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inventores a favor de mi mandante.
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!erial No. 12/696,588 DOCKET NO. CODS5222US8CIP1
Filing Date:01/29/2010 Joint Inventors

ASS I GNMENT

WHEREAS, Thomas M. DiMauro, Alan Dextradeur, Sean
Lilienfeld and Ramakrishna Venugopalan, residing at 3
Fitzgcrald Lane, Southborough, MA 01772, 15 Lyons, Street,
Franklin, MA 02038, 12 Terrapin Lane, Sharon, MA 02067 and 15
Old Cart Path, Holliston, MA 01746 respectively (hereinafter
called "Assignors"), have made certain new and useful inventions
or discoveries relating to

Shunt Delivery of Curcumin

for which they have on January 29, 2010 filed an application for
Letters Patent of the United Statcs, identified as Serial No.
12/696,588; and

WHERFEAS, CODMAN & SHURTLEFF, INC., a corporation of
the State of New Jersey, (hereinafter called "Assignee") is
desirous of acquiring Assignors' entire right, title. and
interest therein:

NOW, THEREFORE, BE IT KNOWN that for good and
valuable considerations, the reccipt of which 1is hcreby
acknowledged, Assignors have sold, assigned, and transferred,
and do hereby scll, assign and transfer unto said Assignee their
entire right, title and interest in and to all said inventions
and discoveries disclosed in said application whose
identification above by serial number and filing date, when
available is hereby authorized, and in and to said application,
all substitutions, non-provisionals, divisions, and
continuations thereof, and in and to all Letters Patent, United
States and foreign, that may be granted [or said inventions and
discoveries, and in and to all extensions, renewals, and
reissues thereof, thce same to be held and enjoyed by said
Assignee, its successors and assigns, as fully and entirely as
the same would have been held and enjoyed by Assignors if this
Assignment and sale had not been made;

And Assignors hereby authorize and request the
Commissioner of Patents of thc United States (o issue said
ILetters Patent in accordance with this Assignment;

And for the consideration aforesaid, Assignors
covenant and agree with said Assignee that he has a full and
unencumbered title to the inventions and discoveries above

PATENT
REEL: 023975 FRAME: 0315
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!escribcd and hereby assigned, which title they warrant unto
said Assignee, its successors and assigns;

And for the consideration aforesaid, Assignors
further covenant and agree that they will, whenever requested,
but without cost to them promptly communicate to said Assignee
or its representatives any facts known to them relating to said
inventions and discoveries, testify in any interference or legal
proceedings involving said inventions and discoveries, and
execute any additional papers that may be necessary to enable
said Assignee or its representatives, successors, nominees, or
assigns to secure full and complete protection for the said
inventions and discoveries or that may be necessary to vest in
said Assignce the complete title to the said inventions and
discoveries and patents hereby conveyed and to enable it to
record said title.

IN  TESTIMONY WHEREOF, Assignors have hereunto set
their hands and seals this 11 day of February, 2010

-,)r—/(fﬂ%z. ﬂy Z/’/://‘/’QM (1..8.)

Thomas M. DiMauro

()‘a"\' S:QMM/; (L.S.)

Alan Dextradeur

mu_\ (L.S)

/SeanW

\ &V““‘Ww (L.S.)

Ratkkrisiha Venugopalan

STATE OF MASSAGWUSETTS

) ss.
COUNTY OF o)
BE IT REMEMBERED, That on this day of ﬁérul;ﬂ'f
i Thomas M.
before me, a Notary Public, personally appeare _
12)?1\1/1(:1,ur0, Alan Dextradecur, Sean Lilicenfeld and Ramakrishna

Venugopalan, who I am satisfied are.the persons namc'd inI a]l"ld Wlll()
executed the foregoing instrument 1n my presence, and 1av(111_cg1
first made known to them the contents t.hereo_{-', hfh?y ’ ;S
acknowledge that they signed, sealed, and delivered t,b Z;rg;ein
their voluntary act and deed for the uses and purposcs

expressed.

AMY PELLETIER 7 (JNetary Public

- ' Notary Public
@ Commonwealth of Massachusetts
My Commission Expires January 21.2011 PATENT
RECORDED: 02/23/2010 REEL: 023975 FRAME: 0316




ESTADOS UNIDOS DE AMERICA
A TODOS AQUELLOS A QUIENES FI PRESENTE LLEGUE:

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
Oficina de Patentes y Marcas de los Estados Unidos

Enero 24, 2011

La presente es para certificar que el anexo es una copia fiel de los registros de la
Oficina de Patentes y Marcas de los Estados Unidos, de los documentos de la
solicitud de patente 1dentificada mas adelante, que cumplieron con los
requerimientos para concederse una fecha de presentacidon de acuerdo con 35

USC 111.

Numero de Solicitud: 12/696,588
Fecha de Presentacién: Enero 29 de 2010

EL. CODIGO DEL PAIS Y EL NUMERO DE SU SOLICITUD DFE
PRIORIDAD, PARA SER USADA EN LA PRESENTACION
EXTRANJERA BAJO EL CONVENIO DE PARIS ES US 12,696,588

Por la autornidad de
Bajo el Secretario de Comercio para la Propiedad Intelectual y el Director de la
Oficina de Patentes y Marcas de los Estados Unidos de América

(fdo) W.MONTGOMERY

Oficial Certificador

Sello oficial de la Oficina de Patentes y Marcas de los
Estados Unidos de América
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

January 24, 2011 e

JCe I A
”'f,_ THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM - T i
o THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK R
: f OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT ‘
K

APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 12/696,588
FILING DATE: January 29, 2010

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY
APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS
CONVENTION, IS US12/696,588

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office

W MONTGOM
Certifying Officer
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SHUNT DELIVERY OF CURCUMIN
CROSS REFERENCE TO RELATED APPLICATION
The present application is a continuation-in-part of pending application United States Serial No.

12/359713, filed January 26, 2009.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a method for delivering curcumin to a paticnt and more
particularly to directing a curcumin agent intracranially to treat a human brain disorder such as

Alzheimer’s disease.

2. Description of the Related Art

[0002] Human brain tissue includes gray and white matter suspended in cerebrospinal fluid
within the cranium and nourished by blood delivered through cercbral arteries. The gray matter
has closely spaced cell bodies of neurons, such as in the cerebral cortex, and the underlying
white matter contains densely packed axons that transmit signals to other ncurons. Brain tissue
has different densities and comprises approximately eighty percent of the intracranial content,
with blood and cerebrospinal fluid each normally comprising approximately ten percent.

[0003] Cerebrospinal fluid is produced in several connected chambers known as ventricles and
typically is renewed four to five times per day. Cerebrospinal fluid in a healthy human flows
slowly and continuously through the ventricles, propelled by pulsations of the ccrebral arteries,
flows around the brain tissues and the spinal column, and then through small openings into the
arachnoid membrane, which is the middle layer of the meninges surrounding the brain
parenchyma and ventricles, where the fluid is finally reabsorbed into the bloodstream.

[0004] There are a number of brain disorders that arise from neurotoxins or other pathogenic
substances which can accumulate in cerebrospinal fluid. For example, it has long been
recognized that aggregation of the protcin amyloid-beta, which can be found in cerebrospinal
fluid, contributcs to the degenerative condition known as Alzheimer’s disease. Microscopic

1
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damage to brain tissue leads to atrophy and a general decline in brain function known as
dementia,

[0005] U.S. Patent No. 5,980,480 by Rubenstein et al. describe a method and apparatus for
treating adult-onset dementia due to Alzheimer’s disease, based on the premise that dysfunction
of normal bodily processes can Icad to deleterious materials being retained within cerebrospinal
fluid. A portion of a patient’s cerebrospinal fluid is removed at a controlled rate to encourage the
patient’s body to produce replacement cerebrospinal fluid and thereby dilutc the concentration of
any deletcrious materials within the cranium. The withdrawn fluid is returned to a bodily space
such as the peritoneal cavity. In one embodiment, a dialysate chamber is provided, its walls
being coated with antibodics specific to target agents within the withdrawn cerebrospinal fluid.
Alternatively, antibodies are bound to beads, strands or other structures that can be periodically
exchanged within the dialysate chamber through a dialysate port.

[0006] In U.S. Publication No. 2009/0131850, Mark Geiger discloses an implanted pump and
filter system having a drug or enzyme to clean and filter cerebrospinal fluid. One lumen of a
dual lumen catheter withdraws cerebrospinal fluid into a drug and filter reservoir and the other
lumen returns the treated fluid to the subarachnoid space of the patient.

[0007] An occlusion resistant hydrocephalic shunt is disclosed in U.S. Patent No. 7,582,068 by
Koullick et al. having a proximal end located in brain tissue and a distal end located within the
patient external to the brain or located external to the patient altogether. The proximal end of the
shunt carries an occlusion resistant or anti-occlusion agent in drug eluting regions where clotting
or tissue growth tend to occlude the lumen of the shunt. A great number of possible anti-
occlusion pharmaceutical agents are listed including curcumin.

[0008] Curcumin has been applied to endovascular stents to reduce restenosis, such as disclosed
in U.S. Publication 2008/0241352 by Shalaby.

