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TREATMENT OF PERVASIVE DEVELOPMENTAL DISORDERS WITH
TOCOTRIENOLS OR TOCOTRIENOL ENRICHED EXTRACTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority benefit of United States Provisional Patent
Application No. 61/269,627 filed June 25, 2009. The content of that application 1s hereby

incorporated by reference herein 1n 1ts entirety.

FIELD OF THE INVENTION

[0002] The application discloses methods useful for treatment, prevention, or suppression
of diseases, developmental delays, and symptoms of Pervasive Developmental Disorders
including Autistic Spectrum Disorders, with tocotrienols, tocotrienol esters, tocotrienol

ethers, tocotrienol enriched extracts, or mixtures thereof.

BACKGROUND OF THE INVENTION

[0003] Pervasive Developmental Disorder (PDD) is a category of neurological disorders
characterized by severe and pervasive impairment in several areas of development, including
social interaction and communications skills. The five disorders under PDD are Autistic
Disorder, Asperger's Disorder, Childhood Disintegrative Disorder (CDD), Rett's Disorder,
and PDD-Not Otherwise Specified (PDD-NOS). Specific diagnostic criteria for each of these
disorders can be found in the Diagnostic & Statistical Manual of Mental Disorders (DSM-1V-
TR) as distributed by the American Psychiatric Association (APA). Autistic Spectrum
Disorder (ASD) 1s an umbrella term that 1s used to represent a broad heterogeneous disorder

by collectively grouping autistic disorder, Asperger’s Disorder and PDD-NOS.

[0004] Autism, the most common of the Pervasive Developmental Disorders, atfects an
estimated 1 in approximately 150 births. Estimates of the prevalence of ASD are 1n the range
of 6.5 to 6.6 per 1000 based on Autism and Developmental Disabilities Monitoring Network
Surveilllance (Year 2002). Indeed, as of 2003-2004, as many as 1.5 million Americans are
believed to have some form of autism. Autism 1s a childhood encephalopathy characterized
by deficiencies in social interaction and communication and by repetitive and stereotyped
behaviors. Based on statistics from the U.S. Department of Education and other
governmental agencies; autism 1s growing at a rate of 10-17 percent per year. At these rates,
the Autism Society of America (ASA) estimates that the prevalence of autism could easily

reach 4 million Americans in the next decade.
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[0005] Of the other four PDD forms, Asperger’s syndrome 1s closest to autism 1n signs
and likely causes; Rett’s disorder and childhood disintegrative disorder share several signs
with autism, but may have unrelated causes; PDD not otherwise specified (PDD-NOS) 1s

diagnosed when the criteria are not met for a more specific disorder (Lord C, ef al. "Autism

spectrum disorders” Neuron (2000) 28 (2): 355-63).

[0006] Autism is a complex serious developmental disability that interferes with, among
other things, the normal development of the brain in the areas of social interaction and
communication skills and which causes severely restricted interests and repetitive behavior.
Typically, autistic children and adults have difficulties in verbal and non-verbal
communication, social interactions, and leisure or play activities. Autism can include
language disorders with impaired understanding, echolalia, pronominal reversal (such as
using "you' instead of "I" or "me" when referring to one's self), rituals and compulsive
phenomena, and uneven intellectual development with mental retardation. Autistic children
are also at increased risk of developing seizure disorders, especially during their teen years.
Autism typically appears during the first three years of life and 1s the result of a neurological

disorder that affects the functioning of the brain.

[0007] The overall incidence of autism 1s, for the most part, globally consistent. Indeed,
autism knows no racial, ethnic, or social boundaries, and family income, lifestyle, and
educational levels do not atfect the chance of autism's occurrence. However, 1t has been

found to be four times more prevalent in boys than girls. On the other hand, Rett’s Disorder

1s more prevalent 1n girls than boys.

[0008] Since being first described by Dr. Leo Kanner in 1943, the understanding of
autism has grown tremendously. Although autism i1s defined by a certain set of behaviors, it 1s
a spectrum disorder 1n that its symptoms and characteristics can be present in a wide variety
of combinations, from mild to severe. Therefore, autistic children and adults can exhibit any
combination of the behaviors in any degree of severity. Two individuals, both with the same
diagnosis, may have varying skills and display very different actions. Those only mildly
atfected may exhibit slight delays in language or communication and may face greater
challenges in social interactions. For example, one may have difficulty initiating and/or
maintaining a conversation. Communication by autistic children or adults 1s often displayed
as talking at others (for example, a monologue on a favorite subject that continues despite

attempts by others to interject comments).
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[0009] Autism seems to cause those affected by it to process and respond to information
in unique ways. In some individuals with PDD including Autism, aggressive and/or self-
injurious behavior may exist. The following traits, as identified by the ASA, may also be
present in persons with autism: 1nsistence on sameness or resistance to change; difficulty in
expressing needs; (1.e. uses gestures or pointing instead of words); repeating words or phrases
in place of normal, responsive language; laughing, crying, or showing distress for reasons not
apparent to others; preferring to be alone or an alootf manner; tantrums; difficulty in mixing
with others; may not wanting to cuddle or be cuddled; little or no eye contact; unresponsive
to normal teaching methods; sustained odd play; spinning objects; inappropriate attachments
to objects; apparent over-sensitivity or under-sensitivity to pain; no real fears of danger;
marked physical over-activity or extreme under-activity; uneven gross/fine motor skills;
and/or non-responsiveness to verbal cues (1.e. acts as if deaf although hearing tests in normal

range).

