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METHODS AND COMPOSITIONS FOR TREATMENT OF MULTIPLE
SCLEROSIS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. provisional application no. 61/360,020,
entitted "METHODS AND COMPOSITIONS FOR TREATMENT OF MULTIPLE
SCLEROSIS," filed on June 30, 2010, which is incorporated by reference in its entirety, for

all purposes, herein.
BACKGROUND
1. Field

[0002] The present disclosure is directed to methods and compositions for the treatment of
multiple sclerosis using antipsychotic drugs. More specifically, the present disclosure is
related to methods and compositions for the treatment of multiple sclerosis using atypical

antipsychotics such as risperidone, paliperidone or clozapine.
2. Description of the Related Art

[0003] Multiple sclerosis (abbreviated MS, also known as disseminated sclerosis or
encephalomyelitis disseminata) is a disease in which the fatty myelin sheaths around the
axons of the brain and spinal cord are damaged, leading to demyelination and scarring as well
as a broad spectrum of signs and symptoms. Onset of MS usually occurs in young adults,

and it is more common in females. Prevalence ranges between 2 and 150 per 100,000.

[0004] Multiple sclerosis is known for affecting the ability of nerve cells in the brain and
spinal cord to communicate with each other. Typically, nerve cells communicate by sending
electrical signals called action potentials down long fibers called axons, which are wrapped in
an insulating substance called myelin. An autoimmune reaction in MS is thought to result in
loss of myelin function. When myelin is lost, the axons can no longer effectively conduct
signals. The name multiple sclerosis refers to scars (scleroses—better known as plaques or
lesions) in the white matter of the brain and spinal cord, which is mainly composed of
myelin. Although much is known about the mechanisms involved in the disease process, the

cause remains unknown.
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[0005] A person with MS can suffer almost any neurological symptom or sign, including
changes in sensation such as loss of sensitivity or tingling, pricking or numbness
(hypoesthesia and paraesthesia), muscle weakness, clonus, muscle spasms, or difficulty in
moving; difficulties with coordination and balance (ataxia); problems in speech (dysarthria)
or swallowing (dysphagia), visual problems (nystagmus, optic neuritis including phosphenes,

or diplopia), fatigue, acute or chronic pain, and bladder and bowel difficulties.

[0006] It is theorized that multiple sclerosis may be caused by genetics, infections or
environmental factors. Genetically speaking, MS is not considered a hereditary disease,
however, a number of genetic variations have been shown to increase the risk of developing
the disease. The risk of acquiring MS is higher in relatives of a person with the disease than
in the general population. The disease has an overall familial recurrence rate of 20%.
Certain genes have been linked with multiple sclerosis. Differences in the human leukocyte
antigen (HLA) system—a group of genes in chromosome 6 that serves as the major
histocompatibility complex (MHC) in humans appear to increase the probability acquiring
multiple sclerosis. The most consistent finding is the association between multiple sclerosis

and alleles of the MHC defined as DR15 and DQ6.

[0007] The acquisition of multiple sclerosis may include environmental factors. For
example, multiple sclerosis appears to be more common with decreased sunlight exposure as
hypothesized in a study by Marrie, Lancet Neurol., 3:709-718, 2004. Additionally, evidence
for viruses as a cause includes the presence of oligoclonal bands in the brain and
cerebrospinal fluid of most patients, the association of several viruses with human
demyelination encephalomyelitis and the induction of demyelination in animals through viral
infection. Ewing and Bernard, Immunol. Cell Biol., 76:47-54, 1998 have demonstrated that a
mouse model of multiple sclerosis, known as experimental autoimmune encephalomyelitis
has proven to be vital in understanding the pathogenesis of multiple sclerosis and in testing

the efficacy of currently available MS treatments.

[0008] Multiple sclerosis can present as almost any neurological symptom and often
progresses to physical and cognitive disability. MS may take several forms, with new
symptoms occurring either in discrete attacks (relapsing forms) or slowly accumulating over
time (progressive forms). Between attacks, symptoms may go away completely, but

permanent neurological problems often occur, especially as the disease advances.
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[0009] Multiple sclerosis currently has no known cure. However, there are some treatment
options available. Typically treatments attempt to return function after an attack, prevent
new attacks, and prevent disability. Unfortunately many MS medications can have adverse
effects or can be poorly tolerated. The prognosis is difficult to predict; it depends on the
subtype of the disease, the individual patient's disease characteristics, the initial symptoms

and the degree of disability the person experiences as time advances.

[0010] Although there is no known cure for multiple sclerosis, several therapies have
proven helpful. During symptomatic attacks, administration of high doses of intravenous
corticosteroids, such as methylprednisolone, is the routine therapy for acute relapses.
Although generally effective in the short term for relieving symptoms, corticosteroid
treatments do not appear to have a significant impact on long-term recovery. Currently, five
disease-modifying treatments have been approved by regulatory agencies of different
countries for MS. Interferon beta-1a (trade names Avonex, CinnoVex, ReciGen and Rebif )
and interferon beta-1b (U.S. trade name Betaseron, in Europe and Japan Betaferon). A third
medication is glatiramer acetate (Copaxone), a non-interferon, non-steroidal
immunomodulator. A fourth medication, mitoxantrone, is an immunosuppressant also used
in cancer chemotherapy. The fifth is natalizumab (marketed as Tysabri). The interferons and
glatiramer acetate are delivered by frequent injections, varying from once-per-day for
glatiramer acetate to once-per-week (but intra-muscular) for Avonex. Natalizumab and
mitoxantrone are given by IV infusion at monthly intervals. Thus, more available treatment

options are desirable.
SUMMARY

[0011] The present disclosure is directed to the use of a drug with an affinity for both
serotonergic 5-HT, and dopaminergic D, receptors in the preparation of a medicament for

reducing at least one symptom of multiple sclerosis.

[0012] In certain aspects, the drug may be used to treat a subject, which may be a human
subject or a mammal subject diagnosed with multiple sclerosis or a symptom or symptoms of

multiple sclerosis.

[0013] In certain aspects, the drug is used on a subject diagnosed with multiple sclerosis or
exhibiting one or more symptoms of multiple sclerosis. The subject may be administered a

drug with an affinity for both serotonergic 5-HT, and dopaminergic D, receptor.

-3
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[0014] In certain aspects, any drug with an affinity for both serotonergic 5-HT, and
dopaminergic D, receptor can be used to treat a subject with multiple sclerosis or exhibiting

one or more symptoms of multiple sclerosis.
[0015] In certain aspects, the drug is in a pharmaceutical formulation.

[0016] In certain aspects, the drug is risperidone, paliperidone, clozapine or a combination

thereof.

