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COMBINATION THERAPY FOR THE TREATMENT OF DEPRESSION AND
OTHER NON-INFECTIOUS DISEASES

FIELD OF THE INVENTION

THIS INVENTION relates to control of inflammation to treat or prevent non-
infectious diseases, particularly psychiatric disorders. More particularly, this
invention relates to methods, uses and compositions of a nutritional supplement that
includes a therapeutically effective amount of methylsulfonylmethane, glucosamine,
L-glycine, and vitamin B> (or a derivative of any one thereof) for treating or

preventing non-infectious diseases, particularly psychiatric disorders.

BACKGROUND QF THE INVENTION
The pro-inflammatory cytokines tumor necrosis factor-alpha (TNF-a),

interleukin-1 (IL-1) and interleukin-6 (IL-6) are key players in the inﬂammatory
response. The body has a system for turning on inflammation, the so called pro-
inflammatory response, and turning off inflammation when its work is done, the
anti-inflammatory response. The cytokines TNF, IL-1 and IL-6 are some of the
major pro-inflammatory cytokines. The inﬂainmatory response can, and does, cause
significant disease presentations if the anti-inflammatory response is not effective in
stopping the inflammation. Recent evidence has implicated the pro-inflammatory
cytokines as being responsible for an increasing number non-infectious disease
presentations throughout the world. Non-infectious diseases such as, for example,
rheumatoid arthnitis, cerebral palsy, Bell’s palsy, major depression, Crohn’s disease,
anxiety, suicidal ideation, bipolar diseases, addictive behaviour, premature ageing,
heart disease, Parkinson’s disease, diabetes, attention deficit hyperactivity disorder
(ADHD), autism, Alzheimer’s disease, and others have all been implicated as being
as a result of this process. Mounting data indicate that exposure to stress, a well-
known precipitant of mood disorders, can also activate inflammatory responses both
in the periphery and in the brain.

Although the evidence for the role of the pro-inflammatory response in
disease processes is strong, this has not translated into therapeutic regimes. The
small numbers of treatments that have been used to reduce the level of the pro-

Inflammatory response involve the production and use of monoclonal antibodies
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against TNF or IL-6. Results have been encouraging, but the treatment process
itself is invasive, requiring the antibody to be injected, and significant adverse
effects have been identified that make its general use for non-life-threatening
diseases not a serious option. Thus, there is a need for effective, non-invasive
therapies that can prevent, slow, stop, and/or reverse the pro-inflammatory response,

particularly therapies that have few negative side-effects.

SUMMARY OF THE INVENTION

The present invention is broadly directed to methods and compositions of a
nutritional supplement that includes a therapeutically effective amount of
methylsulfonylmethane, glucosamine, L-glycine, and vitamin B,; (or a derivative of
any one thereof) for treating or preventing non-infectious diseases resulting from the
pro-inflammatory response, particularly psychiatric disorders. The therapeutic
combination of methylsulfonylmethane, glucosamine, L-glycine, and vitamin B, is
also known as GMGBI.

In a first aspect, the invention provides a method for treating a non-infectious
disease in a subject in need thereof, the method including the step of administering
to the subject a therapeutically effective amount of a pharmaceutical composition
including (a) methylsulfonylmethane or a derivative thereof, (b) glucosamine or a
derivative thercof, (¢) L-glycine or a derivative thereof, and (d) vitamin B); or a
derivative thereof.

In one embodiment, the invention provides a method for treating a mood
disorder, an anxiety disorder, an attention deficit disorder, dementia, or stress in a
subject in need thereof, the method including the step of administering to the subject

a therapeutically effective amount of a pharmaceutical composition including (a)

methylsulfonylmethane or a denvative thereof, (b) glucosamine or a derivative
thereof, (c¢) L-glycine or a derivative thereof, and (d) vitamin B;; or a derivative
thereof. |

Suitably, according to the aforementioned aspect, the pharmaceutical
composition includes methylsulfonylmethane, glucosamine, L-glycine, and vitamin
Bia.

Suitably, according to the aforementioned embodiment, treating a mood

disorder, an anxiety disorder, an attention deficit disorder, dementia, or stress in a
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subject in need thereof includes reducing the severity of the mood disorder, the
anxiety disorder, the attention deficit disorder, dementia, or stress in the subject.

In some embodiments of the aforementioned aspect, the method further
includes administering to the subject one or more additional active agents, for
example, a norepinephrine reuptake inhibitor, a selective serotonin reuptake
inhibitor, a tricyclic antidepressant, and/or a monoamine oxidase inhibitor.

In a second aspect, the invention provides a method for improving cognitive

performance in a subject, the method including the step of administering to the

. subject a therapeutically effective amount of a pharmaceutical composition

including (a) methylsulfonylmethane or a derivative thereof, (b) glucosamine or a
derivative thereof, (c) L-glycine or a derivative thereof, and (d) vitamin By, or a
derivative thereof.

Suitably, according to the aforementioned aspect, the pharmaceutical
composition includes methylsulfonylmethane, glucosamine, L-glycine, and vitamin
Bia.

Suitably, according to the aforementioned aspects, the subject is a human.

In a third aspect, the invention provides use of methylsulfonylmethane or a
derivative thereof, glucosamine or a derivative thereof, L-glycine or a derivative
thereof, and vitamin Bj; or a derivative thereof in the manufacture of a medicament
for treating a non-infectious disease in a subject.

Suitably, according to the aforementioned aspect, methylsulfonylméthane,
glucosamine, L-glycine, and vitamin B, are used. ‘

Suitably, according to the aforementioned aspect, the subject is a human.

In a fourth aspect, the invention provides a pharmaceutical composition for

treating a non-infectious disease, including methylsulfonylmethane or a derivative

thereof, glucosamine or a denvative thereof, L-glycine or a derivative thereof,

vitamin' Bj; or a derivative thereof, and a pharmaceuticaily acceptable carrier,

diluent or excipient.
Suitably, according to the aforementioned aspect, the pharmaceutical

composition includes methylsulfonylmethane, glucosamine, L-glycine, and vitamin
B2.

In a fifth aspect, the invention provides a pharmaceutical composition for
improving cognitive performance, including methylsulfonylmethane or a derivative

thereof, glucosamine or a derivative thereof, L-glycine or a derivative thereof,
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vitamin B); or a denvative thereof, and a pharmaceutically acceptable carrier,
diluent or excipient.

Suitably, according to the aforementioned aspect, the pharmaceutical
composition includes methylsulfonylmethane, glucosamine, L-glycine, and vitamin
Bi,.

. ‘BRIEF DESCRIPTION OF THE FIGURES
Figure 1. Mean BDI score for study participants at day one, day fourteen and day

twenty-eight of a trial of GMGBI.

Figure 2. Percentage of participants at day one in each of the four levels of

depression in the BDI test.

Figure 3. Percentage of participants at day fourteen in each of the four levels of
depression in the BDI test.

Figure 4. Percentage of participants at day twenty-eight in each of the four levels of
depression in the BDI test.

Figure 5. Percentage of study participants having reported the listed effect.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to non-infectious diseases resulting from the
pro-inflammatory response, particularly to methods and uses of a nutritional
supplement that includes as active agents a therapeutically effective amount of
methylsulfonylmethane, glucosamine, L-glycine, and vitamin B> (or a derivative of
any one thereof) for controlling inflammation to treat or prevent non-infectious
diseases, particularly psychiatric disorders, mood disorders, anxiety disorders,
attention deficit disorders, dementia, and stress.

Throughout this specification, unless the context requires otherwise,' the
words “comprise”, ;‘comprises” and “comprising” will be understood to imply the
inclusion of a stated integer or group of integers but not the exclusion of any other
integer or group of integers. |

In one aspect, the invention provides a method for treating and/or preventing
a non-infectious disease in a subject in need thereof, the method including the step

of administering to the subject a therapeutically e¢ffective amount of a

CA 2816595 2018-03-12




10

15

20

25

30

S

pharmaceutical composition including (a) methylsulfonylmethane or a derivative
thereof, (b) glucosamine or a derivative thereof, (¢) L-glycine or a derivative thereof,
and (d) vitamin B); or a derivative thereof.