[0009] The phenolic molecule curcumin is also known as diferuloylmethane or (E,E)-1,7-bis (4-
hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5,-dione. Curcumin may be derived from a natural
source, the perennial herb Curcuma longa L., which is a member of the Zingiberaceae family.
The spice turmeric is extracted from the rhizomes of Curcuma longa L. and has long been
associated with traditional-medicine treatments used in Hindu and Chinesc medicine. Turmeric

was administered orally or topically in these traditional treatment methods.
2
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[00010] Curcumin has been fed to and injected into the carotid artery of transgenic mice,
as described by Yang et al. in “Curcumin Inhibits Formation of Amyloid Beta Oligomers and
Fibrils, Binds Plaques, and Reduces Amyloid in Vivo”, J. Biol. Chem. vol. 280, pp. 5892-5901
(2005). The article proposes conducting human clinical trials for curcumin to investigatc
whether curcumin may prevent or perhaps treat Alzheimer’s disease.

[00011] It is thercfore desirablc to have a simpler, more rapid and morc effective

technique for reducing or eliminating pathogenic substances within human cerebrospinal fluid.

SUMMARY OF THE INVENTION

[00012] An object of the present invention is to provide a curcumin agent directly to
cerebrospinal fluid for an extended period of time to attenuate the effects of a pathogenic
substance on the brain of a human.

[00013] Another object of the present invention is to treat dementia by delivering a
curcumin agent into the brain.

[00014] A further object of the invention is to allow continuous long-term delivery of a
curcumin agent to areas of the body where targeted neurotoxins exist or could potentially form
and thereby reduce or eliminate Alzheimer’s-type dementia.

[00015] This invention results from the realization that at least one of curcumin, a
curcumin hybrid and a curcumin analog delivered to a sub-dural or sub-meningcal location
within the brain is likely to reduce or eliminate neurotoxins and other pathogens such as
amyloid-beta to treat or prevent occurrence of a brain disorder, especially Alzheimer-type
dementia. The terms curcumin, curcumin hybrid and curcumin analog are defined below. The
term sub-dural as used herein is intended to include all tissues, fluids and spaces underlying the
outermost layer of the dura mater of the meninges, and thereforc includes intra-dural sinuses
such as the superior sagittal sinus, as well as gray matter, white matter and the ventricles. The
term sub-meningeal as used herein is intended to include everything underlying the pia mater,
which is the inncr-most layer of the meninges; in other words, the term sub-meningeal excludes

the arachnoid and dura mater membranes and any spaces or sinuses within them. The term brain

|
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parenchyma as used herein is intended to include gray matter, whitc matter and other essential
parts of the brain providing its function.

[00016] This invention features a method by which a human brain disorder relating to the
presence of a pathogenic substance in cerebrospinal fluid is reduced or prevented by selecting a
human for treatment as a patient and placing a proximal end of a first catheter, having at least a
first lumen, in a first sub-dural location within the brain of the patient to establish open
communication between the first lumen and cerebrospinal fluid of the patient. For an extended
period of time, a curcumin agent selected from at least one of curcumin, a curcumin hybrid and a
curcumin analog is delivered to the cercbrospinal fluid to interact with the pathogenic substance
to attenuate its effect on the brain.

[00017] In one embodiment, the patient is selected because he or she was diagnosed as
having a brain disorder, preferably as having Alzheimer’s discasc for purposes of treatment
according to the present invention. In a preferred embodiment, curcumin achieves a brain tissue
concentration of at least 0.1 uM, morc preferably at least 1 uM, more preferably at least 5 uM,
morc preferably at least 20 pM.

[00018] In some embodiments, the proximal end of the catheter i1s placed within a
ventricle of the brain as the first sub-dural location, and cerebrospinal fluid intermixed with the
curcurmin agent is returned directly to the first sub-dural location. In some other embodiments,
the cerebrospinal fluid intermixed with the curcurmin agent is returned directly to another sub-
dural location within the brain of the patient. The exposed cerebrospinal fluid is returned to the
patient through a second lumen of the first catheter, or through a second lumen of a second
catheter.

[00019] In a further embodiment, the curcumin agent is released from a reservoir
connected to the first catheter. Preferably, the reservoir includes a removable canister carrying
curcumin agent or is otherwise rechargeable so that additional curcumin agent can be added to
extend the treatment period or increase the dosage of curcumin agent. In one embodiment, a
proximal catheter connected to the reservoir transports cerebrospinal fluid intermixed with the

curcumin agent to another location within the patient such as the peritoneal cavity. In another
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embodiment, the curcumin agent is released from a coating carried within at least a portion of the
first catheter.

[00020] In yet another embodiment, the method further includes sampling cercbrospinal
fluid at a sub-dural location that is different than the first sub-dural location and measuring the
concentration of the curcumin agent in the cerebrospinal fluid to estimate its brain tissue
concentration.

[00021] This invention may also be expressed as a system and method for reducing or
preventing a human brain disorder relating to the presence of a pathogenic substance in
cerebrospinal fluid by selecting a human for treatment as a patient and placing a proximal end of
a first catheter, having at least a first lumen, in a first sub-dural location, preferably a sub-
meningeal location, within the brain of the patient to establish open communication between the
first lumen and cerebrospinal fluid of the patient. Cerebrospinal fluid is withdrawn through the
first lumen and is exposed to a curcumin agent selected from at least one of curcumin, a
curcumin hybrid and a curcumin analog to intcract with the pathogenic substance to attenuatc its
effect on the brain. The exposed cerebrospinal fluid is returned to the patient so that the

curcumin agent achieves a brain tissue concentration of at least 0.1 uM.

BRIEF DESCRIPTION OF THE DRAWINGS

[00022] In what follows, preferred embodiments of the invention are explained in more

detail with reference to the drawings, in which:

FIG. 1A is a perspective cross-sectional view of a patient showing a proximal catheter positioned
in a ventricle within the brain of the patient according to one embodiment of the
present invention;

FIG. 1B is a sidc cross-sectional view of a dual lumen Ommaya-type reservoir system for
delivering a curcumin agent according to the present invention;

FIG. 1C is a perspective view of a delivery pump system according to another embodiment of

the present invention; and

K
%
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FIGS. 1D-22 and FIG. 29 arc incorporated by reference from U.S. Application No. 12/359,713
filed January 26, 2009 and entitled “Methylene Blue-Curcumin Analog for the

Treatment of Alzheimer’s Disease™.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS

[00023] The term “curcumin agent” is described in more detail below. A portion of
system 10 according to one aspect of the present invention is illustrated in FIG. 1A having a
proximal catheter 12, a reservoir 14, and a distal catheter 16. A patient P is selected based on
one or more criteria, such as having been diagnosed as having a brain disorder such as
Alzheimer’s disease. Reservoir 14 is implanted under the scalp of the patient P and a leading
portion 18 of the proximal catheter 12, also referred to as a ventricular catheter in this
construction, is placed through a burr hole 20 into a first sub-dural location such that inlet holes
22 of proximal end 24 communicate with cerebrospinal fluid in right ventricle RV.
Alternatively, the proximal end 24 is placed in left ventricle LV or other sub-dural location,
preferably sub-meningeal location, in communication with cerebrospinal fluid of patient P.
[00024] In this construction, catheter 12 defines at least a first lumen communicating with
inlet holes 22 at proximal end 24 and with reservoir 14 at distal end 26. Cerebrospinal fluid 1s
withdrawn through the first lumen and into reservoir 14 , which includes a removable canister 28
having access port 30. Preferably, curcumin agent is loaded into canister 28 prior to
implantation of system 10, and then dosage amounts of curcumin agent can be extended or
increased by needle injection through access port 30. Cannister 28 can also be removed and
recharged or replaced as desired. Curcumin agent is delivered for an extended period of time to
interact with one or more pathogenic substances to attenuate the effect of the pathogenic
substance on the brain of the patient. Preferably, a desired brain tissue concentration of
curcumin agent is achieved as described below.

[00025] Distal catheter 16 returns cerebrospinal fluid, exposed to curcumin agent
according to the present invention, to another location within the patient P such as the peritoneal

cavity. Alternatively, another lumen returns exposed cerebrospinal fluid to a sub-dural location
6
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such as shown in FIG. 1B for Ommaya-type system 40 according to another aspect of the present
invention. First catheter 42 and second catheter 44 having lumens 46 and 48, respectively, are
passed through burr hole 50 in skull S of patient P. In an alternative construction, lumens 46 and
48 are defined by a single catheter. Typically, proximal end 51 of first catheter 42 is placed in a
first sub-dural location to withdraw cerebrospinal fluid and proximal end 53 is placed in a second
sub-dural location, which can be the same or different space, tissue or region of the brain, to
return cxposed cerebrospinal fluid directly to the brain. In another construction, curcumin agent
is simply delivered through lumen 48 into cerebrospinal fluid while other cerebrospinal fluid is
withdrawn through lumen 46 for sampling and measuring purposes.

[00026] System 40 can be derived from or can utilize devices such as the Codman 3000
constant flow rate wound capillary tube device, with dosage of curcumin agent being increased
by increasing its concentration as passed through the capillary tubcs. Another device is the
Archimedes device with etched chip having a tortuous path to define flow rate of delivered
fluids. Both devices are currently commercially available from Codman & Shurtleff, Inc. of
Raynham, Massachusetts.

