are then examined to determine if the lower level 

of insulin is still effective in maintaining the individual’s blood sugar levels at the desired 

levels. The above compounds will be effective in reversing insulin resistance.

[0183[ If the initial dosages are not effective, they can be increased.

Example 5: Combination of Zonisamide and Bupropion:

[0184] Individuals at risk of developing insulin resistance are identified. Each 

individual is instructed to take one 50 mg tablet of zonisamide on a daily basis. In 

addition, each individual is instructed to take one 250 mg tablet of bupropion on a daily 

basis.
[0185] The individuals are monitored for a period of months. It is 

recommended that the dosage be adjusted so that each individual maintains or reduces 

their daily intake of insulin to obtain their desired blood sugar levels.

[0186] If the initial dosage is not effective, then the bupropion dosage can be 

increased by 20 mg intervals up to 3000 mg per day. If the initial dosage results in a more 

rapid increase in insulin sensitivity than the above rate, the dosage of each of zonisamide 

or bupropion can be reduced.

Example 6: Treatment of Type 2 Diabetes:
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[0187] An individual with Type 2 diabetes is identified. The individual’s 

blood sugar is monitored as well as the daily dose of insulin. The individual is 

administered 50 mg of zonisamide and 250 mg of bupropion per day. The individual’s 

blood sugar is again measured. The amount of insulin administered to the individual will 

be decreased accordingly to maintain the desired blood sugar levels. If there is no need 

for a decrease in the amount of insulin (e.g, the individual’s previous dose of insulin is not 

too much), then the amount of zonisamide and bupropion can be increased until the 

amount of insulin administered can be decreased. Supplemental amounts of insulin can 

still be administered to the individual, if required. Thus, one can treat Type 2 diabetes.

[0188] This example can be used for any of the above compounds and 

combinations thereof to determine the amount and frequency of each of the compounds to 

be administered. This can also be used for treating and/or inhibiting insulin resistance 

and Type 2 diabetes.

Example 7: Combination of Naltrexone and Fluoxetine (Insulin Tolerance Test)

[0189] Mice (n=3) were fed overnight then given an intraperitoneal (I.P.) 

injection of one of the following: vehicle, fluoxetine (8.5 mg/kg), naltrexone (2.5 mg/kg) 

or fluoxetine + naltrexone (8.5 mg/kg fluoxetine, 2.5 mg/kg naltrexone). A baseline 

blood glucose determination was made two hours post-injection. Mice were then given a 

standard I.P. injection of insulin. .Blood glucose levels were then followed for two hours 

(at 15 min, 30 min, 1 h and 2 h). The results are summarized in Tables 1-4 for vehicle, 

fluoxetine, naltrexone and naltrexone+bupropion, respectively. Glucose levels are in 

mg/dl.

Table 1 - vehicle

Baseline 15 min 30 min 1 h 2h
126 76 85 89 187
123 79 96 112 137
139 78 72 96 143

Table 2 - fluoxetine

Baseline 15 min 30 min 1 h 2h
135 63 93 118 228
161 82 90 138 169
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145 84 80 89 189

Table 3 - naltrexone

Baseline 15 min 30 min 1 h 2h
137 68 84 106 181
111 62 82 80 175
134 65 81 127 186

Table 4 — naltrexone + fluoxetine

Baseline 15 min 30 min 1 h 2h
148 34 56 71 not determined
102 33 97 91 95
120 34 57 81 78

[0190] The data show that, at these dosages, neither fluoxetine nor naltrexone 

alone had an effect on insulin tolerance beginning 2 hours post-injection since glucose 

levels in mice injected with either of these compounds do not differ from mice injected 

with vehicle at each time point tested. However, the combination of fluoxetine and 

naltrexone had a significant effect on insulin resistance since glucose levels were 

significantly lower after two hours compared to mice which were administered either 

compound alone. Thus, this combination was effective in inhibiting insulin resistance. 