A variety of non-infectious diseases and conditions, including, for example,
psychiatric disorders (e.g., bipolar depression, schizophrenia and suicidal ideation);
mood disorders (e.g., depression); anxiety disorders; attention deficit disorders;
dementia (e.g., Alzheimer’s disease); addictive behaviour and associated withdrawal
problems; stress; anxiety; cerebral palsy; Bell's palsy; premature ageing; rheumatoid
arthritis; heart disease; Parkinson’s disease; type 1 and type 2 diabetes;
demyelinating diseases; fibromyalgia; inﬂammatory bowel disease (e.g., Crohn’s
disease); asthma; allergic rhinitis; deep vein thrombosis; and platelet aggregation,
have pro-inflammatory cytokines as a primary causal agent in their presentation.
Non-infectious diseases can be controlled by anti pro-inflammatory cytokine
treatment. GMGBI1 has an anti-inflammatory effect primarily on the cytokines
TNF, IL-1 and IL-6, making it useful in the treatment of non-infectious diseases as
described herein. ‘

As used herein, “treating” (or “treat” or “treatment”) refers to a therapeutic
intervention that ameliorates a sign or symptom of an undesired physical or
mental/emotional state, or a pathological condition, after it has begun to develop.
This term includes active treatment, that is, treatment directed specifically toward
improvement of a subject’s physical or mental/emotional state, or pathological
condition, and also includes causal treatment, that is, treatment directed toward
removal of a subject’s undesired physical or mental/emotional state, or pathological
condition. In addition, this term includes palliative treatment, that is, treatment
designed for the relief of symptoms rather than the curing of a subject’s undesired
physical or mental/emotional state, or pathological condition, preventive treatment,
that is, treatment directed to prevention of a subject’s undesired physical or
mental/emotional state, or pathological condition, and supportive treatment, that is,
treatment employed to supplement another specific therapy directed toward the

improvement of a subject’s physical or mental/emotional state, or pathological

condition.

The term “ameliorating,” with reference to an undesired physical or
mental/emotional state, or a pathological condition, refers to any observable
beneficial effect of the treatment. The beneficial effect can be evidenced, for
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‘example, by a delayed onset of symptoms of the undesired physical or

mental/emotional state, or pathological condition, in a susceptible subject, a
reduction in severity of some or all symptoms of the undesired physical or
mental/emotional state, or pathological condition, an improvement in the overall
health or well-being of the subject, or by other parameters well known in the art that
are specific to the particular state or condition. It is to be understood that such
treating need not be absolute tb be beneficial to a subject.

As used herein, “preventing” (or “prevent” or “prevention”) refers to a
course of action (such as administering a therapeutically effective amount of
methylsulfonylmethane, glucosamine, L-glycine, and vitamin B,,) initiated prior to
the onset of a symptom, aspect, or characteristic of an undesired physical or

mental/emotional state, or pathological condition, so as to prevent or reduce the

~ symptom, aspect, or characteristic. It is to be understood that such preventing need

not be absolute to be beneficial to a subject. A ‘“‘prophylactic” treatment is a
treatment administered to a subject who does not exhibit signs of an undesired
physical or mental/emotional state, or a pathological condition, or exhibits only
carly signs, for the purpose of decreasing the risk of developing the undesired
physical or mental/emotional state, or pathological condition.

In one embodiment, the invention provides a method for treating and/or
preventing a mood disorder (e.g., depression), an anxiety disorder (e.g., a panic
disorder, an obsessive-compulsive disorder, a post-traumatic stress disorder, a social
phobia, specific phobias, and generalized anxiety disorder), an attention deficit
disorder (e.g., attention deficit hyperactivity disorder and autism), dementia (e.g.,

Alzheimer’s), or stress in a subject in need thereof, the method including the step of

administering to the subject a therapeutically effective amount of a pharmaceutical
composition including (a) methylsulfonylmethane or a derivative thereof, (b)
glucosamine or a derivative thereof, (c) L-glycine or a denivative thereof, and (d)
vitamin B, or a derivative thereof.

Mood disorders, such as depression, may be diagnosed when a subject
exhibits certain symptoms of such disorders. Symptoms of a mood disorder may
include: apathy, persistent feelings of sadness, feeling hopeless or helpless, having
low self-esteem, feeling inadequate, excessive guilt, feelings of wanting to die, loss
of interest in usual activities or activities once enjoyed, difficulty with relationships,

sleep disturbances, changes In appetite or weight, decreased energy, difficulty
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concentrating, a decrease in the ability to make decisions, suicidal thoughts or
attempts, frequent physical complaints (e.g., headache, stomach ache and fatigue),
running away or threats of running away from home, hypersensitivity to failure or
rejection, irritability, hostility, and aggression.

Accordingly, treatment of a mood disorder according to the present invention

| may include eliminating or reducing the frequency or severity of any of the noted

symptoms or other symptoms relied upon by a subject or a medical professional in
making a diagnosis of a mood disorder. Thus, in some embodiments, the present
invention includes treating a subject exhibiting at least one symptom of a mood
disorder by administering to the subject methylsulfonylmethane, glucosamine, L-
glycine, and vitamin B;; (or a derivative of any one thereof) alone, or in
combination with one or more additional active agents as described herein, in an
amount effective to eliminate or reduce the frequency or severity of the symptom.
In ;.>articular embodiments, the mood disorder is depression. In other embodiments,
the invention may specifically be described as eliminating or reducing the frequency
or severity of any one of the specific symptoms of a mood disorder as provided
above.

In a specific embodiment, the method includes eliminating or reducing the
frequency or severity of a specific symptom of depression. In such embodiments,
the method can include administering to a subject methylsuifonylmethane,
glucosamine, L-glycine, and vitamin B,; (or a derivative of any one thereof) alone,

or in combination with one or more additional active agents as described herein.

Effectiveness of the method may be established through analysis of a treated subject,

through self-reporting of the treated subject or through a diagnosis of effective
treatment provided by a medical professional after evaluating the treated subject.

In other embodiments, the invention provides a method for the treatment of
anxiety disorders. Specifically, the invention provides a method for the treatment of
any condition classified as an anxiety disorder (including, for example, panic
disorder, obsessive-compulsive disorder, post-traumatic stress disorder, social
phobia, specific phobias, and generalized anxiety disorder). The methods of the
invention generally comprise adxninisteﬁng methylsulfonylmethane, glucosamine,
L-glycine, and vitamin B, (or a derivative of any one thereof) alone, or in
combination with one or more additional active agents as described herein, to a

subject suffering from a condition of an anxiety disorder. Effectiveness of the
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method may be established through analysis of a treated subject, through self-
reporting of the treated subject or through a diagnosis of effective treatment
provided by a medical professional after evaluating the treated subject.

- In further embodiments, the invention provides a method for the treatment of

5 an attention deficit disorder, such as, for example, attention deficit hyperactivity

disorder (ADHD) or autism. As with mood disorders, ADHD and autism may be

diagnosed when a subject exhibits certain symptoms of the disorder, as recognised

by the subject and/or a medical professional. Thus, treatment of ADHD and autism

according to the present invention may include eliminating or reducing the

10 frequency or severity of any of the noted symptoms or other symptoms relied upon
by a subject or a medical professional in making a diagnosis of ADHD or autism.

Accordingly, in some embodiments, the present invention inclhdes treating a

subject exhibiting at least one symptom of an attention deficit disorder by

administering to the subject methylsulfonylmethane, glucosamine, L-glycine, and

15  vitamin By; (or a derivative of any one therecof) alone, or in combination with one or

more additional active agents as described herein, in an amount effective to

eliminate or reduce the frequency or severity of the symptom. In other

embodiments, the invention may specifically be described as eliminating or reducing

the frequency or severity of any one of the specific symptoms of ADHD or autism.

20 In  such embodiments, the method can include administering

methylsulfonylmethane, glucosamine, L-glycine, and vitamin B, (or a derivative of

any one thereof) alone, or in combination with one or more additional active agents

as described herein. Effectiveness of the method may be established through

analysis of a treated subject, through self-reporting of the treated subject or through

25 a diagnosis of effective treatment provided by a medical professional after
evaluating the treated subject.

In still further embodiments, the invention provides a method for the

treatment of dementia. Dementia is a neurodegenerative disorder generally
characterised as the loss of a subject’s learning and cognitive abilities, and is usually
30 accompanied by behavioural, psychological and motor symptoms. A critical
element of dementia is the deficiency in short- and long-term memory, associated
with difficulties in abstract thought, faulty judgment, personality change, and other
impairments of higher cortical function. These impairments are generally so severe

that the subject cannot maintain normal social activities or relationships. Typically,
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the loss of cognitive skills and memory in dementia is slow, with mental
deterioration taking place over years. Dementia is most common among the elderly,
and is becoming more widespread as the populations of developing countries age.

