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METHODS OF TREATING FRAGILE X SYNDROME AND RELATED
DISORDERS

RELATED APPLICATIONS
{8002} This apphication claims priority to and benefit of provisional application USSN
£61/875,384 filed on September 9, 2013, USSN 14/038238 filed September 26, 2013 and
provisional application USSN 61/991,351 filed May 9, 2014 the contents of which are cach herecin
incorporated by reference n their entiretics.

FIELD OF THE INVENTION
13003} The present invention relates generally o woethods of treating or alleviating a symptom

of Fragiic X syndrome and related disorders.

ACKGROUND OF THE INVENTION
{8004} Fragile X Syndrome (FXS), as implied by its name, is associated with a fragile site
expressed as an isochromatid gap in the metaphase chromosome at map position Xg 27.3. Fragile
X syndrome is a genetic disorder caused by a mutation in the S'-untransiated region of the fragile
X mental retardation | {(FAR/} gene, located on the X chromosome. The mutation that causes
FXS is associated with a CGG repeat in the fragile X mental retardation gene FMRI. In moost
healthy individuals, the total number of CGG repeats ranges from less than 10 to 40, with an
average of about 29. In fragile X syndrome, the CGG sequence 1s repeated from 200 to more than
1,000 times. When a subject has more than about 200 CGG repeats, the fragile X gene becomes
hypermethylated, which silences the gene. As a result, fragile X mental retardation protein
{FMRP} 1s not produced, or 1s produced at reduced level, and the subject displays manifestations
of FXS.
{0005] Premutation expansions {35-200 CGG repeats) of the FMRJ gene are frequent in the
general population, with estimated prevalences of 1 per 259 females and 1 per 812 males. Carriers
of the prenmutation typically have normal 1Q, although emotional problems such as anxiety are
common. {(3Mder male carrters of the premutation (50 years and older} develop progressive
mtention tremeor and ataxia. These movernent disorders are frequently accompanicd by progressive
cognitive and behavioral difficulties, including memory loss, anxiety, and deficits of executive

function, reclusive or irritable behavior, and dementia. This disorder has been designated fragile
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X-associated frevoor/ataxia syndrome (FXTAS). Magnetic resonance imaging in subjects with
FXTAS reveals increases in T2-weighted signal intensity in the middle cerebellar peduncles and
adjacent cercbellar white matter.

{3006} FXS segregates as an X-linked dominant disorder with reduced penetrance. Either sex
when carrying the fragile X mutation may exhibit intcllectual disability, which 1s vartable in
severtty. Children and aduolts with FXS have varying degrees of iutellectual disability or learning
disabilitics and behavioral and emotional problems, including autistic-like features and tendencies.
Young children with FXS often have delays in developmental milestones, such as learning how to
sit, walk and talk. Affected children may have frequent tantrums, difficuitics in paying attention,
frequent seizures (©.¢., temporal lobe seizures), are often highly anxious, casily overwhelmed, can
have sensory hyperarousal disorder, gastrointestinal disorders, and may have speech problems and
urusual behaviors, such as hand flapping and hand biting.

{3007} FXKS can be diagnosed by an established genetic test performed on a sample {¢.g.,
blood sampie, buccal sample) from the subject. The test determines whether a mmtation or pre-
mutation s present in the FMRT gene of the subject based upon the number of CGG repeats.
[8808) Subjects with FXS can also have autism.  About 5% of all children diagnosed with
autisty have a wutation wn the FUWRI gene and also have fragile X syndrome (FXS). Autism
spectrum disorder (ASD?) s seen 1n approximately 30% of males and 20% of females with FXS,
and an additional 30% of FX5 mdividuals display autistic symptoras without having the ASD
diagnosis. Although inteliectual disability is a hallmark feature of FXS, subjects with FXS often
display autistic featurcs ranging from shyncess, poor eye contact, and social anxiety in mild cases
to hand flapping, hand biting and perseverative speech in the severely affected. Subjects with FXS
display other symptoms associated with autism such as attention deficit and hyperactivity,
seizures, hypersensiiivity to sensory stimuli obsessive-compulsive behavior and altered
gastrointestinal function. The FAMR/ mutation prevents or greatly decreases expression of a singie
protein (FMRP). Brain development in the absence of FMRP is thought to give rise to the major
symptoms of FXS.

{8809 In addition to core symptoms, children with FXS frequently have serious behavioral
disturbances such as irritability, aggression and self~injurious behaviors. In a recent study of males
with FXS (ages 8-24), self-injurious behavior was reported in 79%, and aggressive behavior in

75%, of subjects during a two month observation period.
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{86018 Currently available treatment regiracos for bursans with FXS include, for example,
behavioral medifications and treatment with a range of medications (not approved by FDA for the
treatrucnt of FXS) including antidepressant and antipsychotic drugs. Cognitive behavioral therapy
has been used to improve language and socialization in individuals with FXS and autism. In recent
years, pharrnacological treatruent with the atypical antipsychetic risperidone has been comroonly
employed o augment non-pharmacological approaches in the treatment of individuals with
autism. A randomized placebo-controlled trial of risperidone in autistic children demonstrated
significant improvement on the wraitability subscale of the Aberrant Behavior Checklist and the
Clinical Global Impressions-Improvement (McCracken, J. T., et al,, N. Engl. J. Med. 347:314-321
(20023). However, adverse events included weight gain, increased appetite, fatigue, drowsiness,
dizziness, and dreoling. Social isolation and communication were not improved by administration
of risperidone and adverse side effects such as extrapyraridal symptorns and dyskinesias have
been associated with risperidone use in autistic children. Since current treatment regimens are
frequently not effective or may produce undesirable side-effects with long term use, particularly in

the case of antipsychotic drugs, there is a need to develop new treatments.,

SUMMARY OF THE INVENTION
{B0011]  In various aspects the invention provides methods of treating or alleviating a symptom
of Fragile X Syndrome or a related disorder by admunistering to a subject in need thercot a
composition comprising metadoxine. The symptom is for example, impaired learning or impaired
sociability. The subject has Fragile X Syndrome or an Autism Spectrurn Disorder. The related
disorder is an Autism Spectrum Dsorder.
[#0012]  In some aspects a total per day dose-of metadoxine of between 100 — 3000 mg is
administered the metadoxine 1s administered daily, every other day or weekly.
{000131  Optionally, the metadoxine 1s administered in one, two, or three dosage forms per day.
In some embodiments the roctadoxine is admimistered in a sustained release oval dosage form,
wherein the metadoxine is formulated as a combination of slow release and immediate release
forms.
{60614]  For example, the slow release form provides for sustained release of the metadoxine for
at lcast 8 hours. The relative proportion of the slow release mcetadoxine to the imrnediate release
roetadoxine is between about-60:40 and 80:20. Preferably, the relative proportion of the slow

release metadoxine to the immediate release metadoxine is about 65:35.
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[66615]  Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
pertains, Although methods and materials similar or equivalent to those described herein can be
used in the practice of the present invention, suttable methods and materials are deseribed below.
All publications, patent applications, patents, and other references raentioned herein are expressly
incorporated by reference in their entivety. In cases of conflict, the present specification, including
definitions, will control. In addition, the materials, methods, and examples described herein are
ithastrative only and are vot intended to be hmiting.

[#0016]  Other features and advantages of the invention will be apparent from and encompassed

by the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
{B0017]  Fig. 1 shows the effect of seven days of once daily intraperttoneal (ip) administration
of vehicle (V) or ractadoxine (M) (100, 150, or 200 mg/kg) m 2-roounths old#mr! knockout (KO}
or Wild Type {WT) mice on contextual fear conditioning. Specifically, Panel A shows the effect
of vehicle or 150 mg/kg of metadoxine. Panel B shows the effect of vehicle or 160 mg/kg of
roetadoxine. Panel C shows the effect of vehicle or 200 mg/kg of metadoxine. Data shown are
mean ¥ standard error of the mean (sem}, N= 10 mice per group. * p<0.03, ****p<(.6001, and
NS = Not Significant.
[#0018]  Fig. 2 shows the effect of seven days of once daily intraperitoncal administration of
vehicle (V) or 150 mg/kg metadoxine (M} in 2-months old Fmr{ knockout (KO} or Wild Type
{WT) mice on social approach behavior. Data shown are mean ¥ sem, N= 10 mice per group. *
p<0.05 and *¥**p<(.0001.
{B0018]  Fig. 3 shows the effect of seven days of once daily intraperttoneal administration of
vehicie (V) or 150 mg/kg metadoxine (M) on Y-maze spontancous alternation (Pancl A}, Y-maze
rewarded alternation (Panel B) or Y-maze water maze spatial discrivoination (Panel C) 1o 2-
T sem, N= 10

months old Fmr/ knockout (KO) or Wild Type (WT) mice. Data shown are mean
mice per group. ¥ p<Q.001, #¥H*p<0.0001, and NS = Not Significant.

[00028]  Fig. 4 shows the effect of seven days of once daily mitraperitoneal administration of
vehicle (V) or 150 mg/kg metadoxine (M) on T-maze rewarded alternation in 2-months old fmrd
knockout (KO} or Wild Type (WT) mice. Data shown are mean + sem, N= 10 mice per group.

#e5<0.0001.
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{86621 Fig. S shows the effect of seven days of once daily treatment with vehicle (V) or 150
mg/kg metadoxine (M) on behavior in the successive alleys task in groups of N = 10 Wild Type
{(WT) or Fmrl knockout (KO)2-months old mice. The successive alleys of the apparatus presented
progressively more anxiogenic environments to explore mice. Movement down the alleys
therefore assessed anxicty. In addition, overall activity levels could also be quantitated in the
apparatus,

[0006221  Fig. 6 shows the effect of seven days of once daily infraperitoncal administration of
vehicle (V) or 150 mg/kg roctadoxine (M) on whole brain levels of phosphorylation of ERK
(indicative of ERK activity) (Panel A) and Akt (indicative of Akt activity) (Pancl B} in 2-months
Fmr{ knockout (KO) or Wild Type {WT) mice. Data shown are mean £ sem, N= 5 mice per
group. ¥ p<0.01, *** p<(.001, #¥¥*¥p<0.0001, and NS = Not Significant.

866231 Fig. 7 shows the effect of once daily ip administration of vehicle (V) or 150 mg/kg
metadoxine (M) for 7 days in 6 month old Fmrd knockout (KO) or Wild Type (WT) mice on
contextual fear conditioning. Data shown are mean £ sers, N= 10 mice per group. *¥%%p<(.0001
and ns = Not Significant.

[#0024]  Fig. 8 shows the effect of once daily ip administration of vehicle (V) or 150 mg/kg
metadoxine (M) for 7 days 1o 6 month old Fur/ koockout (KO) or Wild Type (WT) mice on
social approach (Panels A and C) and social memory (Pancls B and D) behavior, as measured by
number of sniffing bouts or duration of sniffing. Data shown arc mean £ sem, N= 10 mice per
group. * p<(.05, #¥¥p<(.0001, and vs = Not Significant.

{B0025]  Fig. 9 shows the effect of once daily ip administration of vehicle (V) or 150 mg/kg
metadoxine (M) for 7 days on whole brain levels of phosphorviation of ERK (Panel A) and Alt
{Panel B) in 6 mouth old Fmrf knockout (KO) or Wild Type (WT) mice. Data shown are rocan £
semy, N= 10 mice per group. * p <(.05, ** p<0.01, *¥¥*%5<0.0001, and ns = Not Significant.
[80026]  Fig. 10 shows the cffect of once daily metadoxine (M) at 150 mg/kg ip or oral
administration (po) of vehicle (V) or metadoxine at 150 and 300 mg/kg for 7 days on contextual
fear conditioning in 2 month old Fmr/ knockout (KO} or Wild Type (WT) mice. Data shown are
mean + sern, N= 10 mice per group. Specifically, Panel A shows ip and oral treatment with
vehicle 1n Fmrd knockout and Wild Type wice. Pancl B shows ip and oral treatment with
metadoxine in Wild Type mice. Pancl C shows ip and oral treatment with metadoxine in Fmrd

knockout maice, ¥ p<0.01, *¥¥¥p<0.0001, and ns = Not Signiticant.
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[866277  Fig. 11 shows the effect of once daily ip or oral administration {po) of vehicle (V) or
metadoxine (M) at 150 or 300 mp/kg for 7 days on social approach {(Panel A} and secial memory
{Panel B) in 2 month old Fmrd knockout (KO) or Wild Type (WT) mice. Data shown are mean &
sem, N= 10 mice per group, ** p<Q.01, ¥¥**n<.0001, and us = Not Significant.

