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COMBINATION COMPRISING
PARTHENOLIDE FOR USE IN THE
TREATMENT OF ALZHEMERS DISEASE
AND OTHER NEURODEGENERATIVE
DISORDERS

0001. This application claims priority to U.S. Provisional
Patent Application Ser. No. 61/649,964, filed May 22, 2012,
which is incorporated by reference herein in its entirety.
TECHNICAL FIELD

0002 The present invention generally concerns at least the
fields of cell biology, molecular biology, and medicine. In
particular aspects, the field of the present invention include
treatment and/or prevention of neurodegenerative disorders
(NDDs) in a mammal.
BACKGROUND

0003 NDDs are hereditary and sporadic conditions which
are characterized by progressive nervous system dysfunction
(Bredesen, etal 2006). NDDs include diseases such as Alzhe
imer's disease (AD), Parkinson's disease (PD), Multiple
Sclerosis (MS), Amyotrophic Lateral Sclerosis (ALS or Lou
Gehrig's disease), Huntington's disease, Prion diseases, and
others (Ekshyyan and Aw 2004). For example, Alzheimer's
disease (AD) is the most common type of dementia and is
associated with progressive loss of mental activities and
memory (Salawu, et al 2011). The nature of the neurodegen
eration in AD Suggests an age-dependent process that ulti
mately leads to dendritic and neuronal damage throughout the
brain (Isacson, etal 2002). This fact is highlighted in the 2011
Alzheimer's Disease Facts and Figures in the USA, as an
estimated 5.2 million people aged 65 and older have AD and
200,000 individuals under age 65 who have early-onset AD,
with an associated healthcare cost in excess of USS183 billion
annually (http://www.alZ.org/downloads/Facts Figures
2011.pdf).
0004 AD is the most common type of dementia and is
associated with progressive loss of mental processes and
memory (Salawu, etal 2011). Mutation of the Apollipoprotein
E (ApoE) gene appears to be a major genetic Susceptibility
risk factor for the development of typical late-onset AD (Liu,
et al 2007). In contrast to late onset AD, early onset AD or
familial AD is rare and is inherited due to genetic mutations of
the presenilin 1 (PS-1) and presenilin 2 (PS-2) genes accom
panied by mutations of the amyloid precursor protein (APP)
gene (Scheuner, et al 1996). The APP gene codes for the
amyloid 3 (AB) peptides that are the primary component of
senile plaques (Goedertand Spillantini 2006). AD arises from
the A3 peptides triggering neuronal cell death. However, the
development and progression of AD is not only influenced by
the gene’s effect on amyloid plaque and intracellular tangle
formation but also by environmental factors, such as cytok
ines and neurotoxins.

0005 AD is characterized by neuronal loss of the super
ficial cortex and synaptic alterations, such as reduction of
pre-synaptic terminal density (Cummings, etal 1998). Micro
scopically, the two identifying cardinal features of AD are
amyloid plaques and neurofibrillary tangles. The prevailing
model for AD causation is the so-called "amyloid hypothesis”
that ascribes a causative role in AD to abnormal amyloid
processing and deposits (Hardy and Selkoe 2002). It has been
demonstrated that a decrease in the neurotransmitter acetyl
choline (Ach) has a direct impact on memory loss, and thus
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the loss of cholinergic neurons may underlie memory loss in
AD (Babic 1999). It has also been demonstrated that the
progression of AD is further complemented with glutaminer
gic, noradrenergic, and serotonergic system deficiencies that
deteriorates cognitive and memory loss. Modest Success in
improving AD symptoms has been achieved with therapeu
tics (such as memantine, galantamine, rivastigmine and done
pezil) that focuses on correcting neurotransmitter deficits.
0006. It has also been demonstrated that levels of cholin
ergic activity and neuronal nicotinic acetylcholine receptor
(nAChR) activity decreases with disease progression of AD.
The AChR subtypes implicated in the progression of AD
include the C4 and C7 containing nAChR Subtypes (Liu, etal
2009, Mousavi, et al 2003). This finding has been supported
by recent studies that demonstrate that AB peptides can
directly and indirectly affect nAChR-mediated synaptic
transmission (Srivareerat, et at 2011) and that nAChRago
nists increase SAPPC. secretion whilst decreasing levels of AB
peptides (Mousavi and Hellstrom-Lindahl 2009).
0007. The mechanism by which A3 peptides induce the
neuronal cell death is not clear. However, numerous mecha
nisms such as intracellular calcium accumulation, reactive

oxygen species (ROS) and nitric oxide (NO) productions,
alteration of the cytoskeleton and nucleus and inflammatory
processes that converge to the ubiquitous pathways of necro
sis or apoptosis have been proposed. Since the AD brain is
characterized by an ongoing chronic inflammatory process,
research is directed at finding the root of this inflammatory
response. It has been demonstrated that specialized cells in
the brain Such as astrocytes and microglia are increased in the
brain of AD patients (Itagaki, etal 1989). Reactive astrocytes
showed increased levels of phospholipase A2 that induces
increased activity in the arachidonic acid/prostaglandin
inflammatory pathway (Moses, et al 2006). However, recent
findings suggest that AB is indirectly neurotoxic by activating
microglia to produce ROS (Parihar and Hemnani 2004).
Moreover, it has also been demonstrated that activated micro

glial cells express neurotoxic compounds (including Super
oxides, glutamate and NO) (Brown and Bal-Price 2003, Mar
Zolo, et al 1999) and secrete interleukin-1 (IL-1), natural
killer and antigen presenting cells (Giulian 1987). It has addi
tionally been shown that cytotoxic and helper T lymphocyte
infiltration enhance the levels of major histocompatibility
complex (MHC) glycoproteins on activated microglia (Rog
ers, etal 1992) that is associated with compact senile plaques.
0008 Cytokines that control the recruitment of lympho
cytes to the sites of inflammation, has also been reported in
senile plaques (Griffin, et al 1989). Moreover, it has been
demonstrated that levels of IL-1 are increased in microglia
around diffuse amyloid plaques (Rogers, et al 1999) and that
IL-1 increases the translation of the mRNA encoded by APP
gene (Colton, et al 1994) leading to early onset of AD.
0009. A recent study by Walter et al. demonstrated that
Supernatant of amyloid peptide-stimulates microglia and that
TLR4 contributes to amyloid peptide-induced microglial
neurotoxicity. In addition, stimulation experiments allowed
for the identification of a tri-molecular receptor complex
consisting of TLR4, MD-2 and CD14 necessary for full cel
lular activation by aggregated amyloid peptide (Walter, et al
2007). Additionally, Burguillos et al. (2011) demonstrated
that pro-inflammatory stimuli induced activation of caspase
8, -3 and -7 in microglia without triggering cell death. The
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activation of these caspases was further shown to be depen
dent on TLR4 but independent of MyD88 (Burguillos, et al
2011).
0010 Interestingly, apoptosis after TLR2 activation has
been demonstrated to be associated with the formation of a

myeloid differentiation factor 88 (MyD88)/Fas-associated
death domain protein (FADD)/Caspase-8 complex (Alipran
tis, et al 2000). Moreover, Burguillos et al. demonstrated that
inhibition of the proinflammatory stimuli induced cascade in
microglia presents neurodegeneration in individuals with AD
and PD (Burguillos, et al 2011). Thus non-steroidal anti
inflammatory drugs are useful in patients having risk for AD,
in at least certain aspects.
0011. The present invention provides a long-felt need in
the art to improve neurodegeneration in an individual afflicted
thereby.
BRIEF SUMMARY OF THE INVENTION