[0010] People with autism have social impairments that appear early in childhood and
continue through adulthood. Autistic infants show less attention to social stimuli, smile and
look at others less often, and respond less to their own name. Autistic toddlers have more
striking social deviance; for example, they have less eye contact and anticipatory postures
and are more likely to communicate by manipulating another person's hand (Volkmar F, ef al
"Autism in infancy and early childhood " Annu Rev Psychol (2005) 56: 315-36.) Three- to
five-year-old autistic children are less likely to exhibit social understanding, approach others
spontaneously, imitate and respond to emotions, communicate nonverbally, and take turns
with others. However, they do form attachments to their primary caregivers. (Sigman M, ef
al. "Early detection of core deficits in autism” Ment Retard Dev Disabil Res Rev. (2004) 10
(4): 221-33). They display moderately less attachment security than usual, although this
feature disappears 1n children with higher mental development or less severe autism spectrum
disorders. Older children and adults with ASD perform worse on tests of face and emotion
recognition (Sigman M. et al, see supra). Contrary to common belief, autistic children do not
prefer to be alone. Making and maintaining friendships often proves to be difficult for those
with autism. For them, the quality of friendships, not the number of friends, predicts how

lonely they are.

[0011] Unlike those with autism, people with Asperger’s syndrome are not usually

withdrawn around others; they approach others, even it awkwardly, for example by engaging
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in a one-sided, long-winded speech about a favorite topic while being oblivious to the

listener's feelings or reactions, such as signs of boredom or haste to leave.

[0012] About a third to a half of individuals with autism does not develop enough natural
speech to meet their daily communication needs; (Noens 1, ef al, "The ComFor: an instrument
for the indication of augmentative communication in people with autism and intellectual
disability”. J Intellect Disabil Res (2006) 50 (9): 621-32.) Differences in communication
may be present from the first year of life, and may include delayed onset of babbling, unusual
gestures, diminished responsiveness, and the desynchronization of vocal patterns with the
caregiver. In the second and third years, autistic children have less frequent and less diverse
babbling, consonants, words, and word combinations; their gestures are less often integrated
with words. Autistic children are less likely to make requests or share experiences, and are

more likely to simply repeat others’ words or reverse pronouns.

[0013] For individuals with autism, sensory integration problems are common. In
particular, their senses may be either over- or under-active. The fuzz of a kiwi may actually
be experienced as painful; a sweet, fruity smell may cause a gagging reflex. Some children or
adults with autism are particularly sensitive to sound, so that even the most ordinary daily

noises are painful.

[0014] Although there 1s no single known cause for autism, 1t 1s generally accepted that it
1s caused by abnormalities 1n brain structure or function. The shape and structure of the brain
in autistic versus non-autistic children show differences when brain scans are viewed.
Currently the links between heredity, genetics and medical problems are being investigated
by researchers, as well as a number of other theories. The theory of a genetic basis of the
disorder 1s supported by the fact that, in many families, there appears to be a pattern of autism
or related disabilities. While no one gene has been identified as causing autism, researchers
are searching for irregular segments of genetic code that autistic children may have inherited.
While researchers have not yet identified a single trigger that causes autism to develop, it also

appears that some children are born with a susceptibility to autism.

[0015] Other researchers are investigating the possibility that under certain conditions, a
cluster of unstable genes may interfere with brain development resulting in autism. Still other
researchers are investigating problems during pregnancy or delivery as well as environmental

factors such as viral infections, metabolic imbalances, and exposure to environmental
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chemicals. Yet other researchers are investigating the link between autism and chemical

toxicity, in particular with the mercury-containing vaccine preservative thimerosal.

[0016] Some cases of autism have been associated with several different organic
conditions, including bioenergetic metabolism deficiency suggested by the detection of high
lactate levels in some patients ( Coleman M. et al, Autism and Lactic Acidosis, J. Autism Dev
Disord., (1985) 15: 1-8; Laszlo ef al Serum serotonin, lactate and pyruvate levels in infantile
autistic children, Clin. Chim. Acta (1994) 229:205-207; and Chugani et al., Evidence of
altered energy metabolism in autistic children, Progr. Neuropsychopharmacol Biol Psychiat.,
(1999) 23:635-641) and by nuclear magnetic resonance i1magining as well as positron
emission tomography scanning which documented abnormalities 1in brain metabolism.
Although the mechanism of hyperlactacidemia remains unknown, a likely possibility
involves mitochondrial oxidative phosphorylation dysfunction in neuronal cells. A small
subset of autistic patients diagnosed with deficiencies in complex I or III of the respiratory
chain have been reported 1n the literature (see Oliveira, G., Developmental Medicine & Child
Neurology (2005) 47 185-189; and Filipek, PA et al., Journal of Autism and Developmental
Disorders (2004) 34:615-623.) However, in many of the cases of autism where there 1s some
evidence of mitochondrial dysfunction, there 1s an absence of the classic features associated

with mitochondrial disease, such as mitochondrial pathology 1n muscle biopsy (see

Rossignol, D.A. et al., Am J. Biochem. & Biotech, 4 (2) 208-217).