[0017] In certain aspects, symptoms of multiple sclerosis include one or more of the
following: incontinence, loss of memory, paralysis, loss of coordination, fatigue, pain, optic

neuritis, spasticity, transverse myelitis, tremor or a combination thereof.

[0018] In certain aspects the drug or drugs are formulated in a pharmaceutically acceptable

formulation.

[0019] In certain aspects the drug or drugs are administered to the subject orally, epidurally,
transdermally, subcutaneously, intravenously, intramuscularly, intrathecally, intraperitoneally

or via inhalation.

[0020] The foregoing and other objects, features and advantages of the present disclosure
will become more readily apparent from the following detailed description of exemplary

embodiments as disclosed herein.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The following figures form part of the present specification and are included to
further demonstrate certain aspects of the present disclosure. The disclosure may be better
understood by reference to one or more of the figures in combination with the detailed
description of specific embodiments presented herein. Embodiments of the present
disclosure are described, by way of example only, with reference to the attached figures,

wherein:

[0022] FIG. 1A illustrates an exemplary treatment of C57BL/6 mice with risperidone
(administered in drinking water; 3 mg/kg/day) following immunization to induce EAE with

MOG (myelin oligodendrocyte glycoprotein) peptide in complete Freund’s adjuvant. Disease
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score is based on the progressive ascending paralysis that characterizes EAE in this animal

model where 0 = normal and 5 = complete body paralysis (i.e. moribund).

[0023] FIG. 1B illustrates an exemplary treatment of C57BL/6 mice with risperidone
(administered in drinking water; 3 mg/kg/day) following immunization to induce EAE. The

data is from 4 separate and independent experiments.

[0024] FIG. 1C illustrates an exemplary reduction in the “area under the curve” (AUC),
which is an indication of the reduction in total disease burden through administration of
risperidone. AUC was measured from days 0-26 and the results are from 4 separate and

independent experiments.

[0025] FIG. 1D illustrates an exemplary dose-response with 3 mg/kg/day having a
significant protective effect (p < 0.0001 by 2-way ANOVA).

[0026] FIG. 1E illustrates an exemplary incidence graph.

[0027] FIG. 2A illustrates an exemplary dose-dependent reduction in disease severity
through administration of clozapine (administered in drinking water; 15 or 30 mg/kg/day) in

C57BL/6 mice immunized to induce EAE.

[0028] FIG. 2B illustrates an exemplary reduction in AUC through administration of

clozapine.

[0029] FIG. 3A illustrates that neither risperidone nor clozapine cause a reduction in total
splenocyte numbers (i.e. do not cause leukocyte death) in unimmunized or immunized

C57BL/6 mice treated with risperidone (3 mg/kg/day) or clozapine (30 mg/kg/day).

[0030] FIG. 3B illustrates that risperidone alters the neutrophil profile of lymphoid tissue in
C57BL/6 mice 40 days after immunization with MOG peptide antigen.

[0031] FIG. 3C illustrates that risperidone does not alter the CD4 helper T cell profile of
lymphoid tissue in C57BL/6 mice 40 days after immunization with MOG peptide antigen.

[0032] FIG. 3D illustrates that risperidone alters the splenic T regulatory cell profile of
lymphoid tissue in C57BL/6 mice 40 days after immunization with MOG peptide antigen.
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[0033] FIG. 4A illustrates exemplary antigen specific IL-17 production (pg/ml) in
C57BL/6 mice, which were treated with risperidone, clozapine, or vehicle alone, and
immunized to induce EAE 21 days earlier. Shown are the mean and standard error of the

mean (n=5 mice per group).

[0034] FIG. 4B illustrates exemplary polyclonal IL-17 production (pg/ml) in C57BL/6
mice, which were treated with risperidone, clozapine, or vehicle alone, and immunized to

induce EAE 21 days earlier. Shown are the mean and standard error of the mean (n=5 mice

per group).

[0035] FIG. 4C illustrates exemplary antigen specific interferon y production (pg/ml) in
C57BL/6 mice, which were treated with risperidone, clozapine, or vehicle alone, and
immunized to induce EAE 21 days earlier. Shown are the mean and standard error of the

mean (n=5 mice per group).

[0036] FIG. 4D illustrates exemplary polyclonal interferon y production (pg/ml) in
CS57BL/6 mice, which were treated with risperidone, clozapine, or vehicle alone, and
immunized to induce EAE 21 days earlier. Shown are the mean and standard error of the

mean (n=5 mice per group).

[0037] FIG. 4E illustrates exemplary antigen specific IL-10 production (pg/ml) in
C57BL/6 mice, which were treated with risperidone, clozapine, or vehicle alone, and
immunized to induce EAE 21 days earlier. Shown are the mean and standard error of the

mean (n=5 mice per group).

[0038] FIG. 4F illustrates exemplary polyclonal IL-10 production (pg/ml) in C57BL/6
mice, which were treated with risperidone, clozapine, or vehicle alone, and immunized to

induce EAE 21 days earlier. Shown are the mean and standard error of the mean (n=5 mice

per group).

[0039] FIG. 5A illustrates exemplary antigen specific (L-17 production (pg/ml) in
C57BL/6 mice, which were treated with risperidone or vehicle alone, and immunized to
induce EAE 40 days earlier. Shown are the mean and standard error of the mean (n=5-10

mice per group).
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[0040] FIG. 5B illustrates exemplary antigen specific interferon y production (pg/ml) in
C57BL/6 mice, which were treated with risperidone or vehicle alone, and immunized to
induce EAE 40 days earlier. Shown are the mean and standard error of the mean (n=5-10

mice per group).

[0041] FIG. 5C illustrates exemplary antigen specific IL-10 production (pg/ml) in
C57BL/6 mice, which were treated with risperidone or vehicle alone, and immunized to
induce EAE 40 days earlier. Shown are the mean and standard error of the mean (n=5-10

mice per group).

[0042] FIG. 5D illustrates exemplary T cell proliferation in counts per minute in
immunized and normal C57BL/6 mice, which were treated with risperidone or vehicle alone.

Shown are the mean and standard error of the mean (n=5-10 mice per group).

[0043] FIG. 6A illustrates reduced weight lost in risperidone-treated mice after

immunization, even when sick with EAE.

[0044] FIG. 6B illustrates reduced weight lost in clozapine-treated mice after

immunization, even when sick with EAE.

[0045] FIG. 7A illustrates that treatment of normal and immunized mice with risperidone

but not clozapine leads to hyperprolactinemia.

[0046] FIG. 7B illustrates that the level of prolactin in the serum does not correlate to EAE

disease score in risperidone or clozapine treated or vehicle treated mice.

