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METHODS OF TREATING AUTISM
SPECTRUM DISORDERS AND
COMPOSITIONS FOR SAME

FIELD OF THE INVENTION

[0001] The present disclosure is in the field of medicine.
More specifically, this disclosure relates to methods, certain
compositions, and the use of those methods and compositions
for screening for and treating autistic spectrum disorders.

BACKGROUND

[0002] Autism spectrum disorders (ASDs) are pervasive
neurodevelopmental disorders diagnosed in early childhood
when acquired skills are lost or the acquisition of new skills
becomes delayed. ASDs onset in early childhood and are
associated with varying degrees of dysfunctional communi-
cation and social skills, in addition to repetitive and stereo-
typic behaviors. In many cases (25%-50%), aperiod of seem-
ingly normal development drastically shifts directions as
acquired skills are lost or the acquisition of new skills
becomes delayed.

[0003] In recent years, the number of people with an ASD
has increased considerably to approximately 1 in 150 chil-
dren, but it is not clear whether this increase is because of a
higher prevalence of the disorder, improved awareness by
clinicians, or a combination of both.

[0004] A number of studies have reported that patients with
ASDs have in their blood antibodies against brain proteins.
Brain blood vessels can become leaky (permeable) at some
point during a child’s development and allow circulating
immune cells to be exposed to brain proteins that were mis-
taken by the immune system as foreign. As aresult, antibodies
are made against those brain proteins. Such antibodies against
brain proteins can disrupt normal brain function and, alone or
together with other circulating immune cell-derived destruc-
tive molecules, can contribute to brain damage and to the
pathogenesis of ASDs. Moreover, increased brain blood ves-
sel leakage can increase intracranial pressure and contribute
to macrocephaly reported in many children with ASDs, thus
further compromising brain function.

[0005] There is currently no explanation for what caused
the brain blood vessels to become leaky. Identification of
molecules that can make brain blood vessels leak could lead
to the development of diagnostic markers. Preventing brain
blood vessel leakage in susceptible children, or reversing
brain blood vessel leakage in children who have already
developed ASDs, could provide a novel therapeutic interven-
tion.

[0006] Currently, there are no known defined mechanisms
of pathogenesis, diagnostic markers, or curative therapy
available for ASDs. An important need therefore exists for
methods and compositions that are effective to screen for and
treat ASDs. Various embodiments of the invention address
these needs.

SUMMARY OF THE INVENTION

[0007] It has been discovered that measurement of certain
serum markers capable of making brain blood vessels leaky
can identify patients with ASDs. It has also been discovered
that certain compositions can inhibit leakage of brain vessels
that would otherwise allow entry of noxious molecules in the
brain. The compositions disclosed herein have been found to
improve the conditions associated with ASDs through inhi-
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bition of blood vessel leakage, as determined by behavioral
improvement and as noted in the examples disclosed herein.
Together, these data support that modulation, and, in particu-
lar, inhibition, of brain blood vessel leakage is a valuable
intervention point for the treatment of ASDs. This discovery
has been exploited to develop the present application, which
includes methods and compositions for treating ASDs in a
subject, as well as methods for screening for an ASD in a
subject suspected of having an ASD.

[0008] Oneaspect ofthe application is directed to a method
of treating an ASD in a subject. In this method, a composition
comprising of one or more flavonoids, alone or in combina-
tion with, a serotonin blocker, a histamine-1 receptor antago-
nist, a histamine-3 receptor agonist, an antipsychotic agent, a
heavy metal chelator, a neurotensin blocker, olive kernel
extract and a physiologically acceptable carrier, is adminis-
tered to a subject in need thereof, wherein the composition
modulates the leakage of brain blood vessels.

[0009] Inparticular embodiments, the composition inhibits
brain blood vessel leakage.

[0010] In certain embodiments, the ASD is autism.

[0011] In other embodiments, the ASD is Asperger’s syn-
drome, Rett syndrome, childhood disintegrative disorder, or
atypical autism otherwise known as pervasive developmental
disorder not otherwise specified (PDD-NOS).

[0012] In particular embodiments, the flavonoid is apige-
nin, astragaline, (-)-epigallocatechin-3 gallate, genistein,
hesperetin, hesperidin, kaempferol, luteolin, myricetin, quer-
cetin, or rutin.

[0013] In yet other embodiments, the serotonin blocker is
the serotonin receptor antagonist azatadine or cyprohepta-
dine.

[0014] In yetother embodiments, the histamine-1 receptor
antagonist is azatadine, azelastine, cyproheptadine, hydrox-
yzine, merelastine, or rupatadine.

[0015] In additional embodiments, the histamine-3 recep-
tor agonist is R(-)-a-methyl histamine, N®-methyl hista-
mine, N"-methyl histamine, o.-N“-dethylhistamine, o, f-dim-
ethyl histamine, N%-methyl-a-(dimethyl)histamine,
N“-methyl-a-(chloromethyl)histamine, or o,f3-difluoro-N*-
(fluoromethyl )histamine.

[0016] In some embodiments, the neurotensin blocker is
SR48692, SR 142948A (Sanofi-Aventis, Paris, France).

[0017] In other embodiments, the antipsychotic agent is
risperidone.
[0018] Incertain embodiments, the heavy metal chelator is

meso-2,3-dimercaptosuccinic acid (DMSA).