[0017] The main goals of treatment are to lessen associated deficits and family distress,
and to increase quality of life and functional independence. No single treatment 1s best and
treatment 1s typically tailored to the child’'s needs. Intensive, sustained special education
programs and behavior therapy early in life can help children acquire self-care, social, and
job skills, (Myers SM, ef al. "Management of children with autism spectrum disorders”
Pediatrics (2007) 120 (5): 1162-82) and Angley M, et al. "Children and autism—part 1—
recognition and pharmacological management” Aust Fam. Physician (2007) 36 (9): 741-4)
and often improve functioning and decrease symptom severity and maladaptive behaviors ;

(Rogers SJ, et al.,. "Evidence-based comprehensive treatments for early autism" J Clin. Child

Adolesc. Psychol. (2008) 37 (1): 8-38).

[0018] Medications have not been proven to correct deficits of ASDs and are not the
primary treatment. They are used to treat problems associated with autism disorders, such as

associated maladaptive behaviors or psychiatric comorbidities that may interfere with
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educational progress, socialization, health or safety and quality of life. More than half of U.S.
children diagnosed with autistic disorders are prescribed psychoactive drugs or
anticonvulsants, with the most common drug classes being antidepressants, stimulants, and
antipsychotics.( Oswald DP, ef al. "Medication use among children with autism spectrum
disorders". J Child Adolesc Psychopharmacol (2007) 17 (3): 348-55.) Aside from
antipsychotics, there 1s scant reliable research about the effectiveness or safety of drug
treatments for children, adolescents or adults with ASD. A person with ASD may respond
atypically to medications, the medications can have adverse effects, and no known
medication relieves autism's core symptoms of social and communication impairments.
Alternative nutritional therapies for autistic children may include Idebenone and CoQ10,
because of their superior antioxidant properties, but no studies have been pertormed to prove

their efficacy.

[0019] US Patent Publication 2005/0203066 discloses compounds, compositions and
methods for treatment of developmental delay 1n cognitive, motor, language, executive
function or social skills with a pyrimidine nucleotide precursor, but it does not disclose any

compounds, compositions or methods of treatment with compounds of the present invention.

[0020] Krajcovicova-Kudlackova et al, Bratisl Lek Listy, (2009), 110(4): 247-250 have
shown that plasma concentrations of exogenous antioxidants such as Vitamin E and A and

lycopene 1n autistic subjects are insufficient.

[0021] Co-owned US provisional patent application USAN 61/191,696 titled "Treatment
of Pervasive Development Disorders with Redox-active Therapeutics,” Patent Cooperation

Treaty application PCT/US2009/056254, and U.S. patent application USAN 12/555,700
disclose the use of certain redox-active compounds for the treatment or suppression ot

pervasive development disorders.

[0022] Thus, there 1s an unmet need for improved methods of treating patients exhibiting
symptoms of Pervasive Developmental Disorders, particularly symptoms of autism with

therapies that are safe and can be easily administered to children.

SUMMARY OF THE INVENTION

[0023] The present invention provides methods that can reduce, ameliorate or treat the
symptoms of Pervasive Developmental Disorders, particularly symptoms of autism in a

human patient. Briefly, the methods and compositions comprise administering a
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physiologically or therapeutically effective amount of a tocotrienol, a tocotrienol ester, a
tocotrienol ether, a tocotrienol enriched extract or composition, or mixtures thereof, in
sufficient quantities to reduce, ameliorate or treat at least one of the symptoms of Pervasive
Developmental Disorders, particularly symptoms of autism, preferably all of the symptoms of
Pervasive Developmental Disorders, particularly of autism. When administered to human
patients suffering from Pervasive Developmental Disorders, particularly from autism, without
restriction on the normal diet of the patients, the compositions and methods may reduce or
improve one or more symptoms of Pervasive Developmental Disorders, particularly
symptoms of autism, such as increased eye contact, better enunciation and use of pronouns,
less fatigue, singing a song with the melody and words together and the entire song
understandable, playing with age appropriate friends, fewer tantrums, better sleep patterns,
improved politeness and coordination, being more loving, acknowledging another
individual's emotion, and increased voice and word association. In some embodiments the
composition comprises alpha-tocotrienol or esters or ethers or mixtures thereof, particularly
the formulation comprises alpha-tocotrienol. In other embodiments, the composition

comprises a tocotrienol enriched extract.

10024 ] In another aspect, the invention embraces a method of reducing, ameliorating or
treating the symptoms associated with, or of treating or suppressing Pervasive Developmental
Disorder (PDD), including of Autistic Disorder, Asperger's Disorder, Childhood
Disintegrative Disorder (CDD), Rett's Disorder, and PDD-Not Otherwise Specitied (PDD-
NOS) 1n a patient in need of such treatment by administering a therapeutically or
physiologically effective amount of formulation comprises a therapeutically effective amount
of one or more agents selected from the group consisting of alpha-tocotrienol, beta-
tocotrienol, gamma-tocotrienol, delta-tocotrienol, or mixtures thereof.