[00027] As illustrated in FIG. 1B in partial side cross-sectional view, lumen 46
communicates with a first chamber 52 defined by dome wall 56 and lumen 48 communicates
with a second chamber 54 defined by dome wall 58, which is separated from chamber 52 by
septum 60. Dome walls 56 and 58 can be separately tactilely discerned and palpated to move
fluid therethrough. In another construction as shown in phantom, septum 60 continues upward
as septum 60’ to a single dome wall 62 defining or covering both chambers 52 and 54. In either
construction, a check valve can be provided to allow fluid to flow in only one direction between
chambers 52 and 54 during palpation. A separate “squeeze-bulb”-type chamber can also be
provided for mechanical or electro-mechanical activation as desired.

[00028] As further illustrated in FIG. 1B, system 40 in one construction includes multi-
lumen catheter 70 defining a lumen 72 which communicates with chamber 52 and a lumen 74
which communicates with chamber 54 to enable fluid to be remotely withdrawn, delivered
and/or returned separately and independently for ecach chamber 52, 54. A remote delivery pump
90 can be utilized such as shown in FIG. 1C to communicate with one or more lumens through

catheter 92 implanted under the skin of patient P. One example of a suitable pump is the
7
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CODMAN Medstream pump with piezo-electric valve having a variable duty cycle which is
currently commercially available from Codman & Shurtleff, Inc. of Raynham, Massachusetts.
Other types of pumps or delivery devices can be utilized to provide curcumin agent directly to
cerebrospinal fluid for days, weeks or months as desired according to the present invention.
[00029] Cerebrospinal fluid can be exposed to a curcumin agent according to the present
invention in one or more reservoirs or by contact with a coating, a surface or a porous substrate
containing curcumin agent. In one construction a hydrophilic, lipophobic membrane, preferably
carried in a removable, replacable cartridge, traps a gel containing curcumin agent and allows
only cercbrospinal fluid to flow therethrough. A minimum porosity can be provided to trap
particles therein, such as bound amyloid-beta particles or other bound pathogenic substances.
Alternatively, curcumin agent is compounded with catheter material such as silicone or is
mechanically entrapped by a substrate such as one disclosed in U.S. Pub. No. 2006/0004317 by
Mauge ct al. entitled “Hydrocephalus Shunt” which is incorporated herein by reference. Some or
all of the length of the catheter can be “doped” with curcumin agent so that it elutes directly into
cerebrospinal fluid.

[00030] In constructions where cathetcr 92 does not define another lumen to return
curcumin-exposed cerebrospinal fluid to a sub-dural location, the exposed cercbrospinal fluid is
returned to another location within the patient by a catheter 94, such as to the peritoneal cavity.
Samples of cerebrospinal fluid, before and/or after exposure to a curcumin agent, can be
accomplished through port 96. Alternatively, bound pathogenic substances can be periodically
withdrawn from the patient’s cerebrospinal fluid and tested or discarded safely.

[00031] The term “curcumin agent” as used herein includes “curcumin®, a “curcumin
hybrid”, and/or a “curcumin analog” as defined below and in a priority application entitled
“Methylene Blue-Curcumin Analog for the Treatment of Alzheimer’s Disease”, U.S. Application
No. 12/359,713 filed January 26, 2009 which is incorporated herein by reference in its entirety.
Commercial curcumin typically includes three major components: curcumin (77%),
demethoxycurcumin (17%), and bisdemethoxycurcumin (3%), which are often referred to as
"curcuminoids." As used herein, the term "curcumin" includes any one or more of these three
major components of commercial curcumin, and any active dcrivative of these agents. This

includes natural and synthetic derivatives of curcumin and curcuminoids, and includes any
8
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combination of more than one curcumenoid or derivative of curcumin. Derivatives of curcumin
and curcumenoids include those derivatives disclosed in U.S. Patent Application Publication
20020019382, which is herein specifically incorporated by reference.

[00032] Modifications of curcumin and its functional fragments that either enhance or do
not greatly affect the ability to trcat Alzheimer’s disease are also included within the term
"curcumin." Such modifications include, for example, additions, deletions or replacements of one
or more functional groups. These modifications will either enhance or not significantly alter the
structure, conformation or functional activity of curcumin or a functional fragment thereof.
Additionally, curcumin or its functional fragments can be modified by thc addition of epitope
tags or other sequences that aid in its purification and which do not greatly affect its activity. As
used herein, thc term "functional fragment," in connection with an curcumin, is intended to mean
any portion of curcumin that maintains its to inhibit oxidiation, or to prevent amyloid-beta
oligomer formation. If desired, a functional fragment can include regions of the curcumin with

activities that bencficially cooperate with the ability to inhibit oxidation or oligomer formation.

[00033] Curcumin is soluble in ethanol, alkalis, ketones, acetic acid and chloroform. It 1s
insoluble in water. Curcumin is therefore lipophilic, and generally rcadily associates with lipids.
In certain embodiments, curcumin can also be formulated as a metal chelate.

[00034] Also in accordance with the present invention, publicly known analogs of
curcumin may be used. As used herein, “curcumin analogs” are thosc compounds which due to
their structural similarity to curcumin, exhibit anti-proliferative or pro-apoptotic effects on
cancer cells similar to that of curcumin. Curcumin analogs which may have anti-cancer effects
similar to curcumin include Ar-tumeronc, methylcurcumin, demethoxy curcumin,
bisdemethoxycurcumin, sodium curcuminate, dibenzoylmethane, acetylcurcumin, feruloyl
methane, tetrahydrocurcumin, 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-hcptadiene-3,5-dione
(curcuminl), 1,7-bis(piperonyl)-1,6-heptadiene-3,5-dione(piperonyl curcumin)l,7-bis(2-hydroxy
naphthyl)-1,6-heptadicne-2,5-dione(2-hydroxyl naphthyl curcumin), 1,1-bis(phenyl)-1,3,8,10-
undecatctraene-5,7-dione (cinnamyl curcumin) and the like (Araujo and Leon, 2001; Lin et al.,
2001; John et al., 2002; see also Ishida et al., 2002). Curcumin analogs may also include isomers

of curcumin, such as the (Z,E) and (Z,Z) isomers of curcumin. In a rclated embodiment,
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curcumin metabolites which have anti-cancer effects similar to curcumin can also be used in the
present invention. Known curcumin metabolites include glucoronides of tetrahydrocurcumin and
hexahydrocurcumin, and dihydroferulic acid. In certain embodiments, curcumin analogs or
metabolites can be formulated as metal chelates, cspecially copper chelates. Other appropriate
derivatives of curcumin, curcumin analogs and curcumin metabolites appropriate for use in the
present invention will be apparent to one of skill in the art.

[00035] [n some embodiments, the curcumin analogs are those found in US Published
patent application US 2005/0181036. In other embodiments, the curcumin analogs arc those
found in US Published patent application US 2006/0067998. In yet other embodiments, the
curcumin analogs are those found in US Published patent application US 2005/0267221.

[00036] In certain aspects, 1,7,-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadi- ene-3,5-
dione is the curcumin that may be used in the present invention. QOther curcumin analogs
(curcuminoids) that may be wused include, for example, demethoxycurcumin,
bisdemethoxycurcumin, dihydrocurcumin, tetrahydrocurcumin, hexahydrocurcumin,
dihydroxytetrahydrocurcumin, Yakuchinone A and Yakuchinone B, and their salts, oxidants,
reductants, glycosides and esters thereof. Such analogs are described in U.S. Patent Application
20030147979; and U.S. Pat. No. 5,891,924 both of which are incorporated in their entirety herein
by reference.

[00037] Other curcumin analogs (curcuminoids) that may be used according to the present
imvention include dihydroxycurcumin and NDGA. Further examples of curcumin analogs
include but are not limited to (a) ferulic acid, (i.e., 4-hydroxy-3-methoxycinnamic acid; 3,4-
methylenedioxy cinnamic acid; and 3,4-dimethoxycinnamic acid); (b) aromatic ketones (ie., 4-
(4-hydroxy-3-methoxyphenyl)-3-buten-2-one;  zingerone; -4-(3,4-methylenedioxyphenyly-2-
butanone; 4-(p-hydroxyphenyl)-3-buten-2-one; 4-hydroxyvalcrophenone; 4-
hydroxybenzylactone;  4-hydroxybenzophenone; 1,5-bis(4-dimethylaminophen-  yl)-1,4-
pentadien-3-one); (¢) aromatic diketones (i.c., 6-hydroxydibenzoylmethane) (d) caffcic acid
compounds (i.c., 3,4-dihydroxycinnamic acid); (e) cinnamic acid; (f) aromatic carboxylic acids
(ie., 3,4-dihydroxyhydrocinnainic acid; 2-hydroxycinnamic acid; 3-hydroxycinnamic acid and 4-
hydroxycinnamic acid); (g) aromatic ketocarboxylic acids (i.e., 4-hydroxyphenylpyruvic acid);

and (h) aromatic alcohols (i.c., 4-hydroxyphenethyl alcohol). These analogs and other
10
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representative analogs that can be used in the present invention are further described in
WO09518606 and WO01040188, which are incorporated herein by reference in their entirety.
[00038] Curcumin or analogs thereof may be purified from plants or chemically
synthcsized using methods well known and used by those of skill in the art. Plant-derived
curcumin and/or its analogs can be obtained by extraction from plants including Zingiberaceae
Curcuma, such as Curcuma longa (turmeric), Curcuma aromatica (wild turmeric), Curcuma
zedoaria (zedoary), Curcuma xanthorrhiza, mango gingcer, Indonesian arrowroot, yellow zedoary,
black zedoary and galangal. Methods for isolating curcuminoids from turmeric are well known in
the art (Janaki and Bose, 1967). Still further, curcumin may be obtained from commercial
sources, for example, curcumin can be obtained from Sigma Chemicals Co (St. Louis, Mo.).
[00039] Any conventional method can be used to prepare curcumin and its analogs to be
used in the present invention. For example, turmericoleoresin, a food additive, which essentially
contains curcumin, can be produced by extracting from a dry product of rhizome of turmeric
with ethanol at an elevated temperature, with hot oil and fat or propylene glycol, or with hexane
or acetone at from room temperature to a high temperature. Altematively, those can be produced
by the methods discloscd in Japanese Patent Applications 2000-236843, H-11-235192 and H-6-
9479, and U.S. Patent Application No. 20030147979, which is incorporated by refercnce herein
in its entirety.