[0047] FIG. 8A illustrates treatment of BALB/c mice with risperidone following
immunization to induce EAE with PLP (proteolipid protein) peptide in complete Freund’s
adjuvant. This model is more resistant to EAE but develops brain lesions more similar to MS
patients than the C57BL/6 model. Shown are the disease scores of sick mice only (n = 8/
group) combined from 2 independent experiments; there is no difference in % incidence

(73% for each group).

[0048] FIG. 8B illustrates that in the absence of IL-4Raq, risperidone is not effective at
reducing disease in BALB/c mice suggesting that this receptor which is involved in Th2

response is essential for risperidone-mediated protection. Shown are the disease scores of
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sick mice only (n = 8-9/ group) combined from 2 independent experiments; there is no

difference in % incidence.

[0049] FIG. 8C illustrates that although risperidone does not protect IL-4Ra-deficient
BALB/c mice, the plasma hyperprolactinemia is similar to WT BALB/c.

[0050] FIG. 9A illustrates exemplary Iba-1 expression on microglia in the cerebellum of
mice. Shown are images from the cerebellum of unimmunized or immunized mice that have
been treated with risperidone or vehicle. Tissue samples were taken at peak disease (15 days

post immunization). Shown are the scores for microglia reactivity (Iba score) and disease.

[0051] FIG. 9B illustrates that risperidone reduces microglial reactivity (measured by Iba-1
expression) in the cerebellum of immunized mice. One group (risperidone dl1) was
immunized but only received risperidone treatment starting at day 11 (i.e. after disease onset).
Scores for Iba-1 reactivity were assessed blinded and derived from a combined score for Iba

intensity (0-3) and # Iba+ foci (0-3).

[0052] FIG. 9C illustrates that microglial reactivity in the cerebellum (i.e. Iba score)

correlates to disease score in untreated but not risperidone-treated, immunized mice.

[0053] FIG. 9D illustrates that risperidone reduces microglial reactivity (measured by Iba-1
expression) in the brains of immunized mice. Scores for Iba-1 reactivity were assessed
blinded and derived from a combined score (0-6) for Iba intensity (0-3) and number of Iba+
foci (0-3). Scores for the following brain regions were combined: cerebellum, brain stem,

hippocampus, and olfactory bulb (0-24).

[0054] FIG. 9E illustrates that microglial reactivity (i.e. Iba-1 score) throughout the brain
(cerebellum, hippocampus, brain stem, and olfactory bulb) correlates to disease score in
untreated and in risperidone-treated, immunized mice although the Iba and disease scores are

reduced in the risperidone-treated mice.

[0055] FIG. 9F illustrates that clozapine reduces microglial reactivity (measured by Iba-1
expression) in the brains of immunized mice. Scores for Iba-1 reactivity in the cerebellum
were assessed blinded and derived from a combined score (0-6) for Iba intensity (0-3) and

number of Iba+ foci (0-3).
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[0056] FIG. 10A illustrates that exemplary doses of 20 pg/ml risperidone or 10 pg/ml
clozapine do not alter bone-marrow-derived macrophage viability even in the presence of the

microbial product lipopolysaccharide (LPS) as measured by MTT dye reduction assay.

[0057] FIG. 10B illustrates that when bone marrow-derived macrophages are incubated
with LPS to induce pro-inflammatory cytokine secretion, the addition of 20 pg/ml risperidone

or 10 pg/ml clozapine reduces IL-12 production.

[0058] FIG. 10C illustrates that when bone marrow-derived macrophages are incubated
with LPS to induce pro-inflammatory cytokine secretion, the addition of 20 pg/ml risperidone

or 10 pg/ml clozapine reduces NO production.

[0059] FIG. 10D illustrates that when bone marrow-derived macrophages are incubated
with LPS to induce pro-inflammatory cytokine secretion, the addition of risperidone enhances

IL-10 production.

[0060] FIG. 11A illustrates that both risperidone and clozapine cause a reduction in MHC
class II expression (change in geometric mean fluorescence intensity) on splenic
macrophages (F4/80" cells) in immunized C57BL/6 mice treated with risperidone (3
mg/kg/day) or clozapine (30 mg/kg/day) compared to immunized, vehicle-treated mice and

assessed by flow cytometric analysis during peak disease.

[0061] FIG. 11B illustrates that risperidone causes a reduction in CD40 expression (change
in geometric mean fluorescence intensity) on splenic macrophages (F4/80" cells) in
immunized C57BL/6 mice treated with risperidone (3 mg/kg/day) compared to vehicle-

treated, immunized mice and assessed by flow cytometric analysis during peak disease.

[0062] FIG. 11C illustrates that risperidone does not alter the number of CD40" splenic
macrophages expression (expressed as % of total splenic F4/80" cells) in immunized
C57BL/6 mice treated with risperidone (3 mg/kg/day) compared to vehicle-treated,

immunized mice and assessed by flow cytometric analysis during peak disease.
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DETAILED DESCRIPTION

[0063] It will be appreciated that for simplicity and clarity of illustration, where considered
appropriate, reference numerals may be repeated among the figures to indicate corresponding
or analogous elements. In addition, numerous specific details are set forth in order to provide
a thorough understanding of the example embodiments described herein. However, it will be
understood by those of ordinary skill in the art that the example embodiments described
herein may be practiced without these specific details. In other instances, methods,
procedures and components have not been described in detail so as not to obscure the

embodiments described herein.

[0064] The present disclosure is directed to systems, methods and compositions for the
treatment of multiple sclerosis with drugs having affinity for both serotonergic 5-HT, and

dopaminergic receptors, such as the D, receptor.

[0065] In examplary embodiments, a subject in need of treatment, such as a mammal, and
in specific embodiments a human, is administered one or more drugs with affinity for both
serotonergic 5-HT, and dopaminergic receptors, such as the D, receptor. In such
embodiments, the one or more drugs may include risperidone, paliperidone, clozapine or

combinations thereof.

[0066] In specific embodiments, the subject in need of treatment is a subject exhibiting one
or more signs of multiple sclerosis. In such embodiments, symptoms may include one or
more of the following: 1) changes in sensation such as loss of sensitivity or tingling, 2)
pricking or numbness (hypoesthesia and paraesthesia), 3) muscle weakness, clonus, muscle
spasms, or difficulty in moving; 4) difficulties with coordination and balance (ataxia); 5)
problems in speech (dysarthria) or swallowing (dysphagia), 6) visual problems (nystagmus,
optic neuritis including phosphenes, or diplopia), 7) fatigue, acute or chronic pain, 8) bladder

and bowel difficulties, and 9) cognitive impairment.