[0025] In some embodiments, the tocotrienol 1s essentially pure alpha-tocotrienol. In
other embodiments the tocotrienol 1s an alpha-tocotrienol enriched composition of
tocotrienols also optionally including beta-tocotrienol, delta-tocotrienol and gamma-
tocotrienol, but with less than 40%, less than 30%, less than 25%, less than 20%, less than
15%, less than 10%, less than 5% or less than 2% tocopherol or no detectable tocopherol. In
some embodiments, the tocotrienol 1s alpha-tocotrienol essentially free of tocopherol. In the
spirit of the invention, "essentially free of tocopherol™ means less than 20%, less than 15%,
less than 10%, less than 5% or less than 2% of tocopherol of the total tocotrienol/tocopherol

weight. In other embodiments the tocotrienol 1s an alpha-tocotrienol enriched composition of
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tocotrienols also optionally including beta-tocotrienol, delta-tocotrienol and gamma-
tocotrienol, but with less than 40%, less than 30%, less than 25%, less than 20%, less than
15%, less than 10%, less than 5% or less than 2% alpha-tocopherol or no detectable alpha-
tocopherol. In some embodiments, the tocotrienol 1s alpha-tocotrienol essentially free of
alpha-tocopherol. In the spirit of the invention, "essentially free of alpha-tocopherol” means

less than 20%, less than 15%, less than 10%, less than 5% or less than 2% of alpha-

tocopherol of the total tocotrienol/tocopherol weight.

[0026] In another aspect, the invention embraces a method of reducing, ameliorating or
treating the symptoms associated with, or of treating or suppressing Pervasive Developmental
Disorder (PDD), including of Autistic Disorder, Asperger's Disorder, Childhood
Disintegrative Disorder (CDD), Rett's Disorder, and PDD-Not Otherwise Specified (PDD-
NOS) 1n a patient 1n need of such treatment by administering a therapeutically or
physiologically effective amount of one or more agents selected from the group consisting of
alpha-tocotrienol esters, beta-tocotrienol esters, gamma-tocotrienol esters, delta-tocotrienol

esters, and mixtures thereof.

[0027] In another aspect, the invention embraces a method of reducing, ameliorating or
treating the symptoms associated with, or of treating or suppressing Pervasive Developmental
Disorder (PDD), including of Autistic Disorder, Asperger's Disorder, Childhood
Disintegrative Disorder (CDD), Rett's Disorder, and PDD-Not Otherwise Specified (PDD-
NOS) 1n a patient 1in need of such treatment by administering a therapeutically or
physiologically etfective amount of one or more agents selected from the group consisting of
alpha-tocotrienol ethers, beta-tocotrienol ethers, gamma-tocotrienol ethers, delta-tocotrienol
ethers, and mixtures thereof. In some embodiments, the tocotrienol ether 1s a polyethoxylated
tocotrienol. In some embodiments, the tocotrienol ether 1s a polyethoxylated alpha-
tocotrienol ether, a polyethoxylated beta-tocotrienol ether, a polyethoxylated gamma-

tocotrienol ether, a polyethoxylated delta-tocotrienol ether, and mixtures thereof.

[0023] In some embodiments, the tocotrienol ester 1s selected from the group consisting
of an acetic acid ester, a nicotinic acid ester, a phosphate ester, a glutamic acid ester, a
linoleic acid ester, a palmitic acid ester, an aspartic ester, and a succinic acid ester. In other
embodiments, the tocotrienol 1s a polyethoxylated tocotrienol. In other embodiments the
tocotrienol 1s a tocotrienol polyethylene glycol succinate derivative. In other embodiments,

including any of the foregoing embodiments, the tocotrienol ester 1s alpha-tocotrienol ester.
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[0029] In other embodiments, the tocotrienol ester 1s selected from alpha-tocotrienol
succinate, beta-tocotrienol succinate, gamma-tocotrienol succinate, delta-tocotrienol
succinate; alpha-tocotrienol acetate, beta-tocotrienol acetate, gamma-tocotrienol acetate,
delta-tocotrienol acetate; alpha-tocotrienol nicotinate, beta-tocotrienol nicotinate, gamma-
tocotrienol nicotinate, delta-tocotrienol nicotinate; alpha-tocotrienol phosphate, beta-
tocotrienol phosphate, gamma-tocotrienol phosphate, delta-tocotrienol phosphate, alpha-
tocotrienol glutamate, beta-tocotrienol glutamate, gamma-tocotrienol glutamate, delta-
tocotrienol glutamate, alpha-tocotrienol linoleate, beta-tocotrienol linoleate, gamma-
tocotrienol linoleate, delta-tocotrienol linoleate, alpha-tocotrienol palmitate, beta-tocotrienol
palmitate, gamma-tocotrienol palmitate, delta-tocotrienol palmitate, alpha-tocotrienol

aspartate, beta-tocotrienol aspartate, gamma-tocotrienol aspartate, and delta-tocotrienol

aspartate.

[0030] In particular embodiments, the tocotrienol ester 1s selected from alpha-tocotrienol
succinate, alpha-tocotrienol acetate, alpha-tocotrienol nicotinate, alpha-tocotrienol phosphate,
alpha-tocotrienol glutamate, alpha-tocotrienol linoleate, alpha-tocotrienol palmitate, and
alpha-tocotrienol aspartate. In another embodiment, the tocotrienol ester 1s alpha-tocotrienol
acetate. In another embodiment, the tocotrienol ester 1s alpha-tocotrienol succinate. In
another embodiment, the tocotrienol ester 1s alpha-tocotrienol nicotinate. In another
embodiment, the tocotrienol ester 1s alpha-tocotrienol glutamate. In another embodiment, the
tocotrienol ester 1s alpha-tocotrienol phosphate. In another embodiment, the tocotrienol ester
1s alpha-tocotrienol palmitate. In another embodiment, the tocotrienol ester 1s alpha-
tocotrienol linoleate. In another embodiment, the tocotrienol ester 1s alpha-tocotrienol

aspartate.