[0019] Another aspect of the application is directed to a
method of inhibiting brain blood vessel leakage in a subject.
In this method, a composition comprising one or more fla-
vonoids, alone or in combination with, a serotonin blocker, a
histamine-1 receptor antagonist, a histamine-3 receptor ago-
nist, an antipsychotic agent, a neurotensin blocker, a heavy
metal chelator, olive kernel extract and a physiologically
acceptable carrier, is administered to a subject in need
thereof, wherein the composition modulates the leakage of
brain blood vessels.

[0020] In particular embodiments, the flavonoid is apige-
nin, astragaline, (-)-epigallocatechin-3 gallate, genistein,
hesperetin, hesperidin, kaempferol, luteolin, myricetin, quer-
cetin, or rutin.

[0021] In other embodiments, the serotonin blocker is aza-
tadine or cyproheptadine.
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[0022] In yet other embodiments, histamine-1 receptor
antagonist is azatadine, azelastine, cyproheptadine, hydrox-
yzine, merelastine, or rupatadine.

[0023] In additional embodiments, the histamine-3 recep-
tor agonist is R(-)-a-methyl histamine, N“-methyl hista-
mine, N*-methyl histamine, o.-N%-dethylhistamine, o, f-dim-
ethyl histamine, N“-methyl-ca-(dimethyl}histamine,
N*-methyl-a-(chloromethyl)histamine, or o, f3-diftuoro-N®-
(fluoromethy!)histamine.

[0024] In some embodiments, the neurotensin blocker is
SR48692, SR 142948A (Sanofi-Aventis, Paris, France).

[0025] In other embodiments, the antipsychotic agent is
risperidone.
[0026] In other embodiments, the heavy metal chelator is

meso-2,3-dimercaptosuccinic acid (DMSA).

[0027] Yet a further aspect of the application is directed to
a method of screening a subject to determine whether the
subject has an ASD. The method comprises collecting blood
serum from a subject suspected of having an ASD. Next, the
serum sample is assayed for the level of a certain marker or
markers. Finally, the level of marker or markers is compared
against the level ofthe same marker or markers from a subject
known not to have an ASD. A higher level of the marker in a
subject suspected of having an ASD indicates that the subject
may have an ASD.

[0028] Insome embodiments, the markers are neurotensin
(NT) and/or interleukin-6 (IL-6). In other embodiments, the
markers are interleukin-33 (IL-33), platelet activating factor
(PAF), tryptase and vascular endothelial growth factor
(VEGF).

[0029] In other embodiments, these markers may be
expressed at higher levels and produced by peripheral blood
lymphocytes with or without stimulation by triggers such as
phytohemagglutinin (PHA), or NT, orspecific anti-brain anti-
bodies. In yet other embodiments, higher levels of these
markers may be identified in the cerebrospinal fluid (CSF).
[0030] In an additional aspect of the application, a compo-
sition for treating an ASD is provided. The composition com-
prises one or more flavonoids, alone or in combination with,
a histamine-1 receptor antagonist, a histamine-3 receptor
agonist, a serotonin blocker, an antipsychotic agent, a neuro-
tensinblocker, a heavy metal chelator, olive kernel extract and
a physiologically acceptable carrier. The composition modu-
lates the leakage of brain blood vessels.

[0031] Another aspect of the application is directed to a kit
to treat a subject with an ASD. The kit comprises at least one
dosage of a composition comprising one or more flavonoids,
alone or in combination with a histamine-1 receptor antago-
nist, a histamine-3 receptor agonist, a serotonin blocker, an
antipsychotic agent, a neurotensin blocker, a heavy metal
chelator, olive kernel extract and a physiologically acceptable
carrier for administration to the subject.

[0032] Insome embodiments, the dosage is in a container,
which can be sterile, containing an effective dose of the
composition and a physiologically acceptable vehicle. The kit
can further comprise a label or instructions to treat a subject
with an ASD with the composition.

[0033] A further aspect of the application is directed to a kit
to screen a biological sample for an ASD. The kit comprises
of a rapid assay for blood levels of NT and 1L-6.

[0034] Insome embodiments, the dosage is in a container,
which can be sterile and can sample the blood directly from
the subject in question by self-administration. The kit can
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further comprise a label or instructions to screen a biological
sample for an ASD with the composition.

BRIEF DESCRIPTION OF THE FIGURES

[0035] FIG. 1 is a graphic representation of data showing
serum levels of neurotensin (NT) of individual patients (2-4
years old with autism) and age-matched normally developing
control patients. The data indicate that there is a statistically
significant NT increase in children with autism.

[0036] FIG. 2 is a graphic representation of data showing
serum levels of interleukin-6 (IL-6) of individual patients
(2-4 years old with autism) and age-matched normally devel-
oping control patients. That data indicate that there is a sta-
tistically significant IL-6 increase in children with autism.
[0037] FIG. 3 is a graphic representation of data that shows
that intraperitoneal injection of intereleukin-33 (IL-33)
together with neurotensin (NT) induced a statistically signifi-
cant synergistic increase in brain blood vessel leakage in
mice, while pretreatment with intraperitoneal injection of
luteolin 10 min prior to injection of IL.-33 plus NT inhibited
brain blood vessel leakage.

DESCRIPTION

[0038] This application relates to methods and composi-
tions for inhibiting brain blood vessel leakage, methods and
compositions for screening for and treating autism spectrum
disorders, and to pharmaceutical compositions comprising
these compositions.

[0039] Throughout this application, various patents, patent
applications and publications are referenced. The disclosures
of these patents, patent applications, and publications in their
entireties are incorporated into this application by reference
in order to more fully describe the state of the art as known to
those skilled therein as of the date of this application. This
disclosure will govern in the instance that there is any incon-
sistency between the patents, patent applications and publi-
cations and this disclosure.