0012. In embodiments of the invention, there are methods
and compositions related to treatment and/or prevention of
neurodegenerative diseases (NDD), including AD, PD, MS,
ALS, Huntington's disease, or Prion diseases, for example,
and others. In specific aspects of the invention, there are
methods and compositions that comprise combinatorial strat
egies for the treatment and/or prevention of AD. In some
embodiments, the individual being treated is known to have a
NDD or is at risk for developing a NDD, including known to
have AD or is at risk for developing AD, as an example.
Individuals at risk for AD include those that are 65 years or
older, that have defects in the ApoE gene, have defects in
presenilin 1 or presenilin 2, and/or have defects in the APP
gene, and so forth.
0013. In certain embodiments of the invention, there are
combination therapies and/or combination preventative mea
sures that include Parthenolide (1aR,7aS,10aS, 10bS)-1a.5dimethyl-8-methylene-2,3,6,7,7a, 8.10a, 10b-octahydroox
ireno 9,10cyclodeca1,2-bfuran-901 aFI)-one) and one or
more other compounds. In specific embodiments, there are
the following exemplary combinations: 1) Parthenolide and
one or more inhibitors of the tri-molecular receptor complex
(TLR4/MD-2/CD14); 2) Parthenolide and Resatorvid; 3)
Parthenolide, Resatorvid and Curcumin; 4) Parthenolide, an
inhibitor of or inhibitors of the tri-molecular receptor com
plex (TLR4/MD-2/CD14) and one or more nACHR agonist
(s); 5) Parthenolide, Resatorvid and Tilorone (trade name
Amixin IC; 2.7-Bis(2-diethylaminoethoxy) fluorine-9-one)
(or Tilorone analog(s), such as Tilorone analog R11-567DA
(2.8-Bis(dimethylaminoacetyl)dibenzofuran hydrate dihy
drochloride), Tilorone analog R11-877DA (2.8-diylbis((Ncarbonylmethylene)dimethylamine)dibenzothiophene), and/
or Tilorone analog R10.874DA (3,6-Bis2-(Dimethylamino)
ethoxy-9H-xanthen-9-one dihydrochloride 3,6-Bis2
(dimethylamino)ethoxy-9H-xanthen-9-one
dihydrochloride)); 6) Parthenolide, Resatorvid, Curcumin
and Tilorone (or Tilorone analog(s)): 7) Parthenolide and
nACHRagonist(s); 8) Parthenolide and Tilorone (or Tilorone
analog(s)): 9) any of the above-listed combinations in com
bination with one or more other NDDs treatments, including
any AD treatment (including for treating one or more symp
toms of the NDD); and/or 10) Parthenolide and any known
NDD treatment, including any AD treatment (including for
treating one or more symptoms of the neurodegenerative
disease).
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0014. In particular embodiments of the invention, Par
thenolide and one or more other compounds act synergisti
cally in the treatment and/or prevention of one or more NDD
in an individual, whereas in some embodiments Parthenolide

and one or more other compounds act additively in the treat
ment and/or prevention of one or more NDD in an individual.
0015. In certain embodiments of the invention, the meth
ods and compositions reduce the progression of AD, and in
Some embodiments the methods and compositions of the
invention are effective to treat a larger spectrum of AD
patients than is possible now with the symptomatic therapies.
In particular embodiments the invention facilitates treatment
of the progression of a NDD, and in certain embodiments
facilitates treatment of at least one symptom of a NDD. In
certain cases the invention is effective for individuals having
early onset or familial AD.
0016. In exemplary embodiments, one or more of the fol
lowing TLR-4/MD-2/CD14 inhibitors are employed: Atorv
astatin (Ajamieh, etal 2012), Betulinic acid (Wan, etal 2012),
Follistatin-related protein (FRP) (Murakami, et al 2012),
Hyaluronic acid (Riehl, et al 2012), Inulin (Nagahara, et al
2011), Dienogest (Mita, etal 2011), Lactoferrin (LF) (Puddu,
et al 2011), Fumigaclavine C (FC) (Du, et al 2011), Vasoac
tive intestinal peptide (VIP) (21693218), MD2-I (Liu, et al
2011), Long chain n-3 PUFA (EPA and DHA) (Ibrahim, etal
2011), Helenalin (Zhao, et al 2011), Cinnamaldehyde (Zhao,
et al 2011), Sulforaphane (Zhao, et al 2011), Eritoran tetra
sodium (Tidswell and LaRosa 2011), Kaempferol (Park, etal
2011), RosiglitaZone (Wu, et al 2011), Hydroxyethyl starch
(HES) (Tian, et al 2011), Triptolide (Yu, et al 2011), Ferulic
acid (FA) (Kim, etal 2011), Baicalin (Tu, etal 2011), Zileuton
(Tu, et al 2010), Isoliduiritigenin (Park and Youn 2010),
6-shogaol (Ahn, etal 2009), Acrolein (Lee, etal 2008), E5564
(Kitazawa, et al 2010), Chalcone (Roh, et al 2010), Chalcone
derivative: 2,4-dihydroxy-6-isopentyloxychalcone (JSH)
(Roh, et al 2010), MDMP (Duan, et al 2010), and/or 9,10
Dihydro-2,5-dimethoxyphenanthrene-1,7-diol
(RSCL
0520) (Datla, et al 2010).
0017. In some embodiments, one or more of the following
nACHR agonists are employed: 5-(4-acetyl1.4diazepan-1yl)pentanoic acid 5-(4-methoxyphenyl)-1H-pyrazol-3-yl)
amide (25, SEN15924, WAY-361789) (Zanaletti, et al 2012),
SEN12333 (Roncarati, etal 2009), SEN12333/WAY-317538
(Haydar, et al 2009), 4-(5-methyloxazolo 4,5-b]pyridin-2yl)-1,4-diazabicyclo3.2.2 nonane (24. CP-810,123)
(O’Donnell, et al 2010), N-(3R,5R)-1-azabicyclo[3.2.1]oct
3-ylfuro2,3-clpyridine-5-carboxamide (3a, PHA-709829)
(Acker, et al 2008), N-(3R)-1-azabicyclo[2.2.2]oct-3-yl-72-(methoxy)phenyl-1-benzofuran-2-carboxamide (ABBF)
(Boess, et al 2007), 5-(6-(3R)-1-azabicyclo[2.2.2]oct-3yloxypyridazin-3-yl)-1H-indole (ABT-107) (Malysz, et al
2010), 4-(5-(4-chlorophenyl)-2-methyl-3-propionyl-1H-pyr
rol-1-yl)benzenesulfonamide (A-867744) (Malysz et al
2009), N-(3R)-1-Azabicyclo[2.2.2]oct-3-ylfuro2.3-cpy
ridine-5-carboxamide (14, PHA-543,613) (Wishka et al
2006),
(R)-3-(3-methylbenzobthiophen-5-yl)spiro 1
aZabicyclo2.2.2]octane-3.5'-oxazolidin-2'-one (Tatsumi, et
all 2006), (R)-3-(5-Chlorothiophen-2-yl)spiro-1-azabicyclo
2.2.2]octane-3,5'-1',3'oxazolidin-2'-one (Tatsumi, et al
2005), N-(3R)-1-azabicyclo[2.2.2]oct-3-yl)-4-chlorobenza
mide hydrochloride (PNU-282987) (Hajos, et al 2005),
WYE-103914/SEN34625 (Marquis, et al 2011) and/or 1-6(4-fluorophenyl)pyridin-3-yl)-3-(4-piperidin-1-ylbutyl)urea
(SEN34.625/WYE-103914) (Ghiron, et al 2010).
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0018. In some embodiments, there is a composition com
prising Parthenolide and at least a second agent, wherein said
second agent is selected from the group consisting of: a) one
or more inhibitors of the tri-molecular receptor complex
(TLR4/MD-2/CD1.4); b) one or more nicotinic acetylcholine
receptors (nACHR) agonists; c) a neurodegenerative disease
treatment; and d) a combination thereof. In specific embodi
ments, an inhibitor of TLR4/MD-2/CD14 is selected from the
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0024 FIG. 1 is a graphical representation of an exemplary
methodology used to identify a drug for the treatment of AD.
0025 FIG. 2 shows a scheme illustrating the potential
pathway of inflammatory response in microglia (from Bur
guillos et al. Nature, 472, 319-324, 2011).
DETAILED DESCRIPTION OF THE INVENTION