[0031] In other embodiments, the tocotrienol ester 1s a polyethoxylated alpha-tocotrienol,
polyethoxylated beta-tocotrienol, polyethoxylated gamma-tocotrienol, or polyethoxylated
delta-tocotrienol. In some embodiments, the tocotrienol ester 1s polyethoxylated alpha-
tocotrienol. In other embodiments, the tocotrienol ester 1s alpha-tocotrienol polyethylene

glycol succinate.

[0032] In another aspect, the invention embraces a method of reducing, ameliorating or
treating the symptoms associated with, or of treating or suppressing Pervasive Developmental
Disorder (PDD), including of Autistic Disorder, Asperger's Disorder, Childhood
Disintegrative Disorder (CDD), Rett's Disorder, and PDD-Not Otherwise Specified (PDD-



CA 02765771 2011-12-16

WO 2010/151348 PCT/US2010/025447
10

NOS) 1n a patient 1in need of such treatment by administering a therapeutically or
physiologically effective amount of formulation comprising a therapeutically effective
amount of a an enriched tocotrienol extract of palm oil, rice bran oil, barley or annatto. In
another embodiment the formulation of the present invention comprises an enriched
tocotrienol extract from palm oil, as sold by Carotech, Golden Hope Bioorganic, Carotech,
Davos Life Science, Beijing Gingko Group, Eisai, Eastman Corporation or Palm
Nutraceuticals. In some embodiments, and any of the foregoing embodiments the tocotrienol
extract is Tocomin-50®. In another embodiment, the formulation of the present invention

comprises an enriched tocotrienol extract from annatto.

[0033] In some of the foregoing embodiments, the symptoms treated by the compounds
of the present invention are selected from the group of symptoms consisting of eye contact
avoidance, failure to socialize, attention deficit, poor mood, hyperactivity, anxiety, stimming,
poor comprehension, inappropriate speech, abnormal sound sensitivity, poor digestion,
disrupted sleep, and perseveration, and where the decreased incidence 1s measured relative to

the incidence 1n the untreated individual.

[0034] In one embodiment, the present invention provides pharmaceutical or
nutraceutical compositions able to reduce the symptoms of autism 1n a patient, comprising a
physiologically effective amount of a tocotrienol, a tocotrienol ester, a tocotrienol ether, a
tocotrienol enriched extract or composition, or mixtures thereof and a physiologically

acceptable carrier, adjuvant, excipient, butfer and diluent.

[0035] In still a further aspect, the present invention provides foods, medical foods,
dietary foods, functional foods, food supplements, or dietary supplements comprising
compositions of a tocotrienol, a tocotrienol ester, a tocotrienol ether, a tocotrienol enriched
extract or composition, or mixtures thereof, and at least one of the group consisting of a

physiologically or nutritionally acceptable carrier, adjuvant, excipient, buffer and diluent.

[0036] In yet another aspect, the invention also provides articles of manufacture and kits
containing materials useful for treating or suppressing autistic spectrum disorder. The
invention also provides kits comprising a tocotrienol, a tocotrienol ester, a tocotrienol ether, a
tocotrienol enriched extract or composition, or mixtures thereof. In some embodiments, the
kit of the invention comprises a container suitable for storing a tocotrienol, a tocotrienol ester,

a tocotrienol ether, a tocotrienol enriched extract or composition, or mixtures thereof. In
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some embodiments, the kit of the invention comprises a container suitable for storing a
tocotrienol, a tocotrienol ester, a tocotrienol ether, a tocotrienol enriched extract or
composition, or mixtures thereof, and at least one of the group consisting of a physiologically

or nutritionally acceptable carrier, adjuvant, excipient, butfer and diluent.

[0037] In other aspects, the kits may be used for any of the methods described herein,
including, tor example, to treat an individual with ASD disorder, or to suppress an ASD

disorder 1n an individual.

[0033] The present invention comprises multiple aspects, features and embodiments;
where such multiple aspects, features and embodiments can be combined and permuted in

any desired manner.

[0039] These and other aspects, features and embodiments of the present invention will

become evident upon reference to the remainder of this application, including the following

detailed description. In addition, various references are set forth herein that describe in more
detail certain compositions, and/or methods; all such references are incorporated herein by

reference 1n their entirety.
DETAILED DESCRIPTION OF THE INVENTION

[0040] The present invention provides methods and compositions able to reduce the
symptoms of Pervasive Developmental Disorder including autistic spectrum disorder in a
patient. Briefly, the compositions and methods comprise administering a tocotrienol, a
tocotrienol ester, a tocotrienol ether, a tocotrienol enriched extract or composition, or
mixtures thereof to a human patient in sufficient quantities to reduce the effects of the autistic
disease. An 1nitial trial wherein a tocotrienol, a tocotrienol ester, a tocotrienol ether, a
tocotrienol enriched extract or composition, or mixtures thereof are administered to human
patients, without restriction on the normal diet of the patients, would provide a significant
number of the patients with a significant reduction of one or more symptoms, such as
increased eye contact, better enunciation and use of pronouns, less fatigue, singing a song
with the melody and words together and the entire song understandable, playing with age
appropriate friends, fewer tantrums, better sleep patterns, improved politeness and
coordination, being more loving, acknowledging another individual's emotion, increased

voice and word association.
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[0041] “Subject,” “individual,” or “patient” are used interchangeably, and refer to a

mammal, pretferably a human.