{B0028]  Fig. 12 shows the effect of once daily ip or oral administration (po) of vehicle (Vior
metadoxine (M) at 150 or 300 mg/kg for 7 days on lyrmphocyte biomarkers as assessed using flow
cytometry in 2 month old Famr{ knockout (K} and Wild Type (WT) mice. Biomarkers shown
arc pAkt {(Pancl A} and pERK (Panel B) in Fmr{ knockout or Wild Type mice. Data shown are
mean T sem, N= 10 mice per group, ***¥p<0.0001 and ns = Not Significant.

[80028]  Fig. 13 shows the effect of once daily 1p of vehicle (V) or 150 mg/kg ruetadoxine (M)
for 7 days on pERK levels in brain regions of two month old Wild Type (WT) and Fmr/ knockout
(KO) mice. The regions analyzed were the hippocampus (Panel A), pre-frontal cortex (Pancl B),
and siriatum (Panel C) in Fmrl knockout or Wild Type mice. Data shown are mean + sem, N=
10 mice per group. ***¥p<0.0001 and ns = Not Significant.

[00038]  Fig. 14 shows the cffect of once daily 1p of vehicle (V) or 150 mg/kg mctadoxine (M)
for 7 days on pAkt levels in brain regions of two month old Wild Type (WT) and Fmr{ knockout
(KO mice. The regions analyzed were the hippocampus (Panel A), pre-frontal cortex (Panel B),
and striatum (Pancl C) in Fmr! knockout or Wild Type mice. Data shown are mean * sem, N=
10 muce per group. ****p<0.0001 and ns = Not Significant.

[80631]  Fig. 15 shows the cffect of 5 hour freatment with vehicle (V) or 300 uM metadoxine
(M) in vitro on filopodia deunsity (Panelt A), length (Panel B), and width (Panel C) i neuronal
hippocampal cultures from Fmr! knockout (KO) or Wild Type (WT) mice. Data shown are mean
=+ sern, (Wild Type, N = 20 neurons and Fmrf knockout mice, N = 20 neurons). ** p<0.01,
FEEn<0.001, and ns = Not Significant.

866321  Fig. 16 shows the effect of treatment in vitro with vehicle (V) or 300 pM metadoxine
{M) on basal de novo protein synthesis in 400 uM hippocampal slices from Fmr! knockout (KO}
or Wild Type {WT) mice. Data shown are racan + sem, N= 6 shees per group. * p<0.001and
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DETAILED DESCRIPTION OF THE INVENTION
{00033]  The present mmvention relates to the discovery that metadoxine significantly improves
cognitive and social functioning in a valid animal model for the Fragile-X Syndrome.
{88034  Specifically, metadoxine significantly improved memory and learning during the
contextual fear paradigm in a dose-dependent manner, and the two highest dose levels (150 and
200 mg/kg) fully rescued the Forl KO mice learning and memory deficit to a similar extent of the
WT mice levels. Furtherrmore, a significant moproversent in memory 1o the Frorl KO mice treated
with 150 mg/ke of metadoxine was found in behavioral tests, such as the T-maze, showing
significant improvement in coguitive outcomes. These findings were supplemented by an
improved social interaction of KO mice treated with 150 mg/kg of metadoxine. Importantly,
improved cognitive executive function, working meraory and social interaction following
treatment with metadoxine in a valid mouse model of Fragile X correlates with normalization of
biochemical markers reflective of neuronal signaling pathways and oxidative stress.
[866351  Fragile X syndrore 1s the most widespread single-gene cause of antism and inherited
cause of mental retardation among boys. Anyone with the FMR1 gene mutation can pass it to their
children. Approximately 1 in 4,000 males and 1 10 8,000 females have Fragile X syndrowae,
according to Centers for Disease Control and Prevention (CDC). Not everyone with the mutation
will show signs or symptorns of Fragile X, and disabilitics will range from mild to severe as well
as physical characteristics such as an clongated face, large or protruding ears, large testes
{macroorchidism}, and behavioral characteristics such as stereotypic movements {¢.g. hand-
flapping), and social anxiety. Fragile X results from a change or mutation in the Fragile X Mental
Retardation 1 (FMR1) gene, which is found on the X chromosome. The gene normally makes a
protein called Fragile X Mental Retardation Protetn, or FMRP. This protein 1s important for
creating and maintaining connections between cells in the brain and nervous systern. The mutation
causes the body to make ounly a little bit or noune of the protein, which often causes the syrmptoms
of Fragiie X.
{#8036]  Fragile X Syndrorne (FXS) often occurs with other conditions such autism spectrum
disorders. Autism spectrum disorders (ASDs} are a group of developmental disabilities that can
cause signtficant social, coramunication and behavior challenges. People with ASDs handle

information in their brain differently than other people.
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[866377  ASDs ave "spectrurn disorders.” That racans ASDs affect each person in different ways,
and can range from very mild to severe. People with ASDs share some similar symptoms, such as
problerns with social interaction. But there are differences in when the symptoms start, how severe
they are, and the exact nature of the symptoms. ASDs include Autistic Disorder (also called
"classic” autism} , Asperger Syndrome and Pervasive Developruental Disorder.

{86038 Currently, the Food and Drug Adrawnistration (FDA) has vot approved any drugs
specifically for the treatment of Fragile X or its symptoms. There are medications used off label to
treat certain symptoms of Fragile X syndrome, however, results vary greatly by patient and some
of these medications carry serious risks, may make symptoms worse at first, or take several weeks
to become cffective.  The present mmvention provides an unmet need for drugs to treat Fragile X oor
its symptoms.

[00039]  Accordingly, the invention provides rocthods of treating, preventing or alleviating a
sign or symptom of Fragile X Syndrome and/or autism spectrum disorders by administering to a
subject a composition comprising metadoxine.

[860401  lo general, the signs and symptoms of Fragile X fall into five categories: intelligence
and learning; physical, social and emotional, speech and language and sensory disorders
commounly associated or sharing features with Fragile X, include for example. Individuals with
Fragile X have impaired intetlectual functioning, social anxiety, language difficulties and
scusitivity to certain sensations. Treatment with ractadoxine improves learning and increases
sociability in subjects with Fragile X Syndrome.

[00041]  Autism spectrumn disorders are coramonly associated with individuals with Fragile X
syndrome. Signs and symptoms of autism inchide significant language delays, social and
conmmmunication challenges, and unusual behaviors and interests. Many people with autistic
disorder also have infellectual disability. Individuals with Asperger syndrome usually have some
milder symptoms of autistic disorder. For example, they may have social chalienges and unusual
behaviors and interests.  Individuals with Pervasive Developmental Disorder (PDB-NOS) People
meet some of the criteria for autistic disorder or Asperger syndrome, but not all, may be diagnosed
with PDD-NQOS. People with PDD-NOS usually have fewer and milder symptoras than those with
autistic disorder. The symptoms might cause ounly social and communication challenges.
Treatment with metadoxine improves syraptoms of autism.

{80042}  Metadoxine is an won-pair between pyrrohdone carboxylate (PCA) and pyridoxine

{vitarnin B6) with the two compounds linked in a single product by salification. The pairing with
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PCA synergistically mereases the pharraacological activity of pyridoxine (see, e.g., U.S. Patent
4,313,852). Metadoxine is freely soluble in water and in gastric fluid. Oral absorption of the drug
1s fast with high bioavatlability (60-80%). The half-life of metadoxine m human serum is short
{40-60 minutes) without appreciable differences between oral and intravenous administration
{Addolorato et al,, supra; Lu Yuan et al., Chin. Med. 1 2007 120(2) 160-168).

860431 Metadoxine is marketed in several counirics as a prescription drag in the forma of 500
mg tablets and 300 mg injections. Tablets contain 500 mg of metadoxine, microcrystalline
cellulose and magnesium stearate. Ampoules contain 300 mg of metadoxine, sodium
metabisulfite, EDTA sodium, methyl-p-hydroxybenzoate and water,

[#0044]  In certain cmbodiments, metadoxine compaositions of the invention, e.g., formulated in
whole or in part for sustained or controlled release, enable more efficient use of metadoxine in the
treatrucnt, prevention and/or alleviation of a sign or syraptom of Fragile X syndrome and
conditions/disorders related thereto, such as autism spectrum disorders.

[68045] In certain of the above described methods of the invention, the metadoxine or
acceptable derivative thercot may be formulated for immediate release upon administration to the
subject. In certain of the above described methods of the invention, the metadoxine or acceptable
derivative thereof may be formulated for sustained and/or coutrolled release, and way optionally
be formulated to have both immediate release and sustained and/or controlled release
characteristics upon administration to the subject. In certain ermbodiments, metadoxine or a
physiologically acceptable derivative thereof is formulated for non-chronic administration.
Metadoxine formulations useful in the methods of the present invention described in more detail
below.

[#0046]  In certain embodiments, the present invention provides a composition comprising
metadoxiue or a derivative thereof formulated for sustained and/or controlied release when
administered to a subject for tmproving, treating, preventing and/or alleviating of a sign or
symptom of Fragile X syndrowe and/or conditions/disorders related thereto, sach as antism
spectrum disorders.

{80047  In certain cmbodiments, the present invention provides a composition comprising
metadoxine or a derivative thereof wherein a portion of the metadoxine or derivative is formulated
for sustained and/or controlled release and a portion of the metadoxine or derivative 1s formulated

for immediate release when administered o a subject for improving, treating , preventing and/or
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alleviating of a sigu or symwptom of Fragile X syndrome and/or conditions/disorders related
thereto, such as autism spectrum disorders.

[00048]  In certain embodiments, effective serum levels of the active ingredient are achieved
within from about 10 to about 20 or 30 or 40 or 50 or 60, 90 minutes, 2h, 3h, 4h, 5h, 6h, 7h, 8h,
Sh, 10h following metadoxine or metadoxine dertvative administration. In certain embodiments,
effective serum levels of the active ingredient 1 said subject are achieved within from about 5 to
about 20 or 30 or 40 or 50 or 60, 90 minutes, 2h, 3h, 4h, 5h, 6h, 7h, 8h, Sh, 10h following
metadoxine or metadoxing derivative adminisiration. In certain embodiments, effective serum
levels of the active ingredient are achieved within from about 20 to about 20 or 30 or 40 or 50 or
60, 90 minutes, 2h, 3h, 4h, 5h, 6h, 7h, 8h, Sh, 10h following metadoxine or metadoxine derivative
administration. In certain embodiments, effective serum levels of the active ingredient are
achieved within about 5, 10, 15, 20, 30, 40, 50 or 60, 90 minutes, 2h, 3h, 4h, 5h, 6k, 7h, 8h, Sh,
16h.

[30049] The present inventors have developed innovative approaches for the administration of
metadoxine or roctadoxine derivative based on enteral (via the digestive tract) and/or parenteral
{other routes than digestive tract) routes (W02009/004629, the contents of which are incorporated
by reference in its entivety). These approaches provide for a rational design of delivery systems
with desired propertics based on the meticulous selection of the carrier, ¢.g. appropriate
surfactants/co-surfactants cormposttion or micro/nano particles (such as liposornes or nano-
liposomes} entrapping the active ingredients, or other additives or excipients, for the delivery
systemt of interest. The enteral delivery systems may be designed for oral administration (tablets,
sachets, lozenges, capsules, gelcaps, drops, or other palatable form) or rectal administration
{suppository or {mini} encma form). In addition, the delivery system of interest may be in liquid
form, for example a drop solution, syrup. Furthermore, the delivery system of interest may be o
form of a beverage or foed article. Thus, the active ingredient/s used by the invention may be
comprised in a beverage, particularly soft drinks like juices, nectars, water, sparkling water and
other sparkiing drinks, shakes, milk shakes and other milk-based drinks, and the hike. Ligquid
preparations may alse be in the form of concentrated syrups, for diluting with water or sparkling
water. Alternatively, the active ingredient/s may be comprised in food articles, such as snack bars,
health bars, biscuits, cookies, sweets, confoctionery products, ice creams, ice loihics, and the like.
[80058]  Sull further, the delivery systera may be a food or beverage article comprising a

physiclogically active pyridoxine derivative, particularly pyridoxol L,2-pyrrolidon-5 carboxyiate
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{metadoxine). In certain erobodioents, consumption of the food or beverage article of the
invention may lead to achievement of serum levels of the active ingredient within from about 10 to
about 40-60 minutes following consumption thereof Examples may be sweets, chocolate, candies
and candy bars, energy bars, ice creams, pastry products and the like.