[0067] In certain embodiments, a subject, such as a mammal or a human may be first

assessed for a symptom associated with multiple sclerosis and then treated with one or more

-10-
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drug which is known to possess affinity for both serotonergic 5-HT, and dopaminergic
receptors such as the D, receptor. In certain further embodiments, the drug is administered
alone or in combination with other drugs. In embodiments wherein the drug is administered
alone, the drug may be, for example risperidone, paliperidone, clozapine and the like. In
other embodiments, the drugs are administered as a combination. For example, risperidone
and clozapine may be administered or risperidone, paliperidone and clozapine may be
administered or clozapine and paliperidone may be administered or risperidone and
paliperidone may be administered. In exemplary embodiments wherein more than one drug
is administered to a subject, the drugs may be administered at the same time or at different
times. In exemplary embodiments wherein the drugs are administered at the same time, the
drugs may be formulated together, such as a capsule or intravenous formulation which

contains two or more of the drugs.
a. Atypical Antipsychotics

[0068] Risperidone is an atypical antipsychotic that has been shown to be effective in the
treatment schizophrenia, schizoaffective disorder, bipolar disorder, and irritability in children
with autism. Risperidone has also been used off-label for the treatment of anxiety disorders,
such as obsessive-compulsive disorder; severe, treatment-resistant depression with or without
psychotic features; Tourette syndrome; disruptive behavior disorders in children; and eating
disorders. Risperidone has also been reported to successfully treat the symptoms of
phencyclidine (PCP) psychosis due to acute intoxication and chronic use. The drug was
developed by Janssen-Cilag and first released in 1994. It is sold under the trade name
Risperdal in the Netherlands, United States, Canada, Australia, United Kingdom, Portugal,
Spain, Turkey, New Zealand and several other countries, Risperdal or Ridal in New Zealand,
Sizodon or Riscalin in India, Rispolept in Eastern Europe, and Russia, and Belivon, or Rispen

elsewhere.

[0069] Pharmacologically, risperidone has a chemical designation of 3-[2-[4-(6-fluoro-1,2-
benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H -pyrido[1,2-
a]pyrimidin-4-one and is a selective monoaminergic antagonist belonging to benzisoxazole
derivatives. Risperidone has a high affinity for both serotonergic 5-HT, and dopaminergic D,
receptors. It also binds to al-adrenergic receptors and with lower affinity to Hj-
histaminergic and o2-adrenergic receptors. Risperidone has no affinity for cholinergic

receptors. Risperidone contains the functional groups of benzisoxazole and piperidine as part

-11-
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of its molecular structure. As a potent D2 antagonist, risperidone is indicated for use in the
treatment of schizophrenia, causing lower adverse effect of motor inhibition and tonic
syncope than that of typical neuroleptics cause. It may reduce the extrapyramidal side effects
through the action at SHT and dopamine antagonist, and extend its therapeutic action to
negative symptoms and emotional symptoms of schizophrenia. Risperidone reaches peak
plasma levels quickly regardless of whether it is administered as a liquid or pill and is
metabolized quickly. However, the active metabolite, 9-hydroxy-risperidone, which has
similar pharmacodynamics to risperidone, lingers in the body for much longer, and has also

been developed as an antipsychotic called paliperidone.

[0070] U.S. Pat. No. 4,804,663 describes a synthesis of risperidone. Risperidone may be
prepared by condensation of the following two intermediates, 6-fluoro-3-(4-piperidinyl)-1, 2-
benzisoxazole and 3-(2-chloroethyl)-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-
4-one in dimethylformamide (DMF) in basic conditions (N,,Cos or x,Cpz) with catalytic

amount of potassium iodide (KI).

[0071] Current dosage forms of risperidone include a tablet in 0.25, 0.5, 1, 2, 3 and 4 mg
sizes, as an oral solution (30ml, 1 mg/ml), and as a 12.5 mg, 25 mg, 37.5 mg and 50 mg
ampoule Risperdal Consta, which is a depot injection administered once every two weeks.
Risperdal Consta is slowly released from the injection site, facilitating use on sanctioned
patients who are declining, or consenting patients and who may have disorganized thinking
and cannot remember to take their daily doses. Doses range from 12.5 to 50 mg given as an
intramuscular injection once every two weeks. It is also available as a wafer known in the

United States and Canada as Risperdal M-Tabs and elsewhere as Risperdal Quicklets.

[0072] Clozapine is also classified as an atypical antipsychotic drug because its profile of
binding to serotonergic as well as dopamine receptors. In particular, clozapine interferes to a
lower extent with the binding of dopamine at D;, D,, D3 and D5 receptors, and has a high
affinity for the D, receptor, but it does not induce catalepsy nor inhibit apomorphine-induced
stereotypy in animal models as is seen with 'conventional' neuroleptics. This evidence
suggests clozapine is preferentially more active at limbic than at striatal dopamine receptors
and may explain the relative freedom of clozapine from extrapyramidal side effects together

with strong anticholinergic activity.
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[0073] Clozapine (8-chloro-11-(4-methyl-1-piperazinyl-5H-dibenzo[b,e][1,4] diazepine) is
a well-known compound having anti-psychotic activity. Details about this compound are
disclosed in monograph 2448 of the 13th edition of the Merck Index, the disclosure of which

is hereby incorporated by way of reference.

[0074] Clozapine is currently used for the management of schizophrenic patients who fail
to respond adequately to or are intolerant of standard drug treatment for schizophrenia.
Clozapine is also used in the treatment of Parkinson related psychosis. Clozapine is available

as oral tablets or as an oral suspension.
b. Formulations

[0075] Controlled release refers to the release of an agent such as a drug from a
composition or dosage form in which the agent is released according to a desired profile over
an extended period of time. Controlled release profiles include, for example, sustained
release, prolonged release, pulsatile release, and delayed release profiles. In contrast to
immediate release compositions, controlled release compositions allow delivery of an agent
to a subject over an extended period of time according to a predetermined profile. Such
release rates can provide therapeutically effective levels of an agent for an extended period of
time and thereby provide a longer period of pharmacologic or diagnostic response as
compared to conventional rapid release dosage forms. Such longer periods of response
provide for many inherent benefits that are not achieved with the corresponding short acting,
immediate release preparations. For example, in the treatment of chronic pain, controlled

release formulations are often highly preferred over conventional short-acting formulations.

[0076] Controlled release pharmaceutical compositions and dosage forms are designed to
improve the delivery profile of agents, such as drugs, medicaments, active agents, diagnostic
agents, or any substance to be internally administered to an animal, including humans. A
controlled release composition is typically used to improve the effects of administered
substances by optimizing the kinetics of delivery, thereby increasing bioavailability,
convenience, and patient compliance, as well as minimizing side effects associated with
inappropriate immediate release rates, such as a high initial release rate and, if undesired,

uneven blood or tissue levels.