[0042] “Treating” a disease with the compounds and methods discussed herein is defined
as administering one or more of the compounds discussed herein, with or without additional
therapeutic agents, in order to reduce or eliminate either the disease or one or more symptoms
of the disease, or to retard the progression of the disease or of one or more symptoms of the
disease, or to reduce the severity of the disease or of one or more symptoms of the disease.
“Suppression” of a disease with the compounds and methods discussed herein 1s defined as
administering one or more of the compounds discussed herein, with or without additional
therapeutic agents, 1n order to suppress the clinical manifestation of the disease, or to
suppress the manifestation of adverse symptoms of the disease. The distinction between
treatment and suppression 1s that treatment occurs after adverse symptoms of the disease are
manifest in a subject, while suppression occurs before adverse symptoms of the disease are
manifest in a subject. Suppression may be partial, substantially total, or total. Because the
autism disorders are inherited, genetic screening can be used to identify patients at risk of the
disease. The compounds and methods of the invention can then be administered to
asymptomatic patients at risk of developing the clinical symptoms of the disease, in order to

suppress the appearance of any adverse symptoms.

[0043] “Therapeutic use” of the compounds discussed herein 1s defined as using one or
more of the compounds discussed herein to treat or suppress a disease, as defined above. A
“therapeutically effective amount™ of a compound 1s an amount of the compound, which,
when administered to a subject, 1s sufficient to reduce or eliminate either a disease or one or
more symptoms of a disease, or to retard the progression of a disease or of one or more
symptoms of a disease, or to reduce the severity of a disease or of one or more symptoms of a
disease, or to suppress the clinical manifestation of a disease, or to suppress the manifestation
of adverse symptoms of a disease. A therapeutically effective amount can be given in one or

more administrations.

[0044] A "physiologically effective amount” of an active substance indicates an adequate
amount of the active substances to have a significant, externally observable effect on the
patient. Thus, such a physiologically effective amount affects one or more of the
characteristics 1n the patient without the need for special equipment to determine the effect.

For example, a physiologically effective amount of a compound of the present invention has
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a significant, externally observable effect on the behavior of the patient by reducing one or
more of the symptoms of autism or other pervasive developmental disorder. Accordingly, one
can determine whether an adequate amount of the active substance has been administered by
watching the patient and observing whether changes have occurred in the patient due to the

active substance.

[0045] Esters of tocotrienols with aspartate can be esterified via the alpha-carboxy group
of aspartate, the side-chain (gamma-carboxy) group of aspartate, or tocotrienols esterified at
the alpha-carboxy group of aspartate can be mixed with tocotrienols esterified at the side-
chain carboxy group of aspartate in any ratio. Esters of tocotrienols with glutamate can be
esterified via the alpha-carboxy group of glutamate, the side-chain (delta-carboxy) group of
glutamate, or tocotrienols esterified at the alpha-carboxy group of glutamate can be mixed

with tocotrienols esterified at the side-chain carboxy group of glutamate in any ratio.

[0046] The invention also includes all stereoisomers of the compounds and their use in
the methods, including diastereomers and enantiomers. The invention also includes mixtures
of stereoisomers 1n any ratio, including, but not limited to, racemic mixtures, and their use in

the methods.

[0047] In a first aspect, the present invention provides compositions comprising a
tocotrienol, a tocotrienol ester, a tocotrienol ether, a tocotrienol enriched extract or
composition, or mixtures thereof that are able to reduce the symptoms of Pervasive
Developmental Disorder (PDD), including of Autistic Disorder, Asperger's Disorder,
Childhood Disintegrative Disorder (CDD), Rett's Disorder, and PDD-Not Otherwise
Specified (PDD-NOS) in a human patient. For example, the compositions are able to reduce
one or more symptoms, such as increased eye contact, better enunciation and use of
pronouns, less fatigue, fewer tantrums, better sleep patterns, improved politeness and
coordination, and increased voice and word association. In other words, the compositions are
able to effect an adequate reduction of one or more of the observable characteristics of autism
by an amount that 1s observable to a human observer, such as a parent, physician or caretaker,
without the use of special devices such as microscopes or chemical analytical devices. The
compositions reduce such symptoms by providing a physiologically effective amount of a
tocotrienol, a tocotrienol ester, a tocotrienol ether, a tocotrienol enriched extract or
composition, or mixtures thereof and at least one of the group consisting of a physiologically

acceptable carrier, adjuvant, excipient, buffer and diluent, which terms are used 1n their
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ordinary sense to indicate substances that assist in the packaging, delivery, absorption, or the
physiological effect of the compounds. The physiologically acceptable carriers, adjuvants,
excipients, buffers and diluents are preferably nontoxic to recipients at the dosages and
concentrations employed. Representative samples include oil, water, 1sotonic saline solutions
that are preferably buffered at physiological pH (such as phosphate-buffered saline or Tris-
buffered saline), mannitol, dextrose, glycerol, and ethanol, as well as selected polypeptides or
proteins such as human serum albumin, maltodextrin, L-lysine, lactase and other
carbohydratases, lipase and non-specific proteases such as papain. The carrier, adjuvant,
excipient, buffer, or diluent may be combined with the compositions disclosed herein to
provide compositions either as liquid solutions or, preterably, in solid form. For example,
when the compositions are to be administered orally, the compositions may be produced in
any of powder, tablet or capsule form. The compositions can also be administered as elixirs,
liquids, solutions, suspension, emulsions, soft gelatin capsules, and hard gelatin capsules.