{06051} The parenteral ways of administration include subcutancous, transteral (diffusion
through the ntact skan), transroucosal (diffusion through a vaucous wembrane), sublingual, buccal
{absorbed through check near gumline)} administration, or administration by inhalation. In certain
embodiments, the compositions used by the invention are not administered by invasive modes of
treatment (i.c., are non-invasive). In certain embodiments, the metadoxine or metadoxine
derivative corapositions are not administered by intravenous mjection.

866521  In certain embodiments, compositions used by the invention are delivered as a
ricrocrystalline powder or & solution suitable for nebulization; for intravaginal or intrarcctal
administration, pessaries, suppositories, creams or foams. A preferred formmlation is a formulation
for oral administration. Another preferred formmulation is for topical administration. Another
preferred formulation is for transmucosal admimstration, sublingual, buccal {(absorbed through
cheek near gumline) administration, administration by inhalation or ocular administration, ¢.g., in
eve drops.

180053] Administration of metadoxine or metadoxine derivative for medical uses requires safe
and efficient dehivery systerns, The present invention provides delivery systers for safe delivery
of a variety of substances due to their special physico-chemical features, particularly direct
absorption, by non-invasive means, and consequent avoidance of side cffects. The delivery
systems significantly enhance efficiency and quality of metadoxine or metadoxine derivative
absorption based on its unique physicochemical features, which enables lower concentrations or
amounts of active substance to be delivered to a subject 1n a biologically active form. The delivery
systems of the invention provide for the direct access of the active substance to the tissucs and
thus provide immediate or near-irmmediate effects of rctadoxine or metadoxine derivative to the
treated subject. Accordingly, tn certain embodiments, the present invention uses a non-invastve
pharmaccutical delivery system for the iraproved adminisiration of a physiclogically active
pyridoxing, particularly pyridoxol L .2-pyrrolidon-5 carboxylate {metadoxing), or a physiologically
acceptable derivative thereof, comprising as the active ingredient said physislogically active
pyridoxine in a suitable carrier. In certain erobodiments, serum levels of the active ingredient are

achicved within from about 10 to about 40-60 minutes following administration. In another
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embodiment, the invention employs a non-invasive pharmaceutical delivery system for the
improved administration of a physiologically active pyridoxine derivative, particularly pyridoxol
L,2-pyrrolidon-S carboxylate (metadoxine), for use in iraproveraent of cognitive behavior in a
subject in need thereof, comprising as the active ingredient said pyridoxine derivative, in a suitable
carrier. In certain erobodiracnts, serum levels of said active ingredient are achieved within from
about 190 to about 40-60 minutes following admwinistration.

[00054]  In certain embodiments, the drug delivery systerns employed by the invention may be
designed for oral, nasal, ocular, rectal, subcutaneous, transferal, transmucosal, sublingual, buccal
or inhalation administration. The drug delivery systerns may provide the active substance ina
controlled release mode. In cortain embodiments, the drug delivery systems of the invention may
further comprise at least one additional pharmaceutically active agent. The debivery systems used
by the invention may generally comprise a buffering ageunt, an agent that adjusts the ostolarity
thereof, and optionally, one or more pharmaceutically acceptable carriers, excipients and/or
additives as known in the art. Supplementary pharmaceutically acceptable active ingredients can
also be incorporated o the corpositions. The carrier can be solvent or dispersion medivm
containing, for example, water, cthanol, polyol (for example, glycersl, propylene glycol, and
liquid polyethylene glycol, and the like), suttable mixtures thereof, and vegetable oils. The proper
thudity can be maintained, for example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of surfactants. As
used herein "pharmaceutically acceptable carrier” includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents and the hike. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except as any conventional media or
agent is incompatible with the active ingredient, its use in the therapeutic composition is
conteraplated. It is conteraplated that the active agent can be delivered by any pharmaceutically
acceptable route and in any pharmaceutically acceptable dosage form. Oral forms include, but are
not imtted to, tablets, capsules, pills, sachets, lozenges, drops, powders, granules, elixirs,
tinctures, suspensions, syraps, and emulsions. Also included are oral rapid-release, time
controlled-release, and delayed-release pharmaceutical dosage forms. The active drug components
can be administered in a single dosage form or in separate dosage forms to be administered
together or independently. The active drug components can be administered in a mixture with

?

suitable pharmaceutical diluents, excipicnts or carviers {collectively referred to herein as "carrier™),

materials suitably selected with respect to the intended form of administration. Where the delivery
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systern is for oral adrmimistration and is in the form of a tablet or capsule or the like, the active drug
components can be combined with a non-toxic pharmaceutically acceptable inert carvier such as
iactose, starch, sucrose, glucose, modified sugars, modified starches, methylcellulose and its
derivatives, dicalcium phosphate, calcium sulfate, mannitol, sorbitol, and other reducing and non-
reducing sugars, magnesiurn stearate, stearic acid, sodinm stearyl fumarate, glyceryl behenate,
calciom stearate and the hke. For oral admimstration i Hauid form, the active drug components
can be combined with non-toxic pharmaceutically acceptable inert carriers such as cthanol,
glycerol, water and the like. When desived or required, suitable binders, tubricants, disintegrating
agents and coloring and flavoring agents can also be incorporated into the mixture. Stabilizing
agents such as antioxidants, propyl gallate, sodium ascorbate, citric acid, caleium metabisulphiie,
hydroquinone, and 7-hydroxycoumarin can also be added to stabilize the dosage forms. Other
suttable corapounds can include gelatin, sweeteners, natural and synthetic gurms such as acacia,
tragacanth, or alginates, carboxymethylcellulose, polyethylene, glycol, waxes and the like.
[#0055]  Additional suitable pharmaceutically acceptable carricrs that may be used in these
pharmaceutical corapositions include, but are not limited to, fon exchangers, alumina, aluromum
stearate, magnesium stearate, lecithin, serum proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures
of saturated vegetable fatty acids, water, salts or electrolbytes, such as protamine suifate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zine salts, colloidal silics,
magnesinm tristlicate, polyvinyl pyrrolidone, cellulose-based substances, polyethylene glycol,
sodium carboxyrcthylecilulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polymers, polyethylene glycol and wool fat. In some embodiments, the pharmaceutically
acceptable carrier is magnesium stearate. Additional pharmaceutical excipionts commonly
accepted and used are found in, for example, Reroington’s Pharmaceutical Sciences (Geonaro, A,
ed., Mack Pub., 1990).

[80056]  For purposes of parcoteral administration, solhutions i suttable o1l such as sesame or
peanut oil or in aqueous propylene glycol can be enmiployed, as well as sterile aqueous solutions of
the corresponding water-soluble salts. Such aqueous solutions may be suitably buffered, if
necessary, and the liquid diluent first rendered 1sotonic with sufficient saline or glucose. These
aqueous solutions arc especially suitable for intravenous, intramuscular, subcutancous and
intraperitoneal injection purposes. In this connection, the sterile aqueous media employed are all

readily obtainable by standard techniques well-known to those skilled in the art. Methods of
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preparing various pharmaceuntical compositions with a certain aroount of active ingredient are
known, or will be apparent in light of this disclosure, to those skilled in this art. The half-life of
ractadoxine in human serurn 18 very short. Lu Yuan et al. (Chin, Med. J 2007 120(2) 160-168),
showed a mean half life of about 0.8 hour. A way of prolonging serum levels of active moiety is
by administering the material in a sustained-release formulation. Because metadoxinge is frecly
soluble 1n water and in various biological fluids, it 1s difficult to sustain ifs release and prolong is
absorption time. Therefore, it was unexpected that sustained release could be achieved. A control
release dosage form of metadoxine or wetadoxine derivative may be based on a predetermined
gradual release of the active ingredient in the binlogical fluids, resulting in a sustained action with
small fluctuations of the plasma level over g prolonged period of time.

{86657} In certain embodiments, the delivery system used by this invention may be
administered in controlied release formulations. In certain embodiments, the method of
administration will be determined by the attending physician or other person skilled in the art after
an evaluation of the subject's condition and requirements. An embodiment of the method of the
present invention 1s to administer the therapeutic compound described herein in a sustained release
form. Any controlied or sustained release method known to those of ordinary skill in the art may
be used with the composttions and methods of the invention such as those described wn Langer,
Science 249(4976):1527-33 (1990). Such method comprises administering a sustained-release
composition, a suppository, or a coated iraplantable medical device so that a therapeutically
effective dose of the composition of the invention is continuously delivered to a subject of such a
racthod. Sustained release may also be achieved using a patch designed and formulated for the
purpose. The composition of the invention may be delivered via a capsule which allows sustained-
release of the agent over a period of time. Controlled or sustained-release compositions inchide
forroulation in hipophilic depots (e.g., fatty acids, waxes, oils). Also coraprehended by the
invention are particulate compositions coated with polymers {(¢.g., poloxamers or poloxamines).
Sustained release formulae or devices, or any topical formulations, may additionally contain
compositions to stabilize the composition or permeate physiological barrier such as skin or
mucous membrane. Exemplary additional components may include any physiologically acceptable
detergent or solvent such as, for example, dimethylsuifoxide (BMSQO).

{00058] In all embodirents of the invention, methods and uscs of the invention may employ a
composition comprising a salt adduct as defined by the 1invention formulated as a single dose. Said

single dose formulation may be an timmediate release formulation, a burst formulation, a
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prolonged release formulation, a sustained release formulation or any other controlled release
formulation known to a person skilled i the art.

[80854] In other embodiments of the methods and uses of the invention, a composition
comprising a salt adduct defined by the invention may be a combinad dosage formualtion, wherein
different types of formulations are administered to a subject, 1.¢. any combination of an immediate
release formulation, a burst formulation, a prolonged release formulation, a sustained release
fornwlation or any other controlled release formulation known to a person skilled in the art, given
cither in a single dose or 1n separate doses given separately, concomitantly or sequentially wherein
the gap of time between administration of separate dosages is defined based on the condition and
severity of discase or disorder of a subject or the physical condition of said subject.

1860681 In some embodiments a composition used by the methods of the invention are
formulated as combined dosage formus, wherein at least one dosage from of 4 suit adduct defined
by the invention is in an immediate release form and at least one dosage form of a salt adduct
defined by the mvention {(being the same or different from the salt adduct formulated in the
immediate release formulation) is formulated as a controllied (slow and/or sustained) release
fornwlation. In other cmbodiments the weight ratio of a salt adduct as defined by the invention
comprised i said at least one imvoediate release formulation and at least one controlled release
formulation may be 1:1, 1:2, 2:1, 3:2, 2:3, 1:3, 3:1, 4:1, 1:4, 5:2, 2:5, 1:5, 5:1. When employing
such combined dosage forms n a method or use of the invention, said at least one imnediate
release form and at least one controlied release form of a salt adduct defined above, may be
administered to a subject separately, concomitantly, sequentially, concurrently, consecutively and
so forth. In some embodiments said at least one immediate release form is administered initially.
in other embodiments said at least one controlied reicase formulation is administered initially.
{66061} In certain embodiments, the metadoxine or metadoxine dertvative in compositions of
the invention may be formulated for sustained or controlled release gver a period of at least 0.5, 1,
2,3,4,5,6,7,8 9,10, 11 or 12 bours. Iu certain embodiments, the metadoxine or metadoxine
derivative in compositions used by the invention may be formulated for sustained or controlled
release over a period of about 0.5, 1,2, 3.4, 5,6, 7, 8,9, 10, 11 or 12 hours. In certain
embodiments, the metadoxine or metadoxine derivative in compositions used by the invention
rnay be formulated for sustained or controlied release over a period ot between about 0.5 or L or 2
or 3 or 4 hours and about 5, 6, 7, X, 9, 10, 11 or 12 hours. In certain embodiments, the metadoxine

or metadoxine derivative in compositions used by the invention may be formulated for sustained
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or controlied release over a period of between about 5 or 6 or 7 or § hours and about 9, 10, 11 or
12 hours.

[00062]  In certain embodiments, the metadoxine or ractadoxine derivative in compositions used
by the invention may be in immediate, fast of burst release form.