Example 8: Combination of Naltrexone and Bupropion (Insulin Tolerance Test)

[0191] The same study described in Example 7 was performed, except that 

mice (n=12) were treated with vehicle, naltrexone (3 mg/kg), bupropion (50 mg/kg) or 

naltrexone (3 mg/kg) + bupropion (50 mg/kg). Total areas under the curve (AUC) were 

calculated based on glucose levels at each time point for each mouse. AUC is a 

summation of glucose levels observed at each time point. AUC values for the mice were 

(ND=not determined):
[01921 Vehicle: 13575, 10485, ND, 12038, 9353, 9990, 8160, ND, 14258, 

10883, 12555 and 10065 (mean = 11136.2)

JOI931 Bupropion: 13613, 9083, 11438, ND, 14003, 9668, 8003, 10725, 

8715, 8715, 12038, 11280 (mean = 10661.91, which is 95.7% of vehicle AUC, 

representing a 4.3% decrease in AUC).
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[01941 Naltrexone: 11445, ND, 7208, 14783, 7215, 13058, 10493, 9045, 

8003, 10193, 10763, 15990 (mean = 10745.09, which is 96.5% of vehicle AUC, 

representing a 3.5% decrease in AUC).

[01951 Naltrexone+Bupropion: 7740, 7680, 12300, 8685, ND, 8775, ND, 

8550, 12300, 8625, ND, ND (mean = 9331.875, which is 83.8% of vehicle AUC, 
representing a 16.2% decrease in AUC).

[0196] Thus, the administration of bupropion and naltrexone exhibited a 

synergistic effect in inhibiting insulin resistance compared to either compound 

administered alone. Since naltrexone resulted in a 3.5% decrease and bupropion resulted 

in a 4.3% decrease, the co-administration would have been expected to reduce the AUC 

by 7.8%. In fact, the observed effect was twice the expected effect.

Example 9: Combination of olanzapine and zonisamide (Insulin Tolerance Test)

[0197] Female Sprague-Dawley rats, weighing about 235 grams at the start of 

the experiment were used. They were trained to sham injections, using the zonisamide 

vehicle for 2 weeks before the study commenced. Under isoflurane anesthesia, Alzet 

osmotic minipumps (2ml2) were implanted subcutaneously, between the shoulder blades. 

The rats were subsequently returned to their home cages after recovery. The minipumps 

delivered 5 pL per hour for 14 days. Olanzapine was dissolved in 1.5% lactic acid in 

dlUO. Zonisamide was dissolved in 10% DMSO, 13.4% EtOH, 20.1% PPG, and 66.5% 

saline. Olanzapine dose was 1.75 mg/day. The animals were housed individually and 

supplied with standard laboratory chow. Food consumed and animal weights were 

recorded every days. There were 5 animals in the control (vehicle) group, 5 animals in the 

zonisamide only group, 5 animals in the olanzapine only group, and 6 animals in the 

olanzapine + zonisamide group.

[0198] Rats were allowed to recover after pump implantation, and then 

received twice daily injections of zonisamide 26 mg/kg. Blood was drawn by saphenous 

venepuncture 13 days after olanzapine implant, 6 days after twice daily zonisamide 

injections began and blood glucose levels were measured by handheld glucometer (Roche 

Accucheck, Advantage) with glucose strips. The results are shown below (Table 5).

Table 5 - olanzapine + zonisamide
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Vehicle Average
Blood Glucose mg/dl 92.2

Olanzapine 1.75 mg/day Average
Blood Glucose mg/dl 120.4

Zonisamide 26 mg/kg Average
Blood Glucose mg/dl 117.6

Olanzapine + Zonisamide Average
Blood Glucose mg/dl 97.66667

[0199] Thus, while either compound administered alone resulted in increased 

insulin resistance (elevated glucose levels), the co-administration of olanzapine and zonisamide 

inhibited insulin resistance and resulted in blood glucose levels similar to vehicle-treated 

animals.