[00040] In certain embodiments, a purified product of at least one curcumin and/or its
analog may be delivered to cerebrospinal fluid according to the present invention. Altcrnatively,
a semi-purified or crude product thereof may be used, provided that it does not contain impurities
which may not be acceptable as a pharmaceutical or food product.

[00041] There has been limited testing of the potency of curcumin analogs against
amyloid-beta. Park, J. Nat. Prod., 65,9, Sept. 2002, reports testing the following curcumin
analogs for the ability to provide in vitro protection for PC12 cells against amyloid-beta insult
(with reference numbers 31-34 from FIG. 1d of U.S. Appln. 12.359,713 which has been

incorporated herein by reference:

4"-(3"-methoxy-4""-hydroxyphenyl)-2"-ox0-3"-enebutanyl3-(3'-methoxy-4'hydroxyphenyl)
propenoate (31);
11
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1-(4-hydroxy-3-methoxyphenyl)-7-(4-hydroxyphenyl)-1,6-heptadiene-3,5-dionc

(demethoxycurcumin)(32),
1,7-bis(4-hydroxyphenyl)-1,6-hcptadiene-3,5-dione (bisdemethoxycurcumin), (33); and
1,7-bis(4-hydroxyphenyl)-1-heptene-3,5-dione (34).

[00042] Analysis of the Park data reveals that each of compounds (31)-(34) is a morc
potent neuroprotectant against amyloid-beta than curcumin, with compounds (31) and (34) being
on the order of 5 and 10 fold more potent. Therefore, in preferred embodiments, each of
compounds (31)~(34) is used by itself or in combination as the parent compound for the
manufacturing and use of a curcumin prodrug. Each of the parent compounds may be obtained
by the methods discloscd in Park.

[00043] In other embodiments, the curcumin is combined with a second lipophilic
therapeutic agent, preferably another polyphenol such as resveratrol, to form a “curcumin
hybrid” which is delivered to cerebrospinal fluid according to the present invention. In some
embodiments, the curcumin is provided in a formulation with another compound selected from
the group consisting of gingko biloba extract, resveratrol, hispidin, genistein, ellagic acid, 1,25
dihydroxyvitamin D3, the green tea catechin EGCG, and docosahexaenoic acid (DHA).

[00044] There are a number of curcumin hybrids as well as analogs described in U.S.
Appln. No. 12/359,713, which has been incorporated herein by rcference, to be delivered to
cerebrospinal fluid according to the present invention.  Figures 2-16 of U.S. Appln. No.
12/359,713 disclose various curcumin derivatives that are hybrids of curcumin and various other
natural polyphenols. Each of these derivatives is a triphenolic compound, wherein the
intermediate diketone structure of curcumin is replaced with a phenolic group. The resulting
compound retains the spacing between the two phenols of curcumin, and also possesses the
biphenolic spacing of the additional polyphenol. FIG. 2 of U.S. Appln. No. 12/359,713 discloses
the structures of curcumin, resveratrol, and two curcumin-resveratrol hybrids. Each of the
hybrids retains the interphenolic spacing of each of curcumin and reveratrol. FIG. 3 of U.S.
Appln. No. 12/359,713 discloses a method of making the curcumin-resveratrol I hybrid. FIG. 4

of U.S. Appln. No. 12/359,713 discloses a method of making the curcumin-resveratrol IT hybrid.
12
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FIG. 5 of U.S. Appln. No. 12/359,713 discloses a method of making a curcumin-resveratrol
hybrid having threc hydroxyl groups in each of the central phenolic group and latcral phenolic
groups. FIG. 6 of U.S. Appln. No. 12/359,713 discloses curcumin, resveratrol and a hybrid
thereof, wherein all of the phenolics of the natural compounds arc represented in the hybrid,
providing trihydroxyl lateral phenolic groups and a dihydroxyl central phenolic group. FIG. 7 of
U.S. Appln. No. 12/359,713 discloses a method of making the curcumin-resveratrol hybrid of
FIG. 6. FIG. 8 of U.S. Appln. No. 12/359, 713 is similar to the hybrid of FIG. 6, but wherein
the methoxy groups of the base curcumin molecule arc retained. FIG. 9 of U.S. Appln. No.
12/359,713 discloses curcumin, oxyresveratrol and a hybrid thereof, wherein all of the
hydroxyls/phenolics of the natural compounds are represented in the hybrid, providing
trihydroxyl lateral phenolic groups and a trihydroxyl central phenolic group. FIG. 10 of U.S.
Appln. No. 12/359,713 discloses curcumin, piceatannol and a hybrid thereof, wherein all of the
hydroxyls/phenolics of the natural compounds are rcpresented in the hybrid, providing
trihydroxyl lateral phenolic groups and a trihydroxyl central phenolic group. FIG. 11 of U.S.
Appln. No. 12/359,713 discloses a method of making a curcumin-resveratrol hybrid,wherein all
of the hydroxyls/phenolics of the natural compounds are represented in the hybrid, providing

trihydroxyl lateral phenolic groups and a dihydroxyl central phenolic group.

[00045] FIG.12 of U.S. Appln. No. 12/359,713, incorporated herein by reference,
discloses curcumin, BDMC, resveratrol and curcumin hybrids thereof, wherein all of the
phenolics of the natural compounds are represented in the hybrid, providing hydroxyl demethoxy
lateral phenolic groups and a hydroxy or dihydroxyl central phenolic group. FIG. 13 of U.S.
Appin. No. 12/359,713 provides a method of making the compound of FIG. 12 that has hydroxyl
demethoxy lateral phenolic groups and a hydroxy central phenolic group. The curcumin analog
molecule shown in FIG. 13 is 1-hydroxyl 3,5-bis (4’-hydroxyl styryl) benzenc. Through simple
deletion of a mcthoxy group in one of the reactants, 3,5-bis (4’-hydroxyl styryl) benzene can be
made via method substantially similar to that shown in FIG. 13. FIG. 14 of U.S. Appin. No.
12/359,713 provides a method of making the compound of FIG. 12 that has hydroxyl demethoxy
lateral phenolic groups and a dihydroxy central phenolic group. The curcumin analog molecule

shown in FIG. 14 is 1,3-dihydroxyl 4,6-bis (4’-hydroxyl styryl) benzene.
13
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[00046] Figure 15 of U.S. Appln. No. 12/359,713 discloses curcumin, piccatannol and a
hybrid thereof, wherein most of the hydroxyls of the natural compounds are represented in the
hybrid, providing dihydroxyls in the end phenolic groups and a single hydroxyl in the central

phenolic group in the positions common with the two natural compounds. Kim, Ann N Y Acad

Sci;, 2007 Jan;1095:473-82 reports that piccatannol treatment attenuates the intracellular

accumulation of ROS induccd by treatment of PC12 cells with A, and inhibitcd AB-induced
apoptotic features including internuclcosomal DNA fragmentation, nucleus condensation,
cleavage of poly(ADP-ribose) polymerase (PARP), and activation of caspase-3. The curcumin-
piceatannol analog molecule shown in FIG. 15 is 1-hydroxyl 3,5-bis (3, 4’-dihydroxyl styryl)
benzene. Through simple deletion of a methoxy group in one of the reactants, 3,5-bis (3°, 4’-
dihydroxyl styryl) benzene. can be made via method substantially similar to that shown in FIG.
15. FIG. 16 of U.S. Appln. No. 12/359,713 providcs a method of making the compound of FIG.
15.

[00047] In some embodiments, a curcumin analog is utilized comprising at least one

structure selected from the group consisting of:

a) 1-hydroxyl 3,5-bis (4’-hydroxy! styryl) benzene,

b) 1,3-dihydroxyl 4,6-bis (4’-hydroxyl styryl) benzene,

¢) 1-hydroxyl 3,5-bis (3’, 4’-dihydroxyl styryl) benzene, and
d) 3,5-bis (3°, 4’-dihydroxyl styryl) benzene.