Many different dementias have been enumerated, including, for example,
cortical dementia, fronto-temporal dementia, Alzheimer’s dementia, lewy body
dementia, progressive dementia, vascular dementia, multi-infarct dementia, drug- or
alcohol-related dementia, and Parkinson’s-related dementia. Dementia may also
result from head injury, cardiac arrest, radiation therapy related to cancer treatment,
Acquired Immunodeficiency Syndrome (AIDS), Pick’s disease, and Creutzfeldt-
Jakob disease, including its variant form. Dementia is usually diagnosed according
to its etiology, the two most common etiologies being Alzheimer’s dementia and
vascular dementia (e.g., following a stroke). Dementia is usually progressive and
irreversible unless the etiology itself is treatable. Many subjects have more than one
type of dementia. A diagnosis of dementia generally involves ruling out major
depressive disorders or delirium. _

In most dementias, subjects often exhibit primary cognitive symptoms as
well as secondary behavioural symptoms. Cognitive symptoms may include things
such as loss of memory, loss of orientation perception, loss of language abilities, and
impaired judgement. Secondary or behavioural symptoms may include such things
as personality and behavioural changes where the subject is aggressive or verbally
agitated. Dementia is often treated with anti-psychotics, benzodiazepines, beta-
blockers, selective serotonin reuptake inhibifors, anti-depressants, anti-convulsives,
and dietary supplements.

Accordingly, treatment of dementia according to the present invention may

include eliminating or reducing the frequency or severity of any of the noted

symptoms or other symptoms relied upon by a subject or a medical professional in
making a diagnosis of dementia. Thus, in some embodiments, the present invention
includes treating a subject exhibiting at least one symptom df dementia by
administering to the subject methylsulfonylmethane, glucosamine, L-glycine, and
vitamin B, (or a derivative of any one thereof) alone, or in combination with one or
more additional active agents as described herein, in an amount effective to
eliminate or reduce the frequency or severity of the symptom. In other

embodiments, the invention may specifically be described as eliminating or reducing
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the frequency or severity of any one of the specific symptoms of dementia as
provided above.

In other embodiments, the invention provides a method for the treatment of
stress. Specifically, the invention provides a method for the treatment of mental

states associated with feelings of being overloaded and unable to cope. The methods

of the invention generally comprise administering methylsulfonylmethane,

glucosamine, L-glycine, and vitamin B); (or a derivative of any one thereof) alone,
or in combination with one or more additional active agents as described hefein, toa
subject suffering from stress, Effectiveness of the method may be established'
through analysis of a treated subject, through self-reporting of the treated subject or
through a diagnosis of effective treatment provided by a medical professional after
evaluating the treated subject.

In another aspect, the invention provides a method for improving cognitive
performance in a subject, the method including the step of administering to the
subject a therapeutically effective amount of a pharmaceutical composition
including (a) methylsulfonylmethane or a derivative thereof, (b) glucosamine or a |
derivative thereof, (¢) L-glycine or a derivative thereof, and (d) vitamin B or a
derivative thereof.

As used herein, “improving cognitive performance” includes increasing
and/or enhancing a quality or condition associated with one or more cognitive
abilities or skills, for example, problem solving, memory, orientation perception,
language, and judgement.

The term “subject” includes both human and veterinary subjects. ' For
example, administration to a subject can include administration to a human subject

or a veterinary subject. Preferably, the subject is a human.

By “administration” is intended the introduction of a composition (e.g., a

- pharmaceutical composition) into a subject by a chosen route.

The term “therapeutically effective amount” describes a quantity of a
specified agent sufficient to achieve a desired effect in a subject being treated with
that agént. For example, this may be the amount of a pharmaceutical composition
comprising methylsulfonylmethane, glucosamine, L-glycine, and vitamin B;; (or a
derivative of any one thereof) necessary to treat or prevent an undesired physical or
mental/emotional state, or a pathological condition, or for improving cognitive

performance. In some embodiments, a “therapeutically effective amount” is an
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amount sufficient to reduce or eliminate a symptom of a non-infectious disease
resulting from the pro-inflammatory response, and/or an amount sufficient to
achieve a desired biological effect.

Ideally, a therapeutically effective amount of an agent is an amount sufficient
to effect the desired result without .causing a substantial cytotoxic effect in the
subject. The effective amount of an agent useful for treating or preventing an
undesired physical or mental/emotional state, or a pathological condition, will be
dependent on the subject being treated, the type and severity of the state or
condition, and the manner of administration of the therapeutic cdmposition. |

Toxicity and therapeutic efficacy of a treatment, such as
methylsulfonylmethane, glucosamine, L-glycine, and vitamin B;3, can be
determined by standard pharmaceutical procedures in cell cultures or experimental
animals, for example, by determining the LDsp (the dose lethal to S0% of the
population) and/or the EDsy (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic effects is the therapeutic
index and it may be expressed, .for example, as the ratio LDs¢/EDys. ' A combination
of methylsulfonylmethane, glucosamine, L-glycine, and vitamin B, (or a derivative
of any one thereof) that exhibit large therapeutic indices are useful.

- A therapeutically effective amount of a pharmaceutical composition
comprising methylsulfonylmethane, glucosamine, L-glycine, and vitamin By, (or a
derivative of any one thereof) may be administered in a single dose, or in several
doses, for example daily, during a course of treatment. However, the frequency of
administration is dependent on the preparation applied, the subject being treated, the
severity and type of undesired physical or mental/emotional state, or pathological
condition, and the manner of administration of the therapy or composition.

The term “methylsulfonylmethane” refers to an organosulfur compound with
the formula (CH;):S80;. It is also known as dimethyl sulfone, DMSQO,, methyl
sulfone, methylsulfonylmethane, and sulfonylbismethane.

The term “glucosamine” describes a natural compound that is found in
healthy cartilage. Glucosamine sulfate is a normal constituent of
glycoaminoglycans in cartilage matrix and synovial fluid.

The term “L-glycine” refers to is the smallest of the 20 amino acids

commonly found in proteins. It is also known as glycine, aminoethanoic acid and

aminoacetic acid.
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The term “vitamin B;;” describes cobalamin or cyanocobalamin, a member
of the vitamin B complex that contains cobalt.

Biologically active variants of the various compounds disclosed herein as
active agents are particularly also encompassed by the invention. Such variants
should retain the general biological activity of the original compounds; however, the
presence of additional activities would not necessarily limit the use thereof in the
present invention. Such activity may be evaluated using standard testing methods
and bioassays recogrﬁzable by the skilled artisan in the field as generally being
useful for identifying such activity.

By “denivative” of methylsulfonylmethane, glucosamine, L-glycine, or
vitamin Bj2 is meant a molecule that differs in chemical structure from its parent
compound, for example a homolog (differing by an increment in the chemical
structure, such as a difference in the length of an alkyl chain), a molecular fragrnent,
a structure that differs by one or more functional groups, or a change in ionization.
Structural analogs are often found using quantitative structure activity relationships
(QSAR), with techniques such as those disclosed in Remington: The Science and
Practice of Pharmacy, 19th Edition, Chapter 28, 1995. A derivative may also be
termed an “analogue”.

For example, analogues of glucosamine encompassed by the present
invention include, without limitation, glucosarhine sulphate, N-acetyl glucosamine
and quaternized amino glucosamine. |

The forms of vitamin B, may be varied as known to one of ordinary skill in
the art. For example, cobalamin may be present, at least partially, as methyl
cobalamin or hydroxycobalamin.

Furthermore, one or more of the various compounds disclosed herein as

active agents may also be present in a chelated form. In one embodiment, amino
acid chelates are used. The chelated forms facilitate a more effective absorption and
increased biological activities as well as increased shelf life.

The compounds described herein as active agents can also be in the form of
an ester, amide, salt, solvate, prodrug, or metabolite provided they maintain
pharmacological activity according to the present invention. Esters, amides, salts,
solvates, prodrugs, and other derivatives of the compounds of the present invention
may be prepared according to methods generally known in the art, such as, for

example, those methods described by J. March, Advanced Organic Chemistry:
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Reactions, Mechanisms and Structure, 4th Ed. (New York, Wiley-Interscience, 1992).