Definitions

[0040] The articles “a” and “an” are used in this disclosure
to refer to one or 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 element.
[0041] Theterm “or”isused in this disclosure to mean, and
is used interchangeably with, the term “and/or,” unless indi-
cated otherwise.

[0042] The term “about” is used in this disclosure to mean
a value - or +20% of a given numerical value. Thus, “about
60%” means a value between 60-20% of 60 and 60+20% of
60 (i.e., between 48% and 72%).

[0043] The terms “autism spectrum disorder” and “ASD”
or “ASDs” are used in this disclosure to refer to a spectrum of
disorders characterized by abnormalities of social interac-
tions and communication, as well as restricted interests and
repetitive behavior. This spectrum includes, but is not limited
to, autistic disorder, Asperger’s syndrome, childhood disinte-
grative disorder, and atypical autism or pervasive develop-
mental disorder not otherwise specified (PPD-NOS), as well
as Rett syndrome and tuberous sclerosis.

[0044] The term “carrier” is used in this disclosure to
encompass carriers, excipients, and diluents and means a
material, composition or vehicle, such as a liquid or solid
filler, diluent, excipient, solvent or encapsulating material,
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involved in carrying or transporting a pharmaceutical agent
from one organ, or portion of the body, to another organ, or
portion of the body.

[0045] The term “composition” is used in this disclosure to
mean a combination or mixture of one or more substances.
[0046] The terms “effective amount” and “therapeutically
effective amount” are used in this disclosure to refer to an
amount of a composition that, when administered to a subject,
is capable of reducing a symptom of a disorder in a subject.
The actual amount which comprises the “effective amount”
or “therapeutically effective amount” will vary depending on
a number of conditions including, but not limited to, the
particular disorder being treated, the severity of the disorder,
the size and health of the patient, and the route of adminis-
tration. A skilled medical practitioner can readily determine
the appropriate amount using methods known in the medical
arts.

[0047] Thephrase “pharmaceutically acceptable” is used in
this disclosure to refer to compounds, materials, composi-
tions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the
tissues of human beings and animals without excessive tox-
icity, irritation, allergic response, or other problem or com-
plication, commensurate with a reasonable benefit/risk ratio.
[0048] The term “subject” is used in this disclosure to
include, without limitation, a human or an animal. Exemplary
animals include, but are not limited to, mammals such as
mouse, rat, guinea pig, dog, cat, horse, cow, pig, monkey,
chimpanzee, baboon, or rhesus monkey.

[0049] “Synergistic” is used in this disclosure to mean
“coordinated or correlated action by two or more structures or
drugs” [Stedman’s Medical Dictionary, 23rd edition, Will-
iams & Wilkins, Baltimore, 1976].

[0050] The term “treating” is used in this disclosure to
mean the reduction or amelioration of at least one symptom of
any disorder to any extent, and includes, but does not require,
a complete cure of the disorder. Treating can be curing,
improving, or partially ameliorating a disorder.

[0051] “Brain blood vessel leakage” is used in this disclo-
sure to mean leakage from blood vessels, especially as they
pertain to the brain, otherwise referred to as increased vascu-
lar permeability.

[0052] The terms “screen”, “screen for”, and “diagnose”
are used interchangeably in this disclosure.

[0053] The term “blocker” is used to mean inhibition, pre-
vention, neutralization, or amelioration of the particular mol-
ecules towhich it refers. “Blocker” includes, butis not limited
to, use of an antagonist, an antibody, a soluble receptor, a
receptor variant, or any other inhibitor.

[0054] The following abbreviations are used in this disclo-
sure and having the following definitions: Aberrant Behavior
Checklist is abbreviated as “ABC™; interleukin-6 and intet-
leukin-33 are abbreviated “IL-6” and “TL-33”, respectively;
neurotensin is abbreviated as “NT”; platelet activating factor
is abbreviated as “PAF”; phytohemagglutinin is abbreviated
as “HPA”; vascular endothelial growth factor is abbreviated
as “VEGF”; minute or minutes is abbreviated “min”.

Compositions

[0055] Aberrant, or immature development, or disruption
of the integrity of brain blood vessels exposes the brain to
noxious molecules that can adversely affect its function. Such
exposure can contribute or lead to the development of ASDs.
Blood from children with ASDs often contains a number of

Feb. 3, 2011

autoantibodies against brain peptides indicating that there
must have been increased brain blood vessel vascular perme-
ability at some point in order for immune cells to enter the
brain and produce antibodies against certain brain proteins.
[0056] Tt has been discovered that a composition compris-
ing one or more flavonoids, alone or in combination with a
histamine-1 receptor antagonist, a histamine-3 receptor ago-
nist, a serotonin blocker, an antipsychotic agent, a neuro-
tensinblocker, a heavy metal chelator, olive kernel extract and
a physiologically acceptable carrier have synergistic effects
when used, without or with a conventional clinical treatment,
to treat ASDs. The olive kernel extract alone may be used to
improve the transmembrane transport of difficult-to-absorb
biomolecules in the brain.

[0057] Incertain embodiments, the autism spectrum disor-
der is autism.
[0058] Inotherembodiments, the autism spectrum disorder

is Asperger’s syndrome, Rett syndrome, childhood disinte-
grative disorder, or pervasive developmental disorder not oth-
erwise specified (PPD-NOS).