{00631 In certain embodiments, the metadoxine or metadoxine derivative in cornpositions used
by the invention may be formulated to release up to 5, 10, 15, 28, 23, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95, 99, 99 .5 or 100% of the total metadoxine or metadoxine derivative in
about 0.5, 1,2, 3,4, 5, 6, 7 or & hours. In certain embodiments, the metadoxine or metadoxine
derivative in compositions used by the invention may be formulated to release not less than 5, 10,
15,20, 25, 30, 35, 40, 45, 50, 35, 60, 65, 70, 75, 80, §5, 90, 95, 99, 99.5 or 100% of the total
metadoxine or metadoxine derivative inabout 0.5, 1,2, 3, 4, 5, 6, 7 or 8 hours.

[00064]  In certain embodiments, the metadoxine or ractadoxine derivative in compositions used
by the invention may be in a combination of sustained or slow release and immediate or fast
release forms. In certain embodiments, the relative proportion of sustained or slow release
metadoxine or roctadoxine dertvative to immediate or {ast release metadoxine or metadoxine
derivative is, ¢.g., 1 099, 510 95, 1010 90, 1510 €5, 20 to 80, 25 t0 75, 30 t0 70, 35 t0 65, 40 to
68, 4510 55, 58 to 50, 3510 45, 60 t0 4G, 65 10 35, 70 10 30, 75 t0 25, 80 10 20, K5 t0 15, 90 to 14,
85t05,0r 9910 1.

[88065] In certain embodiments, a polymeric material is used to sustain or control the release
of metadoxine or metadoxine derivative, In certain embodiments, the type of polymeric material
and the amount of which is used, has a strong influence on the rate of release of metadoxine or
metadoxine derivative from the product of the present invention. Examples of polymers include
both hydrophobic and hydrophilic polymers. Examples of hydrophobic polymers include, but are
not fumited to, ethyl cellulose and other cellulose derivatives, fats such as glycerol palmito-
stercate, beeswax, glycowax, castorwax, carnaubawax, glycersl monostereate or stearyl alcohol,
hydrophobic polyacrylamide derivatives and hydrophobic methacrylic acid derivatives, as well as
mixtures of these polymers. Hydrophitic polymers include, but are not Himited to, hydrophilic
cellulose derivatives such as methyl cellulose, hydroxypropylmethyl cellnlose,
hydroxyethylcelhulose, hvdroxypropyl cellulose, carboxymethy! cellulose, sodium
carboxyrcthyleellulose and hydroxyethyl methyl-cellulose polyvinyl alcohol, polycthylene,
polypropylene, polystyrene, polyacrylarmde, ethylene vinyl acetate copolymer, polvacrylate, poly-

urcthane, polyvinylpyrrolidone, polymethylmethacrylate, polyvinyl acetate, polyhydroxyethyl
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methacrylate, as well as mixtares of these polymers. Farthermore, any mixture of one or more
hydrophobic polymer and one or more hydrophilic polymer could optionally be used.

[00066]  In certain embodiments, a polymeric material to be used in compositions of or used by
the invention is microcrystalline cellulose such as "TAVICEL PH 101" manufactured by FMC
BioPolyraer's .

{88667 lo certain embodiments, a polymeric material to be used in compositions of or used by
the invention is hydroxypropy! methyl-cellulose such as "METHOLOSE", produced by Shin-Etsu
Chermcal Co.

[#0068]  In certain embodiments, a polymeric material to be used in compositions of or used by
the invention is cthyl cellulose such as "ETHOCEL ™", manufactured by The Dow Chemical
Company.

[00069]  In certain embodiments, a polymeric material to be used in compositions of or used by
the invention is an acrylic polymer such as "EUDRAGIT RS™, produced by Rohm GmbH.
[#0076]  In certain embodiments, a polymeric material to be used in compositions of or used by
the invention is a colloidal silicone dioxide such as "AEROSIL™", manufactured by Degussa.
{606711  In certain embodiments, a polymeric material to be used in compositions of or used by
the invention is a poly{vinyl acetate) such as "KOLLICOAT SR, woanufactured by BASF.
[80872]

[#80731  In certain cmbodiments, a polymeric material to be used 1n compositions of or used by
the invention is an ethyl acetate and vinyl acetate solution such as "DURG-TAK", manufactured
by Delasco Dermatologic Lab & Supply, Inc.

{B0074]  In certain embodiments, the compositions of or used by the invention comprise or
consist essentially of about 50, 100,150, 200, 250, 300, 400, 500, 600, 700, 800, or 900 mg to
about 1000, 1500, 2000, 2500 or 3000 myg metadoxine or metadoxine derivative. In certain
embodiments, the compositions of or used by the invention comprise or consist essentially of
about 5, 100, 500, or1000 myg to about 20040, 4000, 10,000, 15,000, or 20,000 mig AVICEL PH
101™ . In certain embodiments, the compositions of or used by the invention comprise or consist
essentially of about 25, 50, 100, 150, 200, 250, 300, 350, 400, 450, 5300, 550 or 600 mg to about
650, 700, 750, 800, 850, 900, 950, 1000, 5640, 10,000, 15,000 or 20,000 mg of a polymeric
material. In certain cmbodiments, the polymeric material is METHOLOSE, ETHOCEL E10™ or
EUDRAGIT RS™ In certain embodiments, METHOLOSE coraprises or consists essentially of

between 1 and 90% of the formulation, preferably between 5 and 70%. In certain embodiments,
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ETHOCEL™ comprises or consists essentially of between 1 and 30% of the formulation,
preferably between 2 and 20%. In certain embodiments, EUDRAGIT™ comprises or consists
cssentially of between 1 and 90% of the formulation, preferably between 5 and 70%.

{B0075]  In certain embodiments, delivery systems of or used by the invention comprise delivery
devices. In certain embodiments, the compositions of or used by the invention are delivered by an
ostuotic process at a controlled rate such as by an osmotic purnp. The system may be constructed
by coating an osmotically active agent with a rate controlling semipermeable membrane. This
roembrane may contain an otifice of critical size through which agent is dehivered. The dosage
form after coming into contact with aqueous fluids, imbibes water at a rate determined by the fluid
permeability of the membrane and osmotic pressure of the core formmulation. This osmotic
imbibition of water results in formation of a saturated solution of active material within the core,
which s dispensed at controlled rate fror the delivery orifice in the membrane.

[60076]  In certain embodiments, the compositions of or used by the invention are delivered
using biodegradable microparticles. In certain embodiments, the system to prepare microparticles
consists of an organic phase corprised of a volatile solvent with dissolved polymer and the
material to be encapsulated, emulsified in an aqueous phase. In certain embodiments, the
biodegradable polymers that can be used for the microparticle matnix, comprises polylactic acid
{PLA} or the copolymer of lactic and glycolic acid (FLAGA). The PLAGA polymer degrades
hydrolytically over time to its monomeric components, which are readily removed from the body
through natural metabolism

[00077]  The preparation of or used by the present invention may also contain an absorption
enhancer and other optional components. Examples of absorption enhancers include, but are not
limited to, cyclodextrins, phospholipids, chitosan, BMSO, Tween, Brij, glycocholate, saponin,
fusidate and energy based enbancing absorption equipment.

{000678]  Optional components present in the dosage forms include, but are not himited to,
difuents, binders, lubricants, surfactants, coloring agents, flavors, buffering agents, preservatives,
stabilizing agents and the like.

{80079 Diluents, also termed "fillers” include, for example, dicalcium phosphate dihydrate,
calcium sulfate, lactose, cellulose, kaolin, mannitol, sodivm chloride, dry starch, hydrolyzed
starches, silicon dioxide, collowdal silica, fitanium oxade, alumina, tale, microcrystalline celinlose,
and powdered sugar. For adminisiration in Hguid form, the diuents include, for example, ethavol,

sorbitol, glycerol, water and the like.
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{86086  Binders are used to iropart cohesive qualities to the formulation. Suitable binder
materials include, but are not limited to, starch {inchiding corn starch and pregelatinzed starch),
gelatin, sugars (inchuding sucrose, glucose, dextrose, lactose and sorbitol), polyethylene glycol,
waxces, natural and synthetic gums, €.g., acacia, tragacanth, sodium alginate, celluloses, and
Veegurn, and synthetic polymers such as polymethacrylates and polyvinylpyrrolidone.

{800811  Lubncants are used to facilitate manufactare; examples of suitable lubricants include,
for cxample, magnesium stearate, calcium stearate, stearic acid, glycery! behenate, and
polyethylene glycol.

[B0082] Surfactants may be anionic, cationic, amphoteric or nontonic surface active agents,
with anionic surfactants preferred. Suitable anionic surfactants include, but are not imited to,
those containing carboxylate, sulfonate and sulfate ions, associated with cations such as sodium,
potassium and amynoniur ions. Particularly preferred surfactants include, but are not limited to
long alkyl chain sulfonates and alkyl aryl sulfonates such as sodium dodecylbenzene sulfonate;
diallyl sodium sulfosuccinates, such as sodium bis-(2-cthythexyli-sulfosuccinate; and alkyl
sultfates such as sodwm laoryl sulfate.

{00083]  Stabilizing agents such as antioxidants, include, but are not limited to, propyl gallate,
sodium ascorbate, citric acid, calciom wetabisalphite, hydrogquinone, and 7-hydroxycoumarin.
[B0084]

[#0085]  If desired, the compositions of or used by the invention may also contain minor
amounts of nontoxic auxiliary substances such as wetting or enmulsifying agents, preservatives,
and the like.

{B8086]  Any of the compositions of or used by the invention may be used alone or in
combination with one or more additional therapeutic agents, for the improvement of cognitive
behavior. Examples of additional therapeutic agents are: amphetaroines, roethylphenidate HCH,
dexmethylphenidate hydrochloride, atomoxetine, reboxetine, fluoxatine, sertraline, paroxetine,
fluoroxamine, citalopram, venlafaxine, bupropion, vefazodoue and mirtazapine.

{#80087]  The amount of both the compound and the additional therapeutic agent that may be
combined with the carrier materials to produce a single dosage form will vary depending upon the
host treated and the particular mode of administration. Preferably, the compositions of this
mvention should be formulated so that a dosage of between 0.1-1 g/kg body weight/day,
preferably 0.1-300 mg/kg body weight, can be admunistered. The dose of the corapound depends

on the condition and the illness of the patient, and the desired daily dose. In human therapy, the
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oral daily dose s 10-3000 rg or preferably 100-3000 mg. For example the daily dose 1s 10, 25,
50100, 150, 200, 250, 300, 350, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400,
1500, 1660, 1700, 1800, 1900, 2000, 2100, 2200, 2300, 2400, 2500, 2600, 2700, 2800, 2900, or
3000 mg. These doses are administered in unit dosage forms, which may be administered in a
single daily dose or divided into 2-3 smaller doses for cach day in certain cases.

[B60881  lv certain emnbodiments, the compositions of the present invention may act
synergistically in combination with cach other and may further act synergistically in the presence
of an additional therapeutic agent. Therefore, the amount of compound(s) and additional
therapeutic agent(s) in such compositions will be less than that required in a monotherapy utilizing
only that therapeutic agent. In such compositions a dosage of between 0.1-1 g/kg bodyweight/day
of the additional therapeutic agent can be administered.

[80089]  Definitions

{80088]  For convenience, certain terms employed tn the specification, examples, and appended
embodiments, are collected here. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs.

(80091} The articles "a" and "an" are used herein to refer to one or to more than one (i.e., to at
least one} of the grammatical object of the article. By way of example, "an element” means one
element or more than one clement.

866921  The term “including” is used herein fo mean, and is used interchangeably with, the
phrase “including by not limited to”

{B0093]  The term "or” is used herein to mean, and s used interchangeably with, the term
"and/or,” unicss context clearly indicates otherwise.

[8606947  The term "such as” is used herein to racan, and is used interchangeably, with the phrase
"such as but not limited to".