Examples of pharmaceutically acceptable salts of the compounds useful according to the
invention include acid addition salts. Salts of non- pharmaceutically acceptable acids, however,
may be useful, for example, in the preparation and purification of the compounds. Suitable acid
addition salts according to the present invention include organic and inorganic acids. Preferred
salts include those formed from hydrochloric, hydrobromic, sulfuric, phosphoric, citric, tartaric,
lactic, pyruvic, acetic, succinic, fumaric, maleic, oxaloacetic, methanesulfonic, ethanesulfonic, p-
toluenesulfonic, benzesulfonic, and isethionic acids. Other useful acid addition salts include
propionic acid, glycolic acid, oxalic acid, malic acid, malonic acid, benzoic acid, cinnamic acid,
mandelic acid, salicylic acid, and the like. Particular example of pharmaceutically acceptable salts
include, but are not limited to, sulfates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates,
monohydrogenphosphates, dihydrogenphosphates, metaphosphates, pyrophosphates, chlorides,
bromides, iodides, acetates, propionates, decanoates, caprylates, acrylates, formates, isobutyrates,
caproates, heptanoates, propiolates, oxalates, malonates, succinates, suberates, sebacates,
fiunarates, maleates, butyne-1,4-dioates, hexyne-1,6-dioates, benzoates, chlorobenzoates,
methylbenzoates, dinitrobenzoates, hydroxybenzoates, methoxyenzoates, phthalates, sulfonates,
xylenesulfonates, phenylacetates, phenylpropionates, phenylbutyrates, citrates, lactates, vy-
hydroxybutyrates, glycolates, tartrates, methanesulfonates, propanesulfonates, naphthalene-1-

sulfonates, naphthalene-2-sulfonates, and mandelates.

An acid addition salt may be reconverted to the free base by treatment with a suitable base.
Preparation of basic salts of acid moieties which may be present on a compound useful according
to the present invention may be prepared in a similar manner using a pharmaceutically acceptable
base, such as sodium hydroxide, potassium hydroxide, ammonium hydroxide, calcium hydroxide,

tricthylamine, or the like.

Esters of the active agent compounds according to the present invention may be prepared
through funtionalization of hydroxyl and/or carboxyl groups that may be present within the

molecular structure of the compound. Amides and prodrugs

may also be prepared using techniques known to those skilled in the art. For example, amides may

be prepared from esters, using suitable amine reactants, or
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they may be prepared from anhydride or an acid chloride by reaction with ammonia
or a lower alkyl amine. Moreover, esters and amides of compounds of the invention
can be made by reaction with a carbonylating agént (e.g., ethyl formate, acetic
anhydride, methoxyacetyl chloride, benzoy! chloride, methyl isocyanate, ethyl
chloroformate, methanesulfonyl chloride) and a suitable base (e.g., 4-
dimeﬂlylanﬁnOpyriciine, pyridine, triethylamine, potassium carbonate) in a suitable
organic solvent (e.g., tetrahydrofuran, acetone, methanol, pyridine, N,N-
dimethylformamide) at a temperature of 0 °C to 60 °C. Prodrugs are typically
prepared by covalent attachment of a moiety, which results in a compound that is
therapeutically inactive until modified by an individual’s metabolic system.
Examples of pharmaceutically acceptable solvates include, but are not limited to,
compounds according to the invention in combination with water, isopropanol,
ethanol, methanol, DMSO, ethyl acetate, acetic acid, dr ethanolamine.

~ Inthe case of solid compositions, it is understood that the compounds used in
the methods of the invention may exist in different forms. For example, the
compounds may exist in stable and metastable crystalline forms and isotropic and
amorphous forms, all of which are intended to be within the scope of the present
invention.

If a compound useful as an active agent according to the invention is a base,

the desired salt may be prepared by any suitable method known to the art, including

treatment of the free base with an inorganic acid, such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, or with an
organic acid, such as acetic acid, maleic acid, succinic acid, mandelic acid, fumaric
acid, malonic acid, pyruvic acid, oxalic acid, glycolic acid, salicylic acid,
pyranosidyl acids such as glucuronic acid and galacturonic acid, alpha-hydroxy
acids such as citric acid and tartaric acid, amino acids such as aspartic acid and
glutamic acid, aromatic acids such as benzoic¢ acid and cinnamic acid, sulfonic acids
such a p-toluenesulfonic acid or ethanesulfonic acid, or the like.

If a compound described herein as an active agent is an acid, the desired salt
may be prepared by any suitable method known to the art, including treatment of the
free acid with an inorganic or organic base, such as an amine (primary, secondary or
tertiary), an alkali metal or alkaline earth metal hydroxide or the like. Illustrative
examples of suitable salts include organic salts derived from amino acids such as

glycine and arginine, ammonia, primary, secondary and tertiary amines, and cyclic
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amines such as piperidine, morpholine and piperazine, and inorganic salts derived
from sodium, calcium, potassium, magnesium, manganese, iron, copper, zinc,
aluminium and lithium.

The present invention further includes prodrugs and active metabolites of the
active agent compounds described herein. Any of the compounds described herein
can be administered as a prodrug to increase the activity, bioavailability, or stability
of the compound or to otherwise alter the properties of the compound. Typical
examples of prodrugs include compounds that have biologically labile protecting
groups on a functional moiety of the active compound. Prodrugs include
compounds that can Be oxidized, reduced, aminated, deaminated, hydroxylated,
dehydroxylated, hydrolyzed, dehydrolyzed, alkylated, dealkylated, acylated,
deacylated, phosphorylated, and/ br dephosphorylated to produce the active
compound. In preferred embodiments, the compounds of this invention possess
anti-proliferative activity against abnormally proliferating cells, or are metabolized
to a compound that exhibits such activity. ' ‘

A number of prodrug ligands' are known. In general, alkylation, acylation, or
other lipophilic modification of one or more heteroatoms of the compound, such as a
free amine or carboxylic acid residue, reduces polarity and allows passage into cells.
Examples of substituent groups that can replace one or more hydrogen atoms on the
free amine and/or carboxylic acid moiety include, but are not limited to, the
following: aryl; steroids; carbohydrates (including sugars); 1,2-diacylglycerol;
alcohols; acyl (including lower acyl); alkyl (iticluding lower alkyl); sulfonate ester
(including alkyl or arylalkyl] sulfonyl, such as methanesulfonyl and benzyl, wherein
the phenyl group is optionally substituted with one or more substituents as provided
in the definition of an aryl given herein); optionally substituted arylsulfonyl; lipids
(including phospholipids); phosphotidylcholine; phosphocholine; amino acid
residues or derivatives; amino acid acyl residues or derivatives; peptides;
cﬁolcsterols; or other pharmaceutically acceptable leaving groups which, when

administered in vivo, provide the free amine and/or carboxylic acid moiety. Any of

these can be used in combination with the disclosed active agents to achieve a

desired effect.
Various combinations of one or more additional active agents as known by

one of skill in the art for the treatment and/or prevention of non-infectious diseases

and conditions may be administered to a subject in need thereof in addition to a
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therapeutically effective amount of methylsulfonylmethane, glucosamine, L-glycine,
and vitamin B, (or a derivative of any one thereof). That is, one or more additional
active agents traditionally used for the treatment and/or prevention of psychiatric
disorders, mood disorders, anxiety disorders, attention deficit disorders, dementia,
addictive behaviour and associated withdrawal problems, stress, anxiety, cerebral
palsy, Bell's palsy, premature ageing, rheumatoid arthritis, heart disease,
Parkinson’s disease, type 1 and type 2 diabetes, demyelinating diseases,
fibromyalgia, inflammatory bowel disease, asthma, allergic rhinitis, deep vein
thrombosis, and platelet aggregation may be administered to a subject in addition to
a therapeutically effective amount of methylsulfonylmethane, glucosamine, L-
glycine, and vitamin B> (or a derivative of any one thereof).

For example, a norepinephrine reuptake inhibitor, a selective serotonin
reuptake inhibitor, a tricyclic antidepressant, and/or a monoamine oxidase inhibitor
can be administered with methylsulfonylmethane, glucosamine, L-glycine, and
vitamin B3 (or a derivative of any one thereof) in certain embodiments for treating
and/or preventing a mood disorder, an anxiety disorder, an attention deficit disorder,
dementia, or stress, or for improving cognitive performance. ‘

In certain embodiments, the one or more additional active agents provide a
conserving effect on the methylsulfonylmethane, glucosamine, L-glycine, and
vitamin B;;. In further embodiments, the methylsulfonylmethane, glucosamine, L-
glycine, and vitamin B,; provide a conserving effect on the one or .more additional
active agents. In still further embodiments, the one or more additional active agents
provide a complimentary effect to the action of the methylsulfonylmethane,
glucosamine, L-glycine, and vitamin B,;, preferably eliminating or reducing the
frequency or severity of one or more symptoms associated with a non-infectious
disease.

By “reducing”, as in reducing the frequency or severity of one or more of the
symptoms (including specific symptoms) associated with a non-infectious disease, is
meant a lessening or shortening of a symptom, aspect, or characteristic associated
with a non-infectious disease, or of the length of time a subject experiences a
symptom, aspect, or characteristic associated with a non-infectious disease. It is to
be understood that such reducing need not be absolute to be beneficial to a subject.