[0077] The term bioavailability is used to describe the degree to which a drug becomes

available at the site(s) of action after administration. The degree and timing in which an
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agent such as a drug becomes available to the target site(s) after administration is determined
by many factors, including the dosage form and various properties, €.g., dissolution rate of
the drug. It is well known that some drug compositions suffer from poor bioavailability

because of poor solubility of the active ingredient itself.

[0078] Numerous methods have been developed for enhancing the bioavailability of poorly
soluble drugs. Particle size reduction, such as nanoparticulate forms of the agent, is one such
method since the dissolution rate of a compound is related to the particle size.
Nanoparticulate compositions comprise poorly water-soluble drug or agent particles having
an extremely small particle size, i.e., less than one micron. With a decrease in particle size,
and a consequent increase in surface area, a composition tends to be rapidly dissolved and
absorbed following administration. For certain formulations, this characteristic can be highly
desirable, as described, for example, in U.S. Pat. Nos. 5,145,684, 5,510,118, 5,534,270, and
4,826,689, which are specifically incorporated by reference. However, rapid dissolution is
contrary to the goal of controlled release. Known controlled release formulations do not

present a solution to this problem.

[0079] Exemplary controlled release formulations known in the art include specially coated
pellets, microparticles, implants, tablets, minitabs, and capsules in which a controlled release
of a drug is brought about, for example, through selective breakdown of the coating of the
preparation, through release through the coating, through compounding with a special matrix
to affect the release of a drug, or through a combination of these techniques. Some controlled
release formulations provide for pulsatile release of a single dose of an active compound at

predetermined periods after administration.

[0080] U.S. Pat. No. 5,110,605 to Acharya et al. refers to a calcium polycarbophil-alginate
controlled release composition. U.S. Pat. No. 5,215,758 to Krishnamurthy et al. refers to a
controlled release suppository composition of sodium alginate and calcium salt. U.S. Pat. No.
5,811,388 to Friend et al. refers to a solid alginate-based formulation including alginate, a
water-swellable polymer, and a digestible hydrocarbon derivative for providing controlled
release of orally administered compounds. WO 91/13612 refers to the sustained release of
pharmaceuticals using compositions in which the drug is complexed with an ion-exchange
resin. U.S. Pat. No. 5,811,425 to Woods et al. refers to injectable depot forms of controlled
release drugs made by forming microencapsule matrices of the drug in biodegradable

polymers, liposomes, or microemulsions compatible with body tissues. U.S. Pat. No.
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5,811,422 to Lam et al. refers to controlled release compositions obtained by coupling a class
of drugs to biodegradable polymers, such as polylactic acid, polyglycolic acid, copolymers of
polylactic and polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid, etc.
U.S. Pat. No. 5,811,404 to De Frees et al. refers to the use of liposomes having prolonged

circulation half-lives to provide for the sustained release of drug compositions.

[0081] Any suitable method can be used to generate aerosol formulations of the present
disclosure. For instance, one method involves heating a composition comprising drugs with
affinity for both serotonergic 5-HT> and dopaminergic receptors such as the D, receptor to
form a vapor, followed by cooling of the vapor such that it condenses to provide a risperidone
comprising aerosol (condensation aerosol). The composition is heated in one of four forms:
as pure active compound of risperidone, as a mixture of active compound and a
pharmaceutically acceptable excipient; as a salt form of the pure active compound; and, as a

mixture of active compound salt form and a pharmaceutically acceptable excipient.

[0082] Salt forms of drugs with affinity for both serotonergic 5-HT, and dopaminergic
receptors, such as the D, receptor may be obtained from the corresponding free base. A
variety of pharmaceutically acceptable salts are suitable for aerosolization. Such salts
include, but are not limited to the following: hydrochloric acid, hydrobromic acid, acetic acid,

maleic acid, formic acid, and fumaric acid salts.

[0083] Pharmaceutically acceptable excipients may be volatile or nonvolatile. Volatile
excipients, when heated, are concurrently volatilized, aerosolized and inhaled with the
antipsychotic. Classes of such excipients are known in the art and include, without
limitation, gaseous, supercritical fluid, liquid and solid solvents. The following is a list of
exemplary carriers within the classes: water; terpenes, such as menthol; alcohols, such as
ethanol, propylene glycol, glycerol and other similar alcohols; dimethylformamide;

dimethylacetamide; wax; supercritical carbon dioxide; dry ice; and mixtures thereof.

[0084] The heating of drugs with affinity for both serotonergic 5-HT, and dopaminergic
receptors, such as the D, receptor composition can be performed using any suitable method.
Exemplary methods by which heat can be generated include the following: passage of current
through an electrical resistance element; absorption of electromagnetic radiation, such as
microwave or laser light; and, exothermic chemical reactions, such as exothermic salvation,

hydration of pyrophoric materials and oxidation of combustible materials.
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[0085] Aerosols containing drugs with affinity for both serotonergic 5-HT, and
dopaminergic receptors such as the D, receptor can be delivered to a mammal using an
inhalation device. Where the aerosol is a condensation aerosol, the device has at least three
elements: an element for heating an antipsychotic containing composition to form a vapor; an
element allowing the vapor to cool, thereby providing a condensation aerosol; and, an
element permitting the mammal to inhale the aerosol. Various suitable heating methods are
described above. The element that allows cooling is, in it simplest form, an inert passageway
linking the heating means to the inhalation means. The element permitting inhalation is an
aerosol exit portal that forms a connection between the cooling element and the mammal's

respiratory system.

[0086] The dosage amount of drugs with affinity for both serotonergic 5-HT, and
dopaminergic receptors, such as the D, receptor in aerosol form is generally no greater than
twice the standard dose of the drug given orally. A typical dosage of an antipsychotic
containing aerosol is either administered as a single inhalation or as a series of inhalations
taken within an hour or less (dosage equals sum of inhaled amounts). Where the drug is
administered as a series of inhalations, a different amount may be delivered in each

inhalation.

[0087] One can determine the appropriate dose of drugs with affinity for both serotonergic
5-HT, and dopaminergic receptors, such as the D, receptor containing aerosols to treat
multiple sclerosis using methods such as animal experiments and a dose-finding (Phase I/1I)
clinical trial. One animal experiment involves measuring plasma concentrations of drug in an
animal after exposure to the aerosol. Mammals such as dogs or primates are typically used in
such studies, since their respiratory systems are similar to that of a human. Initial dose levels
for testing in humans is generally less than or equal to the dose in the mammal model that
resulted in plasma drug levels associated with a therapeutic effect in humans. Dose
escalation in humans is then performed, until either an optimal therapeutic response is

obtained or a dose-limiting toxicity is encountered.
C. Dosage

[0088] The actual dosage amount of a composition for delivery of drugs which are known
to be D, antagonists and SHT antagonists such as risperidone, paliperidone or clozapine that

is administered to a patient or subject can be determined by physical and physiological
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factors such as body weight, severity of condition, the type of disease being treated, previous
or concurrent therapeutic interventions, idiopathy of the patient and on the route of
administration. The practitioner responsible for administration will, in any event, determine
the concentration of active ingredient(s) in a composition and appropriate dose(s) for the

individual subject.