{80083}  The termo "prophylactic” or "therapeutic” treatment refers to administration to a subject
of one or more of the composttions of the invention. I it s administered prior to clinical
manifestation of the unwanted condition {e.g., chinical or other unwanted state of the host animal)
then the treatment is prophylactic, i.e., it contributes to prevention of, i.e., protection of the subject
against developing an unwanted condition, whercas if adrainistered after manifestation of an
unwanted condition, the treatroent is therapeutic (e, it 1s intended to divoinish, areliorate or

prevent progression of the unwanted condition or side effects there from).
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[8606961  The term "therapeutic cffect” refers to a local or systemic effect in animals, particularly
mammals, and more particularly humans, caused by a pharmacologically active substance or
substances. The term thus means any substance intended for use in diagnosis, cure, roitigation,
treatment or prevention of disease ot in the enhancement of desirable physical or mental
development and conditions in an anirnal or hurnan. The term "therapeutically effective amount”
means that amount of such a substance that produces sowe desired local or systemic effectata
reasonable benefit/risk ratio applicable to any treatment. In certain embodiments, a
therapeuntically-effective amount of a corapound or composition will depend on its therapeutic
index, solubility, and the like. For example, certain metadoxine or metadoxine derivatives
forraulations of the present invention may be administered in a sutficient amount to produce a
reasonable benefit/risk ratio applicable to a selected treatment, as may be determined by the
skilled artisan.

{80097  The term "effective amount” refers to the amount of a therapeutic reagent that when
administered to a subject in an appropriate dose and regimen produces at least one desired result.
[B6098] A "subject” or "patient” to be treated by a method of the invention may wean ¢ither a
human or non-human animal, preferably a mammal. The term "subject” as used herein may refer
to a healthy individual, or a subject suffering Fragile X Syndrome or Autism Spectrum Disorder.
In alternative embodiments, the terms "subject” and "healthy subject” and "subject in need” and
"natient in need” as used herein exclude subjects under alcohol mnfluence following alcohol
consumption of any form, alcoholics (alcohol addicts), and abstinent alcoholics.

[00099]  As used herein the term "salt adduct” 18 racant to encompass a salt product of a direct
addition of two or more distinct tons, wherein the overall charge of the salt adduct 1s zero. In
certain embodiments, the salt adduct comprises one positively charged moiety having a single
positive charge functional group (i.e., the positively charged moiety is charged with +1 net charge)
and one negatively charged moicty having a single negative charge functional group (i.c., the
negatively charged rootety 1s charged with -1 net charge). In certain embodiments, the sait adduct
comprises one positively charged moiety having two positively charged functional groups, which
may be the same or different (i.¢., the positively charged moicty is charged with +2 net charge)
and two negatively charged moieties, which may be the same or different, and each having a
single negative charged functional group (i.c., each negatively charged moicty is charged with -1
net charge). In certain embodiments, the salt adduct comprises two positively charged moieties,

which may be the same or different, having cach one positively charged functional group (1.,
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each positively charged moiety is charged with +1 net charge) and one negatively charged moiety,
having two negatively charged functional groups, being the same or different (i.c., the negatively
charged moicty 1s charged with -2 net charge). In certain erabodiments, the salt adduct compriscs a
positively charged moiety charged with -1 net charge (originating from one or more positively
charged functional groups, which may be the same or ditferent), and a negatively charge moiety
having -n {originating from oue or roore negatively charged functional groups, which may be the
same or different} net charge, wherein i is an integer which may be equalto 1,2,3,4, 5 or 6.
[000188]  As used herein, a "positively charged moiety of a salt adduct” of the invention 1s the
corresponding acid of pyridoxine, or any derivative thereof In certain embodiments, the positive
charge of the positively charged moicty stems from the protonated basic nitrogen atom of
pyridoxine (as for example in compound (23} or any derivative thereof (such as for example
compounds of formula (1), In certain ermbodiments, the positively charged pyridoxine derivative
is substituted with a positively charged functional group such as for example -NH; , -CH,NH; ',
NH,R', -NHR, (wherein cach R is independently a C;-C; alkyl), which may, in some
embeodiments, be present in addition to the positively charged protonated basic aromatic nitrogen
atom in the pyridinge ring.

{000161] It should be understood that moieties of a salt adduct of the invention may contain cach
at least one chiral center, and thus may exist in, and be isolated as, any stereoisomer thereof
including, enantiomers, diastereomers or any nuxtures thercod mncluding, but not limited to
racemic mixtures. The present invention includes any possible stereoisomer {e.g. enantiomers,
diastercomers), any mixtures thereof including, but not limited to, racemic nmuxtures, of any of the
individual moieties of a salt adduct of the invention. Where the hercin-described processes for the
preparation of cach of the moictics of a salt adduct of the invention give rise to mixtures of
stereoisomers, these isomers may be separated by conventional techniques, such as preparative
chromatography. The moictics of a salt adduct of the invention may be each prepared in any
roixtare of possible stercotsoroers thereof, including but not fuvdted to raceroic wiktures thereof, or
individual stercotsomers {(e.g. enantiomers, diastercomers) may be prepared either by
enantiospecific synthesis or by chiral chromatographic separation of a racemate. Whenever
referring to amino acids, the invention should be understood to encompass natural and non-natural

amino acids or any derivative thercof
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[8606162]  Throughout this specification, the word "comprise” or variations such as "comprises”
or "comprising” will be understood to imply the inclusion of a stated integer or groups of integers
but not the exclusion of any other integer or group of integers.

{00183] The term "bis-avatlable” means that at least some amount of a particular compound is
present in the systemic cirenlation. Formal calculations of oral bicavailability are described in
terras of an F value ("Fundamentals of Clinical Pharmsacokanetics,” John G. Wegner, Drog
{ntelligence Publications; Hamilton, {il. 1975). F values are derived from the ratio of the
concentration of the parent drug n the systermie circulation {e.g., plasma) following intravenous
administration to the concentration of the parent drug in the systemic circulation after
administration by a non-intravenous route {¢.g., oral). Therctore, oral bicavailability within the
scope of the present invention contemplates the ratio or F value of the amount of parent drug
detectable 1 the plasma after oral administration compared to intravenous adrainistration.
{B00184] The term "treating” or "treatment” refers to mitigating, improving, relieving or
alleviating at {cast on symptom of a condition, disease or disorder in a mammal, such as a human,
or the improvement of an ascertainable measurement associated with a condition, discase or
disorder. Treatment as used herein also encompasses treatment of healthy individuals.

[800183]  The term "acceptable derivative™ with respect to metadoxine or metadoxine
derivatives refers to any salt, conjugate, ester, complex or other chemical derivative of metadoxine
or any of the moietics comprising the same, which, upon administration to a subject, 1s capable of
providing {directly or indirectly) metadoxine or a metabolite or functional residue thereof, or
racasurable ractadoxine activity. The term "physiologically compatible ructadoxine derivative”
may be used interchangeably herein with the term "acceptable dertvative” and refers to a
functional, active, pharmaceutically acceptable derivative of metadoxine.

[800186] The term "excipiont” refers to an nactive substance used as a carrier for the active
ingredient in a formulation.

[800187] The term "controlled release” refers to any formulation which delivers an agent at a
controlled rate for an extended time and s designed to achieve a desired agent level profile.
[6801081 The term "sustained release” is used in s conventional sense to refer to g formulation
that provides for gradual release of an active material over an extended peried of time, which in
certain embodiments may also further result in substantially constant blood levels over an

extended time pertod, 1.e., controlled release.
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[666189] The term "immediate release™ 18 used in its conventional sense to refer to a formulation
that provides for non delayed or controlled release of an active material upon administration.
[60118] The term "half-life” of a substance is the time 1t takes for a substance to lose half of its
pharmacologic, physiologic, or other activity. Biological half-life is an important pharmacokinetic
parameter and 1s usually denoted by the sbbreviation tin..

{800111]  The term "non-invasive” refers to modes of treatment which do not puncture the skin.
{6006112] The term “non-chronic administration” may be used interchangeably herein with the
term “acute admunistration” and refers to giving a measured or non-measured quantityor portion of
a medication to a subject on a non-regular basis. Non-chronic administration may be a singic dose
treatment or a multipic dose treatment, and may optionally be given over time. Typically but not
always, a non-chronic administration is given to treat or prevent a non-chronic condition. Certain
chronic conditions roay alse benefit from non-chronic administration of a ractadoxine or
metadoxine dertvatives composition described herein,

[#00113] The term "chronic administration” refers to giving a measured quantity of a medication
on a regular basis to a subject. In some embodiments, chronic adroinistration 1s to treat or prevent
one or more chronic conditions, problems or diseases. Chronic diseases have one or more of the
following charactenistics: they are permanent, feave residual disability, are caused by
nonreversible pathological alteration, require special training of the patient for rehabilitation, or
may be expected to require a long period of supervision, observation, or care.

[866114] The term "single dose treatment” refers to giving a measured quantity of a medication
to be taken at one time, It 1s given to treat non-chronic conditions on an irregular basis, depending
on personal need.

[B00118]  The term "t refers to the time to peak concentration. Calculation of time at which
maximurg concentration occurs after a single dose adminstration is performed according to the

formula;

TESE . A,
fon = — g —
) 3

\‘7\-&\ f-ﬁ\ f

Where Ag and Az are the apparent absorption and elimination rate constants, respectively.
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EXAMPLES
866116} EXAMPLE 1: GENERAL METHODS
[000117] The examples as described herein were performued using the reagents and methods

generally described below.

FExperimental Animals

[866118] Fmr! knockout mice (K0O2) mice (The Dutch-Belgium Fragile X Consortivm, 1994),
mitially obtained from the Jackson Laboratory, and wild type (W) littermates were generated on
a {U57BL/6J background and repeatedly backcrossed onto a CS7BL/6J background for more than
eight generations. The Fmr/ knockout mice were housed in groups of the same genotype in a
teraperature and humidity controlied room with a 12-h hight-dark cycle (lights on from 7 am to 7
pim; testing was conducted during light phase). Room temperature and humidity were recorded
continuously in the holding room while food and water were avatlable ad libitumn. Testing was
conducted on healthy Fmr/ knockout mice and their wild type littermates (N = 10 mice per
treatment group} at 2 or 6 months of age during the behavioral experiments. Mice were housed in
commercial plastic cages and experiments were conducted in line with the requirements of the UK
Animals (Scientific Procedures) Act, 1986, All experiments were conducted with experiracnters
biind to genotype and drag treatment. Animals were allowed a minimum acelimatization period
of one week prior to performing any experiment. No prophylactic or therapeutic treatiment was

admunistered during the acclimatization period.

Drugs

[800119]  For Study 1 (Exarople 2), metadoxine was dissolved in saline and adminisiered
intraperitoncally at doses of 100, 150, or 200 mg/kg/ once daily for 7 days. For Study 2 (Example
3), in vivo testing, metadoxine was dissolved in saline and adwoinistered at an intraperitoneal dose
of 150 mg/kg per day or at an oral dose of 150 or 300 mg/kg/day (in a volume of 8.1 ml} once
datly for seven days. For Study 2, in vitro testing, metadoxine was administered at concentration

of 300 uM for five hours. In all cases, saling was used as a vehicle (control}.

Behavioral Testing

[806128)  Secial Interaction and Social Recognition Memory: Mice are a social species that

cngage in casily scored social behaviors including approaching, following, snitfing, groomung,
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aggressive encounters, sexual interactions, parental behaviors, nesting, and sleeping in a group
huddie. Social approach in mice was cvaluated by sniffing duration directed to a novel mouse.
[000121] Mice were placed in a test arcna/cage of the same order of magnitude in size as the
adult’s home cage (40 x 23 x 12 cm cage, with a Perspex lid to facilitate viewing the mice} with
fresh wood chippings on the floor. A background mouse odor was created by putting in some
non-experimental mice into the apparatus prior to testing. Mice were transferred to the
experimental room 10-15 min prior to testing. A test subject and a juvenile were placed
simaultaneously into the test cage. The total duration and namber of bouts of social investigation,
defined as sniffing and close following (<2 cm from the tail) of the stinuhus juvenile by the tested
mouse, was assessed for 3 mun. 30 min later, the test was repeated using the same stimulus
iuvenile, Data parameters collected were the total duration and total number of bouts of sniffing
for the acquisition and recognition. A social memory ratio was derived, defined as trial 2/trial
1+2. Therefore, no memory {e.g. 20/(20+20) =0.5 and memory {e.g. 10/(20+10) = <(.5.

001221 Y-Maze Alternation: Two tasks were implemented. The first was an unlearned
assessment of spontancous aliernation between arm eotries. The secoud was a spatial reference
memory task in which the animal had to learn which of the two arms was baited with a foed
reward. The day prior to the start of the training, mice were allowed to freely explore the maze for
5 min. Next, they received two trials, one in which the food was located on the left arm and one in
which the food was positioned on the right army. This procedure prevented the development of a
preference for one of the arms.

