2 0 JUN 2005 WD 02/ 066032 PCT/ US02/ 05688 1 Treatnment of Schi zop@etiNa2(0s
- The present application is based on, and clains priority fromuUnited

. States Application No. 601270,087 filed February 20, 2001. Background of
the Invention 5 Schizophrenia is a common, conpl ex, heterogeneous, adult
onset, poYQYFB2neur opsychiatric disease. Schi zophrenPSTEPECt 1-1. 5%
of the population and is a nmajor cause of nortality and norbidity.

Al t hough clearly heritable, the disease follows a non-Mendelian pattern
of inheritance. One theory posits that schizophrenia is a caused by
neur o- degenerati ve CAG 10 trinucl eoti de repeats encodi ng pol ygl utam ne
arrays typically longer than 35 repeats_in the coding regions, or the
untransl at ed sequences (i ntlrmatmenbobScmzuphmwan am ne repeats
nodul ate gene or protein structure and function. Pathophysi ol ogi cal
nodel s of the disease have localized its expression 15 to the
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and nesoliﬁ%?@é%éfﬁbﬁ%gyﬁwﬂe @E$@b6%25%vb THAY, a%égfhe very linited
region of the central nervous system (CNS) that expresses Dopam ne D2
receptors. Bam@rowhdoedtifamngehtngl studi es have previously 20 inplicated
t hese two pat hways in the pathogenesis of schizophrenia. The human

hi ppocanpus andéfqgcdgla,are two regions also inplicated jn effect and
psychosi®s. All otctfpplzenia iR 8 Geminely G !r ARIRI0SeRPOUS AW O'iGlmn  cDNA

sequence t hﬁély@éﬁ@@%ﬁrt%;gwéﬂf@&is%[ lscRRBAMEhANSRe SRl Ch WY, &olkvat ed
pot assi um channel (hSKCa3). This nucl eotide has been isolated 2 0 JUN
2005 population and is a major cause of mortality and morbidity. Although clearly

heritable, the disease follows a non-Mendelian pattern of inheritance. One
theory posits that schizophrenia is a caused by neuro-degenerative CAG

10 trinucleotide repeats encoding polyglutamine arrays typically longer than 35
repeats in the coding regions, or the untranslated sequences (introns) of
genes. These polyglutamine repeats modulate gene or protein structure and

function.

Pathophysiological models of the disease have localized its expression

15 to the dopaminergic neurons of the mid-brain—the substantia nigra and
ventral tegmental area—from these dopaminergic neurons into the.
nigrostriatal and mesolimbic pathways. These two pathways encompass the
very limited region of the central nervous system {(CNS) that expresses
Dopamine D2 receptors. Imaging and functional studies have previously

20 implicated these two pathways in the pathogenesis of-schizophrenia. The
human hippocampus and amygdala are two regions also implicated in effect
and psychosis. All of these regions show the presence of a novel human
cDNA sequence that encodes a neuronal small conductance calcium-

activated potassium channel (hSKCa3). This nucleotide has been isolated
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. activated potassium (K+) channels play a critical role in det@rgriN Hh
~the firing pattern of neurons. The m s-match expansi on of genes by DNA
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and neuronal excitability and thereby increase disease risk when
conbined with other genetic and environnental factors. Northern-bl ot
anal ysis has reveal ed hSKCa3 specific expression to be largely limted
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hyperpolarization and in regulating of cellular calcium signals. Alteration in

hSKCa3 channel function might be expected to affect neural excitability.

SKCa channels hyperpolarize the membrane potential of neurons and

15 thereby inactivate NMDA-R receptors (N-methyl-o-aspartate type glutamate

receptor channels). The NMDA-R recep'tors are the major excitatory

receptors in the central nervous system. Hyperactive hSKCa3 channels

would therefore be expected to induce NMDA-R receptor hypofunction and

might thereby enhance susceptibility to disease.

20 When bound by an agonist, the NMDA-R receptor channéls allow
calcium and sodium to be transduced by potassium channels in a inward
current. There are interactions between the activity of voltage-gated calcium
channels (products of the alpha-1 calcium channel gene), calcium activated
potassium channels (hSKCa3) and NMDA-R receptors. Each channel has the