In some embodiments, a curcumin analog is utilized comprising 1-hydroxyl 3,5-bis (4’-hydroxyl
styryl) benzene. In some embodiments, there is provided a curcumin analog comprising 3,5-bis
(4’-hydroxyl styryl) benzene. In some embodiments, there is provided a curcumin analog
comprising 1,3-dihydroxyl 4,6-bis (4’-hydroxyl styryl) benzene. In some embodiments, there is
provided a curcumin analog comprising 1-hydroxyl 3,5-bis (3’, 4’-dihydroxyl styryl) benzene. In
some embodiments, there is provided a curcumin analog comprising 3,5-bis (3°, 4’-dihydroxyl

styryl) benzene.,
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[00048] Further curcumin hybrids delivered to cerebrospinal fluid according to the present
invention arc discloscd in Figures 17-22 of U.S. Appln. No. 12/359,713 and are incorporated
herein by reference. FIG. 17 of U.S. Appln. No. 12/359,713 discloses the structures of
curcumin, 3,3’,4° fisetin and a curcumin- 3,3’ .4’ fisetin hybrid, wherein all of the hydroxyls of
the curcumin and 3,3°,4’ fisetin compounds are represented in the hybrid, providing dihydroxyls
in the end phenolic groups and a hydroxyl in the placc of cach double bond. Maher, Freg Radic
potent (low micromolar) neurotrophic propertics. FIG. 18 of U.S. Appln. No. 12/359,713
discloses a method of making the curcumin-3,3’,4’ fisetin hybrid of FIG. 17. FIG. 19 of U.S.
Appln. No. 12/359,713 discloses the structures of curcumin, honokiol and a curcumin- honokiol
hybrid, wherein all of the hydroxyls of the curcumin and honokiol compounds are represented in
the hybrid, providing a single hydroxyl in the end phenolic groups and a hydroxyl in the place of
each double bond. Fukuyama, Bioorg Med Chem Lett. 2002 Apr 22;12(8):1163-6 reports that
honokiol has potent neurotrophic properties. FIG. 20 of U.S. Appln. No. 12/359,713 discloses a
method of making the curcumin- honokiol hybrid of FIG. 19. FIG. 21 of U.S. Appln. No.
12/359,713 discloses a method of making a FIG. 13 - honokiol hybrid, wherein all of the

hydroxyls of the natural compounds are represented in the hybrid, providing single hydroxyl in

the end phenolic groups in the positions common with the two natural compounds, a hydroxyl in
the central phenolic group, and a hydroxyl in the place of each curcumin double bond. FIG. 22
of U.S. Appin. No. 12/359,713 discloses a method of making a FIG. 15 - 3,3°,4’ fisetin hybrid,
wherein all of the phenolics of the natural compounds are represented in the hybrid, providing
single hydroxyl in the end phenolic groups and a hydroxy central phenolic group in the positions
common with the two natural compounds, and an additional hydroxyl in the place of each
curcumin double bond.

[00049] Another curcumin hybrid delivered to cerebrospinal fluid according to the present
invention includes methylene blue as disclosed in U.S. Appln. No. 12/359,713 and incorporated
herein by reference. As noted in U.S. Appln. No. 12/359,713, the scven-carbon hydrophobic
medial section of curcumin (or BDMC) has the same length as the nonpolar tricyclic medial
section of methylene blue. Moreover, the seven-carbon hydrophobic medial section of curcumin

(or BDMC) provides resonance through spaced double bonds in a manner likely to be
15
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functionally similar to the double bonds of the nonpolar tricyclic scction of methylene blue.
Accordingly, it is believed that the pair of lateral hydroxyphenyl groups of curcumin (or BDMC)
can be added onto methylene blue in a manner that preserves both their spatial relationship (and
therefore their amyloid binding ability) and their interaction with the medial doublc bonds of
curcumin. The result thereof is a molecule (50) having many of the desirable qualities of both
curcumin and methylene blue. This molecule (50) is shown in FIG. 29 U.S. Appin. No.
12/359,713 and is named 2,6-bis (4°, 47 dihydroxyphenyl), 3.7-bis (dimethylamino)-
phenazathionium chloride. Therefore, in another embodiment of the present invention, there is
provided a hybrid of curcumin (or BDMC) and methylene bluc which is delivered to
cerebrospinal fluid according to the present invention. This hybrid of BDMC and methylene bluc
is shown as molecule (50) in FIG. 29 of U.S. Appln. No. 12/359,713.

[00050] Thus, while there have been shown, described, and pointed out fundamental
novel features of the invention as applicd to preferred embodiments thereof, it will be understood
that various omissions, substitutions, and changes in the form and details of the devices
illustrated, and in their operation, may be made by those skilled in the art without departing from
the spirit and scope of the invention. For example, it is cxpressly intended that all combinations
of those elements and/or steps that perform substantially the same function, in substantially the
samec way, to achieve the same results be within the scope of the invention. Substitutions of
elements from one described embodiment to another are also fully intended and contemplated. It
is also to be understood that the drawings are not neccssarily drawn to scale, but that they are
merely conceptual in nature. It is the intention, therefore, to be limited only as indicated by the

scope of the claims appended hereto.

[00051] Every issued patent, pending patent application, publication, journal article, book

or any other reference cited herein is each incorporated by reference in their entirety.
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Claims
What is claimed is:
1. A method for reducing or preventing a human brain disorder relating to the presence ofa

pathogenic substance in cerebrospinal fluid, comprising:

selecting a human for treatment as a paticnt;

placing a proximal cnd of a first catheter, having at least a first lumen, in a first sub-dural
location within the brain of the patient to establish open communication between the first lumen
and cercbrospinal fluid of the patient; and

delivering to the cerebrospinal fluid for an extended period of time a curcumin agent
selected from at least one of curcumin, a curcumin hybrid and a curcumin analog to interact with

the pathogenic substance to attenuate its cffect on the brain.

2. The method of claim 1 wherein the patient has been diagnosed as having a brain disorder.
3. The method of claim 1 wherein the patient has been diagnosed as having Alzheimer’s
disease.

4, The method of claim 1 wherein the proximal end of the catheter is placed within a

ventricle of the brain as the first sub-dural location.

5. The method of claim 1 wherein cerebrospinal fluid intermixed with the curcumin agent is
returned directly to the first sub-dural location.

6. The method of claim 1 wherein cercbrospinal fluid intermixed with the curcumin agent is
returned directly to another sub-dural location within the brain of the patient.

7. The method of claim 1 wherein the curcumin agent achieves a brain tissue concentration
of at least 0.1 uM.

8. The method of claim 1 wherein the curcumin agent achieves a brain tissue concentration
of at least 1 uM.

9. The method of claim 1 wherein the curcumin agent achieves a brain tissuc concentration
of at least 5 uM.

10.  The method of claim 1 wherein the curcumin agent achieves a brain tissue concentration
of at least 20 pM.

11.  The method of claim 1 wherein the curcumin agent is released from a reservoir connected

to the first catheter.

17
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12.  The method of claim 11 wherein a proximal catheter connected to the reservoir transports
cerebrospinal fluid intermixed with the curcumin agent to another location within the patient.
13.  The mcthod of claim 11 wherein the reservoir includes a removable canister carrying
curcumin agent.
14.  The method of claim 1 wherein at least some of the curcumin agent is released from a
coating carried within at Icast a portion of the first catheter.
15.  The method of claim 1 further including sampling cerebrospinal fluid at a sub-dural
location that is different than the first sub-dural location and measuring the concentration of the
curcumin agent in the cerebrospinal fluid.
16. A method for reducing or prcventing a human brain disorder relating to the presence of a
pathogenic substance in cerebrospinal fluid, comprising:

selecting a human for treatment as a patient;

placing a proximal end of a first catheter, having at least a first lumen, in a first sub-dural
location within the brain of the patient to cstablish open communication between the first lumen
and cerebrospinal fluid;

withdrawing cerebrospinal fluid through the first lumen and exposing it to a curcumin
agent including at least on¢ of curcumin, a curcumin hybrid and a curcumin analog to interact
with the pathogenic substance to attenuate its effect on the brain; and

returning the exposed cerebrospinal fluid to the patient, whercin the curcumin agent
achieves a brain tissue concentration of at least 0.1 uM.
17.  The method of claim 16 wherein the exposed cerebrospinal fluid is returned to the patient
through a second lumen of the first catheter.
18.  The method of claim 16 wherein the exposed cerebrospinal fluid is returmed to the patient
through a lumen of a second catheter.
19.  The method of claim 16 further including sampling cerebrospinal fluid at a sub-dural
location that is different than the first sub-dural location and measuring the concentration of the
curcumin agent in the cerebrospinal fluid to estimate its brain tissue concentration.
20. A method for reducing a human brain dementia relating to the presence of a pathogenic
substance in cerebrospinal fluid, comprising:

selecting a human for trcatment as a patient that has been diagnosed with dementia;

18
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placing a proximal end of a first catheter, having at least a first lumen, in a first sub-
meningeal location within the brain of the patient to establish open communication between the
first lumen and cerebrospinal fluid of the patient; and

delivering to the cerebrospinal fluid for an extended period of time a curcumin agent
selected from at least one of curcumin, a curcumin hybrid and a curcumin analog to interact with
the pathogenic substance to attcnuate its effect on the brain, wherein the curcumin agent is
released from a reservoir connected to the first catheter and achieves a brain tissue concentration
of at Icast 1 uM.
21.  The method of claim 20 further including sampling cerebrospinal fluid at a sub-dural
location that is different than the first sub-dural location and measuring thc concentration of the

curcumin agent in the cerebrospinal fluid to estimate its brain tissue concentration.
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Abstract
A method for reducing or preventing a human brain disorder relating to the presence of a
pathogenic substance in cercbrospinal fluid by selecting a human for treatment as a patient and
placing a proximal end of a first catheter, having at least a first lumen, in a first sub-dural
Jocation within the brain of the patient to establish open communication between the first lumen
and cerebrospinal fluid of the patient. For an extended period of time, a curcumin agent selected
from at least one of curcumin, a curcumin hybrid and a curcumin analog is delivered to the

cerebrospinal fluid to interact with the pathogenic substance to attenuate its effect on the brain.
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i Féing. OB WaFiley (Sumha Fibng Dole Mot Ansigned
(37 CER 1 1500 v . _