[000123] Y-Maze Water Maze: A clear Perspex Y-maze was filled with 2 cm of water at 20°C,
This motivated the mouse to leave the maze after paddling to an exit tube at the distal end of one
arm. The maze was placed in the middle of a room surrounded by prominent visual cues,

[880124)  Rewarded T Maze Alternation: An elevated or enclosed apparatus in the formofa T
{placed horizontally) was used. Mice were placed at the base of the T and were allowed to choose
one of the goal arms abutting the other end of the stem. Two trials were conducted in quick
succession, the second trial required mice to choose the arm not visited before, reflecting memory
of the first choice (spontancous alternation). This tendency was reinforced by making the animal
hungry and rewarding it with a preferred food if it alternated. Specifically, after a four day
habituation period on the T-maze, mice were trained to alternate armo choices to receive sweet

condensed milk as reward.
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[800128]  Successive Alleys: The apparatus consisted of four successive, Huearly arranged,
increasingly anxiogenic alleys {cach succeeding alley was painted a lighter color, had lower walls
and/or was narrower than the previous alley) made of painted wood. Each section or alley was 25
co long. Alley 1 had 25 cm high walls, was 8.5 cm wide, and was painted black. A (.5 cmi step
down lcd to alley 2, which was again 8.5 ¢ wide, but had 1.3 cro high walls and was grey. A 1.0
cm step down led to alley 3, which was 3.5 cm wide, had 0.8 cm high walls, and was white. A 0.4
cm step led down to alley 4, which was alse white, but had 1.2 cm wide and 0.2 cm high walls.
The apparatus was clevated by anchoring the back of alley 1 to a stand, 50 em high. Padding was
provided under arms 3 and 4 in case a mouse fell off. Each mouse was placed at the closed end of
alley 1 facing the wall. Timers were started 1) for the overall length of the test {5 win) + the
latency to enter each arm, and 2} for the time spent in alley 1. When the mouse placed all 4 feet
on to the next alley, it was considered to have entered the aliey. Total tire spent in cach alley (all
four feet) was recorded.

001261  Conrextual Fear Conditioning: Tn the fear conditioning experiment, mice were placed
into a novel environment {dark charmber) and received paitrings of a cue and electric footshock (0.2
mA for | sec (Study 13 or 0.7 mA for 0.5 sec (Study 2)). Subsequently, when tested in the original
training context, mice displayed a natural defeusive response termed freezing (Blanchard, 1969) or
contextual fear conditioning. Freezing time was defined as the time that the mice spent in
immobiie behavior, except for respivation. The data was expressed as the percentage of the test
period. 24 hours after a training session, mice were tested for 5 min in the training chamber with
no shock presentation and observed for freezing behavior.

[B00127]  Stadistics: Multivariate analysis of variance was employed to assess group differences
across data. Repeated measures ANOVA were performed for behavioral data. Statistically
significant effects in cach ANOVA were followed with post hoc coraparisons, using the Newman-
Keuls test (Study 1) or the Tukey test (Study 23, A p  value of less than 0.05 was considered

significant.

Biochemical Testing

[880128)  Phosphoryiated ERK and Akt: The Ras-Mek-ERK and PI3K-Akt-mToR signaling
pathways are involved in mediating activity dependent alterations in gene transcription underlying
changes n synaptic plasticity (Klann and Dever, 2004). Phosphorylated ERK and Akt protein

expression was measured by western blot analysis as previously described by Lopez Verrilhi
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{Lopez Verrilli et al,, 2009). The antibodics employed were anti-phosphospecific antibodies
against Akt (1/1000) and kinase (ERK)} 1/2 (172000} (Cell Signaling Technology, Danvers, MA,
USA}. The antibody against phospho-ERK detects phosphorylation at phospho-ERK /2
(Thr202/Tyr204) whereas the antibody against phospho-Akt detects phosphorylation at phospho-
Akt {Thr308). Total Akt and ERK 1/2 protein content and phosphorylated ERK and Akt were
evaluated by blotting membranes with antiphospho-Akt (1/1000} and antiphospho-ERK antibodies
{1/2000} (Cell Signaling Technology, Danvers, MA, USA). Akt or ERK phosphorylation was
normalized to protein content in the same sample and expressed as % of change with respect to
basal conditions, considering basal levels as 100%. Protein loading was evaluated by stripping
and re-blotting membranes with Practin antibody (1/1000) (Sigroa~-Aldrich, St Louis, MO, USA).
Phosphorylated ERK and Akt protein expression in blood lymphocytes was measured by flow
cytometry. For yraphoceyte biomarker deterrainations, 2 FACStar plus (Becton Dickinson) was
used with the excitation laser tuned at 488 um and green fluorescence from FITC {GST) was
colected through a 515-545 nm bandpass filter. The mean FITC fluorescence Intensity was
calculated in relation to the fluorescence of reference cells. The mean cellular fluorescence
intensity (MF1} is directly proportional to the mean number of Ab molecules bound per cell.
{800129]  Newronal morphology: Hippocaropal cell cultures were prepared from wild type and
Fmrl KO fetal mice at embryonic day of gestation 17.5 (E17.5). Mice were killed by cervical
dislocation and dissociated hippocampal cells were plated 1o 15 yoro multn well vessels (Falcon
Primaria}. After 3d in vitro, green fluorescent protein (GFP) was transfected to facilitate
roonitoring dendritic spine morphogenesis after drug treatment (Ethell and Yaroaguchi, 1999;
Ethell et al., 2001, Henkemever et al., 2003). Dendritic spines were formed at around 16 days in
vitre (DIV). Cultures were treated with metadoxine at 300 pM concentration at day 17 1o vitro for
5 hus.

[000138] Filopodia density of GFP transfected neurons was quantified by performing Sholl
analyses of stacked Zeiss confocal generated images (40xobjective, stack of 20x0.2pm). With
Metamorph software, concentric equally spaced circles {every 20um) were drawn around the cell
sorna of cach neuron and subscqguently, the amount of filopodia was counted per circle. Averages
of counts were compared with unpatred two-tailed Student's T-tests.

[000131] Spine maturity of GFP transfocted neurons was analyzed with Mcetamorph software
{Molecular Devices, Sunnyvale, CA). Two distal dendritic segments of 70 100 pm were chosen

per neuron for spine morphometric analysis. For cach spine, the length and the width were
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measured. The length was defined as the distance from the base to the tip of the protrusion;
whereas width was defined as the maximum distance perpendicular to the long axis of the spine.
Measurements were compared with vopaired two  tatled Student’s T-tests and ANOVA corrected
for multiple comparisons.

001321 De nove hippocampal protein synthesis: Transverse hippocampal shices (400 pm) were
obtained from 6~week-old Fmr/ knockout and WT mice. A protein synthesis assay was
performed as previously described using the nonradicactive fluorescence-activated cell sorting—
based assay, surface sensing of trauslation (SUnSET) rocthod, which allows the mouttoring and
quantification of global protein synthesis in individual mammalian cells and in heterogeneous cell

populations. (Hoeffer, 2011). The concentration of metadoxine used 1o this study was 300 pM.

EXAMPLE 2: THE EFFECT OF METADOXINE (100 to 200 mg/kg) TREATMENT ON
LEARNING AND MEMORY DEFICITS AND BIOCBEMICAL ABNORMALITIES IN
THE Fmr] KNOCKOUT MOUSE MODBEL OF FRAGILE X SYNDROME (Study 1}

Behavioral Analyses

{B00133]  Contextual Fear Conditioning: An initial experiment tested the effect of intraperitoneal
admunistration of vehicle or 150 mg/kg metadoxine once daily for seven days on contextual fear
conditioning in groups of N = 10 WT and Fmr/ kunockout mice. Vehicle-treated Fmr! knockout
raice showed g deficit in learning in the contextual fear conditioning paradigm as reflected n a
reduction 1 freezing during the test session (Fig. [, Pancl A (p <0.0001)). Metadoxine
administration reversed the learning deficit effect in Fmr! knockout mice, this reversal being
partial such that roctadoxine-treated animals differed from the metadoxine-treated WT animals
{p<0.05). A replication of this experiment tnvestigated the dose-dependent effects of
intraperitoncal administration of vehicle, 100, or 200 mg/kg metadoxine once daily for seven days
on contextual fear conditioning o groups of N = 10 WT and Fard knockout mice {(Fig. 1, Panels
B and C). In this experiment, vehicle-treated Fmr/ knockout mice showed a learning deficit
compared to vehicle-treated WT mice (p<0.0001), replicating the first experiment. 100 mg/kg
metadoxine produced a reversal of the deficit in Fimr/ knockout nuice {P<(.05) but this was a
partial reversal since metadoxine-treated Fmr/ konockout mice differed from the metadoxine-
treated Wild Type mice (p<0.0001). The lcarning deficit seen in Fmr! knockout mice was

completely reversed following treatment with 200 mg/kg 1p. metadoxane (treated Fmr! oice
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differed froma vehicle-treated Fmrl knockout mice (P<0.0001) but did not differ from roetadoxine-
treated W mice). Metadoxine treatment had no effect on WT mice in cither experiment (Fig. 1,
Panels A-C).

{B00134]  Social Approach: Vehicle-treated Far! koockout mice showed less social approach as
indexed by sniffing bouts (Fig. 2 (p<0.0001)). Once daily intraperitoneal treatment with 150
mg/kg metadoxine for seven days increased social approach in Fmr! knockout mice {(p<0.000]1
compared fo vehicle treated #mrf knockout mice). Fmr/ knockout mice treated with metadoxine
differed from metadoxine-treated WT mice (p<.03), although there was a trend approaching the
effect of the WT mice. Metadoxine treatment had no effect on WT mice.

[880138)  Y-maze Spontancous Alternation: The etffect of seven days of once daily treatroent with
vehicle or 150 mg/kg metadoxine on spontancous alternation in groups of N = 10 WT or Faur/
knockout mice 1s shown in Figure 3, Pancl A, Vehicle-treated Fmr/ knockout mice showed less
spontancous alternation than vehicle treated WT mice (p<0.0001}. Metadoxine treatment
increased spontancous alternation compared to vehicle treatment in Fmr/ knockout mice
{p<0.0001), although metadoxine-treated Fmr! knockout mice showed a deficit compared to
metadoxine-treated W1 mice (p<0.01). Metadoxine therefore produced a partial reversal of the
deficit seen in Fmr! knockout mice.

[B00136]  Yemaze Reference Memory Task: The effect of seven days of once daily treatment with
vehicle or 150 mug/kg metadoxine on rewarded reference memory learning o groups of N = 1§
WT or Fmri knockout mice is shown in Figure 3, Panel B. Vehicle-treated Fmr/ knockout mice
roade less appropriate arm entrics than vehicle-treated WT mice (p<0.0001). Mectadoxine
treatment reduced this deficit (p<0.0001) compared to vehicle-treated Fmr/ knockout mice, such
that metadoxine-treated Fmr/ knockout mice did not differ trom metadoxine-treated WT mice.
Metadoxine treatment had no effect on WT muce.

[800137] Y-maze Water Maze Left Right Discrimination: The cffect of seven days of once daily
treatroent with vebicle or 150 mg/kg metadoxine on aversively motivated spatial discrimination
learning in groups of N = 10 WT or Fmr/ knockout mice is shown in Figure 3, Panel C. Vehicle-
treated Fmrf knockout mice showed a greater mumber of incorrect arm entries than vehicle-treated
WT mice. This deficit was reduced by treatment with metadoxine.

[000138] T-maze Rewarded Alternation Task: The effect of seven days of once daily treatment
with vehicle or 150 mg/kg metadoxine on rewarded alternation working memory in groups of N =

180 WT or Fmrf knockout mice is shown in Figure 4. Vehicle-treated Fmr/ knockout mice
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showed a greater latency to reach the corvect arm coropared to vehicle-treated WT mice
{p<0.0001). Metadoxine treatment reduced this deficit compared to vehicle treatment in Fmr/
knockout mice {(p<0.0001), this reversal being partial since ractadoxine-treated Fmr! knockout
mice responded more stowly than WT mice (p<(.0001 ).

[#00139]  Successive Alleys: The cffect of seven days of once daily treatment with vehicle or 150
mg/kg metadoxine on behavior in the successive alleys task in groups of N = 10 WT or Fmr/
knockout mice is shown in Figure § and further described below.