group consisting of Curcumin, Resatorvid, and a combination
thereof. In some embodiments, a nACHR agonist is selected
from the group consisting of Tilorone, Tilorone analog R11
567DA, Tilorone analog R11-877DA, Tilorone analog R10.
874DA, and a combination thereof. In certain aspects, Par
thenolide and the secondagent are in a mixture ore are housed
separately. In particular embodiments, the composition com
prises Parthenolide and at least one inhibitor of TLR4/MD
2/CD14; comprises Parthenolide and Resatorvid; comprises
Parthenolide and Curcumin; comprises Parthenolide and one
or more nACHRagonists; comprises Parthenolide and Tilor
one or Parthenolide and at least one Tilorone analog; and/or
comprises Parthenolide and a neurodegenerative disease

0026. As used herein, the use of the word “a” or “an' when
used in conjunction with the term "comprising in the claims
and/or the specification may mean “one.” but it is also con
sistent with the meaning of “one or more.” “at least one.” and

treatment, such as an Alzheimer's Disease treatment.

0027. In general embodiments of the invention, there are
combinatorial compositions that comprise Parthenolide and
at least one other compound for the treatment of a NDD, such
as AD. The compositions may be provided to an individual for
prevention or delay of AD, including in some embodiments
delaying the onset of AD until a later age or preventing the

0019. In specific embodiments of the invention, the ratio
of Parthenolide to a second agent in the composition is 1:1,
1:2, 1:10, 1:50, 1:100, 1:500, 1:1000, 2:1, 10:1, 50:1, 100:1,

500:1, or 1000:1. In some aspects, the composition has a form
that is a tablet, liquid, lozenge, injectable composition, or

“one or more than one.” Some embodiments of the invention

may consist of or consist essentially of one or more elements,
method steps, and/or methods of the invention. It is contem
plated that any method or composition described herein can
be implemented with respect to any other method or compo
sition described herein.
I. General Embodiments of the Invention

dissolvable film. In some cases, Parthenolide and the second

onset of AD. In alternative embodiments, however, the com

agent are of the same form or are in different forms.
0020. In some embodiments, there is a method of treating
a neurodegenerative disease in an individual, comprising the
step of delivering to the individual atherapeutically effective
amount of a composition of the invention. In some embodi
ments, a method further comprises the step of delivering to
the individual an additional neurodegenerative disease treat
ment. In some cases, Parthenolide and the second agent are
delivered concomitantly to the individual or are delivered at
separate times to the individual. The composition may be
delivered orally, Subcutaneously, intramuscularly, or intrave
nously, in specific embodiments. Any two compositions may
be delivered to an individual via separate delivery routes or
the same delivery route, and the timing may or may not be
simultaneous. In specific embodiments, the composition is

positions alleviate or eradicate at least one symptom of AD. In
Some cases, both improvement of at least one symptom and
effective delay of onset of AD is achieved with methods and
compositions of the invention.
0028. In some embodiments of the invention, an indi
vidual is treated that is 65 years of age or older, although in
certain embodiments the individual has early onset (also
known as younger-onset) AD, Such as an individual in their
40’s or 50’s. In some aspects, the individual has familiar AD.
0029. The present invention employs Parthenolide and
another or more agent(s) for a synergistic or, in Some cases,
additive, effect to improve or decrease the rate of neurode
generation in an individual in need thereof.
0030 Although Parthenolide is generally recognized as an
apoptosis inducer, in some embodiments of the invention
Parthenolide inhibits the proapoptotic function of NF-kB
and, consequently, apoptosis, rather than inducing apoptosis
in microglia. In some embodiments of the invention, Par
thenolide acts as a proapoptotic inhibitor and is combined
with other agent(s), such as inhibitor(s) of the tri-molecular
complex (TLR4/MD-2/CD14) (including Resatorvid and/or
Curcumin or a combination thereof) and/or nACHR agonist
(s) including Tilorone or Tilorone analog, or a combination

delivered to the individual more than once. In some cases, the

composition is delivered to the individual at least once daily.
In specific embodiments, the composition is delivered to the
individual more than once a day, more than once a week, once
a week, once a month, or once a year. In particular aspects, a
method further comprises the step of diagnosing neurodegen
erative disease in the individual.

0021. In some embodiments, there is a kit comprising a
composition of the invention, said composition housed in a
Suitable container or in Suitable containers.