Norepinephrine reuptake inhibitors are also known or noradrenalin reuptake

inhibitors, and generally function to elevate the level of norepinephrine in the central
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nervous system by inhibiting reuptake of norepinephrine from the synaptic cleft into
the presynaptic neuronal terminal. Norepinephrine is a catecholamine and
phenylethylamine that functions as a neurotransmitter and is known to affect many
conditions. The term “norepinephrine reuptake inhibitor” includes any compound
typically recognised as inhibiting the reuptake of norepinephrine in the central
nervous system. Non-limiting examples of norepinephrine reuptake inhibitors
useful according to the invention include atomoxetine (STRATTERA®), reboxetine
(EDRONAX®, VESTRA® or NOREBOX?), viloxazine (EMOVIT®, VIVALAN®,
VIVARINT®, or VIVILAN®), maprotiline (DEPRILEPT®, LUDIOMIL® or
PSYMION®), bupropion (WELLBUTRIN® or ZYBAN®), and radafaxine.

Non-limiting examples of specific selective serotonin reuptake inhibitors
useful according to the invention include fluoxetine (PROZAC®), paroxetine
(PAXIL®), citalopram (CELEXA®), escitalopram (LEXAPRO®), fluvoxamine
(LUVOX?®), and sertraline (ZOLOFT®).

Tricyclic antidepressants are a class of antidepressant compounds that can be

described as including any compound exhibiting antidepressant activity and having a

chemical formula including a fused three ring structure. Exemplary tricyclic

antidepressants for use according to the present invention include, but are not
limited to, amitriptyline (ELAVIL?), amoxapine, butriptyline, clomipramine
(ANAFRANIL®), desipramine (NORPRAMIN®), dibenzepin, dosulepin, doxepin
(SINEQUAN®),  imipramine (TOFRANIL®), lofepramine, nortriptyline
(PAMELOR® or AVENTYL®), protriptyline (VIVACTYL®), and trimipramine
(SURMONTIL®).

Monoamine oxidase inhibitors include a class of compounds understood to
act by inhibiting the activity of monoamine oxidase, an enzyme generally found in
the brain and liver, which functions to break down monoamine compounds,

typically through deamination.
There are two isoforms of monoamine oxidase inhibiting compounds, MAO-
A and MAO-B. The MAO-A isoform preferentially deaminates monoamines

typically occurring as neurotransmitters (e.g., serotonin, melatonin, epinephrine,
norepinephrine, and dopamine). Thus, monoamine oxidase inhibitors have been
historically prescribed as antidepressants and for treatment of other social disorders,
such as agoraphobia and social anxiety. The MAO-B isoform preferentially

deaminates phenylethylamine and trace amines. Dopamine is equally deaminated by
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both isoforms. Monoamine oxidase inhibitors may by reversible or non-reversible
and may be selective for a specific isoform. For example, the monoamine oxidase
inhibitor moclobemide (also known as Manerix or Aurorix) is known to be
approximately three times more selective for MAQO-A than MAO-B.

Any compound generally recognized as being a monoamine oxidase inhibitor
may be useful according to the present invention. Non-limiting examples of
monoamine oxidase inhibitors useful in combination with methylsulfonylmethane,
glucosamine, L-glycine, and vitamin B); (or a derivative of any one thereof) for
preparing compositions according to the invention include the following:
isocarboxazid (MARPLAN®), moclobemide (Aurorix, Manerix or Moclodura),
phenelzine (NARDIL®), tranylcypromine (PARNATE®), selegiline (ELDEPRYL®,
EMSAM?® or l-deprenyl), lazabemide, nialamide, iproniazid (marsilid, iprozid,
ipronid, rivivol, or propilniazida), iproclozide, toloxatone, harmala, brofaromine
(Consonar), benmoxin (Neuralex), and certain tryptamines, such as 5-MeOQ-DMT (5-
Methoxy-N,N-dimethyltryptamine) or 5-MeO-AMT (5-methoxy-a-
methyltryptamine). | '

In some embodiments, the combination of methylsulfonylmethane,
glucosamine, L-glycine, and vitamin B,; (or a derivative of any one thereof) and one
or more additional active agents produces a synergistic effect in the treatment and/or
prevention of a non-infectious disease. Accordingly, the present invention also
includes a method of enhancing the therapeutic effectiveness of an active agent in
treating any condition for which such agents are used.

In one embodiment, the methylsulfonylmethane, glucosamine, L-glycine,
and vitamin Bj; (or a derivative of any one thereof) are administered prior to the

administration of the one or more additional active agents. In another embodiment,
the methylsulfonylmethane, glucosamine, L-glycine, and vitamin Bj; are

administered after the administration of the one or more additional active agents. In
still another embodiment, the methylsulfonylmethane, glucosamine, L-glycine, and
vitamin B, are administered simultaneously with the administration of the one or
more additional active agents. In yet another embodiment, administration of the
methylsulfonylmethane, glucosamine, L-glycine, and vitamin B;; and the
administration of the one or more additional active agents (either sequentially or
concurrently) results in an improvement in an undesired physical or

mental/emotional state, or a pathological condition, that is greater than such an
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improvement from administration of either the methylsulfonylmethane,

- glucosamine, L-glycine, and vitamin B, or one or more additional active agents in

the absence of the other.

The active agents of the present disclosure can be administered by any
conventional method available for use in conjunction with pharmaceutical
compositions. The pharmaceutical compositions of the present disclosure may be
administered alone or may be administered with additional active agents if desired.

The phannaceuiical compositions described can be used in the form of a
medicinal preparation, for example, in aerosol, solid, semi-solid, or liquid form
which contains the methylsulfonylmethane, glucosamine, L-glycine, and vitamin B>
(or a derivative of any one thereof) disclosed as active ingredients. In addition, the
compositions may be used in an admixture with an appropriate pharmaceuﬁcally
acceptable carrier. Such pharmaceutically acceptable carriers include, but are not
limited to, organic or inorganic carriers, excipients or diluents suitable for
pharmaceutical applications. The active ingredients may be compounded, for
cxample, with the usual non-toxic pharmaceutically acceptable carriers, excipients
or diluents for tablets, pellets, capsules, inhalants, suppositories, solutions,
emulsions, suspensions, aerosols, and any other form suitable for use.

Pharmaceutically acceptable carriers for use in pharmaceutical compositions
are well known in the art, and are described, for example, in Remington: The Science
and Practice of Pharmacy Pharmaceutical Sciences, Lippincott Williams and
Wilkins (A. R. Gennaro editor, 20™ edition). Such materials are nontoxic to the
recipients at the dosages and concentrations employed and include, but are not
limited to, water, talc, gum acacia, gelatin, magnesium trisilicate, keratin, colloidal
silica, urea, buffers such as phosphate, citrate, acetate, and other organic acid salts,
antioxidants such as ascorbic acid, peptides, low molecular weight (less than about
ten residues) peptides such as, but not limited to, polyarginine, proteins, such as, but
not limited to, serum albumin, gelatin, or immunoglobulins, hydrophilic polymers
such as, but not limited to, polyvinylpyrrolidinone, amino- acids such as, but not
limited to, glycine, glutamic acid, aspartic acid, or arginine, monosaccharides,
disaccharides, and other carbohydrates including cellulose or its derivatives, lactose,
mannitol, glucose, mannose, dextrins, potato or corn starch or starch paste, chelating
agents such as, but not limited to,. EDTA, sugar alcohols such as mannitol or

sorbitol, counterions such as, but not limited to, sodium, and nonionic surfactants
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such as, but not limited to, the Tweens, Pluronics or polyethyleneglycol. In
addition, the compositions may comprise auxiliary agents, such as, but not limited
to, taste-enhancing agents, stabilizing agents, thickening agents, colouring agents
and the like.

The pharmaceutical compositions may be prepared for storage or
administration by mixing the active ingredients, each having a desired degree of
purity, with physiologically acceptable carriers, excipients, stabilizers, auxiliary
agents, and the like, as is known in the art. Such compositions may be provided in
sustained release or timed release formulations.

The pharmaceutical compositions containing the active ingredients may be
administered orally in solid dosage forms, such as capsules, tablets, and powders, or
in liquid dosage forms, such as elixirs, syrups and suspensions. Furthermore the
compositions containing the active ingredients may be administered parenterally, in
sterile liquid dosage forms, by transmucosal delivery via solid, liquid or aerosol
forms or transdermally via a patch mechanism or ointment. Various types of
transmucosal administration include respiratory tract mucosal administration, nasal
mucosal administration, oral transmucosal (such as sublingual and buccal)
administration, and rectal transmucosal administration.