[0059] In particular embodiments, the flavonoid is apige-
nin, astragaline, (-)-epigallocatechin-3 gallate, genistein,
hesperetin, hesperidin, kaempferol, luteolin, myricetin, quer-
cetin, or rutin.

[0060] In yet other embodiments, histamine-1 receptor
antagonist is azatadine, azelastine, cyproheptadine, hydrox-
yzine, merelastine, or rupatadine.

[0061] In additional embodiments, the histamine-3 recep-
tor agonist is R(-)-a-methyl histamine, N®-methyl hista-
mine, N%methyl histamine, c-N®-dethylhistamine, «,f-
dimethyl histamine, N®-methyl-a-(dimethyl)histamine,
N“-methyl-c-(chloromethyl)histamine, or o.,f-difluoro-N*-
(fluoromethyl )histamine.

[0062] In some embodiments, the serotonin blocker is
cyproheptadine.
[0063] In some embodiments, the neurotensin blocker is

SR48692, SR 142948A (Sanofi-Aventis, Paris, France).

[0064] In other embodiments, the antipsychotic agent is
risperidone.
[0065] In some embodiment, the heavy metal chelator is

meso-2,3-dimercaptosuccinic acid (DMSA).

[0066] The olive kernel extract component is described in
U.S. Publication No. 2006/0013905, which is fully incorpo-
rated into this application by reference.

Methods of Treating

[0067] A composition of this disclosure is useful to treat an
ASD by inhibiting brain blood vessel leakage. When admin-
istered to a subject with an ASD, the disclosed compositions,
or therapeutic formulations containing such compositions,
modulate at least one behavioral symptom of the disorder
being treated. A physician with training in the diagnosis and
treatment of the relevant ASD disorder will be able to detect
the modulation in the at least one symptom of the relevant
disorder. One of the screening tests for such improvement is
the Aberrant Behavior Checklist (ABC).

[0068] This disclosure is also directed to kits to screen for
an ASD in a subject. A kit comprises at least a rapid way of
obtaining a blood sample and screening for increased levels
of NT and IL-6 in the subject. The container can be sterile,
permitting a sufficient amount of blood to be drawn into a
physiologically acceptable vehicle for immediate or further
analysis. The kit can also include a label or instructions to
screen for an ASD in a subject.
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[0069] Although not bound by any particular mechanism of
action of the components of the claimed compositions, the
inventor contemplates that they inhibit brain blood vessel
leakage.

Methods of Screening

[0070] This application is also directed to methods of
screening a subject to determine whether the subject has an
ASD. The method comprises collecting blood from a subject
suspected of having an ASD. Next, the serum or plasma is
separated from the sample is assayed for the level of a certain
marker or markers. The expression and/or production of the
markers can also be identified in peripheral blood leukocytes
from the blood plasma either before or after stimulation with
such triggers as phytohemasgglutinin (HPA) or NT in vitro.
The marker or markers can be, for example, NT, IL-6, 11.-33,
PAF, and VEGF. Finally, the level of the marker or markers
are compared against the level from a subject known not to
have an ASD. A higher level of the marker in a subject sus-
pected of having an ASD indicates that the subject may have
an ASD.

[0071] The levels of the markers can be measured by vari-
ous assays. For example, the levels of neurotensin and IL-6
can be measured by commercially available ELISA kits (e.g.
R & D Systems, Indianapolis, Ind.) or by multiplex micro-
bead arrays (e.g., Millipore, Billerica, Mass.). Other methods
include intradermal blood sampling and electrochemical
detection of some of the markers.

Formulation

[0072] This disclosure is also directed to a pharmaceutical
formulation comprising at least one disclosed composition,
and a pharmaceutically-acceptable carrier. Such formulations
are suitable for administration to a subject. The pharmaceu-
tical formulation can be used for treating a disorder described
above,

[0073] Any suitable pharmaceutically acceptable carrier
known in the art can be used as long as it does not affect the
inhibitory activity of a disclosed composition. Carriers may
be used that efficiently solubilize the agents. Carriers include,
but are not limited to, a solid, liquid, or a mixture of a solid and
a liquid. The carriers can take the form of capsules, tablets,
pills, powders, lozenges, suspensions, emulsions, or syrups.
The carriers can include substances that act as flavoring
agents, lubricants, solubilizers, suspending agents, binders,
stabilizers, tablet disintegrating agents, and encapsulating
materials. Other examples of suitable physiologically accept-
able carriers are described in Remington’s Pharmaceutical
Sciences (21st ed. 2005), incorporated into this disclosure by
reference.

[0074] Non-limiting examples of materials which can serve
as pharmaceutically-acceptable carriers include: (1) sugars,
such as lactose, glucose, and sucrose; (2) starches, such as
corn starch and potato starch; (3) cellulose and its derivatives,
such as sodium carboxymethyl cellulose, ethyl cellulose, and
cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gela-
tin; (7) tale; (8) excipients, such as cocoa butter and supposi-
tory waxes; (9) oils, such as peanut oil, cottonseed oil, saf-
flower oil, sesame oil, olive oil, corn oil, and soybean oil; (10)
glycols, such as propylene glycol; (11) polyols, such as glyc-
erin, sorbitol, mannitol, and polyethylene glycol; (12) esters,
such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering
agents, such as magnesium hydroxide and aluminum hydrox-
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ide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic
saline, (18) Ringer’s solution, (19) ethyl alcohol; (20) phos-
phate buffer solutions; and (21) other non-toxic compatible
substances employed in pharmaceutical formulations.