25 potential to control the activity of the other. Alteration of function in any
one of these important proteins might perturb a common physiological
process. The hippocampus and the amygdala have demonstrated an

abundant expression of hSKCa3. This hSKCa3 is expressed in dopaminergic
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- expression of hSKCa3. This hSKCa3 is expressed in dopam nergic Jm%a
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of the nigrostriatal and nesolinbic pathways. Fluorescence in-situ

hybri di zat %PF/‘{GF‘PSH) anal ysis shows that hSKCa3/ KCNN3 PET{USRAEEd on

chronosone 1 g21. Longer alleles are 3associated with nore negati ve

synpt om di nensi on scores of. the 5 schizophrenic phenotype (P= .01).. CAG

repeats nodify the function of the hSKCa3 channel. The bi ophysics of the

channel s has becone better characterized. The novel, high affinity
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associ ati omayers3 FHhthel CAG repeat al I eles. In all, fifty-nine
parent/offspring trios were used. In these groups hSKCa3 contai ned two
arrays of CAG trinucleotide repeats. It was found in the group that the

20 second CAG r epabionisies ghthe SANPRsr At *éeqoﬁ’“i:BﬁTtTPbPhqrﬁ@ﬁe&'FG‘élaT'Ee with
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test, P_ 0. f?oznf%geneous%nmsh population, which can be traced back over 300 years,

a genome-wide scan identified chromosome Ig32 as a contributing region

{marker spacing of 11cM). Familial hemiplegic migraine locus was mapped

to lg21, a CAG - containing calcium gene involved in SCA6 and familial

migraine.

15 Based upon studies in more homogeneous Israeli-Ashkenazi Jews, a
highly significant p-value (P= 0.00017, Wilcox Rank Sum test) for the
disease association were multi CAG repeat alleles. In all, fifty-nine
parent/offspring trios were used. In these groups hSKCa3 contained two
arrays of CAG trinucleotide repeats. It was found in the group that the

20 second CAG repeat was highly polymorphic in control individuals, with
alleles ranging in size from 12 to 28 repeats. The overall al!el_e frequency
distribution is significantly different in patients with schizophrenia compared
to ethnically matched controls (Wilcox Rank Sum test, P= 0.024) with CAG
repeats longer than thé model value being over-represented in patients

25  (Fisher Exact test, P= 0.0035). Modal value was 19.

The hSKCa3 gene encodes a protein of 731 amino acids and is

exquisitely sensitive to cytosolic free calcium. The rise in calcium via
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cytosolicvygeseabci um The rise in calciumvia 2 0 JUNp29RB02/0468s
02/ 066032 PCT/ US02/ 05688 4 NMDA-R and |igand binding of glutanmate,

causes the hSKCa3 gene to send a small conductance of 4-14 pS (pico
Si enens) to after-hyperpol arize the nenbrane and set up Kv (voltage
gated potassium channel) to further polari ze the nenbrane with 12-40pS.
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schizophrenia. Greater potassium channel activity results in a decreased
discharge frequency. Drugs designed to block this channel should treat
| neuropsychiatric disease, since this gene has a highly restricted pattern of

15 expression in the human brain and is capable of modulating neuronal

excitability through the generation of slow after-hyperpolarizations.

Increased potassium channel activity would indirectly cause the reduction in

activity of the NMDA-R via an extracellular Mg?* block. Thereby the

pathophysiology of schizophrenia would be exacerbated. Drugs like

20 valproate and lithium stimulate glutamate release and activate NMDA-Rs.

A novel therapeutic would be a small regulatory molecule whose
function would be to potentiate the ion channel by way of sequestering
calcium. This would allow the ion channel to have greater load
electro'chemically to hyperpolarize and thereby maintain the NMDA-Rs open

25 by delaying onset of the tonic magnesium block. This would maintain the
cytosolic free calcium potentiating the hSKCa3 channel itself to fire less
often. Keeping the NMDA-R open would allow neural excitability and relief

of psychosis. Conversely, hyperactive hSKCa3 channels would be expected



function would be to potentiate the ion channel by way of sequesﬁjrjur&gmus
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increased Ca*” loading in the signal trensduction pathways. Applicaticn of
ligand specific flavonoids would draw calcium to the S5 and S8 pore or p
region to keep the NMDA-R channel open. Furthermore, the hSKCa3 gene
product would need to modulate less frequently due to calcium cytosolic
loading. This potentiation would cause less freguent after-hyperpolarization
leading to less tonic blocking of the NMDA-R by Mg?*, thereby increasing

calcium flow for further hypofuction.