For preparing solid compositions such as, but not limited to, tablets or
capsules, the methylsulfonylmethane, glucosamine, L-glycine, and vitamin B,; (or a
derivative of any one thereof) described may be mixed with appropriate
pharmaceutically acceptable carriers, such as conventional tableting ingredients
(e.g., lactose, sucrose, mannitol, corn starch, potato starch, alginic acid,
microcrystalline cellulose, acacia, gelatin, gums, colloidal silicon dioxide,
croscarmellose sodium, talc, sorbitol, stearic acid magnesium stearate, calcium
stcarate, zinc stearate, stearic acid, and dicalcium phosphate), other excipients,
colorants, diluents, buffering agents, disintegrating agents, moistening agents,
preservatives, flavouring agents, and pharmacologically compatible carriers, as well
as diluents (e.g., water, saline or buffering solutions) to form a substantially
homogenous composition. The substantially homogenous composition means the
components are dispersed evenly throughout the composition so that the
composition may be readily subdivided into equally effective unit dosage forms

such as tablets, pills and capsules.
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The solid compositions described may be coated or otherwise compounded
to provide a dosage form affording the advantage of prolonged action. For example,
tablets or pills can comprise an inner dosage and an outer dosage component, the
latter being in the form of an envelope over the former. The two components can be
separated by an enteric layer which serves to resist disintegration in the stomach and
permits the inner component to pass intact through the stomach or to be delayed in
release. A variety of materials can be used for such enteric layers or coatings such
materials including a number of polymeric acids and mixtures of polymeric acids
with such materials as shellac, cetyl alcohol and cellulose acetate.

The active ingredients may also be formulated in rectal compositions such as
suppositories or retention enemas, for example, containing conventional suppository
bases such as cocoa butter or other glycerides. The solid compositions may also
comprise a capsule, such as hard- or soﬁ-shellled gelatin type containing, for
example, surfactants, lubricants, and inert fillers, such as lactose, sucrose, calcium
phosphate, and corn starch.

For intranasal administration, intrapulmonary administration or
administration by other modes of inhalation, the pharmaceutical compositions may
be delivered in the form of a solution or suspension from a pump spray container or
as an aerosol spray presentation from a pressurized container or nebulizer, with the
use of a suitable propellant (e.g., dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, nitrogen, propane, carbon dioxide, or other suitable gas)
or as a dry powder. In the case of an aerosol or dry powder format, the amount
(dose) of the composition delivered may be determined by providing a valve to
deliver a metered amount.

Liquid forms may be administered orally, parenterally or via transmucosal
administration, Suitable forms for liquid administration include aqueous solutions,
suitably flavoured syrups, aqueous or oil suspensions, and flavoured emulsions with
edible oils such as cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as
elixirs and similar pharmaceutical vehicles. Suitable dispersing or suspending
agents for aqueous suspensions include synthetic natural gums, such as tragacanth,
acacia, alginate, dextran, sodium carboxymethyl cellulose, methylcellulose,
polyvinylpyrrolidone, and gelatin. Such liquid preparations may be prepared by

conventional means with pharmaceutically acceptable additives such as suspending

~agents (e.g., sorbito]l syrup, methyl cellulose or hydrogenated edible fats),
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- emulsifying agents (e.g., lecithin or acacia), non-aqueous vehicles (e.g., almond oil,

oily esters or ethyl alcohol), preservatives (e.g., methyl or propyl p-
hydroxybenzoates or sorbic acid), and artificial or natural colours and/or sweeteners.

Liquid formulations may include diluents, such as water and alcohols (e.g.,
ethanol, benzyl alcohol, propylene glycol, glycerin, and the polyethylene alcohols),
either with or without the addition of a pharmaceutically acceptable surfactant,
suspending agent, or emulsifying agent.

For buccal or sublingual administration, the pharmaceutical composition may
take the form of tablets or lozenges formulated in conventional manners. Lozenge
forms can comprise the active ingredient in a flavour, usually sucrose and acacia or
tragacanth, as well as pastilles comprising the active ingredient in an inert base, such
as gelatin and glycerin, or sucrose and acadia, emulsions, and gels containing, in
addition to the active ingredient, such carriers as are known in the art.

The pharmaceutical compositions may be formulated for parenteral
administration. Parenteral administration includes, but is not limited to, intravenous
administration, subcutaneous administration, intramuscular administration,
intradermal administration, intrathecal administration, intraarticular administration,
intracardiac administration, retrobulbar administration, and administration via
implants, such as sustained release implants.

The pharmaceutical compositions may be presented in unit-dose or multi-
dose sealed containers, such as ampules and vials, and can be stored in a freeze-
dried (lyophilized) condition requiring only the addition of the sterile liquid
excipient, for example, water, for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions can be prepared from sterile
powders, granules, and tablets. The requirements for effective pharmaceutically
acceptable carriers for injectable compositions are well known in the art.

Therapeutic treatments can include a therapeutically effective amount of
methylsulfonylmethane, glucosamine, L-glycine, and vitamin B;; (or a derivative of
any one thereof) necessary to prevent or treat an undesired physical or
mental/emotional state, or a pathological condition, or for improving cognitive
performance. Ideally, a therapeutically effective amount of an agent is an amount
sufficient to effect the desired result without causing a substantial cytotoxic effect in
the subject. The effective amount of an agent useful for preventing or treating an

undesired physical or mental/emotional state, or a pathological condition, or for
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improving cognitive performance, will be dependent on the subject being treated, the
severity of the state or condition, and the manner of administration of the therapeutic
composition. Effective amounts can be determined by standard clinical techniques.

For example, when administering a pharmaceutical composition comprising
methylsulfonylmethane, glucosamine, L-glycine, and vitamin B> (or a derivative of
any one thereof), the precise dose to be employed in the formulation will depend on
the route of administration, and should be decided according to the judgment of the
health care practitioner and each subject’s circumstances. The concentration of an
active ingredient (such as methylsulfonylmethane, glucosamine, L-glycine, and
vitamin B;;) in a topical composition (such as an ointment, cream, gel, or lotion) is
typically from about 0.2% to about 1% (by weight relative to the total weight of the
topical composition); for example, from about 0.3% to about 0.9%, from about 0.4%
to about 0.8%, and from about 0.5% to about 0.7%. Within the ranges, higher
concentrations allow a suitable dosage to be achieved while applying the lotion,
ointment, gel, or cream in a lesser amount or with less frequency.

In other embodiments, a dosage range for non-topical administration (such as
oral administration, or intravenous or intraperitoneal injection) of a pharmaceutical
composition containing methylsulfonyimethane, glucosamine, L-glycine, and
vitamin By, is from about 0.1 to about 200 mg/kg body weight for each active agent

in single or divided doses; for example from about 1 to about 100 mg/kg, from

about 2 to about 50 mg/kg, from about 3 to about 25 mg/kg, or from about 5 to
about 10 mg/kg.

Acceptable daily dosages of the active ingredients (ie,
methylsulfonylmethane, glucosamine, L-glycine, and vitamin B;;) of the
pharmaceutical compositions of the present invention include between 500 and
6,000 mg of methylsulfonylmethane (e.g., 800 mg, 1,000 mg, 1,500 mg, 2,000 mg,
2,500 mg, 3,000 mg, 3,500 mg, 4,000 mg, 4,500 mg, 5,000 mg, and 5,500 mg),
between 500 and 6,000 mg of glucosamine (e.g., 800 mg, 1,000 mg, 1,500 mg,
2,000 mg, 2,500 mg, 3,000 mg, 3,500 mg, 4,000 mg, 4,500 mg, 5,000 mg, and 5,500
mg), between 500 and 2,000 mg of L-glycine (e.g., 800 mg, 1,000 mg and 1,500
mg), and between 0.02 and 2.0 mg of vitamin B,; (e.g., 0.02 mg, 0.04 mg, 0.06 mg,
0.08 mg, 0.2 mg, 0.4 mg, 0.6 mg, 0.8 mg,1.0 mg, 1.2 mg, and 1.5 mg).

The pharmaceutical compositions of the present disclosure can be

administered at about the same dose throughout a treatment period, in an escalating
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dose regimen, or in a loading-dose regime (for example, in which the loading dose 1s
about two to five times the maintenance dose). In some embodiments, the dose is
varied during the course of a treatment based on the condition of the subject being
treated, the severity of the migraine, the apparent response to the therapy, and/or
other factors as judged by one of ordinary skill in the art. In some embodiments
long-term treatment with a disclosed pharmaceutical composition i1s contemplated.