[0075] The formulations can conveniently be presented in
unit dosage form and can be prepared by any methods known
in the art of pharmacy. The amount of a disclosed composition
that can be combined with a carrier material to produce a
single-dosage form will vary depending upon the subject
being treated, the particular mode of administration, the par-
ticular condition being treated, and other considerations. The
amount of a disclosed composition that can be combined with
a carrier material to produce a single-dosage form will gen-
erally be that amount of the composition that produces a
therapeutic effect. Generally, out of one hundred percent, this
amount will range from about 1 percent to about ninety-nine
percent of active ingredient, in some instances from about 5
percent to about 70 percent, in other instances from about 10
percent to about 50 percent.

[0076] Methods of preparing these formulations or compo-
sitions include the step of bringing into association a compo-
sition disclosed in this application with a carrier and, option-
ally, one or more accessory ingredients. In general, the
formulations are prepared by uniformly and intimately bring-
ing into association a composition of this disclosure with
liquid carriers, or timely divided solid carriers. or both, and
then, if necessary, shaping the product.

[0077] Insolid dosage forms of the disclosed compositions
for oral administration (e.g., capsules, tablets, pills, dragees,
powders, granules, and the like), the active ingredient is
mixed with one or more additional ingredients, such as
sodium citrate or dicalcium phosphate, and/or any of the
following: (1) fillers or extenders, such as, but not limited to,
starches, lactose, sucrose, glucose, mannitol, and/or silicic
acid; (2) binders, such as, but not limited to, carboxymethyl-
cellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose,
and/or acacia; (3) humectants, such as, but not limited to,
glycerol; (4) disintegrating agents, such as, but not limited to,
agar, calcium carbonate, potato or tapioca starch, alginic acid,
certain silicates, and sodium carbonate; (5) solution retarding
agents, such as, but not limited to, paraffin; (6) absorption
accelerators, such as, but not limited to, quaternary ammo-
nium compounds; (7) wetting agents, such as, but not limited
to, cetyl alcohol and glycerol monostearate; (8) absorbents,
such as, but not limited to, kaolin and bentonite clay; (9)
lubricants, such as, but not limited to, talc, calcium stearate,
magnesium stearate, solid polyethylene glycols, sodium lau-
ryl sulfate, and mixtures thereof; and (10) coloring agents. In
the case of capsules, tablets, and pills, the pharmaceutical
compositions can also comprise buffering agents. Solid com-
positions of a similar type can also be employed as fillers in
soft and hard-filled gelatin capsules using such excipients as
lactose or milk sugars, as well as high molecular weight
polyethylene glycols, and the like.

[0078] In powders, the carrier is a finely-divided solid,
which is mixed with an effective amount of a finely-divided
agent. Powders and sprays can contain, in addition to a com-
position of this disclosure, excipients, such as lactose, talc,
silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays
can additionally contain customary propellants, such as chlo-
rofluorohydrocarbons and volatile unsubstituted hydrocar-
bons, such as butane and propane.
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[0079] Tablets for systemic oral administration can include
one or more excipients as known in the art, such as, for
example, calcium carbonate, sodium carbonate, sugars (e.g.,
lactose, sucrose, mannitol, sorbitol), celluloses (e.g., methyl
cellulose, sodium carboxymethyl cellulose), gums (e.g., ara-
bic, tragacanth), together with one or more disintegrating
agents (e.g., maize, starch, or alginic acid, binding agents,
such as, for example, gelatin, collagen, or acacia), lubricating
agents (e.g., magnesium stearate, stearic acid, or talc), inert
diluents, preservatives, disintegrants (e.g., sodium starch gly-
colate), surface-active and/or dispersing agent. A tablet can
be made by compression or molding, optionally with one or
more accessory ingredients.

[0080] In solutions, suspensions, emulsions or syrups, an
effective amount of a disclosed composition is dissolved or
suspended in a carrier, such as sterile water or an organic
solvent, such as aqueous propylene glycol. Other formula-
tions can be made by dispersing the agent in an aqueous starch
or sodium carboxymethy! cellulose solution or a suitable oil
known to the art. The liquid dosage forms can contain inert
diluents commonly used in the art, such as, for example, water
or other solvents, solubilizing agents and emulsifiers, such as,
but not limited to, ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, oils (in particular, cot-
tonseed, groundnut, corn, germ, olive, castor and sesame
oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols,
and fatty acid esters of sorbitan, and mixtures thereof.
[0081] Besides inert diluents, the oral formulations can also
include adjuvants, such as wetting agents, emulsifying and
suspending agents, sweetening, flavoring, coloring, perfum-
ing, and preservative agents.

[0082] Suspensions can contain, in addition to the dis-
closed composition, suspending agents as, for example,
ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and
sorbitan esters, microcrystalline cellulose, aluminum
metahydroxide, bentonite, agar and tragacanth, and mixtures
thereof.

[0083] Formulations of the pharmaceutical compositions
for rectal or vaginal administration can be presented as a
suppository, which can be prepared by mixing one or more
compositions of this disclosure with one or more suitable
non-irritating excipients or carriers comprising, for example,
cocoa butter, polyethylene glycol, a suppository wax or a
salicylate, and which s solid at room temperature but liquid at
body temperature and, thus, will melt in the rectum or vaginal
cavity and release the agents. Formulations suitable for vagi-
nal administration also include, but are not limited to, pes-
saries, tampons, creams, gels, pastes, foams, or spray formu-
lations containing such carriers as are known in the art to be
appropriate.