. arous Ad Unit Rt Assigrod
Examingt Hame Mot Assigrad

&5 &' below namad invantor, herehy declars that:

My residence, mailing etdress, and eilizenship areas_‘si:;*’:ad helow naxt lamy name. _ _ N
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t herehy deciare that all viatements made barsin of iy own knowladie are true and tat alt statoments reade an
infarmation and beliof are balleved 1o be Yruy; and further that thesa statemeants were made with e knowiedss
that wilitiut {aise statements and {hedike 3o made are punishatde by fioeor nptsonment, oF Botly, unger 18 LLB.G.
00T whd ihatsusthwiliful fades sisterannis may eopardize the wilidily of the agphcation soany patent issued

1 tharao. )

FUll NANE OF INVERTORS;

Inventor Oned Thomas 8 Dilaum

Meaiing Address 3 Fitegenabd dane, Southboraugh, M& 91772 —— Citizenship U8
inveninr's ;r} For B T e f~27Fe A O

. Signstuiz s § ‘?:':f Lot e Date

pegntor Tws; Alad Dextragewr | -
Mailing Addrass . 18 Lyons, rest, Frankiin, M& 02038 ‘ ‘ Cltizenshin US

_ frventof's

! Slignature ate

tesventor Three:: Soan Lillenteld

Maifing Addeess 12 Tervagin hane, Sherun, MA 03067 . . Gitidenship BA

{nvantor's
Slgaature - o . {iata

{ inventas Four: Ksishna Verugopslan

Haling Address 140 Cart Path Holliston MADIMAE . e CAREDRE US
iroventar'y
Stansturs Date
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DECLARATION Attoray Docket Number { CODS222USCIF
AND

POWER OF ATTORNEY First Namead Inventor Thomas M. Dilvaurs

FOR UTILITY OR DESIGN COMPLETE IF KNOWN

PATENT APPLICATION
(37 GFR1.63) Appicstion Nutmber Kot Assigned
B Declermtion Submitewith ] Declaralion Submifted after .
itial Filrg OR ~ InilalFling (Surcherge  Jiong Date Not Assigned
{37 CFR 1.18(c}) teduired)
Groug Art Unit Not Assigned
Examiner Name Not Azgigried

As @ below namad invenior, | hereby daclare that:

My residence, mailing address, and ciizenship are as stated balow next 1o my name.

{ believe | am the oiginal, first snd sole inventer {if only one name is listed below) or an original, first and joint inventor Gf
plural names are fisted below) of the subject metler which is claimed and for which 3 patent is sought on the vention
entitlad:

' Shunt Dekivery of Curcumin
{Titte of the nventicn}

the specifization of which
(<] is attached herato
OR

17 was filed on (MMDDIYYYY} [: a5 United States Application Number or PCT imermational Application Number
[ and wes amended on (MM/DDAYYYY) [ spplicatie).

I hereby staie that | have reviewed and understard the conlents of the above Identified specification, including the claims, a3
amended by any amendment spacifically refemed to above.

| acknowladge the duty fo disciose information which is materis! to patentabiity aa dafined in 37 CFR 1,58, including for
contimation-in-part applications, matertal information which became avaiabie betwesn the fillng dete of the prior application
and the nationa; or PCT International Ming date of the cantinuation-inpart application,

AUTHORIZATION TO PERMIT ACCESS TO APPLICATION BY PARTICIPATING OFFIGES
The undersigned hersby grants 12 USPTO authorty o provide the European Patent Office (EPO), the Japan Patent Offie
'- (4P0), and any other intelisctusl property ofices in which 8 foreign application Claiming priority to the above-identified apphestion

is fled acoass b the above-identified patent applisation. See 37 CFR 1.14{c) snd f), This hox shoutd not be checked i fhe
applicant does not wish fhe EPO, JPQ, or other intallectual property office in which a foreign applieation dalming priorty to the
above-identified application Is fied 1o have access to the applicaton.

In sccordsnee with 37 CFR 1.141){3), steess will be provided to 8 copy of the appiication-as-filed with respect to: 1} the ghove-
identificd application, 2) any forsign application to which the abiove-dentified application daims priority under 35 USC 119(ak{d} if
a copy of the forsign spplication that sutishes the certified copy requirement of 37 CFR 1.55 has been flled in the ahove-identfied
US appiication, and 3) any U.S. application form which baneft is sought In the gbove-identified apphication.

In accordsmes with 37 CER 1.14[c), access may be provided ki Information canceming the date of filing the Authorization to
Parmit Acoess 1o Anpiication by Participating Offlces,
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| hereby appaint:
Place Customet
B Prectitioners at Custorner Mumber - Number Bar Code
Label Here
AND

Nams

] Practtioner(s) named balow:

a5 mylour atomey(s) or agent{s) to prosecute the spplication identified abave, and %o trangact af business in the Unked
Systen Patent and Trademark Office connected therewith, -
‘Addreas afl telephans calis 1o Euguers L Szczecina, Jr. at ielephone nurmber (732) 5241473,

Reqigtration Ny mbar

Dirsct o8 correspondence 1o: orBar Cods Label | ONOGRTTTT |

Customar Norber

information

{hareon.

| hereby declare that all statements made hessin of my own knowladge are trug snd that all stataments madae on

shat willful falsa statemants and the fke $o made sre punizhable by fina o imprisonment, o both, undar 18 U.8.C.

. 1001 and that such willful faise stalements may jsopardize the validity of the application or any patent issuad
FULL RaBE OF INVENTOR(S)

Jnventor One: Thomas M, Ditteure

and bulief are balieved (o be true: and funther thet these statements were made with the knowledga

Mailing Addrezs 3 Fitzgerald Lans, Southboreugh, MA 01772 Citizenship US
inverder's
| Signature Dale
 nvantor Two:_Alan Dexiradeur
Mailing Address 15 Lyons, Street, Frankin, MA 82035 Citlganship US
et Qo Detrodecn o 142010
inventor Thrae: Sean Lillenfeld
Muiting Address 12 Tamapin Lans, Sharen, MA 02067 Citizanshiz SA
' . Inventors
_Signature Dutw
Invantor Four: Krishna Venugopatan
Moiling Addrase 44 Oid Cart Path, Holfiston, B4 gi748 Citizenship US
mventor's
_Signature Date
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DEGCLARATION Attorney Dacket Number | CODE2Z2USCIPY
AND

POWER OF ATTORNEY First Named invenior Thamas M. DiMauro

FOR UTILITY OR DESIGN COMPLETE [F KNOWN
PATENT APPLICATION
{37 CFR1.63)  Applicafion Number Mot Assigned
B Oeciaration Submitted with [ Daclaration Submitted efter i
inilal Filing OR  TielFling {Suchage  LElog Date Not Ageighed
{37 CER 1.16{e}} required)

Group A Unit Not Assigned
Examinar Name Nat Assigned

As a balow named Inventor, | heraby declare that:

My rasidence, malling address, and ciiizenship are 26 staled below next to my nama,

| bafieve | am the orginat, first and saie inventer (if enly one name is listad below) or an original, first and joint inventor {f
plural names are Sstad bakow) of the subject matier which is claimed and for which a patent s saught on the invention
entitled:

Shunt Delivery of Curcumin
{Tile of tha invantion)

the spacification of which
R is attached hareto
oR

1 was fled on (MMDD/YYYY) [:]as Unitad States Application Number or PCT Intemational Application Number
and was amended on (MDY YYY) [ ] (f applicable),

{ hereby stata that | have reviewed and understand the contents of the abave ldentified specification, including the claima, ag
amended by any amandment specifically referrad to shove.

| acknowledge th duly © disclose information which is material to patentabillty s defined in 37 CFR 1.56, including for
eontinuation-in-part spplications, méterial infermation which became available batween the filing date of the priar application
and the national or PCT international Sling dals of the continuation-in-pan application.

e e e s ————rre
AUTHORIZATION T2 PERMIT AGCESS TO APPLICATION BY PARTICIPATING OFFICES

The undersigned hereby grants the USPTO authority 1o provide the Eurcpean Patent Office [EPO), the Japan Patent Office

(JPOY, aind any ofher infeflectus! property offices in which a foreign application claiming pricrity to the above-identified applicaton

18 filed sccess bo the above-idertified patent application, See 37 CFR 1.14(¢) and {h). This box should ot be chacked ifthe

applicant doas niot wish the EPG, JPO, or other inteliectual praperty offics in which 4 foreign application claiming priority o the

abave-ddentifiad application is fled to have accass to the application,

in accordance with 37 CFR 1.14(h)(3), access wif be provided 1o a capy of the spplication-assfiled with respect ta: 1} the abovg-
identified application, 2) any foreign application In which ha abave-dentiied application claims priority under 38 USC 119(ald) i
2 copy of the forelgn application that sefisfies tha certified copy requirement of 37 ER 1,55 has been fled in the above-dentfied
US appliestion, and 3) any U.5. application form which benefitis sought in the sbove-identified applicalion.