In yet another aspect, the invention provides use of methylsulfonylmethane
or a derivative thereof, glucosamine or a derivative thereof, L-glycine or a derivative
thereof, and vitamin B, or a derivative thereof in the manufacture of a medicament
for treating a non-infectious disease in a subject.

In further aspects, the invention provides a pharmaceutical composition for
treating or preventing a non-infectious disease, or for improving cognitive
performance, including methylsulfonylmethane or a derivative thereof, glucosamine
or a derivative thereof, L-glycine or a derivative thereof, vitamin B, or a derivative
thereof, and a pharmaceutically acceptable carrier, diluent or excipient,

In one embodiment, the pharmaceutical composition includes between 500
and 6,000 mg of methylsulfonylmethane (e.g., 800 mg, 1,000 mg, 1,500 mg, 2,000
mg, 2,500 mg, 3,000 mg, 3,500 mg, 4,000 mg, 4,500 mg, 5,000 mg, and 5,500 mg),
between 500 and 6,000 mg of glucosamine (e.g., 800 mg, 1,000 mg, 1,500 mg,
2,000 mg, 2,500 mg, 3,000 mg, 3,500 mg, 4,000 mg, 4,500 mg, 5,000 mg, and 5,500
mg), between 500 and 2,000 mg of L-glycine (e.g., 800 mg, 1,000 mg and 1,500
mg), and between 0.02 and 2.0 mg of vitamin B;; (e.g., 0.02 mg, 0.04 mg, 0.06 mg,
0.08 mg, 0.2 mg, 0.4 mg, 0.6 mg, 0.8 mg,1.0 mg, 1.2 mg, and 1.5 mg).

So that the present invention may be more readily understood and put into

practical effect, the skilled person is referred to the following non-limiting examples.

EXAMPLES
Examplel: Initial study ’

Because of the complicated monitoring requiréd for most of the potential
non-infectious diseases that could be involved with the study, it was considered that
an assessment of improvement in depression using the GMGB1 would be a simple
starting point. Although the study was limited by size and the fact that only
qualitative data was being collected, a good response at this stage would be
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encouraging. Quantitative data using the Beck Depression Index (BDI), a standard

‘tool that assesses the degree of depression, was used retrospectively on participants.

The BDI score indicates four levels of depression: (1) a score of 0 t0 9
indicates that there 1s minimal or no evidence of depression; (ii) a score of 10 to 16
indicates evidence of mild depression; (iii) a score of 17 to 29 indicates moderate
depression; and (1v) a score of 30 to 63 indicates severe depression.

The aim of the study was to assess if psychiatric illness is caused by the
presence of large amounts pro-inflammatory cytokines, mainly TNF, It would
achieve this by assessing if the treatment with GMGB1 would make a positive
change in the participants presentations. The study included only a few people (n =
9), but was useful in that it showed trends indicating a more detailed study would be
beneficial. Participants all willingly agreed to participate in the study and gave
informed consent.

All of the components in GMGBI1 are of low molecular weight, so
bioavailability is very good and as a consequence they can move in and out of all
tissues. Half-life indicated we could deliver the treatment in a once-a-day
compound which would improve compliance. The formula for the study, based on
the ratio of molecular weights, was 1200mg of glucosamine analog or 400 mg of
quaternized amino  glucosamine, 400mg of L-glycine, 500mg of

methylsulfonylmethane, and 250ug of vitamin B,;.

Results

Patient 1: Initial report was that she was sad, heavy of heart and
overwhelmed by everything; unable to make decisions, angry, see negative in
everything, and unable to move forward in life. After roughly ten days of treatment,

she was happier, more carefree, less easily upset, calmer, relaxed, and found issues

not so important anymore, less worried, having the ability to move on. The results
were still continuing eight weeks after commencement.

Patient 2: Was a bipolar patient on no medications for bipolar disorder, but
on anti depressives. A typical problem with bipolar treatments is that they make
you “flat” — feeling neither good nor bad. He commented that with this regime he

was having none of the mood swings he is used to, but without the “flat” feeling; he

felt normal.
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Patient 3: A lady with Bell’s palsy who has improved daily since she started
the treatment.

Patient 4: A depressed male on medication for depression, but still
depressed. Since going on the regime he has felt normal for the first time in a long
time.

Patient 5: A depressed person, stressed, anxious and crying every day, and
saw no future. After the treatment, now stable and has a positive view of life,

Patient 6: A very busy person who suffered from stress and was predisposed
to depression. He reported that the treatment was doing good things for his
emotional and mental well being, and he is less stressed and able to cope with his
busy schedule.

Patient 7: A sceptical clinician started the regime, and after one week
reported his mood had improved significantly.

Initial results from the prelimihary study with GMGB1 on volunteer patients
with major depression showed a positive outcome from the treatment. Using the
Beck Depression Index as a measurement tool, all patients screened between 20 and
45 with this tool prior to beginning the treatment regime. This indicated a range of
moderate to severe depression. All patients responded by reducing their score to
less than § after two weeks of treatment with GMGBI, indicating that they were no
longer depressed. .

All but three of these patients had previously been on psychotropic
medications and had never experienced this degree of benefit before. The most
common comment was clarity of thought and improved cognitive capacity. Even
those on selective serotonin reuptake inhibitor medication had significant

improvement and the “muzzy” head disappeared. The other common comment was
that of being stable, they did not cycle between mania and depression as before,

even in the presence of triggers that would have made them feel depressed before.
An initial result from a patient who was part of the initial study was
encouraging in this regard. Coincidental to the depression, the patient suffered for
many years from what appeared to be a demyelinating diseasé characterised by
hyper-reflexivity and claw toes in both feet. A treatment for claw toe associated
with fibromyalgia is selective serotonin reuptake inhibitor medication. This person
has been treated with a selective serotonin reuptake inhibitor for more than eight

years with no resolution to the problem. Since using GMGB1 however, both feet

CA 2816595 2018-03-12




10

15

20

25

30

27

have resolved, indicating a probable use for this compound in neuromuscular
diseases and fibromyalgia in general. '

A person in the study who had been on a selective serotonin reuptake
inhibitor and Valium treatment for many years reduced their intake of these
medications abruptly. Normally, the cessation of these medications would require a
period of several months to stop because of the alarming withdrawal effects. Taking
GMGBI1 at the time of the cessation enabled the person to stop the medications
without any adverse effects, indicating a benefit in its use in withdrawal from similar

drugs or drugs of abuse.

Example 2: Efficacy of GMGBI1 as a mood stabiliser in individuals with certain

depressive and anxiety disorders
As a result of encouraging results from the initial small trial of GMGBI, a

larger and more rigorous study was planned. This study was run from a general
practitioner’s surgery and the patients were selected on an “as presenting” basis. It
was initially planned that in the first protocol there would be a placebo arm.
However, as the potential participants were coming to the general practitioner’s
surgery for treatment, it was felt that it would be unethical to not provide a
potentially beneficial treatment.

All participants provided they were eligible for inclusion in the study as per
the protocol, were informed about all aspects of the study and completed an
informed consent form. Each participant was allocated a unique number that would
be used for identifying results and maintaining confidentiality.

Thirty-nine participants were involved with the study. Of these, four had no
response and two withdrew from the study. '

The efficacy of the treatment was monitored primarily using the Beck
Depression Index. Changes from the initial score were assessed, on day one of the
study, and at day fourteen and day twenty-eight. Efficacy was assessed using a
patient diary and an effects record sheet. A number of different effects were noted
by the participants towards the end of the study. All effects were put together on a

check sheet and participants completed this in addition to their diaries.
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Results

Analysis of the BDI data revealed on day one a mean of 24.6 with~ a standard
deviation of 9.6. On day fourteen the mean was 8.3 with a standard deviation of 6.3,
and on day twenty-eight the mean was 5.8 with a standard deviation of 4.4 (Figure '
1). Statistical analysis of the difference between day one and day twenty-cight gave
a p value of <0.001.

At the start of the study, 24% of the participants were severely depressed,
71% were moderately depressed, 5% were mildly depressed, and nil were in the
category of no depression (Figure 2).