[0084] Dosage forms for the topical or transdermal admin-
istration of a composition of this disclosure include, but are
not limited to, powders, sprays, ointments, pastes, creams,
lotions, gels, solutions, patches, and inhalants. The disclosed
composition can be mixed under sterile conditions with a
pharmaceutically-acceptable carrier, and with any preserva-
tives, buffers, or propellants.

[0085] Ointments, pastes, creams, and gels can contain, in
addition to a disclosed composition, excipients, such as ani-
mal and vegetable fats, oils, waxes, paraffins, starch, traga-
canth, cellulose derivatives, polyethylene glycols, silicones,
bentonites, silicic acid, talc and zinc oxide, or mixtures
thereof.
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[0086] Transdermal patches have the added advantage of
providing controlled delivery of a composition of this disclo-
sure to the body. Such dosage forms can be made by dissolv-
ing or dispersing the agents in the proper medium. Absorption
enhancers can also be used to increase the flux of the agents
across the skin. The rate of such flux can be controlled by
either providing a rate controlling membrane or dispersing
the subject composition in a polymer matrix or gel.

[0087] The compositions of this application are adminis-
tered in a therapeutically effective amount to a patient in need
of such treatment. This amount can vary, depending on the
activity of the agent utilized, the nature of the disorder, and
the health of the patient, among other considerations. A
skilled practitioner will appreciate that the therapeutically
effective amount of a disclosed composition can be lowered
or increased by fine-tuning and/or by administering more
than one disclosed composition, or by administering a com-
position of this disclosure together with a second agent (e.g,,
antibiotics, antifungals, antivirals, NSAIDS, DMARDS, ste-
roids, etc.). Therapeutically effective amounts can be easily
determined, for example, empirically by starting at relatively
low amounts and by step-wise increments with concurrent
evaluation of beneficial effect (e.g., reduction in symptoms).
The actual effective amount will be established by dose/
response assays using methods standard in the art (Johnson et
al., Diabetes, (1993)42:1179). As is known to those in the art,
the effective amount will depend on bioavailability, bioactiv-
ity, and biodegradability of the composition of this applica-
tion.

[0088] The concentration range of the flavonoids of the oral
formulations can be 10-3,000 mg per tablet or capsule. Gen-
erally, where present, the amounts of the unrefined olive
kernel extract is about 30-50% of the other active ingredients
and can be 300-1200 mg. The number of capsules or tablets to
be taken per day is determined by the nature and severity of
the medical condition, and is readily determinable by the
patient’s health provider. Other representative formulations
are described in the examples below.

[0089] The therapeutically effective amount will vary with
the subject being treated. Administration of the composition
of this disclosure can be hourly, daily, weekly, monthly,
yearly, or a single event. For example, the effective amount of
the composition can comprise from about 20 mg/kg body
weight to about 500 mg/kg body weight and the tablets or
capsules can be administered as 2-4/20 kg body weight.
When one or more compositions or agents are combined with
a carrier, they can be present in an amount of about 1 weight
percent to about 99 weight percent, the remainder being com-
posed of the pharmaceutically-acceptable carrier.

Administration

[0090] Methods ofadministration of the therapeutic formu-
lations comprising the compositions of this disclosure can be
by any of a number of methods known in the art. These
methods include, but are not limited to, local or systemic
administration. Exemplary routes of administration include,
but are not limited to, oral, parenteral, transdermal, intrader-
mal, intramuscular, intraperitoneal, intravenous, subcutane-
ous, intranasal (e.g., nebulizer, inhaler, aerosol dispenser),
colorectal, rectal, intravaginal, and any combinations thereof.
In addition, it may be desirable to introduce pharmaceutical
compositions of the disclosed compositions into the central
nervous system by any suitable route, including intraventricu-
lar and intrathecal injection. Intraventricular injection can be
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facilitated by an intraventricular catheter, for example,
attached to a reservoir, such as an Ommaya reservoir. Meth-
ods of introduction can be provided by rechargeable or bio-
degradable devices, e.g., depots.

[0091] Administration can occur by coating a device,
implant, stent, or prosthetic. The compositions of this appli-
cationcan also be used to coat catheters in any situation where
catheters are inserted in the body. The compositions of this
disclosure may also be used as coatings on implanted medical
devices. The coated devices can be used to deliver the dis-
closed compositions to a subject and to treat or protect against
inflammation caused by the device itself. Such medical
devices include artificial skins (scaffolding such as naturally
occurring polymers, e.g., collagen; man-made polymers, e.g.,
PTFE, Dacron, PET or polyethylene; self-degrading man-
made polymers, e.g., PLA or PGA; biopolymer matrices from
animal tissues including fetal and neonatal tissues to be used
as tissue engineering scaffolds (cf. Bell et al., U.S. Pat. No.
6,696,074)), artificial joints, band-aids, stents for blood ves-
sels, artificial blood vessels, pacemakers, stents for abdomi-
nal support in hernia repair, tissue transplants, prostheses,
breast implants, etc. Particularly useful in this regard are
compositions containing olive kernel extract in softgel cap-
sules or other appropriate vehicles.