[0089] In exemplary embodiments, pharmaceutical compositions may comprise, for
example, at least about 0.1% of an active compound. In other embodiments, an active
compound may comprise between about 2% to about 75% of the weight of the unit, or
between about 25% to about 60%, for example, and any range derivable therein. In other non-
limiting examples, a dose may also comprise from about 1 pg/kg/body weight, about 5
ung/kg/body weight, about 10 pg/kg/body weight, about 50 pug/kg/body weight, about 100
ung/kg/body weight, about 200 pg/kg/body weight, about 350 microgram/kg/body weight,
about 500 pg/kg/body weight, about 1 milligram/kg/body weight, about 5 milligram/kg/body
weight, about 10 milligram/kg/body weight, about 50 milligram/kg/body weight, about 100
milligram/kg/body  weight, about 200 milligram/kg/body weight, about 350
milligram/kg/body weight, about 500 milligram/kg/body weight, to about 1000 mg/kg/body
weight or more per administration, and any range derivable therein. In non-limiting examples
of a derivable range from the numbers listed herein, a range of about 5 ug/kg/body weight to
about 100 mg/kg/body weight, about 5 ng/kg/body weight to about 500 milligram/kg/body

weight, etc., can be administered.

[0090] An effective amount of the therapeutic composition is determined based on the
intended goal. The term "unit dose" or "dosage" refers to physically discrete units suitable for
use in a subject, each unit containing a predetermined-quantity of the therapeutic composition
calculated to produce the desired responses discussed above in association with its
administration (i.e., the appropriate route and treatment regimen). The quantity to be
administered, both according to number of treatments and unit dose, depends on the

protection or effect desired.

[0091] Precise amounts of the drugs, each alone or in combination also depend on the
judgment of the practitioner and are peculiar to each individual. Factors affecting the dose
include the physical and clinical state of the patient, the route of administration, the intended
goal of treatment (e.g., alleviation of symptoms versus cure) and the potency, stability and

toxicity of the particular therapeutic substance.
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[0092] Such treatment may be repeated, for example, every 1, 2, 3, 4, 5, 6, or 7 days, or
every 1, 2, 3, 4, and 5 weeks or every 1, 2,3, 4,5,6,7,8,9, 10, 11, or 12 months. These

treatments may be of varying dosages as well.
EXAMPLES

[0093] The following examples are included to demonstrate preferred embodiments of the
disclosure. It should be appreciated by those of skill in the art that the techniques disclosed in
the examples which follow represent techniques discovered by the inventors to function well
in the practice of the disclosure, and thus can be considered to constitute preferred modes for
its practice. However, those of skill in the art should, in light of the present disclosure,
appreciate that many changes can be made in the specific embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit or scope of the
disclosure. The following examples are offered by way of illustration and not by way of

limitation.

[0094] Previously it was demonstrated that treating C57BL/6 mice with risperidone does
not alter the onset or incidence of EAE. However, risperidone shows a dose-dependent
reduction in the severity of the disease. This reduction in severity correlates to an increase in
T regulatory cells (Tregs) chronically and a decrease in auto-reactive T cell responses during

the acute stage.
Example 1
Determination of Optimum Drug and Treatment Regime in the CS57BL/6 EAE Model

[0095] Preliminary studies have shown that treating animals daily with risperidone from the
time of immunization results in a dose-dependent reduction in the severity of EAE disease. In
contrast, drug treatment does not alter the time of onset or the incidence of EAE. Analysis of
the cellular profile of mice indicates that immunized mice receiving risperidone have
increased numbers of splenic T regulatory cells whereas helper T cells were unaffected
during the chronic stage of disease. Additionally, the number of neutrophils in the spleen was
significantly reduced which together with the increase in T regulatory cells suggests that
alterations in these cellular subsets may contribute to disease protection. Antigen-specific IL-
17 and IL-10 but not IFN-y production was reduced in treated mice during the acute stage

suggesting a possible effect on the priming of auto-reactive T cells in these mice. Examples
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disclosed herein test the prevention of immune-mediated damage caused by immune

dysfunction in multiple sclerosis with the use of risperidone.

[0096] In these preliminary studies risperidone was given in the drinking water at a
calculated dose of 1 or 3 mg/kg/day. More specifically, C57BL/6 mice were administered
this risperidone formulation starting from one day before immunization to induce EAE (FIG.
1A-E). The results indicate that this treatment shows significantly reduced disease. The
reduction in disease is reproducible and leads to a stable reduction in average disease score
during the chronic stage. Interestingly, risperidone treatment at 3 mg/kg/day is more
effective in this model compared to 1 mg/kg/day. These doses had no detrimental effects on
the mice (either immunized or unimmunized mice) aside from slight weight gain as has been
reported by Pajonk, 2004. Previous work has shown that mice treated daily with doses up to
10 mg/kg/day for 18 months showed no toxicity Pajonk, 2004. Moreover, that study was
unable to identify a maximum tolerated dose in mice suggesting that risperidone has a large

therapeutic window.

[0097] In a similar study, clozapine was administered to C57BL/6 mice in the drinking
water at a calculated dose of 15 or 30 mg/kg/day starting from one day before immunization
to induce EAE. The results indicate that this treatment shows significantly reduced disease
(Fig. 2A). Interestingly, clozapine treatment at 30 mg/kg/day is more effective in this model
compared to 15 mg/kg/day. The reduction in disease is reproducible and leads to a stable
reduction in average disease score during the chronic stage. This reduction is similar to that

achieved with risperidone at 3 mg/kg/day (Fig. 2B).