Figures 3 and 4 illustrate the changes seen at fourteen and twenty-eight days,
respectively, and it can be seen that the group of participants ended up with 73% in
the “none” or minimal evidence of depression, with zero severely affected by
depression. |

During the study, participants were asked to record any effects of the
treatment (either positive or negative) that might give an indication of the
effectiveness of GMGB1. There were a number of unexpected effects that indicate

further areas of study (Figure 5; Table I).
The results revealed a dramatic change in the intensity of depression during

the twenty-eight days of the study. The data shows that the participants involved in
the study had an improvement in their BDI results of 68%. This is a significant
individual improvement, as it is considered that any improvement over 50% is a
significant clinical improvement.

Those effects reported by participants indicate GMGBI1 is very useful in
improving mood and giving participants a clear head. A role in age-related
dementia is indicated. One participant (greater than 80 years old) had much
improved concentration and clarity of thought. More than 60% of participants
reported improved concentration, lower anxiety, improved clarity of thought, and
improved mood, making this an important treatment across ages and genders.

Twelve individuals elected to continue with the trial for at least six months
after the completion of the twenty-eight day study. During this period, the
individuals maintained their BDI levels and reported an increased ability to cope
with changes that would have put them into deep anxiety or depression in the past.

Other study participants that decided to stop the treatment after the twenty-
cight day trial (for a variety of reasons) reported that the benefit they received
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stopped only a few days after discontinuing treatment. One participant, a lady with
bipolar depression, stated that on ceasing GMGB/1, within five days her depression
and fibromyalgia returned. Another, who started with severe depression and
recorded no depression after fourteen days, returned to having severe depression
atter stopping the medication for fourteen days.

A number of euthymic individuals, volunteering to be included to assess the
ability to modify stressful behaviour, reported a significant and continued benefit for
periods of up to twelve months whilst taking GMGB1. These benefits diminished
two to three days following cessation of taking GMGBI1, and individuals
expenienced a recurrence of their mood fluctuation, which again resolved on
continuing with GMGBI. |

Several effects reported were only relevant to those experiencing the problem

‘that was alleviated in the first place. As an example, not all participants suffered

from skin conditions, but all of those that did had relief from using GMGBI.
Excessive alcohol use and other addictive behaviour were reported by a number of
participants. As an example, one female participant, who reported having 2-3
glasses of wine every night for many years, stated that she no longer had an interest
in alcohol. There would appear to be a reduction in the craving associated with
these addictive behaviours. Those reporting an increased libido made notes to the
fact that the increase was not just a small amount but very significant. All the
effects reported have been consistent with GMGB1 having a significant effect on

certain contributing factors in a variety of presentations.

Discussion

Under the EU guidelines for the assessment of antidepressants, a new
medication is considered effective and having a good efficacy if the percentage of
participants with a good response is over 50%. The efficacy response is defined as a
difference between the baseline and post treatment score in symptomatology, but
also should be expressed as the proportion of responders. In major depression, a
50% improvement on the usual rating scales is accepted as clinically relevant
response.

In this study of thirty-nine people, a clinical improvement was achieved in
89% of patients to non-responders. Although there was improvement in depression,

as indicated by the improvement in BDI score, and a lowering of anxiety levels, the
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predominant improvement was one of mood stabilisation. Even in the euthymic individuals, the
fact that they reported that they did not have outbursts of anger, or negative internalisation of

emotions for the duration of the trial (greater than six months), is very significant.

GMGBI has few side effects (weight gain was reasonably common and a = few people
reported headaches) and as a consequence is well tolerated. This toleration enables it to be ethically
used in individuals experiencing minor mood swings associated with living in a stressful
environment, and can be used for an extended period of time, even prophylactically. Although
there was a significant 10 drop in BDI score in the study seen in depressed patients, this could be
primarily as a result of an improvement in their ability to cope with daily stressors. The capacity
of the compound to also work effectively in reducing the impact of stressors in anxiety patients
makes this medication stand out from other mood stabilisers, that are associated only with

depressed patients in manic states.

Throughout this specification, the aim has been to describe the preferred embodiments of
the invention without limiting the invention to any one embodiment or specific collection of
features. Various changes and modifications may be made to the embodiments described and

1Hlustrated herein without departing from the broad spirit and scope of the invention.
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Table 1. Positive Effects of GMGB1 Tnal
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3GNT M 58 0 i 0 ] ) ] l | 0 0
Mean; |
62% 21 F 48 15 2] 4 14 16 20 15 8 6 5
I8 M | 20% 66% 76% 95% 70% 38% 29% 24%

ID: Identity Number

%: Improvement in symptoms as indicated by the BDI

Dur: Indicates if the patient has been stable on GMGB/1 for > 6 months

Quest: Indicates if the patient completed a qualitative improvement questionnaire
BP: Indicates a reduction in blood pressure > 25 mm HG

Conc: Indicates report of improvement in cognition and clear thinking

Stress: Indicates a report of a reduction in stress levels

Mood: Indicates a report of stabilisation of mood

Anx: Indicates a report of being less anxious

Sleep: Indicates a report of an improved sleep pattern

Skin: Indicates a report of an improvement in skin, hair and nail condition

Sick: Indicates a report of a reduction in symptoms during cold/flu (sickness behaviour)
Effect: Indicates a report of adverse effects other than weight gain
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CLAIMS

1. Use of a pharmaceutical composition to treat a non-infectious disease, wherein the

COMmpOosItion COmprises:

(a) methylsulfonylmethane or a pharmaceutically acceptable salt or solvate théreof;

(b) glucosamine, a glucosamine derivative or a pharmaceutically acceptable salt or
solvate thereof, wherein the glucosamine derivate is selected from glucosamine
sulphate, N-acetyl glucosamine and quaternised amino glucosamine;

(¢) L-glycine or a pharmaceutically acceptable salt or solvate thereof;

(d) vitamin Bz, a derivative thereof or a pharmaceutically acceptable salt or solvate
thereot, wherein the vitamin B2 derivate is selected from cobalamin, methyl
cobalamin, and hydroxycobalamin;

and wherein the non-infectious disease is selected from the group consisting of a

mood disorder, an anxiety disorder, an attention deficit disorder, dementia and stress.

2. Use of a pharmaceutical composition to treat a non-infectious disease according to
claim 1 comprising:
(a) methylsulfonylmethane;
(b) glucosamine;
(¢) L-glycine; and
(d) vitamin Bi».

3. Use of a pharmaceutical composition to treat a non-infectious disease according to
claim 1 or claim 2, wherein the composition further comprises one or more additional
active agents selected from a norepinephrine reuptake inhibitor (NR1), a selective

serotonin reuptake inhibitor (SSR1), a tricyclic antidepressant, and a monoamine

oxlidase inhibitor.
4. Use of a pharmaceutical composition according to claim 3, wherein the additional

active agent 1s an NRI selected from atomoxetine, reboxetine, viloxazine, maprotiline,

bupropion, radaftaxine, and combinations thereof.
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5. Use of a pharmaceutical composition according to claim 3, wherein the additional
active agent is an SSRI selected from fluoxetine, paroxetine, citalopram, escitalopram,

fluvoxamine, sertraline, and combinations thereof.

6. Use of a pharmaceutical composition according to claim 3, wherein the additional
active agent is a tricyclic antidepressant selected from amitriptyline, amoxapine,
butriptyline, clomipramine, desipramine, dibenzepin, dosulepin, doxepin, imipramine,

lofepramine, nortriptyline, protriptyline, trimipramine, and combinations thereot.

7. Use of a pharmaceutical composition according to claim 3, wherein the additional
active agent is a monamine oxidase inhibitor seiected from 1socarboxazid,
moclobemide, phenelzine, tranylcypromine, selegiline, nialamide, proniazid,
Iproclozide, toloxatone, harmala, brofaromine, benmoxin, 5-methoxy-N,N-

dimethyltryptamine, S-methoxy-alpha-methyltryptamine, and combinations thereof.

8. Use of a pharmaceutical composition according to any one of claims 1 to 7, wherein
the composition {further comprises a pharmaceutically acceptable carrier, diluent or

excipient.

9. Use of a pharmaceutical composition according to claim 8, wherein the composition
comprises 500-6000mg methylsulfonylmethane, 500-6000mg glucosamine, 500-
2000mg L-glycine, and 0.02-2mg vitamin Bx.

10. Use of a pharmaceutical composition according to any one of claims | to 9, wherein
the mood disorder is depression; the anxiety disorder 1s selected from panic disorder,
obsessive-compulsive disorder, post-traumatic stress disorder, social phobia, specific

phobias and generalised anxiety disorder; and the attention deficit disorder 1s ADHD.

11. Use of a pharmaceutical composition according to any one of claims 1 to 10, wherein

the treatment of the non-infectious disease results in improved cognitive performance

in a subject.
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