in acoordance withs 37 GFR 1,14(c), access may be provided & informetion conceming the date of fiing the Authorization to
Pammit Access lo Application by Paricipating Offices.
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| heteby appoink:
Phace Customer
[ Fractitionss st Customer Number - Number Bar Code
Labei Here
AND

[0 Practfioners) named below:

Name Regiatration Nupmbsg

a5 mylour stiorney(s) or agent(s) to prosecite the application ldentified sbove, and to transact all business in the United
States Patant and Trademark Otice cannested (herewith,

Addrezs ol teephone calls to Euguens L. Szcescina, Ir. at telaphona numbat (732) 524-1479,

{;ustomer Numbsar
i ol congapondence 1o of Bar Go da Labal (00027777
| horeby declare that il statemants mada harain of my Gwh wnowledge are tiue and that all statemants made on

information and beliaf are believed 1o be true; and further that these statements wara mada with the knewledge
that willlul falsa statements and the like so made are purishable by fing or imprisonment, or both, under 18 U.S.C.
1061 and that such wilif) false statements may jeopardize the validity of the application or any patent isstied
Eheraon,

CFULL NAME OF INVENTOR(S)

Inventor One: Thomas M, DiMaure

Mailing Addrass 3 Fitegerald Lang, Southborough, MA 1772 Citizanship U8
hverdor's
Signaturs [lata

Inventor Two: Al Destradeur

| Maliing Address 13 Lyons, Street, Franidin, MA 02038 Citlzenship U8
Invantar's

| Signature Date
Invantor Three: Sean Liliuﬁfeid

Wailing Addross 12 Terrapin Lang, Sharon, #A 02067 Citizanship SK QS

Invemors

| Signeture Dute ?[ t 3/ o

o

-

__.___,.,-,__,.._,...---"“"_'_

Iaventor Four: Krlsé\leuugwm" o

| Mailing Addrsss 14 Oid Cart Path, Holliston, MA_01748 Citizgnshin US

Inventor's
Signature

Pate

Page 20f 2

Copy provided by USPTO from the IFW Image Database on 01/18/2011



e e a = NI | RN

DECLARATION _Altoroey Docked Number | CODS222USCI
AND

POWER OF ATTORNEY First Namsed Irvontor Thomes M. RiMsur

FOR UTILITY OR DESIGN COMPLETE IF KNOWN
PATENT APPLICATION
QRTCFR1.63) Apnlization Number " Not Asslanad
B Dagleration Submitedwith [3 Decloration Submilied after § . ; .
initial Fitng OR | infialFilng (Sucherge  |riing Dafe Not Assigned
{37 CFR 1.18{e) requised) | _

Groun Art Unit Not Asalgnsd
Examiner Nama Nt Asaigned

As o below nemad Invantor, | hereby deslers thet:

My regldence, mailing address, and citizenship are o¢ stated below next to my name. »
| beligve amm the oilginal, fitst and sole inventor (ifonly one nste Is listed below) or an ergingl, first and joint inventor {f
phural nores ore listed below) of the subject matter which is claimad: and for which 3 patent 19 seught on the invention
entitled:

Shunt Delivery of Curcumlny
{Tite of the invarnfion}

: tha spscification of which

is altoched herela
OR

1 was filad on (MMDDIYYYY)]__ ] 05 United Stetes Appication Number of PCT Intemational Appfieation Number
[ ]andwas smended on (MWDDIYYYY) [ ] (if applicable).

{ hereby sigta the! | have reviewed and understand the contents of the shovs Wenlified apesifisstion, ingluding the delms, a8
smended by any amendment spacificaliy welsrmadto chove,

| seknowiedge the duty-ip leclose information which is malenal to palentebility asdedingd fn 37 CFR 1,56, inclugding for

continustion-in-part soplications, matens! information which became. availsbie between the fling date of the prisr applicetion .

snd the nations! or PET internstions! fing dale of the confimsation-insgast spplicstion:

AUTHORIZATION TO PERMIT Acce"ss' 0 Aych?:oN BY PARTICIPATING GFFICES

(JF’O} et any other mteﬁe"tuai propary o offm i wh;ch 8 fomtgn appiauahon c{crmmg nnm!y fothe abavaﬂienﬂﬁsd anpkca‘hm
I3 filed socess to the abovesdentified petent apglicalion, See 37 CFR 1.44(c) and (h). This box should not be checked if the
applicant dog s not wish the EPG, JPO, or other intellectial property offica in which 3 forelgn speiication daiming prosity to the
above-identified appiication is filed to havi 4t6ess k0 the spplication.

In accordanca with 37 CFR 1.14(h)(3), secesa vl be provided to & copy of the spplication-as-iled with respactte: 1) the dbove-
identified application, 2) any foreign anplicaiion to-which fve sbove-dentifted application slalms prionty under 35 USC 119{a}(dy if
8 sopy of the foreign opplication thet setisfies the centified copy requitsment of 37 CFR 1.55'has been filed in ihe above-identified
Us application, and 3) ahy U.S. spplication fosm witlch benefit s sought in the stove-ldentified spplication.

i sooordance with 37 CFR 1.14{c}, acvess may be provided to information conceming the dste of fiing the Authorzetion to
Pemit Anessto Application by Paricipaiing Offices.
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{ hereby appoirt:
Place Customer
B Practifionsrs st Customer Number - Number Bar Gode
Lkl Hare
AND

H Practifionier(s) named below:
Nams Fagistrafion Number

as myfour altomey(s) or agent(s) to prosecute the appiication identified sbove, snd to renssct all busiess in the United
Stales Patent and Trademark Office connecled therewdth,

Address all ielephone calis 10 Eugiena L. Szczechna, Jr, at telaphons number {732) 5241478,

Custarmar Namber
Dhact sl vorraspondznse 6 {4 orBar Coda Label

| hereby deciare that all statements roade hersin of ny own knowladge are true and that all statements made on
infonmation and belief are believed 1o be rug; and further that thesé statemienls were made with the knowledge
that wiiful falee staterments and the like 50 made are punishatite by fing or imprisonment, or both, under 18 US.C,
1061 andthat such williul false siatements may jeopardize the validity of the spplicstion or any patent ssued
theraon.

FULL MAME OF INVENTOR{S)

Invantar One: Thamas §, Diftago

Malling Addreas 3 Fitzgerald Lane, Southborough, MA 31772 o Citizenshlp U
liventar's
Signature - Dt

inventor Two: Alan Dextradewr

Malling Addrgss 15 Lyons, Strest, Franklin MA 82038 e Citlzénship US
inventors
- Slonature _{ Date

inventar Three: Sesn Lillenfald

Malling Address 12 Terrapin Lane, Sharon, WA §2067 . _ - Citizenship SA |
inventor's
Btdnatura . Date

Inyentor Four: Ramekdshna Vanugopalan

Mailing Address 45 Gid Ca:d Path, Halliston, MA 01746 Citizenship US

Invenior's f{ . \:lmu_z%#fﬁ\iﬂﬁf" L QAN {0
| Signgturs N iq Date
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PTO/SB/M4 (08-05)
Approved for use through 07/31/2006. OMB 0851-0032
U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | COD5222USCIP1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Shunt Delivery of Curcumin

The application data sheet is part of the provisiohal or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Applicant Information:

Applicant 1 Remove
Applicant Authority (®Inventor | (Olegal Representative under 35U.8.C. 117 (OParty of Interest under 35 U.S.C. 118
Prefix| Given Name Middle Name Family Name Suffix
Thomas M DiMauro
" Residence Information (Select One) (8) US Residency () Non US Residency () Active US Military Service
City | Southborough State/Province | MA Country of Residencei | US

Citizenship under 37 CFR1.41(b)i | US
Mailing Address of Applicant:

Address 1 3 Fitzgerald Lane
Address 2
City Southborough State/Province MA
Postal Code 01772 Countryl | US
Applicant 2 Remove
Applicant Authority ®Inventor | (Olegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118
Prefix] Given Name Middle Name Family Name Suffix
Alan Dextradeur
Residence Information (Select One) () US Residency () NonUS Residency () Active US Military Service
. City | Franklin State/Province | MA Country of Residencei | US

Citizenship under 37 CFR 1.41(b) i us
Mailing Address of Applicant:

Address 1 15 Lyons, Street

Address 2

City Franklin State/Province MA

Postal Code 02038 Countryi | US

Applicant 3 Remave

Applicant Authority @®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Sean Lilienfeld

Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service

City | Sharon State/Province | MA Country of Residencei | US

EFS Web 2.0 \/ 3
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PTQ/SBM4 (08-05)
Approved for use through 07/31/2006. OMB 0851-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | COD5222USCIP1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Shunt Delivery of Curcumin

Citizenship under 37 CFR 1.41(b)i | US
Mailing Address of Applicant:

Address 1 12 Terrapin Lane

Address 2

City Sharon, State/Province MA

Postal Code 02067 Countryi

Applicant 4 Remove

Applicant Authority ®Inventor | (Olegal Representative under 35 U.8.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Krishna Venugopalan

Residence Information (Select One) (&) US Residency () Non US Residency () Active US Military Service

City | Holliston State/Province | MA Country of Residencei | US

Citizenship under 37 CFR 1.41(b)i | US
Mailing Address of Applicant:

Address 1 14 Old Cart Path,

Address 2

City Holliston, State/Province MA

Postal Code 01746 Countryi | US

Al Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[] AnAddress is being provided for the correspondence Information of this application.