[0098] For drugs to be practical in treating multiple sclerosis, they must be effective at
reducing on-going disease. In order to determine if risperidone can reduce disease severity
after the onset of disease and/or enhance neuronal repair, one would determine if treating
CS57BL/6 mice with risperidone just after the onset of disease or during the chronic stage of
EAE is effective. Treatment for mice treated after the onset of disease can begin on the day
that they have a score of > 1.0 (loss of tail tonicity). Commonly this time period is between
13-20 days post immunization with myelin oligodendrocyte glycoprotein (50 pg/mouse) in
complete Freund’s adjuvant and injected i.p with pertussis toxin (200 ng/mouse) on days 0
and 2. Treatment during the “chronic” stage (when disease scores remain stable) may begin
30 days post immunization with myelin oligodendrocyte glycoprotein. For all of these

studies, the optimal dose of risperidone may be used as determined by the experiments
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described above. Additionally, the C57BL/6 EAE mouse model can be used, which is
thought to represent a progressive form of MS as reported by Steinman, 1999. This model is
well established and has the added benefit of having many different immunological reagents

available for use in the C57BL/6 system.
Example 2

Determination of Mechanism of Action of drugs with affinity for both serotonergic 5-

HT, and dopaminergic receptors such as the D, receptor in vivo

[0099] Identification of the mechanism by which risperidone reduces EAE disease can be
performed by immunizing and treating C57BL/6 mice with the optimal treatment regimen as
determined in Example 1 and the effect of risperidone on immune responses and CNS
inflammation can be investigated. The effect of drug treatment on antigen-specific immune
responses can be determined at 8 (pre-onset), 16 (peak disease), and 30 (chronic) days post
immunization by isolating and culturing draining lymph node (LN) cells and splenocytes
from untreated and risperidone-treated, immunized or unimmunized mice. Cytokine
production in response to myelin oligodendrocyte glycoprotein antigen (MOG) can be
assessed by cytokine bead assay, which measures 10 cytokines simultaneously, or ELISA,
and proliferation can be measured by *H thymidine uptake. Cellular profiles in the spleen
and lymph node cells can be determined by flow cytometric analysis and can include markers

for helper T cells, T regulatory cells, and macrophages.

[00100] The effects of treatment using risperidone on CNS inflammation and
repair/regeneration can allow for a greater understanding of how risperidone treatment
reduces CNS disease. For these studies two complementary approaches may be taken. First,
a quantitative assessment of CNS infiltration by flow cytometry of CD45+ (.e.
haematopoietic) cells in the spinal cord and brains of treated or untreated mice is performed.
This method allows a precise phenotypic analysis on infiltrating cells (i.e. subset markers and
activation markers). Second, to determine the location of these cells within the tissue and to
determine lesion characteristics (i.e. size, number, location), brain and spinal cords may be
fixed in zinc salts or paraformaldehyde and tissue sections stained with haematoxylin & eosin
(H&E) or Luxol Fast Blue. The H&E stained sections can allow for the determination of
lesion number, size and location whereas the Luxol Fast Blue will reveal the level of

demyelination in untreated and treated immunized mice at various times after immunization.
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In particular, these methods can be used to compare myelination at peak disease (16 days post

infection) and during the chronic stage (30+ days post infection).

[00101] At least two approaches may be used to provide insight into mechanisms of action
of risperidone in the EAE model. First, the studies demonstrate that risperidone enhances or
expands the suppressive effects of T regulatory cells. To confirm, T regulatory cells can be
neutralized by anti-CD25 antibody. A method of neutralizing T regulatory cells with anti-
CD25 antibody has been reported by Quinn ef al., 2006. Accordingly, to confirm that disease
reduction is mediated by T regulatory cells, neutralizing their activity will abolish the
protective drug effect. The other approach that may be used to provide insight into the
mechanisms of action of risperidone in the EAE model may reveal that the initial activation
of self-reactive T cells is altered by risperidone. To confirm, CD4 T cells from untreated or
treated immunized mice are adoptively transferred to naive animals and the induction of
disease assessed. This method has been reported by Kuchroo et al., 1992. If T cells from
untreated animals but not drug-treated animals induce EAE, then it is likely that risperidone
is altering T cell priming but not necessarily the later stages of disease (e.g. CNS infiltration
and damage). Overall, these two approaches can be used to determine if helper T cells or

Tregs are involved.

[00102] Further studies regarding weight gain and loss herein demonstrate that the
combination of risperidone or clozapine treatment promotes weight gain in normal mice, and
in mice immunized with MOG (myelin oligodendrocyte glycoprotein) peptide, risperidone or
clozapine reduce the weight loss that is commonly associated with EAE (Fig. 6A-B).
Additionally, treatment with risperidone alone demonstrated high levels of serum prolactin in
both immunized and unimmunized mice (Fig. 7A). This was not observed with clozapine
treatment (Fig. 7A). However, the level of serum prolactin does not correlate to disease

severity (i.e. those with a higher level of prolactin do not have reduced disease; Fig. 7B).
Example 3
Investigation of the Direct Effect of Risperidone on Macrophages and Microglia

[00103] The direct cellular effects of risperidone can be determined by assessing how this
drug alters cellular responses after in vitro culture and stimulation of primary macrophages
and microglia as risperidone is thought to alter activation of these cells. Identification of how

risperidone alters pro-inflammatory and/or anti-inflammatory immune responses is necessary.
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This can be achieved by isolating and culturing primary bone marrow-derived macrophages
or microglia as described by Tierney et al., 2008 and Saura et al., 2003. Briefly, after
overnight activation in the presence or absence of IFN-y (200 U/ml), macrophages and
microglia are cultured with pro-inflammatory products (e.g. lipopolysaccharide) or anti-
inflammatory products (e.g. IL-4) without risperidone or in increasing doses of risperidone
(1-100 pg/ml). Glatiramer acetate (100 pg/ml) can be used as a positive control as it has
been shown to reduce pro-inflammatory (i.e. IL-12) cytokine production by LPS-stimulated
macrophages (La Flamme, unpublished results). At various time points after the addition of
stimuli, culture supernatants will be collected for analysis of cytokine production (esp. IL-12,
TNF-a, MCP-1, IL-6, and IL-10) as demonstrated by Keating et al., 2009. Changes in the
expression of activation markers (esp. MHC class II, CD40, CD80, CD86, and PD-L1) are
also determined on macrophages and microglia by flow cytometry as described by Tierney et

al., 2008.

[00104] Studies herein indicate that risperidone or clozapine treatment does not result in
overall loss of immune cells in the spleen during peak disease (day 21) (Fig. 3A). Similar
overall numbers of immune cells are present after risperidone or clozapine treatment of
unimmunized and immunized mice compared to vehicle treated controls. Studies further
indicate that risperidone does however reduce the number of neutrophils (Grl+ cells) in the
spleen during the chronic stage of disease (FIG. 3B). Risperidone does not alter the number
of helper T cells (CD4+CD25-) in the spleen during the chronic stage of disease (Fig. 3C).
However, risperidone does enhance in the number of regulatory T cells (CD4+CD25+ Treg)

in the spleen during this stage of disease (FIG. 3D).