0022. Other and further objects, features, and advantages
would be apparent and eventually more readily understood by
reading the following specification and be reference to the
accompanying drawings forming a part thereof, or any
examples of the presently preferred embodiments of the
invention given for the purpose of the disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

0023 For a more complete understanding of the present
invention, reference is now made to the following descrip
tions taken in conjunction with the accompanying drawing, in
which:

thereof.
II. Treatment of Alzheimer's Disease

0031 Currently, no therapy has been developed that will
prevent or delay AD progression (Roberson and Mucke
2006). Present therapies treat one or more symptoms of AD,
including memory loss that disrupts daily life; challenges in
planning or solving problems, difficulty completing familiar
tasks at home, at work or at leisure, confusion with time or

place, trouble understanding visual images and spatial rela
tionships, new problems with words in speaking or writing,
misplacing things and losing the ability to retrace steps,
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decreased or poor judgment, withdrawal from work or social
activities, changes in mood and personality (Alzheimer's
Association).
0032. The currently available symptomatic therapies for
AD mildly improve defects in cognitive function, activities of
daily living (ADLS) and global functioning (Mangialasche, et
all 2011). United States Food and Drug Administration (FDA)
approved drugs for the treatment of AD includes memantine,
galantamine, rivastigmine and donepezil, albeit they are not
curative.

0033 Drugs that treat the symptoms of AD based on the
enhancement of neurotransmitter systems include the acetyl
cholinesterase (AChE) inhibitors (donepezil, galantamine
and rivastigmine) that reduce the enzymatic degradation of
the neurotransmitter ACh, thus enhancing the cholinergic
system in the AD brain. These three AChE inhibitors improve
cognition, function in ADL, and behavior in patients with AD
(Doody, et al 2001, Roberson and Mucke 2006) and are most
effective in treating mild to moderate AD (Geldmacher 2004,
Geldmacher 2008). Another drug that treats the symptoms of
AD based on the enhancement of neurotransmitter systems is
the N-methyl-d-aspartate (NMDA) receptor antagonist,
memantine. Memantine is the first FDA approved drug for the
treatment of moderate to severe AD (Witt, etal 2004) and has
been demonstrated to improve cognitive function (Atri, etal
2008). Additionally, patients with moderate to severe AD
treated with memantine in combination with the AChE inhibi

tors (donepezil, galantamine, or rivastigmine) significantly
slowed the deterioration in both cognitive function and ADLs
compared to patients treated with the AChE inhibitors alone
(Atri, et al 2008).
0034. Thus, in certain aspects, cholinesterase inhibitors
(Aricept, Exelon, Razadyne, Cognex) and/or memantine (Na
menda) are employed to address the cognitive symptoms
(memory loss, confusion, and problems with thinking and
reasoning) of Alzheimer's disease.
0035. In some cases, individuals utilize herbal remedies,
dietary Supplements or medical foods, such as one or more of
the following: caprylic acid; coconut oil; coenzyme Q10;
coral calcium, ginkgo biloba; Huperzine A.; Omega-3 fatty
acids; phosphatidylserine; and/or tramiprosate.
0036) Any of the aforementioned compounds may be
employed in embodiments of the present invention.
0037. In some embodiments of the invention, an indi
vidual suspected of having or known to have AD or an indi
vidual that is 65 years of age or older is subjected to methods
and compositions of the invention. In particular embodi
ments, an individual is also subjected to diagnosis of AD,
which may include a thorough medical history; mental status
testing; a physical and neurological exam; and/or tests (such
as blood tests and brain imaging) to rule out other causes of
dementia-like symptoms.
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for example, a human, as appropriate. The preparation of an
pharmaceutical composition that contains at least one Par
thenolide combinatorial composition will be known to those
of skill in the art in light of the present disclosure, as exem
plified by Remington's Pharmaceutical Sciences, 18th Ed.
Mack Printing Company, 1990, incorporated herein by refer
ence. Moreover, for animal (e.g., human) administration, it
will be understood that preparations should meet sterility,
pyrogenicity, general safety and purity standards as required
by FDA Office of Biological Standards.
0039. As used herein, “pharmaceutically acceptable car
rier includes any and all solvents, dispersion media, coat
ings, Surfactants, antioxidants, preservatives (e.g., antibacte
rial agents, antifungal agents), isotonic agents, absorption
delaying agents, salts, preservatives, drugs, drug stabilizers,
gels, binders, excipients, disintegration agents, lubricants,
Sweetening agents, flavoring agents, dyes, such like materials
and combinations thereof, as would be known to one of ordi

nary skill in the art (see, for example, Remington’s Pharma
ceutical Sciences, 18th Ed. Mack Printing Company, 1990,
pp. 1289-1329, incorporated herein by reference). Except
insofar as any conventional carrier is incompatible with the
active ingredient, its use in the pharmaceutical compositions
is contemplated.
0040. The Parthenolide combinatorial composition may
comprise different types of carriers depending on whetherit is
to be administered in Solid, liquid or aerosol form, and
whether it need to be sterile for such routes of administration

as injection. The present invention can be administered intra
venously, intradermally, transdermally, intrathecally, intraar
terially, intraperitoneally, intranasally, intravaginally,
intrarectally, topically, intramuscularly, Subcutaneously,
mucosally, orally, topically, locally, inhalation (e.g., aerosol
inhalation), injection, infusion, continuous infusion, local
ized perfusion bathing target cells directly, via a catheter, via
a lavage, incremes, in lipid compositions (e.g., liposomes), or
by other method or any combination of the forgoing as would
be known to one of ordinary skill in the art (see, for example,
Remington’s Pharmaceutical Sciences, 18th Ed. Mack Print
ing Company, 1990 incorporated herein by reference).
0041. The Parthenolide combinatorial composition may
beformulated into a composition in a free base, neutral or salt
form. Pharmaceutically acceptable salts, include the acid
addition salts, e.g., those formed with the free amino groups
of a proteinaceous composition, or which are formed with
inorganic acids such as for example, hydrochloric or phos
phoric acids, or Such organic acids as acetic, oxalic, tartaric or
mandelic acid. Salts formed with the free carboxyl groups can
also be derived from inorganic bases such as for example,
Sodium, potassium, ammonium, calcium or ferric hydrox
ides; or Such organic bases as isopropylamine, trimethy
lamine, histidine or procaine. Upon formulation, Solutions
will be administered in a manner compatible with the dosage
formulation and in Such amount as is therapeutically effec
tive. The formulations are easily administered in a variety of
dosage forms such as formulated for parenteral administra
tions such as injectable solutions, or aerosols for delivery to
the lungs, or formulated for alimentary administrations such
as drug release capsules and the like.
0042. Further in accordance with the present invention,
the composition of the present invention Suitable for admin
istration is provided in a pharmaceutically acceptable carrier