Summary of the lnvention

The present invention involves the use of flavonoids for the production of a
pharmaceutical composition for the treatment-of schizophrenia. | have
discovered that flavonoids act as the ideal modulators of hSKCa3 ion channels.
When schizophrenia patients are treated with oral doses of common flavonoids
such as quercetin, luteolin and myricetin, the symptoms of the disease are
dramatically ameliorated. Many of the effective flavonoids are.common in a
number of fruits and vegetable. However, normal dietary intake does not appear

to provide sufficient flavonoids for therapeutic action.
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Of specific interest in the present invention are the flavones

qu_ercetin, luteolin, myricetin, hesperetin, apigenin, baicalein, naringenin, and

15 the many glycosides and methyl ethers thereof including but not limited to
rutin, diosmin, hesperidin, myricitrin, etc. These naturally occurring flavones
and their glycosides, by complexing with and sequestering Ca**, help
stabilize the charge of the over built and misconstructed CAG repeats. Too
many CAG (over 19) alleles (Fisher Exact test, P= 0.0035) cause the

20 NMDA-R to operate improperly, resulting in psychosis. It is therefore
thought that by stabilizing the charge density of the overbuilt and
misconstructed CAG repeats the flavonoid molecule restores function to the
NMDA-R and therefore reduces the symptoms associated with

schizophrenia.

25 Effective treatment has been achieved with quercetin as well as. with
mixtures of flavonoids—primarily luteolin, quercetin, and myricetin, but

other flavonoids show activity. It has not yet been determined which
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experiments. Perhaps the old adage should be reformed to read:”An apple a

day keeps the psychiatrist away.”

Examples of the Invention

Subject number one, M.R, was 21-22-year-old paranoid schizophrenic
15 male. He exerted classic symptoms of schizophrenia: he would not come
out of his room; he would not converse with his family or parents; and he
reported hearing voices coming out of the pipes in his bedroom. He had
gained approximately 35+ pounds while receiving classic neuroleptics, and
anti-psychotic drugs to treat his symptoms. His speech was slow, and he
.20 would not look directly at the interviewer. His thought process seemed
unfocused and scattered. His gait was “stuttered” showing small baby
steps. His weight was approximately 230 pounds, and he had dark circles

under his eyes.

M.R.’s parents were unable to care for him and sought to
25  permanently institutionalize him. | started M.R. on a 500mg 3x/day oral
dose regime of quercetin (3, 5, 7, 3’, 4'-pentahydroxyflavone). After 30

days of treatment with gquercetin, the subject no longer heard voices, began
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emotionally. After thirty days of treatment with the mixed guercetin and

myricetin {1500 mg/day), she regained composure, and her husband stated

that she had returned to him. The irrational behavior and psychosis's abated

and counseling was terminated.

15 Subject number three, D.S., was a 42-year-old Caucasian female.
D.S. was arrested for shop lifting from model homes. She did this in front of
the managers of the site and asked employees of the construction company
to come and assist her in loading her car with paintings and typewriters so
she could take them home. Needless to say, this bhizarre behavior surprised

20  the personnel guarding the model homes who promptly called the police.
Meanwhile, D.S. strolled from model home to model home looking for
merchandise to take. She was quite shocked and disoriented when the

police arrested her on the premises. This behavior occurred several times. -

After taking oral flavonoids (primarily quercetin) for two months, the.
25  probation attorneys reported that her bizarre behavior had ceased. D.S.’s
husband reported that prior to flavonoid treatment she would speak out loud

to unseen persons and converse with them during dinner. This so distressed
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limiting the invention. Therefore, it is to be understood that, within the
scope of the appended claims, the invention may be practiced other than as

specifically described herein.



scope of the appended clains, the invention nmay be practiced other than
as specifically described herein. 2 0 JUN 2005 1 O dains Wat iﬁ
claimed is : 1. The use of a flavonoid for the production of a 2.0 JON 2005
pharmaceutical conposition for the tré&atnent of schizophrenia. 2. The use
according to Caim1, wherein the pharmaceutical conposition is orally
adm ni st gfjgglas 3. The use according to daim1l, wherein the flavonoid is a
natural |l y occurring flavonoid selected fromthe group consisting of
guercetin, hesperetin, luteolin, nyricetin, apigenin, baicalein, and
nari ngenin. 4. The use according to Caim1l, wherein the flavonoid is a
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2. The use according to Claim 1, wherein the

pharmaceutical composition is orally administered.

3. The use according to Claim 1, wherein the flavonoid is a
naturally occurring flavonoid selected from the group consisting of quercetin,

hesperetin, luteolin, myricetin, apigenin, baicalein, and naringenin.

4. The use according to Claim 1, wherein the flavonoid is a

glycoside, ester or conjugate of a flavonoid.

5. The use according to Claim 5, wherein the glycoside is

selected from the group consisting of rutin, diosmin, hesperidin, and myricitrin.

6. The use of a quercetin for the production of a

pharmaceutical composition for the treatment of schizophrenia.

7. The use according to Claim 6, wherein the

pharmaceutical composition is orally administered.