[00105] Studies were performed to assess microglial reactivity via the expression of Iba-1
(FIG. 9A-F). The results herein indicate that the expression of Iba-1 is greatly enhanced
during EAE in vehicle treated mice. However, this high microglial reactivity is greatly
reduced in immunized mice by risperidone or clozapine treatment. Treatment with
risperidone alone starting at day 11 post-immunization also reduces microglial reactivity on
day 15. When mice are treated with either risperidone or clozapine, the effects are seen
throughout the brain as assessed in the cerebellum, brain stem, hippocampus, and olfactory

bulb, although the effects are most marked in the cerebellum.

[00106] Studies were conducted herein to evaluate the regulation of macrophage

proinflammatory responses in vitro. Bone marrow derived macrophages were administered
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20 pg/ml risperidone or 10 pg/ml clozapine in vitro in the presence or absence of LPS. These
treated macrophages were fully viable following treatment (FIG. 10A). The risperidone or
clozapine treated macrophages were observed to produce less of the pro-inflammatory
mediators IL-12 and NO in response to LPS than vehicle-treated macrophages (FIG. 10B).
However, the risperidone treated macrophages were observed to produce more of the anti-
inflammatory cytokine IL-10 in response to LPS than vehicle-treated macrophages (FIG.
10C-D).

[00107] Studies were also conducted herein to evaluate the regulation of macrophage
proinflammatory responses in vivo. Splenic macrophages show reduced MHC class II
expression in risperidone-treated, immunized mice compared to vehicle-treated immunized
mice during peak disease suggesting that splenic macrophages from risperidone-treated mice
are less activated during EAE than after vehicle-treatment (FIG. 11A). Additionally, splenic
macrophages show reduced CD40 expression in risperidone-treated, immunized mice
compared to vehicle-treated immunized mice during peak disease suggesting that splenic
macrophages from risperidone-treated mice are less activated during EAE than after vehicle-
treatment (FIG. 11B). Despite expressing lower levels of CD40, the number of CD40-
expressing splenic macrophages at peak disease is not reduced by risperidone treatment
during EAE supporting the idea that risperidone reduces activation but does not lead to cell

death/depletion (FIG. 11C).

[00108] Additional studies were conducted herein on isolated cells treated in vitro and mice
treated in vivo with risperidone or with clozapine to evaluate both autoimmune response and
general immune response during peak disease at 21 days post immunization (FIG. 4A-F) and
40 days post immunization (FIG. SA-5D). The findings herein indicate that risperidone and
clozapine treatment significantly reduce the production of IL-17 and IL-10 in response to
MOG (myelin oligodendrocyte glycoprotein) antigen during peak disease, but treatment with
these risperidone and clozapine treatment does not alter the production of IFN-y. In contrast,
when risperidone and clozapine mice were treated with a polyclonal stimulus (ConA), no
alteration in the production of IL-10 or INF-y was observed. Risperidone alone however,
does enhance MOG specific IFN-y production during the chronic stage of the disease, but has
no effect on MOG-specific proliferation, IL-10 production, or IL-17 production.

Experiment 4
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Disease Severity and Incidence in the BALB/c EAE Model with Risperidone Treatment

Mice were treated with risperidone orally beginning one day before immunization with PLP
in complete Freund’s adjuvant to induce EAE (n = 11 per group). Both vehicle and
risperidone treated, immunized mice had similar incidences and onset of disease, but
risperidone treated mice has a significantly reduced disease severity (Fig. 8A). BALB/c mice
are considered more resistant to EAE but develop brain pathology, which is more similar to

that seen in MS patients.

[00109] It was discovered that BALB/c mice deficient in IL-4Ra do not experience a
reduction in disease symptoms even after risperidone treatment, suggesting IL-4Ra is
involved in the reduction of disease by risperidone (FIG. 8B). Additionally, both BALB/c
and IL-4Ra mice develop hyperprolactinemia after risperidone treatment and the level of

prolactin in the serum does not correlate to disease score (FIG. 8C).

[00110] Example embodiments have been described hereinabove regarding methods and
compositions for the treatment of multiple sclerosis. Various modifications to and departures
from the disclosed example embodiments will occur to those having ordinary skill in the art.
The subject matter that is intended to be within the spirit of this disclosure is set forth in the

claims.
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CLAIMS
What is claimed is:

1. Use of a drug with an affinity for both serotonergic 5-HT, and dopaminergic D,
receptors in the preparation of a medicament for reducing at least one symptom of multiple

sclerosis.

2. The use of claim 1, wherein the drug is risperidone, paliperidone, clozapine or a

combination thereof.
3. The use of claim 1, wherein the drug is risperidone.

4. The use of claim 1, wherein the symptom is incontinence, loss of memory, paralysis,
loss of coordination, fatigue, pain, optic neuritis, spasticity, transverse myelitis, tremor or a

combination thereof.

5. The use of claim 1, wherein the medicament is formulated as an oral formulation, an
epidural formulation, a transdermal formulation, a subcutaneous formulation an intravenous
formulation, an intramuscular formulation, an intrathecal formulation, an intraperitoneal

formulation or an aerosol formulation.
6. The use of claim 2, wherein the medicament comprises more than one drug.

7. The use of claim 6, wherein the more than one drug comprises a pharmaceutical

formulation of the more than one drug.

8. The use of claim 7, wherein the pharmaceutical formulation comprises risperidone,

paliperidone and clozapine.

0. The use of claim 7, wherein the pharmaceutical formulation comprises risperidone

and paliperidone.

10. The use of claim 7, wherein the pharmaceutical formulation comprises risperidone

and clozapine.
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11. The use of claim 7, wherein the pharmaceutical formulation comprises paliperidone

and clozapine.

12. A multiple sclerosis symptom suppressing pharmaceutical formulation with an

affinity for both serotonergic 5-HT» and dopaminergic D, receptors.

13. The pharmaceutical formulation of claim 12, wherein the formulation comprises

risperidone, paliperidone, clozapine or a combination thereof.

14. The pharmaceutical formulation of claim 12, wherein the formulation comprises

risperidone, paliperidone and clozapine.

15. The pharmaceutical formulation of claim 12, wherein the formulation comprises

risperidone and clozapine.

16. The pharmaceutical formulation of claim 12, wherein the formulation comprises

paliperidone and clozapine.

17. The pharmaceutical formulation of claim 12, wherein the multiple sclerosis symptom
is selected from the group consisting of incontinence, loss of memory, paralysis, loss of
coordination, fatigue, pain, optic neuritis, spasticity, transverse myelitis, tremor or a

combination thereof.

18. The pharmaceutical formulation of claim 12, wherein the formulation is an oral
formulation, an epidural formulation, a transdermal formulation, a subcutaneous formulation
an intravenous formulation, an intramuscular formulation, an intrathecal formulation, an

intraperitoneal formulation or an aerosol formulation.
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