III. Pharmaceutical Preparations
0038 Pharmaceutical compositions of the present inven
tion comprise an effective amount of one or more Partheno
lide? second agent compositions dissolved or dispersed in a
pharmaceutically acceptable carrier. When Parthenolide and
the second agent are housed and/or delivered separately, they
each are dissolved or dispersed in a pharmaceutically accept
able carrier. The phrases “pharmaceutical or pharmacologi
cally acceptable' refers to molecular entities and composi
tions that do not produce an adverse, allergic or other

with or without an inert diluent. The carrier should be assimi

untoward reaction when administered to an animal. Such as,

lable and includes liquid, semi-solid, i.e., pastes, or Solid
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carriers. Except insofar as any conventional media, agent,
diluent or carrier is detrimental to the recipient or to the
therapeutic effectiveness of a the composition contained
therein, its use in administrable composition for use in prac
ticing the methods of the present invention is appropriate.
Examples of carriers or diluents include fats, oils, water,
saline Solutions, lipids, liposomes, resins, binders, fillers and
the like, or combinations thereof. The composition may also
comprise various antioxidants to retard oxidation of one or
more component. Additionally, the prevention of the action of
microorganisms can be brought about by preservatives Such
as various antibacterial and antifungal agents, including but
not limited to parabens (e.g., methylparabens, propylpara
bens), chlorobutanol, phenol, Sorbic acid, thimerosal or com
binations thereof.

0043. In accordance with the present invention, the com
position is combined with the carrier in any convenient and
practical manner, i.e., by Solution, Suspension, emulsifica
tion, admixture, encapsulation, absorption and the like. Such
procedures are routine for those skilled in the art.
0044. In a specific embodiment of the present invention,
the composition is combined or mixed thoroughly with a
semi-solid or Solid carrier. The mixing can be carried out in
any convenient manner Such as grinding. Stabilizing agents
can be also added in the mixing process in order to protect the
composition from loss of therapeutic activity, i.e., denatur
ation in the stomach. Examples of stabilizers for use in an the
composition include buffers, amino acids Such as glycine and
lysine, carbohydrates such as dextrose, mannose, galactose,
fructose, lactose. Sucrose, maltose, Sorbitol, mannitol, etc.

0045. In further embodiments, the present invention may
concern the use of a pharmaceutical lipid vehicle composi
tions that include the Parthenolide combinatorial composi
tion, one or more lipids, and an aqueous solvent. As used
herein, the term “lipid' will be defined to include any of a
broad range of Substances that is characteristically insoluble
in water and extractable with an organic solvent. This broad
class of compounds are well known to those of skill in the art,
and as the term “lipid is used herein, it is not limited to any
particular structure. Examples include compounds which
contain long-chain aliphatic hydrocarbons and their deriva
tives. A lipid may be naturally occurring or synthetic (i.e.,
designed or produced by man). However, a lipid is usually a
biological Substance. Biological lipids are well known in the
art, and include for example, neutral fats, phospholipids,
phosphoglycerides, steroids, terpenes, lysolipids, glycosph
ingolipids, glycolipids, Sulphatides, lipids with ether and
ester-linked fatty acids and polymerizable lipids, and combi
nations thereof. Of course, compounds other than those spe
cifically described herein that are understood by one of skill in
the art as lipids are also encompassed by the compositions and
methods of the present invention.
0046. One of ordinary skill in the art would be familiar
with the range of techniques that can be employed for dis
persing a composition in a lipid vehicle. For example, the
Parthenolide combinatorial composition may be dispersed in
a solution containing a lipid, dissolved with a lipid, emulsified
with a lipid, mixed with a lipid, combined with a lipid,
covalently bonded to a lipid, contained as a Suspension in a
lipid, contained or complexed with a micelle or liposome, or
otherwise associated with a lipid or lipid structure by any
means known to those of ordinary skill in the art. The disper
sion may or may not result in the formation of liposomes.
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0047. The actual dosage amount of a composition of the
present invention administered to an animal patient can be
determined by physical and physiological factors such as
body weight, severity of condition, the type of disease being
treated, previous or concurrent therapeutic interventions, idi
opathy of the patient and on the route of administration.
Depending upon the dosage and the route of administration,
the number of administrations of a preferred dosage and/oran
effective amount may vary according to the response of the
subject. The practitioner responsible for administration will,
in any event, determine the concentration of active ingredient
(s) in a composition and appropriate dose(s) for the individual
Subject.
0048. In certain embodiments, pharmaceutical composi
tions may comprise, for example, at least about 0.1% of an
active compound. In other embodiments, the an active com
pound may comprise between about 2% to about 75% of the
weight of the unit, or between about 25% to about 60%, for
example, and any range derivable therein. Naturally, the
amount of active compound(s) in each therapeutically useful
composition may be prepared is such a way that a Suitable
dosage will be obtained in any given unit dose of the com
pound. Factors such as solubility, bioavailability, biological
half-life, route of administration, product shelf life, as well as
other pharmacological considerations will be contemplated
by one skilled in the art of preparing Such pharmaceutical
formulations, and as such, a variety of dosages and treatment
regimens may be desirable.
0049. In other non-limiting examples, a dose may also
comprise from about 1 microgram/kg/body weight, about 5
microgram/kg/body weight, about 10 microgram/kg/body
weight, about 50 microgram/kg/body weight, about 100
microgram/kg/body weight, about 200 microgram/kg/body
weight, about 350 microgram/kg/body weight, about 500
microgram/kg/body weight, about 1 milligram/kg/body
weight, about 5 milligram/kg/body weight, about 10 milli
gram/kg/body weight, about 50 milligram/kg/body weight,
about 100 milligram/kg/body weight, about 200 milligram/
kg/body weight, about 350 milligram/kg/body weight, about
500 milligram/kg/body weight, to about 1000 mg/kg/body
weight or more per administration, and any range derivable
therein. In non-limiting examples of a derivable range from
the numbers listed herein, a range of about 5 mg/kg/body
weight to about 100 mg/kg/body weight, about 5 microgram/
kg/body weight to about 500 milligram/kg/body weight, etc.,
can be administered, based on the numbers described above.