[0200] The term ‘comprise’ and variants of the term such as ‘comprises’ or 

‘comprising’ are used herein to denote the inclusion of a stated integer or stated integers but not 

to exclude any other integer or any other integers, unless in the context or usage an exclusive 

interpretation of the term is required.
[0201] Any reference to publications cited in this specification is not an admission 

that the disclosures constitute common general knowledge in Australia.
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CLAIMS:

1. Use of an effective amount of a first compound and a second compound for the treatment 

of a blood-glucose condition characterized by insulin resistance in a subject in need thereof, 

wherein said first compound is bupropion or a pharmaceutically acceptable salt thereof and said 

second compound is selected from the group consisting of an opioid antagonist, zonisamide, and 

pharmaceutically acceptable salts thereof.

2. The use of claim 1, wherein said condition is Type 2 diabetes.

3. The use of claim 1 or claim 2, wherein at least one of said first compound and said 

second compound is in a sustained release formulation.

4. The use of any one of claims 1 to 3, wherein each of said first compound and said second 

compound is in a sustained release formulation.

5. The use of any one of claims 1 to 4, wherein said first compound is for administration 

separately from said second compound.

6. The use of any one of claims 1 to 4, wherein said first compound and said second 

compound are in single oral dosage form.

7. The use of claim 6, wherein said first compound and said second compound are in the 

form of a tablet, pill, or capsule.

8. The use of any one of claims 3 to 7, wherein said formulation further comprises insulin.

9. The use of any one of claims 1 to 8, wherein said subject is obese.

10. The use of any one of claims 1 to 9, wherein said second compound is naltrexone or a

pharmaceutically acceptable salt thereof.
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11. The use of any one of claims 1 to 9, wherein said second compound is zonisamide or a 

pharmaceutically acceptable salt thereof.

12. The use of claim 10, wherein said bupropion or pharmaceutically acceptable salt thereof 

is formulated for use in an amount of about 40 mg per day to about 400 mg per day, and wherein 

said naltrexone or pharmaceutically acceptable salt thereof is formulated for use in an amount of 

about 1 mg per day to about 50 mg per day.

13. The use of claim 10, wherein said bupropion or pharmaceutically acceptable salt thereof 

is formulated for use in an amount of about 200 mg per day to about 400 mg per day, and 

wherein said naltrexone or pharmaceutically acceptable salt thereof is formulated for use in an 

amount of about 25 mg per day to about 50 mg per day.

14. The use of claim 10, wherein said bupropion or pharmaceutically acceptable salt thereof 

is formulated for use in an amount of about 300 mg per day to about 400 mg per day, and 

wherein said naltrexone or pharmaceutically acceptable salt thereof is formulated for use in an 

amount of about 25 mg per day to about 38 mg per day.

15. The use of claim 11, wherein said bupropion or pharmaceutically acceptable salt thereof 

is formulated for use in an amount of about 40 mg per day to about 400 mg per day.

16. The use of claim 11, wherein said bupropion or pharmaceutically acceptable salt thereof 

is formulated for use in an amount of about 200 mg per day to about 400 mg per day.

17. The use of claim 11, wherein said bupropion or pharmaceutically acceptable salt thereof 

is formulated for use in an amount of about 300 mg per day to about 400 mg per day.

18. The use of any one of claims 15 to 17, wherein said zonisamide or pharmaceutically 

acceptable salt thereof is formulated for use in an amount of about 25 mg per day to about 600 

mg per day
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19. The use of any one of claims 15 to 17, wherein said zonisamide or pharmaceutically 

acceptable salt thereof is formulated for use in an amount of about 250 mg per day to about 500 

mg per day

20. The use of any one of claims 15 to 17, wherein said zonisamide or pharmaceutically 

acceptable salt thereof is formulated for use in an amount of about 100 mg per day to about 250 

mg per day

21. Use of an effective amount of a first compound and a second compound for the treatment 

of a blood-glucose condition as defined in claim 1 and substantially as described herein with 

reference to one or more of the accompanying examples.

Dated: 29 April 2013
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