The preparation of the above dosage torms are well known 1n the art.

[0043] The compositions of the present invention are preferably administered orally, but
may also be administered via other direct routes, such as rectal or, in the case of
pharmaceutically designed compositions, via transcutaneous methods such as intraarterial,
intramuscular, intraperitoneal, subcutaneous, intraocular, and intravenous. Other routes such
as buccal/sublingual, nasal, topical (such as transdermal), pulmonary and central nervous
system (CNS) administration (such as intraspinal, intraventricular or hypothalmic) may also
be used, if desired. The compositions are typically administered to human beings, but may

also be administered to animals, preferably mammals, displaying symptoms similar to autism.

Compounds of the present invention

[0049] One or more of the components of the formulation of the present invention are
tocotrienols. Tocotrienols belong to the vitamin E family and differ from the tocopherols in
the chemical nature of the side chain or tail and in their properties that are clearly distinct
from those of the tocopherols. Tocotrienols are fat-soluble, water-insoluble oils and modulate
several mechanisms associated with the aging process and aging-related diseases.

[0050] Tocotrienols have been shown to promote healthy cholesterol levels, and
exhibit neuroprotective effects, anti-oxidant activity and anti-cancer effects that are often not
exhibited by tocopherols. There are three commercially used sources of tocotrienols - rice

bran oil, palm oi1l, and annatto bean. Annatto tocotrienol extracts contain, approximately, no
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alpha-tocotrienol, 90% of delta-tocotrienol, 10% of gamma-tocotrienol, and no tocopherols.
Rice bran extract contains, approximately, less than 2% alpha-tocotrienol, 51.6% gamma-
tocotrienol, and 48% tocopherols. Palm o1l extract contains, approximately, 22.1 % alpha-
tocotrienol, 10% delta-tocotrienol, 45.7% gamma-tocotrienol, and 21.8% tocopherols.
Tocotrienols are often used 1n small quantities as antioxidants to prevent decomposition and
enhance the stability of other components in formulations, but in the present invention
tocotrienols are used as one of the essential components of the medical food or dietary food
for the prevention and amelioration of Pervasive Developmental Disorder (PDD), including
of Autistic Disorder, Asperger's Disorder, Childhood Disintegrative Disorder (CDD), Rett's
Disorder, and PDD-Not Otherwise Specified (PDD-NOS) 1n a human patient.

[0051] Some formulations of the present invention particularly comprise alpha-
tocotrienol which can be produced synthetically or derived from one of the commercial
sources mentioned above. A preferred process for the production of essentially pure alpha-
tocotrienol has been described 1n co-owned US application USAN 12/606,923 titled "Process
for Enrichment and Isolation of alpha-Tocotrienol and Derivatives™ hereby incorporated by
reference 1n its entirety.

[0052] Syntheses of various members of the tocotrienol family in the d,I- or (RS)-form
have been published, see for example Schudel ef al., Helv. Chim. Acta (1963) 46, 2517-2526;
Mayer et al., Helv. Chim. Acta (1967) 50, 1376-1393; Kabbe et al., Synthesis (1978), 888-
889; Kajiwara et al., Heterocycles (1980) 14, 1995-1998; Urano et al., Chem. Pharm. Bull.
(1983) 31, 4341-4345; Pearce et al., J. Med Chem. (1992), 35, 3595-3606; and Pearce et al.,
J. Med. Chem. (1994). 37, 526-541. None of these reported processes lead to the natural form
of the tocotrienols, but rather produces racemic mixtures. Syntheses of natural form d-
tocotrienols have been published. See for example, Scott ef al., Helv. Chim. Acta (1976) 59,
290-306; Sato et al., Japanese Patent No. 63063674 Sato et al., Japanese Patent No.
01233278; and Couladouros et al (US Patent No. 7,038,067).

[0053] Some other formulations of the present invention comprise tocotrienol esters
selected from alpha-tocotrienol acetate, alpha-tocotrienol succinate, alpha-tocotrienol
phosphate, alpha-tocotrienol aspartate, alpha-tocotrienol glutamate, alpha-tocotrienol
palmitate, alpha-tocotrienol nicotinate, and polyethoxylated alpha-tocotrienol.

[0054] Some other formulations of the present invention particularly comprise
tocotrienols from extracts of palm oil, rice bran o1l and barley. While synthetic and natural
tocopherols are readily available in the market, natural tocotrienols supply 1s limited, and

generally comprises a mixture of tocotrienols. Crude palm o1l which 1s rich 1n tocotrienols
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(800-1500 ppm) offers a potential source of natural tocotrienols. Carotech, Malaysia i1s an
industrial plant that 1s able to extract and concentrate tocotrienols from crude palm oil, by a
process patented in U.S. Pat. No. 5,157,132. Tocomin-50° typically comprises about 25.32%
mixed tocotrienols (7.00% alpha-tocotrienol, 14.42% gamma tocotrienol, 3.30% delta
tocotrienol and 0.6% beta tocotrienol ), 6.90% alpha-tocopherol and other phytonutrients
such as plant squalene, phytosterols, co-enzyme Q10 and mixed carotenoids.

[0055] Some other formulations of the present invention comprise tocotrienols from
extracts of annatto beans.