[0092] Thetherapeutic formulations containing a disclosed
composition can also be administered as part of a combina-
torial therapy with other agents. Combination therapy refers
to any form of administration combining two or more differ-
ent therapeutic compounds such that the second compound is
administered while the previously administered therapeutic
compound is still effective in the body (e.g., the two com-
pounds are simultaneously effective in the patient, which may
include synergistic effects of the two compounds). For
example, the different therapeutic compositions can be
administered either in the same formulation or in a separate
formulation, either simultaneously or sequentially. Thus, an
individual who receives such treatment can have a combined
(conjoint) effect of different therapeutic compositions.
[0093] Other therapeutic agents useful potentially useful in
ASDs include antioxidants. Antioxidants can be natural or
synthetic. Antioxidants are, for example, superoxide dismu-
tase (SOD), 21-aminosteroids/aminochromans, glutathione,
S-adenosyl methionine, vitamin C or vitamin E. Many other
antioxidants are known to those of skill in the art. The com-
positions of this application can serve as part of a treatment
regimen that may combine many different anti-inflammatory
agents. For example, the subject compositions can be admin-
istered in combination with one or more of an NSAID,
DMARD, or immunosuppressant.

[0094] Thedisclosure is further illustrated by the following
examples, which are not to be construed as limiting this
disclosure in scope or spirit to the specific procedures
described in this disclosure. It is to be understood that the
examples are provided to illustrate certain embodiments and
that no limitation to the scope of the disclosure is intended
thereby. It is to be further understood that resort may be had to
various other embodiments, modifications, and equivalents
thereof which may suggest themselves to those skilled in the
art without departing from the spirit of the present disclosure
and/or scope of the appended claims.

EXAMPLES
Example 1
Increased Serum Biomarkers in Autism

[0095] Serum was collected from white, non-Latino
healthy subjects (n=7, age: 2.5-4 years old) and children with
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autism (n=29, age: 2.5-3.5 years old) and analyzed for the
following peptides: p-endorphin, NT, and substance P (SP),
as well as the following cytokines: IL-1a, IL-1f, IL-4, IL-6,
1L-8, IL-10, IL-13, using multiplex microbead arrays (Milli-
pore, MA). As shown in FIGS. 1 and 2, only NT and IL-6
showed a statistically significant increase in children with
autism as compared to normally developing controls. Thus,
both of these molecules could serve as diagnostic markers for
ASDs.

Example 2

Inhibitory Effect of Flavonoids on Brain Blood Ves-
sel Leakage

[0096] Male BALB/6 mice (6 weeks old, Jackson Labora-
tories, Bar Harbor, Me.) were injected in their tail vein with
0.2 ml of Evans blue (0.4%). Binding of Evans blue to the
albumin found in the blood prevents Evans blue from escap-
ing the circulation and constitutes a good marker from
extravasation in brain parenchyma.

[0097] Brainblood vessel leakage was assessed with Evans
blue extravasation at 2 hr following Evans blue and 30 min
after intraperitoneal injection of NT. Mice were anesthetized
with a single intraperitoneal injection of ketamine/xylazine
(10 mg/kg and 80 mg/kg body weight, each), an intracardiac
catheter was inserted in the left ventricle, blood was with-
drawn, and 10 ml normal saline was administered intracar-
dially to wash any Evans blue from the systemic circulation.
The mice were then decapitated and the whole brain was
removed. For brain extravasated Evans blue measurements,
the brains were first weighed and the Evans blue was then
extracted in 1 ml of N,N-dimethylformamide overnight at 55°
C. and the optical density was measured at 620 nm using a
PerkinElmer Luminescence Spectrophotometer (Perkin
Elmer, Norwalk, Conn.). EB concentration was calculated
using a standard curve and values were normalized to the
tissue weight and expressed as arbitrary units/mg of tissue.
Five animals per group were estimated to be sufficient for
significant differences given the variability (<50%) observed.
Results of Evans blue/mg tissue were expressed as mean+SD
of percent change from control. This statistical analysis was
chosen because it permits the experimental results to be com-
pared to their own control and avoids variability from experi-
ment to experiment. Values were then compared using the
non-parametric Mann-Whitney U test. Significance is
denoted by p<0.05. In order to induce brain blood vessel
leakage, the mice were either treated only with an intraperi-
toneal injection (0.5 ml) of NT (500 nmol/kg body weight) or
first pretreated with the flavonoid luteolin (40 mg/kg body
weight) mixed in olive kernel extract to permit solubilization
and increased absorption of the lipid-soluble luteolin. The
mice not treated with luteolin were pretreated the same way
only with the vehicle in order to keep the conditions similar
[olive kernel extract, obtained from Minerva Edible Oils,
Athens, Greece (http://www.minerva.com.gr/)]. As shown in
FIG. 3, NT induced 150% increase in brain blood vessel
leakage, while pretreatment with Iuteolin completely inhib-
ited brain blood vessel leakage. When the mice were treated
with both IL.-33 (1 microg/mouse) and NT, brain leakage was
even greater (F1G. 3); IL-33 alone had no effect. Pretreatment
with the same amount of luteolin as before inhibited brain
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blood vessel leakage by 50% (FIG. 3). Using more luteolin
could inhibit the synergistic effect of IL-33 and NT.

Exaniple 3
NeuroProtek®

[0098] NeuroProtek® contains (Table 1) the quercetin gly-
coside rutin that gets cleaved by intestinal bacteria and acts
primarily on the gut. Quercetin is metabolized as “decoy” and
allows higher absorption of the lipophilic flavone luteolin.
Increased absorption of luteolin is further achieved by formu-
lation in olive kernel extract that forms liposomes that
increase absorption.