Customer Number 21777
Email Address JNJUSPATENT@CORUS.JNJ.COM | AddEmail |  |Remove Emaill

Application Information:

Title of the Invention Shunt Delivery of Curcumin
Attorney Docket Number| COD5222USCIP1 Small Entity Status Claimed [ ]

Application Type Nonprovisional
Subject Matter Utility

Suggested Class (if any) Sub Class (if any)

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) 3 Suggested Figure for Publication (if any)
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Approved for use through 07/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.
Attorney Docket Number | COD5222USCIP1

Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | Shunt Delivery of Curcumin

Publication Information:

[[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.C. 122(b)
0 and certify that the invention disclosed in the attached application has not been and will not be the subject of an
application filed in another country, or under a multilateral agreement, that requires publication at eighteen months

after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attoney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Enter either Customer Number or complete the Representative Name section below. If both sections
‘ are completed the Customer Number will be used for the Representative Information during processing.

Please Select One: () Customer Number (O US Patent Practitioner (O US Representative (37 CFR 11.9)

Customer Number 27777

Domestic Priority Information:

This section allows for the applicant to claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c). Providing this information in the
application data sheet constitutes the specific reference required by 35 U.8.C. 119(e) or 120, and 37 CFR 1.78(a)2) or CFR 1.78(a)

(4), and need not otherwise be made part of the specification.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number |  Filing Date (YYYY-MM-DD)
Continuation in part of 12/359713 2009-01-26
Additional Domestic Priority Data may be generated within this form by selecting
the Add button.

. Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)

and 37 CFR 1.55(a).

| Remove |
Application Number Country | Parent Filing Date (YYYY-MM-DD) Priority Claimed
® Yes (O No
Additional Foreign Priority Data may be generated within this form by selecting the

Add button.
Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assignee 1 Remove

If the Assignee is an Organization check here. X

EFS Web 2.0 v S

Copy provided by USPTO from the IFW Image Database on 01/18/2011



PTOISBIJJ&CO%

Approved for use through 07/31/2008. OMB 0851-0032
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | COD5222USCIP1
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | Shunt Delivery of Curcumin

Organization Name Codman & Shurtleff, Inc.

Mailing Address Information:

Address 1 325 Paramount Drive

Address 2

City Raynham State/Province MA

Country i US Postal Code 02767

Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add

button.
Signature:

q A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

Signature (/Eugene L. Szczecina, Jr./ Date (YYYY-MM-DD)| 2010-01-29

First Name | Eugene L. Last Name | Szczecina Registration Number | 35029

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.$.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.0 yé

Copy provided by USPTO from the IFW Image Database on 01/18/2011



ik

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this informalion is 35 U.5.C. 2(b)(2); (2) fumishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
fumish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

9

The information on this form will be treated confidentially to the extsnt allowed under the Freedom of Information Act (5 U.5.C. 552)
and the Privacy Act (5 U.8.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settiement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.8.C. 552a(m).

A record related to an Intemational Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the Intemational Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 1).8.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U_S_C. 2004 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuantL
to 35 U.8.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent,

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.0

7Y

Copy provided by USPTO from the IFW Image Database on 01/18/2011



10

15

20

171

26

REIVINDICACIONES:

1. Un método para reducir o prevenir un trastorno del cerebro humano
relacionado con la presencia de una sustancia patégena en el liquido cefalorraquideo:
el método comprende;

seleccionar a un ser humano para tratarlo como paciente;

colocar un extremo proximal de un primer catéter, que tiene por lo menos un primer
lumen, en un primer lugar subdural en el cerebro del paciente para establecer una
comunicacion abierta entre el primer lumen y el liquido cefalorraquideo del paciente: y

por un periodo de tiempo prolongado, administrar un agente de curcumina
seleccionado de por lo menos uno, entre un hibrido de curcumina y un analogo de
curcumina, al liquido cefalorraquideo para que interactie con la sustancia patogena

para atenuar su efecto en el cerebro.

2. El método de conformidad con la reivindicacion 1, caracterizado ademas
porque al paciente se le ha diagnosticado un desorden cerebral,

3. El método de conformidad con la reivindicacion 1, caracterizado ademas
porque al paciente se le ha diagnosticado la enfermedad de Alzheimer,

4, El método de conformidad con la reivindicacion 1, caracterizado ademas
porque el extremo proximal del catéter se coloca en un ventriculo del cerebro como el
primer lugar subdural.

5. El metodo de conformidad con Ia reivindicacion 1, caracterizado ademas
porque el liquido cefalorraquideo mezclado con el agente de curcumina se devuelve

directamente al primer lugar subdural.
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6. El método de conformidad con la reivindicacion 1, caracterizado ademas
porque el liquido cefalorraquideo mezclado con el agente de curcumina se devuelve
directamente a otro lugar subdural en el cerebro del paciente.

7. El método de conformidad con la reivindicacion 1, caracterizado ademas
porque el agente de curcumina alcanza una concentracion de tejido cerebral de por lo
menos 0,1 uM.

8. El método de conformidad con Ia reivindicacién 1, caracterizado ademas porque el
agente de curcumina alcanza una concentracion de tejido cerebral de por lo menos 1 uM.
9. El método de conformidad con la reivindicacion 1, caracterizado ademas porque el
agente de curcumina alcanza una concentracién de tejido cerebral de por lo menos 5 uM.
10.  El método de conformidad con la reivindicacion 1, caracterizado ademas porque el
agente de curcumina alcanza una concentracién de tejido cerebral de por lo menos 20 uM.
1. El método de conformidad con la reivindicacién 1, caracterizado ademas porque el
agente de curcumina se libera desde un receptaculo conectado al primer catéter.

12. El método de conformidad con la reivindicacién 11, caracterizado ademas porque
un catéter proximal conectado al receptaculo transporta el liquido cefalorraquideo
mezclado con el agente de curcumina a otro lugar dentro del paciente,

13.  El método de conformidad con la reivindicacion 11, caracterizado ademas
porque el receptaculo incluye un frasco removible que lleva el agente de curcumina.
14. Bl metodo de conformidad con la reivindicacion 1, caracterizado ademas
porque por lo menos un poco del agente de curcumina se libera desde un

revestimiento que se lleva en por o menos una porcion del primer catéter.

9
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15. El método de conformidad con la reivindicacion 1 que incluye, ademas. tomar
muestras de liquido cefalorraquideo en un lugar subdural que es distinto del primer lugar
subdural y medir la concentracién del agente de curcumina en el tiquido cefalorraquideo.
16.  Un método para reducir o prevenir un trastorno del cerebro humano
relacionado con la presencia de una sustancia patégena en el liquido cefalorraquideo;
el método comprende:

seleccionar a un ser humano para tratarlo como paciente;

colocar un extremo proximal de un primer catéter, que tiene por lo menos un
primer lumen, en un primer lugar subdural en el cerebro del paciente para establecer
una comunicacion abierta entre el primer lumen y el liquido cefalorraquideo;

extraer liquido cefalorraquideo por el primer lumen y exponerlo a un agente de
curcumina que incluye por lo menos uno, entre curcumina, un hibrido de curcumina y
un analogo de curcumina, para que interactie con la sustancia patdégena para atenuar
su efecto en el cerebro; y

devolver el liquido cefalorraquideo expuesto al paciente, caracterizado ademas
porque el agente de curcumina alcanza una concentracion de tejido cerebral de por lo
menos 0,1 uM.
17.  El método de conformidad con la reivindicacién 16, caracterizado ademas
porque el liquido cefalorraquideo expuesto se devuelve al paciente por un segundo
lumen del primer catéter.
18.  El método de conformidad con la reivindicacion 16, caracterizado ademés
porque el liquido cefalorraquideo expuesto se devuelve al paciente por el lumen de un

segundo catéter,
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19.  El método de conformidad con la reivindicacion 16 que incluye, ademas, tomar
muestras de liquido cefalorraquideo en un lugar subdural que es distinto del primer
lugar subdural y medir la concentracién del agente de curcumina en el liquido
cefalorraquideo para estimar la concentracion del tejido cerebral.
20.  Un método para reducir un trastorno del cerebro humano relacionado con la
presencia de una sustancia patégena en el liquido cefalorraquideo: el método comprende:

seleccionar un ser humano para tratarlo como paciente, al que se le ha
diagnosticado con demencia:

colocar un extremo proximal de un primer catéter, que tiene por lo menos un primer
lumen, en un primer lugar submeningeo en el cerebro del paciente para establecer una
comunicacién abierta entre el primer lumen y el liquido cefalorraquideo del paciente; y

por un periodo de tiempo prolongado, administrar un agente de curcumina
seleccionado de por lo menos uno, entre un hibrido de curcumina y un analogo de
curcumina, al liquido cefalorraquideo para que interactiue con la sustancia patégena
para atenuar su efecto en el cerebro, caracterizado ademas porque el agente de
curcumina se libera desde un receptaculo conectado al primer catéter y alcanza una
concentracién de tejido cerebral de por lo menos 1 pM.
21. El método de conformidad con la reivindicacién 20 que incluye, ademas, tomar
muestras de liquido cefalorraquideo en un lugar subdural que es distinto del primer
lugar subdural y medir la concentracién del agente de curcumina en el liquido

cefalorraquideo para estimar la concentracion del tejido cerebral.