[0056] Additional commercially available products that may be used in the present
invention are for example, Nu Triene Tocotrienol® (30% content, a product of Eastman
Chemical Company), various Oryza® tocotrienol products of different tocotrienol
concentrations from Oryza O1l & Fat Co. Ltd including Oryza tocotrienol-70 with 70% total
tocopherol/tocotrienol content, and a total tocotrienol content of 40% including 14% of
alpha-tocotrienol and 24% gamma-tocotrienol, and Oryza tocotrienol-90 with 90% total
tocopherol/tocotrienol content and a total tocotrienol content of 60%; Golden Hope
Plantations Berhad Tocotrienol o1l (70% content), Davos Life Science TRF (63% content)
and Palm Nutraceuticals Sdn Bhd (89% content). Delta Tocotrienol-92° (92% pure by
HPLC) 1s a commercially available product from Beiljing Gingko Group that may be also
used 1n the present invention.

[0057] Other methods for 1solation or enrichment of tocotrienol from certain plant oils
and plant o1l by-products have been described 1n the literature. For some examples of such
1solation and purification processes, see for instance Top ef al., U.S. Pat. No. 5,190,618; Lane
et al., U.S. Pat No. 6,239,171 Bellafiore ef al, U.S. Pat. No. 6,395,9135; May et al., U.S. Pat.
No. 6,656.,358; Jacobs ef al., U.S. Pat. No. 6,838,104; Sumner et al. Int. Pat. Pub. WO
99/38860, Jacobs Int. Pat. Pub. WO 2002/500054, and Bhaggan et al. Int. Pat. Pub. WO
2008/142433.

Clinical Assessment of Autism

[0058] Several biochemical markers have been associated with Pervasive Developmental
Disorders. These biomarkers can be monitored during treatment with the methods and

compositions of the invention, 1n order to assess efficacy of treatment.

[0059] Carnitine Deficiency: As documented by Filipek, PA et al, in J, Autism Dev.

Diosrd. (2004) 34:615-23 serum carnitine levels on 100 children with autism were
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investigated, concurrently with serum pyruvate, lactate, ammonia, and alanine levels. Values
of free and total carnitine (p < 0.001), and pyruvate (p = 0.006) were significantly reduced
while ammonia and alanine levels were considerably elevated (p < 0.001) in the autistic
subjects. The relative carnitine deficiency 1n these patients, accompanied by slight elevations
in lactate and significant elevations in alanine and ammonia levels would suggest that
assessing pyruvate, lactate, carnitine and ammonia levels may be useful when measured

during routine evaluation of ASD children.

[0060] Lactic acid (lactate) levels: Some cases of autism have been associated with
abnormal levels of lactic acid, as pyruvate levels increase and pyruvate 1s converted to lactate
to maintain capacity for glycolysis (see Coleman, M. et al. Journal of Autism and
Developmental Disorders (1985) 15, 1-8.) Lactate levels can be measured by taking samples
of appropriate bodily fluids such as whole blood, plasma, or cerebrospinal fluid. Using
magnetic resonance, lactate levels can be measured 1n virtually any volume of the body
desired, such as the brain. Whole blood, plasma, and cerebrospinal fluid lactate levels can be
measured by commercially available equipment such as the YSI 2300 STAT Plus Glucose &
Lactate Analyzer (YSI Life Sciences, Ohio).

[0061] Lipid Peroxidation: Lipid peroxidation has been found to be elevated in autism
indicating that oxidative stress 1s increased 1n this disease. Lipid peroxidation can be
measured by quantifying the levels of malonyldialdehyde (MDA), an end product of fatty
acid oxidation. Several assays exist for MDA 1n plasma, urine, and other specimens. Such
assays include specific reagents for UV detection by HPLC (Steghens, J. P., et al., Free
Radic Biol Med (2001) 31:242 and Pilz, J. Chromatogr B Biomed Sci appl (2000) 742:313
and capillary electrophoresis (Korizis, K. N. et al., Biomed Chromatogr 15:287 (2001)). A
variety of lipid peroxidation products including MDA can be quantified using the

thiobarbituric acid reaction (K Fukanaga et al., Biomed Chromatogr (1998)12:300).

[0062] Lipid peroxidation can also be quantified by measurement of urinary levels of
1soprostane F(2a)-VI, a marker of lipid peroxidation; 2,3-dinor-thromboxane B(2), which
reflects platelet activation; and 6-keto-prostaglandin F(1a), a marker of endothelium
activation, by means of gas chromatography-mass spectrometry in subjects with autism and
healthy control subjects. Methods of detecting oxidant stress-related products are likewise
known 1n the art. For example, enzyme immunoassay kits are commercially available from

Cayman Chemical for determination of 1soprostane F(2a)-VI (Cayman Chemical cat. no.
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516301); for 2,3-dinor-thromboxane B(2) (Cayman Chemical cat. no. 519051), and for 6-
keto-prostaglandin F(la) (Cayman Chemical cat. no. 5152111).

[0063] Antioxidant Proteins: Levels of major antioxidant proteins namely, transferrin
(irron—binding protein) and ceruloplasmin (copper—binding protein) in the serum, are
significantly reduced 1n autistic children as compared to their developmentally normal non-
autistic siblings. A striking correlation was observed between reduced levels of these proteins
and loss of previously acquired language skills in children with autism. These results
indicating altered regulation of transferrin and ceruloplasmin in autistic children who lose

acquired language skills can be used as diagnosis of disease during evaluation of patients.

Pharmaceutical, nutraceutical and nutritional formulations

[0064] The compounds described herein can be formulated as pharmaceutical
compositions by formulation with additives such as pharmaceutically accep<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>