[0099] Quercetin at 10 uM was sufficient to inhibit mast
cells by 80%. The amount of 10 uM is 10 mg per 1 liter=1 kg,
or 200 mg per 20 kg body weight, assuming that our body is
one compartment with equal distribution and complete
absorption. If we were to further assume maximal 30%
absorption of the flavonoids, then administration is
3x200=600 mg/20 kg body weight. Each NeuroProtek® cap-
sule contains a total of 300 mg flavonoids (Table 1). Thus, two
capsules will deliver the required 600 mg/20 kg body weight.
[0100] The specific flavonoids proposed are safe. (Har-
wood M, Danielewska-Nikiel B, Borzelleca ] F, Flamm G W,
Williams G M, Lines T C. A critical review of the data related
to the safety of quercetin and lack of evidence of in vivo
toxicity, including lack of genotoxic/carcinogenic properties.
Food Chem Toxicol. 2007 November; 45(11):2179-205).
[0101] Preferred sources of the select flavonoids can be
from Pharma Science Nutrients, Inc., Ocala, Fla., while this
formulation can be made by GMP-Certified Tishcon Corp.,
Salisbury, Md.).

TABLE 1

Feb. 3, 2011

more than once. She was put on 2 capsules of NeuroProtek®/
20 kg body weight per day. Six months later, her ability to
interact with others and learn simple words improved signifi-
cantly. She would allow the health provider to hold her and
help her make simple drawings.

EQUIVALENTS

[0104] Those skilled in the art will recognize, or be able to
ascertain, using no more than routine experimentation,
numerous equivalents to the specific embodiments described
specifically in this disclosure. Such equivalents are intended
to be encompassed in the scope of the following claims.

1. A method of treating an autism spectrum disorder, com-
prising administering to a subject in need thereof an effective
amount of a composition comprising one or more flavonoids,
and optionally, a serotonin blocker, a histamine-1 receptor
antagonist, a histamine-3 receptor agonist, an antipsychotic
agent, a heavy metal chelator, and olive kernel extract.

2. The method of claim 1, wherein the autism spectrum
disorder is autism.

3. The method of claim 1, wherein the autism spectrum
disorder is Asperger’s disorder.

4. The method of claim 1, wherein the autism spectrum
disorder is Rett syndrome.

5. The method of claim 1, wherein one of the one or more
flavonoids is apigenin, astragaline, (-)-epigallocatechin-3
gallate, genistein, hesperetin, hesperidin, kaempferol, luteo-
lin, myricetin, quercetin, or rutin.

6. The method of claim 1, wherein the serotonin blocker is
azatadine or cyproheptadine.

The composition of NeuroProtek ®

Ingredient Chermnical entity Source Purity  Amount (mg/dose)
Luteolin Flavone Chamonmile 97% 30
Quercetin Flavonol Chamomile 99% 170
Rutin Flavonoid glycoside Saphora plant 99% 100
Olive kernel extract  Oil Olive seeds 99%  40% weight/weight

Example 4

Effectiveness of NeuroProtek® on Children with
Autism

[0102] Diagnosis of the specific subjects was made using
the Autism Diagnostic Observation Schedule-Generic
(ADOS-G, a patient observational tool); follow-up was per-
formed with the ABC screening test. The first subject was an
8 year old boy with Autism and a rash that had never been
diagnosed. He had diarrhea when his skin flared up. He had
been to allergists and dermatologists for years; they believed
he is not allergic. The child was given 2 capsules of Neuro-
Protek®/20 kg body weight per day. Six months later his
behavior improved significantly in that he was as easily excit-
able and did not purposely repeat arm gestures as before. He
was more patient and managed to put letter blocks together to
form words.

[0103] A 5 yearold girl with Atypical Autism (PDD-NOS)
would not allow the health provider to even come close to her.
She would hide under the table and would scream if addressed

7. The method of claim 1, wherein the histamine-1 receptor
antagonist is azelastine, azatadine, hydroxyzine, merelastine,
or rupatadine.

8. The method of claim 1, wherein the histamine-3 receptor
agonist is R(-)-a-methyl histamine, N*-methyl histamine,
N“-methyl histamine, a-N“-dethylhistamine, a,f-dimethyl
histamine, N%-methyl-a-(dimethyl)histamine, N“-methyl-
a-(chloromethyl)histamine, or o,f-difluoro-N“-(fluorom-
ethyl)histamine.

9. The method of claim 1 wherein the neurotensin blocker
is SR48692 or SR 142948A.

10. The method of claim 1 wherein the antipsychotic agent
is risperidone.

11. The method of claim 1 wherein the heavy metal chela-
tor is meso-2,3-dimercaptosuccinic acid.

12. The method of claim 1, wherein the composition is
administered by oral or parenteral routes.

13. A method of screening for an autism spectrum disorder
in a subject suspected of having an autism spectrum disorder,
comprising:
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(a) collecting blood serum from a subject suspected of
having an autism spectrum disorder;

(b) assaying the blood serum to determine the level of a
marker in the blood serum;

(¢) comparing the level of marker in the blood serum to the
level of marker in blood serum from a subject known not
to have an autism spectrum disorder,

wherein a higher level of the marker in the subject suspected
ofhaving an ASD indicates that the subject may have an ASD.

14. The method of claim 13, wherein the marker is neuro-

tensin.

15. The method of claim 13, wherein the marker is inter-

leukin-6.
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16. The method of claim 13, wherein the marker is IL-33,
PAF, tryptase, or VEGF.

17. The method of claim 13, wherein a dosage for treatment
of the autism spectrum disorder is indicated by the level of the
marker.

18. The method of claim 13, wherein the assaying is by
ELISA.

19. The method of claim 13, wherein the assaying is by a
multiplex microbead array assay.

20. The method of claim 13, wherein the assaying is by
intradermal electrochemical detection.

% ok ok sk ok
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