0050 A. Alimentary Compositions and Formulations
0051. In preferred embodiments of the present invention,
the Parthenolide combinatorial composition is formulated to
be administered via an alimentary route. Alimentary routes
include all possible routes of administration in which the
composition is in direct contact with the alimentary tract.
Specifically, the pharmaceutical compositions disclosed
herein may be administered orally, buccally, rectally, or Sub
lingually. As such, these compositions may be formulated
with an inert diluent or with an assimilable edible carrier, or

they may be enclosed in hard- or soft-shell gelatin capsule, or
they may be compressed into tablets, or they may be incor
porated directly with the food of the diet.
0052. In certain embodiments, the active compounds may
be incorporated with excipients and used in the form of
ingestible tablets, buccal tables, troches, capsules, elixirs,
Suspensions, syrups, wafers, and the like (Mathiowitz et al.,
1997: Hwang et al., 1998: U.S. Pat. Nos. 5,641,515; 5,580,
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579 and 5,792.451, each specifically incorporated herein by
reference in its entirety). The tablets, troches, pills, capsules
and the like may also contain the following: a binder, such as,
for example, gum tragacanth, acacia, cornstarch, gelatin or
combinations thereof an excipient, such as, for example,
dicalcium phosphate, mannitol, lactose, starch, magnesium
Stearate, sodium saccharine, cellulose, magnesium carbonate
or combinations thereof; a disintegrating agent. Such as, for
example, corn starch, potato starch, alginic acid or combina
tions thereof a lubricant, Such as, for example, magnesium
Stearate; a Sweetening agent, such as, for example, Sucrose,
lactose, saccharin or combinations thereof a flavoring agent,
Such as, for example peppermint, oil of wintergreen, cherry
flavoring, orange flavoring, etc. When the dosage unit form is
a capsule, it may contain, in addition to materials of the above
type, a liquid carrier. Various other materials may be present
as coatings or to otherwise modify the physical form of the
dosage unit. For instance, tablets, pills, or capsules may be
coated with shellac, sugar, or both. When the dosage form is
a capsule, it may contain, in addition to materials of the above
type, carriers such as a liquid carrier. Gelatin capsules, tab
lets, or pills may be enterically coated. Enteric coatings pre
vent denaturation of the composition in the stomach or upper
bowel where the pH is acidic. See, e.g., U.S. Pat. No. 5,629,
001. Upon reaching the small intestines, the basic pH therein
dissolves the coating and permits the composition to be
released and absorbed by specialized cells, e.g., epithelial
enterocytes and Peyer's patch M cells. A syrup of elixir may
contain the active compound Sucrose as a Sweetening agent
methyl and propylparabens as preservatives, a dye and fla
Voring, Such as cherry or orange flavor. Of course, any mate
rial used in preparing any dosage unit form should be phar
maceutically pure and Substantially non-toxic in the amounts
employed. In addition, the active compounds may be incor
porated into Sustained-release preparation and formulations.
0053 For oral administration the compositions of the
present invention may alternatively be incorporated with one
or more excipients in the form of a mouthwash, dentifrice,
buccal tablet, oral spray, or Sublingual orally-administered
formulation. For example, a mouthwash may be prepared
incorporating the active ingredient in the required amount in
an appropriate solvent, such as a sodium borate solution (Do
bell's Solution). Alternatively, the active ingredient may be
incorporated into an oral Solution Such as one containing
Sodium borate, glycerin and potassium bicarbonate, or dis
persed in a dentifrice, or added in a therapeutically-effective
amount to a composition that may include water, binders,
abrasives, flavoring agents, foaming agents, and humectants.
Alternatively the compositions may be fashioned into a tablet
or Solution form that may be placed under the tongue or
otherwise dissolved in the mouth.

0054 Additional formulations which are suitable for other
modes of alimentary administration include Suppositories.
Suppositories are solid dosage forms of various weights and
shapes, usually medicated, for insertion into the rectum. After
insertion, Suppositories soften, melt or dissolve in the cavity
fluids. In general, for Suppositories, traditional carriers may
include, for example, polyalkylene glycols, triglycerides or
combinations thereof. In certain embodiments, Suppositories
may be formed from mixtures containing, for example, the
active ingredient in the range of about 0.5% to about 10%, and
preferably about 1% to about 2%.
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0055 B. Parenteral Compositions and Formulations
0056. In further embodiments, the Parthenolide combina
torial composition may be administered via a parenteral
route. As used herein, the term “parenteral' includes routes
that bypass the alimentary tract. Specifically, the pharmaceu
tical compositions disclosed herein may be administered for
example, but not limited to intravenously, intradermally,
intramuscularly, intraarterially, intrathecally, Subcutaneous,
or intraperitoneally U.S. Pat. Nos. 6.7537,514, 6,613.308,
5,466,468, 5,543,158; 5,641,515; and 5,399,363 (each spe
cifically incorporated herein by reference in its entirety).
0057 Solutions of the active compounds as free base or
pharmacologically acceptable salts may be prepared in water
Suitably mixed with a surfactant, Such as hydroxypropylcel
lulose. Dispersions may also be prepared in glycerol, liquid
polyethylene glycols, and mixtures thereof and in oils. Under
ordinary conditions of storage and use, these preparations
contain a preservative to prevent the growth of microorgan
isms. The pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile inject
able solutions or dispersions (U.S. Pat. No. 5,466,468, spe
cifically incorporated herein by reference in its entirety). In
all cases the form must be sterile and must be fluid to the

extent that easy injectability exists. It must be stable under the
conditions of manufacture and storage and must be preserved
against the contaminating action of microorganisms. Such as
bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (i.e.,
glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), suitable mixtures thereof, and/or vegetable oils.
Proper fluidity may be maintained, for example, by the use of
a coating, such as lecithin, by the maintenance of the required
particle size in the case of dispersion and by the use of Sur
factants. The prevention of the action of microorganisms can
be brought about by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, Sorbic
acid, thimerosal, and the like. In many cases, it will be pref
erable to include isotonic agents, for example, Sugars or
sodium chloride. Prolonged absorption of the injectable com
positions can be brought about by the use in the compositions
of agents delaying absorption, for example, aluminum
monostearate and gelatin.
0.058 For parenteral administration in an aqueous solu
tion, for example, the solution should be suitably buffered if
necessary and the liquid diluent first rendered isotonic with
Sufficient Saline or glucose. These particular aqueous solu
tions are especially suitable fix intravenous, intramuscular,
Subcutaneous, and intraperitoneal administration. In this con
nection, Sterile aqueous media that can be employed will be
known to those of skill in the art in light of the present
disclosure. For example, one dosage may be dissolved in
isotonic NaCl solution and either added hypodermoclysis
fluid or injected at the proposed site of infusion, (see for
example, “Remington's Pharmaceutical Sciences' 15th Edi
tion, pages 1035-1038 and 1570-1580). Some variation in
dosage will necessarily occur depending on the condition of
the subject being treated. The person responsible for admin
istration will, in any event, determine the appropriate dose for
the individual subject. Moreover, for human administration,
preparations should meet Sterility, pyrogenicity, general
safety and purity standards as required by FDA Office of
Biologics standards.
0059 Sterile injectable solutions are prepared by incorpo
rating the active compounds in the required amount in the
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appropriate solvent with various of the other ingredients enu
merated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the vari
ous sterilized active ingredients into a sterile vehicle which
contains the basic dispersion medium and the required other
ingredients from those enumerated above. In the case of ster
ile powders for the preparation of sterile injectable solutions,
the preferred methods of preparation are vacuum-drying and
freeze-drying techniques which yield a powder of the active
ingredient plus any additional desired ingredient from a pre
viously sterile-filtered solution thereof. A powdered compo
sition is combined with a liquid carrier Such as, e.g., water or
a saline Solution, with or without a stabilizing agent.
0060 C. Miscellaneous Pharmaceutical Compositions
and Formulations

0061. In other preferred embodiments of the invention, the
active compound Parthenolide combinatorial composition
may be formulated for administration via various miscella
neous routes, for example, topical (i.e., transdermal) admin
istration, mucosal administration (intranasal, vaginal, etc.)
and/or inhalation.