[000148] The successive alleys test effectively measured anxiety (latency to enter the Alley 1)
and hyperactivity (Alleys 2 to 4). Progression from Aley 1 through the successive Alleys 2, 3,
and 4 was associated with exposure to an increasingly brightly colored envirounment with
increasingly lower walls and narrower, more exposed open arms. Time spent on, and entries into,
the open arms indicated anxicty; conversely, increasing time spent in more open arrus retlected
hyperactivity. These factors allowed for a sensitive test bracketing a range of anxiety-like
behaviors together with hyperactivity.

[860141)  Allev {: The Fmrl knockout roice showed more amxety than WT muce (p<0.001).
Fmri knockout mice treated with metadoxine showed an amehioration in anxicty compared with
the vehicle treated Far knockout mice (p<0.001), such that complete normalization occurred.
There was no difference between the metadoxine-treated Fmrf knockout and metadoxine-treated
WT mice. Also, metadoxing treatment had no effect on WT mice.

[866142] Alley 22 WT mice showed less activity in Alley 2 when compared with the Fmr/
knockout maice {(p<0.0001). Treatment with metadoxine reduced hyperactivity in the Famrf
knockout mice {p<0.001), although this reversal of hyperactivity was partial since metadoxine-
treated Fmrf knockout and WT mice differed (p<0.001). Metadoxine treatment had no ctfect on
WT mice.

0001431 diley 3. Fmrl knockout mice showed hyperactivity compared to WT mice (p<0.0001).
This hyperactivity was not reversed by metadoxine, since metadoxine-treated Fmr/ knockout mice
did not differ from vehicle-treated Fmr/ knockout mice. Metadoxine treatment had no effect on
WT mice.

[800144)  Alley 4: Fmrl knockout mice showed hyperactivity compared to WT mice (p<0.01).
Metadoxine treatment reversed this hyperactivity since metadoxine-treated Fmrd knockout ruice

showed less activity than vehicle-treated Fmr/ knockout mice (p<0.01). This effect reflected a
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normalization since metadoxine-treated Fmrf knockout mice did not differ from metadoxine-
treated WT mice. Metadoxine treatment had no effect on WT mice.

[000145] Overall, without wishing to be bound by theory, the successive alleys test showed that
Fmrl knockout mice had increased anxiety and hyperactivity compared to WT mice. Metadoxine
treatment reduced this anxiety and hyperactivity in the Fmr/ knockout mice whilst leaving WT

mice unaffected.

Biochemical Analyses

{800146]  Phosphorylation of ERK and Akt: The effect of seven days of once daily infraperitoneal
treatment with either vehicle or 150 mp/kg metadoxine in N = 5 Fmrf knockout or WT miice on
whole braim phosphorylation of ERK or Akt in the brain is shown in Figure 6. Phosphorylation
icvels were assessed as the ratio of phosphorylated to total ERK. An increase in this ratio
indicated activation of ERK. Phosphorylation of ERK was increased in vehicle-treated Famr{
knockout mice compared to vehicle controls {(p<8.001) — this effect replicated the aberrant
activation of ERK scen in human subjects with Fragile X Syndrorne {Wang et al,, 2012). This
effect was reduced by metadoxine treatment {(p<<0.01) such that there was no difference compared
to metadoxine-treated WT mice. Metadoxine had no effect on phosphorylation of ERK in WT
roice ot fotal ERK levels inany mice. The ratio of phosphorylated Akt to total AKT was also
increased in vehicle-treated Fmr! knockout mice compared to vehicle-treated WT mice
{p<0.0001). Treatment with metadoxine reduced the relative levels of phosphorylated Akt in
Fmr! knockout mice {p<0.01}, such that Fmr/! knockout mice did not differ from the controls.

Metadoxine treatment had no ctfect on WT mice, or on the total Akt levels of any muce.

EXAMPLE 3 THE EVALUATION OF METADOXINE IN THE Fmr! KNOCKOUT
FRAGILE X MOUSE MODEL (Study 2)

Behavioral Effects of Metadoxine in 6 Month Old Fmrl Knockout Mice

[8080147)  Contextual Fear Conditioning: An inttial experiment tested the cffect of intraperitoneal
administration of vehicle or 150 mg/kg metadoxine once daily for seven days on contextual fear
conditioning in groups of N = 10 WT and Fmr! knockout mice aged six months. Vehicle-treated
Fmrl knockout mice (KO-V) showed a deficit in learning in the contextual fear conditioning

paradigm when compared with vehicle-treated WT mice (WT-V) as reflected in a reduction in
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freezing during the test session (Fig. 7 {p <0.0001}). Metadoxine admunistration reversed the
icarning deficit effect in Fmr/ knockout mice (p<0.0001 KO-M-150 vs. KO-V}, This was a
complete reversal such that metadoxine-treated KO mice did not differ from metadoxine-treated
WT mice.

[800148]  Social Approach and Social Memory: Social approach data (inttial Trial 1) are shown
in Figure 8, Panel A (number of sniffing bouts) and Panel C (duration of sniffing). Social memory
data {Trial 2, 24 hour after Trial 1) are shown in Figure 8, Panel B {(number of sniffing bouts} and
Panel Id (duration of sniffing). These results are further discussed below.

[800149]  During Trial 1, Fmr/ knockout mice showed an increased number of sniffing bouts
{p<0.0001) (See Fig. 8, Panel A) and a reduced duration of suithiog (p<0.0001) (See Fig. 8, Panel
) compared to WT mice. These social interaction deficits are consistent with those reported by
other rescarchers i Fard knockout mice (Thomas et al., 2011}, For both number of bouts and
duration of sniffing, treatment with metadoxine produced reversals of abnormalities in Fmr/
knockout mice {p<0.0001 KO-M-150 vs, KO-V for cach), such that metadoxine-treated Fmr/
knockout mice did not differ from metadoxine-treated WT mice for the namber of sniffing bouts
measurement. Whilst rescue was shown on the duration of sniffing measure, this effect was
partial since Fmr! knockout mice remained different compared to WT mice after metadoxine
treatment (p<0.05). Metadoxine was without effect on WT mice. These data showed that
abnormal social approach behaviors 1o Fmr{ knockout mice were rescued by metadoxine.
[006158] During Trial 2, Fmr/ knockout mice showed both an increase in number of sniffing
bouts and an increase in duration of sniffing (p<0.000! for cach measure, Fig. §, Panels B and D,
respectively) compared to Wild Type mice. This reflected a failure of habituation and therefore, a
social memory deficit. Metadoxine treatment reduced these differences (p<0.0001 for KO-M-150
vs. KO-V}, The reversal for number of sniffing bouts was partial since a difference remained
between metadoxine-treated Fmr/ knockout mice and metadoxine-treated WT mice (p<0.05).
The reversal by metadoxine was complete for sniffing duration, siuce no difference was observed
between metadoxine-treated Fmrd knockout and metadoxine-treated WT mice. Metadoxine
treatment was without cffect on WT mice. These data showed that metadoxine reduced social
memory tmpairments in Fmrf knockout mice. This reduction in social memory deficit is

ithastrated below by a calculation of the social memory ratio {(described in Exarmple 1):
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[#86151]  Social memory ratio was defined as the duration of sniffing bouts: trial 2/trial 1+2.
Theretore, an example of no memory was {¢.g. 20/(20+20) =0.5, while an example of memory
was {e.g. 10/(20+10)=<0.5.
[B00152] The calculated social memory ratios were as follows:

WT-V Trial 2/r1al 1+ Trial 2: 12.4/12.4+ 268 = 0.3, <0.5 memory

KO-V Trial 2/rial 1+ Trial 2: 325 /325 + 24.1 = 0.9, No mewmory

WT-M Trial 2/trial 1+ Trial 2: 12.5/38.5 +12.5=0.2, < 0.5 memory

8
KO-M Trial 2/rial 1+ Trial 2: 12.7/284 + 12.7 = 0.3, <0.5 memory

Biochemical Effects of Metadoxine in 6 Month Old Fmrl Knockout Mice

[#60153] The cffect of seven days of once daily 1p treatroent with either vehicle or 150 mg/kg
metadoxine in N = 10 Fmrd knockout or WT mice on whole brain pERK (Fig. 9, Panel A} and
pAkt (Fig. 9, Panel B} in the brain following the behavioral tests described gbove s shown in
Figure 9. Specifically, Figure 9, Pancl A shows brain levels of pAkt, which were increased in
Fmrl knockout mice compared to WT mice as seen in previous experiments {P<0.0001).
Treatment with metadoxine reversed this increase in bramn pAkt (p<0.0001 for KO-M-150 vs. KO-
roice. Figure 9, Pancl B shows brain levels of pERK which were inercased in Fmrf knockout
mice compared to WT mice as seen in previous experiments (p<0.0001 for KO-M-130 vs. KO-V,
This increase was reversed by metadoxine treatracnt (p<0.0001) such that metadoxine-treated

Fmri knockout mice did not differ from metadoxine-treated W1 mice.

Effect of Metadoxine Following Intraperitoneal or Oral Administration ou the Behavior of 2

Month Old Mice
[000134] Figurc 10 shows the effect of administration of once daily metadoxine at doscs of 150
rog/kg ip or 150 and 300 mg/kg ovally for seven days on contextual fear conditioning in two
month old Fmrf knockout and WT mice. Specifically, Figure 10, Panel A shows contextual fear
conditioning data from Fmr! knockout and WT mice after ip and oral treatment with vehicle.
There were no differences related to the route of administration of vehicle. Fmr/ knockout mice
showed a reduction in freezing behavior compared to W raice after vehicle treatment via 1p and
oral routes (p<<0.0001 in cach casey. Figure 10, Panel B shows the effect of metadoxine treatment
vig both routes of administration in WT mice. No effects were scen. Figure 10, Panel C shows

that ip 150 mg/kg and oral 150 and 300 mg/kg metadoxine treatment in Fmrd knockout mice
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reversed the decrease in freezing behavior seen 1o Fawrd knockout mice (p<0.01, p<0.0001, and
p<.0001, for KO-M-ip, KO-M-po150, and KO-M-po 300 vs. KO-V-ip and KO-V po,
respectively). The effect of administration with 150 mg po metadoxine did not differ frorn the
effect of administration of 300 mg/kg po metadoxine. The effect of 150 and 300 mg/kg oral

cach case, the reversal was complete since metadoxine-~treated Fmr/ knockout mice did not differ
from metadoxine-treated W mice.

[800135]  Figure 11 shows the effect of administration of once daily metadoxine at doses of 150
mg/kg ip or 150 and 300 mg/kg orally for seven days on social approach and social memory in
Fmrl knockout and WT mice. Specifically, Figure 11, Panel A shows the effect of vehicle or
metadoxine at 150 mg/kg tp or 150 and 300 mg/kg orally on social approach behavior in Faur!
knockout or WT mice. After ip or oral treatrent with vehicle, the durstion of sniffing behavior in
Fmrl knockout mice was reduced compared to WT mice (p<0.0001 for each). Metadoxine
treatment at any dosc was without effect on WT mice. However, metadoxine treatracnt at 150
mg'kg ip, 150 vog/kg, and 300 mg/kg orally produced reversals of the social approach deficit seen
in Fmrl knockout mice (p<0.0001 for KO-M-po 150 and KO-M-po360 vs. KO-V po,
respectively). The effect of oral metadoxine was not dose dependent between 150 and 300 mg/kg.
This reversal was complete since metadoxine-treated Fmr/ knockout mice did not differ from
metadoxine~-treated WT mice. The effect of 150 mg/kg 1p metadoxine wn Frr/ koockout mice did
not differ from the effect of 150 mg/kg oral or 300 mg/kg oral metadoxine. Figure 11, Panel B
shows the effect of vehicle or metadoxine at 150 mg/kg ip or 150 and 300 mg/kg orally on social
memory in el knockout or WT mice. After ip or oral treatment with vehicle, the duration of
snifting behavior in Far/ knockout mice was increased compared to WT mice (p<0.0001 for
each). Metadoxine treatment at any dose was without effect on WT mice. However, metadoxine
treatment at 130 mg/ke ip, 150 mg/kg orally, and 300 mg/kg orally produced reversals of the
social approach deficit seen in Four/ knockout mice (p<0.0001, p<0.03, and p<0.01 for KO-M-
ipl150, KO-M-po 150, and KO-M-po 300 vs. KO-V-ip and KO-V po, respectively). This reversal
was complete since metadoxine-treated Fard knockout mice did not differ from metadoxine-
treated WT mice. The effect of 150 mg/kg ip metadoxine in Fmr/ knockout mice did not differ
from the cttect of 150 mg/kg oral or 300 mg/kg oral metadoxine. Also, there was no dose

dependency for the effects of oral metadoxine treatment between 150 mg/kg and 300 mg/kg.
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Effect of Metadoxine on Biochemical Markers Following Intraperifoneal ov Oral