0062 Pharmaceutical compositions for topical adminis
tration may include the active compound formulated for a
medicated application Such as an ointment, paste, cream or
powder. Ointments include all oleaginous, adsorption, emul
sion and water-solubly based compositions for topical appli
cation, while creams and lotions are those compositions that
include an emulsion base only. Topically administered medi
cations may contain a penetration enhancer to facilitate
adsorption of the active ingredients through the skin. Suitable
penetration enhancers include glycerin, alcohols, alkyl
methyl sulfoxides, pyrrolidones and luarocapram. Possible
bases for compositions for topical application include poly
ethylene glycol, lanolin, cold cream and petrolatum as well as
any other Suitable absorption, emulsion or water-soluble oint
ment base. Topical preparations may also include emulsifiers,
gelling agents, and Parthenolide combinatorial preservatives
as necessary to preserve the active ingredient and provide for
a homogenous mixture. Transdermal administration of the
present invention may also comprise the use of a “patch'. For
example, the patch may supply one or more active substances
at a predetermined rate and in a continuous manner over a
fixed period of time.
0063. In certain embodiments, the pharmaceutical com
positions may be delivered by eye drops, intranasal sprays,
inhalation, and/or other aerosol delivery vehicles. Methods
for delivering compositions directly to the lungs via nasal
aerosol sprays has been described e.g., in U.S. Pat. Nos.
5,756.353 and 5,804.212 (each specifically incorporated
herein by reference in its entirety). Likewise, the delivery of
drugs using intranasal microparticle resins (Takenaga et al.,
1998) and lysophosphatidyl-glycerol compounds (U.S. Pat.
No. 5,725, 871, specifically incorporated herein by reference
in its entirety) are also well-known in the pharmaceutical arts.
Likewise, transmucosal drug delivery in the form of a poly
tetrafluoroetheylene support matrix is described in U.S. Pat.
No. 5,780.045 (specifically incorporated herein by reference
in its entirety).
0064. The term aerosol refers to a colloidal system of
finely divided solid of liquid particles dispersed in a liquefied
or pressurized gas propellant. The typical aerosol of the
present invention for inhalation will consist of a suspension of
active ingredients in liquid propellant or a mixture of liquid
propellant and a suitable solvent. Suitable propellants include
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hydrocarbons and hydrocarbon ethers. Suitable containers
will vary according to the pressure requirements of the pro
pellant. Administration of the aerosol will vary according to
Subjects age, weight and the severity and response of the
symptoms.
IV. Kits of the Invention

0065. Any of the compositions described herein may be
comprised in a kit. The kits will thus comprise, in suitable
container means, a Parthenolide combinatorial composition
of the present invention. In some embodiments, the kit further
comprises an additional agent for treating a microbial infec
tion, and the additional agent may be combined with the
composition of the invention or may be provided separately in
the kit. In some embodiments, means of taking a sample from
an individual and/or of assaying the sample may be provided
in the kit. In certain embodiments there may be means to
identify AD in an individual and/or an additional neurode
generative disease treatment.
0066. The components of the kits may be packaged either
in aqueous media or in lyophilized form. The container means
of the kits will generally include at least one vial, test tube,
flask, bottle, Syringe or other container means, into which a
component may be placed, and preferably, Suitably aliquoted.
Where there are more than one component in the kit (for
example, when Parthenolide and the second agent are housed
separately), the kit also will generally contain a second, third
or other additional container into which the additional com

ponents may be separately placed. However, various combi
nations of components may be comprised in a vial. The kits of
the present invention also will typically include a means for
containing the Parthenolide combinatorial composition and
any other reagent containers in close confinement for com
mercial sale. Such containers may include injection or blow
molded plastic containers into which the desired vials are
retained.

0067. When the components of the kit are provided in one
and/or more liquid Solutions, the liquid Solution is an aqueous
Solution, with a sterile aqueous solution being particularly
preferred. The compositions may also be formulated into a
Syringeable composition. In which case, the container means
may itself be a syringe, pipette, and/or other such like appa
ratus, from which the formulation may be applied to an
infected area of the body, injected into an animal, and/or even
applied to and/or mixed with the other components of the kit.
However, the components of the kit may be provided as dried
powder(s). When reagents and/or components are provided as
a dry powder, the powder can be reconstituted by the addition
of a suitable solvent. It is envisioned that the solvent may also
be provided in another container means.
EXAMPLES

0068. The following examples are offered by way of
example and are not intended to limit the scope of the inven
tion in any manner.
Example 1
Identification of Parthenolide and a Second Agent
for AD Treatment

0069. Due to the high morbidity and sequelae of AD, a
Literature Based Discovery (LBD) approach was designed to
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pinpoint a candidate drugs for the treatment of AD that may
be more suitable treatment than the currently administered
regimen.
0070) Exemplary Methodology (FIG. 1):
0071 1. Dragon Exploratory System an in house fact
finding system for biomedical and biology domain that oper
ates mainly based on LBD, and was used to generate a knowl
edgebase on neurodegenerative diseases. This knowledge
base is focused on neurodegenerative disease-related litera
ture that allowed extraction of microglia-related disease
drugs (MRDDs) linked to specific genes and proteins impli
cated in the pathophysiology of AD (FIG. 2).
0072 2. The MRDDs that were linked to all of the selected
AD-related proteins were compiled.
0073. 3. The MRDDs that were not screened for applica
tion as an AD drug were extracted.
0074. 4. The MRDDs from step 3 that induce the desired
effect on the molecules and proteins implicated in the patho
physiology of AD were selected by hand curation.
0075. The study allowed for the identification of Partheno
lide as a critical component in the newly proposed treatment
of AD. Parthenolide, a known NF-kB inhibitor, is a naturally
occurring sesquiterpene lactone derived from feverfew (Tan
acetum parthenium) (Mathema, et al 2011).
0076. In 2002, Fiebich et al. demonstrated that partheno
lide inhibits INOS/NO synthesis in primary rat microglia
(Fiebich, et al 2002) (Table 1). This is the only experimental
data published demonstrating the effect of parthenolide in
microglia. However, Parthenolide has additionally been
shown to inhibit IkappaBalpha degradation, NF-kB activa
tion and inflammatory response in IL-1B and TNFO-stimu
lated cystic fibrosis cells (Saadane, et al 2007). Thus, Par
thenolide also inhibits the reactivation of NF-kB by
inflammatory proteins implicated in the pathophysiology of
AD. Mangolini et al. further demonstrated that Parthenolide
reduces, rather than increase apoptosis and p53 levels in
fibrocystin/polyductin-depleted kidney epithelial cells
(Mangolini, et al 2010). This result highlights the proapop
totic function of NF-KB in particular cell types and Partheno
lide's ability to reduce apoptosis via NF-kB inhibition. Con
sequently, in embodiments of the invention Parthenolide also
inhibits NF-kB and the associated pro-inflammatory signals
in microglia, thereby reducing neurodegeneration in AD.
TABLE 1.