Adminisiration in 2 Month Old Mice
[000156] FPeripheral Lymphocytes: Figure 12 shows the ctfect of administration of once daily
roetadoxine at doses of 150 mg/kg ip or 150 mg/kg and 300 mg/kg orally for 7 days on
Ivaphocyte pAkt (Fig. 12, Panel Ay and pERK {Fig. 12, Panel B) as determined by flow
cytometry in two month old Fmr ! knockout and WT ruice. Specifically, Figure 12, Panel A
shows that vehicle-treated Fmr! knockout mice exhibited increased phosphorylation of
iymaphocyte Akt (p<0.0001 for both ip and oral administration} corapared to WT mice receiving
equivalent vehicle treatment. Treatment with once daily metadoxine at 150 mg/kg ip or oral doses
of 150 mg/ke or 300 mg/kg for 7 days normalized overactivated Akt, such that pAkt fevels did not
differ between metadoxine-treated Fmr/ kuockout mice and WT mice receiving the sarue
treatment. Figure 12, Panel B shows that vehicle-treated Fmr/ knockout mice showed increased
phosphorylation of lymphocyte ERK (p<<0.0001 for both 1p and oral admunistration) coropared to
WT mice receiving equivalent vehicle treatment. Treatment with once daily metadoxine at 150
mg/kg ip or oral doses of 150 mg/kg or 300 mg/kg for 7 days normalized overactivated ERK such
that pERK levels did not differ between metadoxine-treated Fmir! knockout mice and WT mice
receiving the same treatment.
[B00137]  Brain Regions: Figure 13 shows the effect of admmnistration of 150 mg/kg metadoxine
for seven days on pERK levels in hippocampnus, pre-frontal cortex, and striatum. pERK levels
were increased in Fmrd knockout mice compared to WT mice in all three brain regiouns {(p<(.0001
in all cases). pERK levels were decreased in metadoxine-treated Fmrd knockout mice compared
to vehicle-treated Fmr/ knockout mice (p<0.0001 1n all cascs). There were no differences
between KO-M and WT-M groups in the hippocampus and striatum, showing complete reversal of
activation of ERK. The cffect in pre-frontal cortex was partial, the KO-V and KO-M groups
remained different (p<0.05). Metadoxine was without effect on WT mice.
[000158] Figurc 14 shows the effect of administration of 150 mg/kg metadoxine for seven days
on pAkt fevels 1o hippocampus, pre-frontal cortex and striatum. pAlkt levels were 1ncreased in
Fmri knockout mice compared to WT mice in all three brain regions (p<0.0001 in all cases).
pAkt levels were decreased in roctadoxrine-treated Fmr/ knockout mice compared to vehicle-
treated Fmrf knockout mice in all three brain regions (p<0.0001 in all cases). In all cases, there
were no differences between KO-M and WT-M groups, showing complete reversal of activation

of Akt. Metadoxine was without effect on WT mice. Reduction in brain and blood elevated levels
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of phosphorylated ERK and Akt correlated with the improved behavioral outcomes of Fmr/
knockout mice, suggesting that the phosphorylation levels are biomarkers of metadoxine treatment

FOSponsc

Effects of Metadoxine on Dendrific Filopodia Density and Maturation in Primary

Hippocampal Neurons from Fmrl Knockout Mice in vitro
{B00159]  Figure 15 (Paneis A-() shows the effect of treatment for five hours with 300 uM
metadoxine. Dendrites were divided fito 10 segments of 10 prm, cach based on distance fror the
soma {proximal to distal, left to right}. Spine density was increased in neurons from Fimr/
knockout mice compared to neurons from WT mice in segment 3. Specifically, Figure 15, Panel
A shows the density of newronal filopodia. Primary hippocarapal neurons from Fmr/ knockout
mice displayed an increased density of filopodia (p<0.001}. Treatment with 300 M metadoxine
reduced the aberrant jocrease in density of neuronal filopodia in Fmr! knockout mice (p<0.001).
Neurons from Fmrf knockout mice showed filopodia with characteristics of immaturity, being
longer (Fig. 15, Panel B (p<0.01}) and narrower (Fig. 15, Pancl C (p<0.01}). Treatment with
metadoxine reversed this increase in filopodia length (Fig. 15, Panel B (p<<0.01)) and reversed the

decrease in width (Fig. 15, Panel C (p<0.001)).

Effects of Metadoxine on de nove Hippocampal Protein Synthesis in the Fmrl Knockout

Mouse in vifro
[006168] Fipure 16 shows the effect of treatment with etther vehicle or 300 uM metadoxine on
basal de novo protein synthesis in 400 uM hippocampal slices from Fmr! knockout or WT mice.
Protein synthesis was higher in vehicle-treated hippocampt from Fmrf knockout mice than
vehicie-treated WT control hippocampi {(p<0.0001). Metadoxine treatment reduced protein
synthesis rates in Fmr! knockout mouse hippocampi. This effect was partial since hippocampi
from Fmr/ knockout mice retained higher protein synthesis rates than metadoxine-treated

hippocarapt from WT mice (p<0.001).

37



PCT/1IB2014/002398

WO 2015/033224

PSS ION A DOSBIIOUY dr S9/8w g¢y T pdumesodang
POIES 10N N PoSEOINO(] od @330 gp¢ 150 mAooydmAg

Pese} 0N N DOSEOIU] o By /8 go¢ {61 TIR6 1T o ue»uo:anrﬁ

PeISO 10N A POSEAEIUY G BN /B0 Q¢ A pue Ty A SA0YATEA T

POISO 10N N paseaIsa(y od 3Y/BW (5 TS0 SIAS0GAmAT

poISOL 10N M POSBIIOU] od 3Y/BW ST (ALT7IAYG 1 ZHAN £SO d 1ksoudmAT

T RTI N A [OSBAIOU] od Sy Eux ¢ SAad pue v d opioogdmAy
P ION N POSEINN(] Q1 /50 GG 1S5y mAsoqduAy
PMSITION N DOSBORON] 41 S/ G {61 7A8Y/6 173} S04 apioogduriy

REEEROT A PENZEYBIN) dran /By i pre Dy d Aoy diod

IIT PIO YINOWE ¢ 1] BOBTASTENUDE [PA6 16 JEoUOILIAU B0 SHIMOI0] SUIXOPTIS 14 [0 5100113 (B THE (15 01g]

PeISO 10N A A od 8y /81 go¢ AIOVED JRI00S

PoISO 10N A A od 3N/BW ¢ momegaq goeoxdds 181004

DO IOM A A o By/8W o< TUORIPUOD J83] [BIX2UO)D)

PNV JON A X od Sy Ex ¢ AJOWR [BINOY

PMSITION x x od S9/801 ¢ moaeyag yoroxdde prooy

PSS 1ON A A od S9/80 6] FUROHIPUOD T83] [BNIXU0]}

POIES} 10N A A A1 3/3m e ATOUISTU [BID0S

A A A d1@y/8um gg MeIaBYSq yorosdde [ridoS

A A A m. I3Y/8W (61 BUMICIIDUODY JBY] [BIIX2IU0)

310K PED QINOTN § U] GO EOSFILT (P16 10 [PO0GTLIBURIIE SUIMOI[0] SUITOPEISA 10 SI91E3 [PAGIARH g

A A DOTU (YN .44 BT DASBOIOA(] 38w g S{aas] 180 urerg

dy {(6L7IR/61THAL)

PSS 1ON N SOTW (¥ [e4f T POSBIISU] /80 g6y doso ueig jouone ?&ﬁmmcmm

A A 30T (¥ [t I POSESISUL /30 ST Sed UBI 3O uonelAIoydson g

A A DO (VM [4ttf UI PSEIOU] 338w g 1Y OIeig o uonsjAregdsoug

I3T0X PO GINOUE § U SIO3R [RIDESYICIY

PoIs oM A A 3/BW 5T AIOTGNE [BID0S

A A A 3YBW OS] gorordds [B100g

A A 11012(] /B TUTHOTIPUOS T3] [Bxdus’y

IDEML IO YUK § U SE3EEY IRADIARYDY

APBIG CBEIARLY §O UDGuOay

%3 51383 J6 BOY0NDIN

(N/A) IV (3 JAif U {EUAGBGY |

JESTITY

_ 1837

WeIPEAS Y SIFvA g JO PPOA YSNOTY s ur {(Fy/8u §C ) SMEOPRISIAL 0 SIS 1D Aeunung

QUL

38



PCT/1IB2014/002398

WO 2015/033224

PI1SY 10N X DASBRION] W gog sisaquds word yeduwesodday 0401 o]
O4pid 37 IDTOH INENIOUN 78] UE SISIYITAS mwﬁ?& [edurededdin CACU 2P UO JUIXOPEIITA IO SIMEH
P ON A PSEINS(| A B0E WDve BPROdof) jrO0maN
P3ISOY 10N A DOSBRIOUY E: 005 FISU2] BIpOdol [BUOMON
[USTETRION] A POSesIdU) WH an¢ Arsaep eipodory puosn
4134 #7 ST JNOYIGUY [.00f WEOIY SUOINIU U U0 LINIBH PUE AJISUID BIROAO[I U SUIXOPRISI 19 51031
PO 0N paabalil dr 3y/80 g {(pr7/opzaesyosd mmeing
OISO 10N POSearduy BN/FU OS] o z/oprassyiyoesd HIHO0 [ D
DS} 10N POSBIISU] 139/8W g3 {(PH7/0PTI8) 10K [RAWEBSOECIY
RO RBING [OSBRIOU] JEEE <1 {9rz/sezias)Tyosd wraens
PEIEELING DOSEIONE 1EN/A0pC (0£7/5£ 75051 994 d X010 RIu01aL]
PHSO} 10N ﬁwmmuh:: digs/801 gC1 {9¢7/c¢7363139Sd Teduae0nddryy
D318} 10N PIsEIND 13y/Am 6T 180 WHuBLLg
OIS0 10K @u?&omm dr wJ aa 051 IS0 X200 [RIU0L2I]
PO ION paeseoIe( Y 8Y/50 05 186 reduaenoddiy
[CARTRTON] PasEALSa(] dr 8> ?w& 051 {608 oS0 ¢ eIy
DS} ION POSBOISS(] di S350 g (HISHGONSNd XO100 [RIneIIdId
PHEA JON STIAY [RLGION, di dy/8u1 ooy {p1as ) oss 04 jeduteooddny
APNIS SNOIAdL J0 HopEndsy {&/ %) JISLIOP IO UDUIDP3YH {W/ A OME (Y i) Ul (RIBIsUgY ; 3Ny 1833,
A pasBaIsY] d1 @y/8um ey DYy 4 WraeIng
A PaSBIN] d1@9/8m oo VA XOLI0D [RIG0LAL]
A pasBaIsY] d1 Ey/8um ey yepydd prdureooddiy
A POSBOINUY d1 8y/3W 5| yad wmeing
A poseorsuy d1 SN/ OS] S X900 TRmon g

39




WO 2015/033224 PCT/1IB2014/002398

We Claim:
I. A method of treating or alleviating a symptom of Fragile X Syndrome or a related
disorder comprising administering to a subject in need thereof a composition comprising

metadoxine.

2. The method of claim 1, comprising administering a total per day dose-of metadoxine

of between 100 — 3000 mg.

3. The method of claim 1, wherein the metadoxine s administered daily, every other

day or weekly,

4, The method of claim 1, wherein the metadoxine is administered in one, two, or three

dosage forms per day.

5. The method of claim 1, wherein the metadoxine is administered in a sustained release
oral dosage form, wherein the metadoxine 1s formulated as a combination of slow release and

immediate release forms.

6. The method of ¢laim 5, wherein:
{a) the slow release form provides for sustained release of the metadoxine for at
least 8 hours, and
(b wherein relative proportion of the slow release metadoxine to the immediate
release metadoxine is between about-60:40 and 80:20
7 The method of claim 6, wherein the relative proportion of the slow release

metadoxine o the immediate release metadoxine is about 65:35.

5. The method of claira 1, wherein the syraptorn is tmpaired learning or impaired
sociability.
g, The method of claim 1, wherein the subject has Fragile X Syndrome or an Autism

Spectrum Disorder,

16 The method of claim 1, wherein the related disorder is an Autism Spectram Disorder.
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