Beneficial effects demonstrated by Parthenolide on the
pathophysiology of AD
Expression

Expression altered by

Molecules

status in AD

References

Parthenolide

CASP8
CASP3

l
l

IkappaBC.

l

(Saadane, et all 2007)

Decreases IkappaBC.

NF-kB

l

(Saadane, et all 2007)

Decreases NF-kB

NO
INOS

l
l

(Fiebich, et al 2002)
(Fiebich, et al 2002)

Decreases NO levels
Decreases INOS

TNFC

l

(Saadane, et all 2007)

Decreases TNFC.

undetermined
undetermined

evels
evels
evels

IL-1B

l

TLR4
MD-2
CD14

l
l
l

(Saadane, et all 2007)

0077. However, this neurodegeneration can be further lim
ited by introducing inhibitors of the tri-molecular receptor
complex (TLR4/MD-2/CD14) necessary for full cellular acti
Vation by aggregated amyloid peptide. As an example, Cur
cumin has been demonstrated to bind MD-2 thereby inhibit
ing MyD88-dependent and -independent signaling pathways
of LPS signaling through TLR4 (Gradisar, et al 2007).
(0078. On the other hand, Resatorvid (TAK-242), a novel
synthetic Small-molecule was shown to suppress TLR4 sig
naling by binding directly to a specific amino acid Cys747 in
the intracellular domain of TLR4 (Takashima, et al 2009).
Resatorvid was further shown to inhibit TIRAP-mediated
activation of NF-kB and the TRAM-mediated activation of

NF-kB and interferon-sensitive response element in HEK293
cells stably expressing TLR4/MD-2/CD14 (Matsunaga, etal
2011), Caspase-8 and -3 was shown to be activated in micro
glia in the brain of individuals with PD and AD, whilst the
knockdown of TLR4 was shown to reduce processing/activa
tion of caspase-8 and -3 (Burguillos, et al 2011). Since
caspase-8 and -3 processing/activation is reduce and not
eliminated, it is possible that other undefined pathways may
likely be induced by the AB peptides as well. Thus, combining
Curcumin that binds MD-2 and Resatorvid that binds TLR4

to inhibit the known pathways induced by AB peptides with
parthenolide inhibiting all inflammatory pathways likely
merging at NF-KB should provide a stronger defense against
the effects of the AB peptides. Additionally, nAChRagonist/s
such as Tilorone (or Tilorone analogs) (Briggs, et al 2008)
can also be used to help restore normal cellular processes, as
it has been demonstrated that nAChR agonists increase
SAPPC secretion whilst decreasing levels of AB peptides
(Mousavi and Hellstrom-Lindahl 2009).
0079 Considering that notherapy has been developed that
will prevent or delay AD progression and that the currently
available symptomatic therapies for AD are only mildly
improving defects in cognitive function, HDLS and global
functioning, it would be beneficial to include Parthenolide
and the inhibitor/s of the trimolecular receptor complex
(TLR4/MD-2/CD14) such as Curcumin and/or Resatorvid,
and the nACHR agonist/S Such as Tilorone to the regimen as
this drug Synergy approach is efficient in changing the pro
gression of AD, in certain aspects of the invention.
Example 2
Combinatorial Drugs for Neurodegenerative Disease
Treatment

0080. In at least certain embodiments of the invention that
employ parthenolide in combination with other compositions
for neurodegenerative disease, Such combinations are benefi
cial compared to the current treatment of AD. In particular
embodiments, the methods of the invention are directly or
indirectly associated with advantages Such as decreasinglev
els of AB peptides, for example through inhibiting the action
of AB peptides via toll-like receptors, nAChR and other
inflammatory pathways related to NF-kB activities. In some
embodiments of the invention, there are methods and combi

evels

nation that reduce neuronal loss.

Decreases IL-1B

I0081. In combinatorial treatment aspects of the invention,
neurodegeneration can be further limited by introducing
inhibitors of the tri-molecular receptor complex (TLR4/MD
2/CD14) necessary for full cellular activation by aggregated
amyloid peptide. As an example, Curcumin has been demon
strated to bind MD-2 thereby inhibiting MyD88-dependent

evels
undetermined
undetermined
undetermined
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and -independent signaling pathways of LPS signaling
through TLR4 (Gradisar, et al 2007). On the other hand,
Resatorvid (TAK-242), a novel synthetic small-molecule was
shown to suppress TLR4 signaling by binding directly to a
specific amino acid Cys747 in the intracellular domain of
TLR4 (Takashima, et al 2009).
0082 Resatorvid was further shown to inhibit TIRAP
mediated activation of NF-kB and the TRAMmediated acti

vation of NF-kB and interferon-sensitive response element in
HEK293 cells stably expressingTLR4/MD-2/CD14 (Matsu
naga, etal 2011). Caspase-8 and -3 was shown to be activated
in microglia in the brain of individuals with PD and AD,
whilst the knockdown of TLR4 was shown to reduce process
ing/activation of caspase-8 and -3 (Burguillos, et al 2011).
Since caspase-8 and -3 processing/activation is reduce and
not eliminated, it is possible that other undefined pathways
may likely be induced by the AB peptides as well.
0083. Thus, combining Curcumin that binds MD-2 and
Resatorvid that binds TLR4 to inhibit the known pathways
induced by AB peptides with Parthenolide inhibiting all
inflammatory pathways likely involving NF-kB should pro
vide a stronger defense against the effects of the AB peptides.
Additionally, nAChRagonists such as Tilorone (or Tilorone
analog/s) (Briggs, et al 2008) can also be used to help restore
normal cellular processes, as it has been demonstrated that
nAChRagonists increase SAPPC. secretion whilst decreasing
levels of AB peptides (Mousavi and Hellstrom-Lindahl
2009).
0084 Considering that notherapy has been developed that
will prevent or delay AD progression, and the currently avail
able symptomatic therapies for AD are only mildly improving
defects in cognitive function, ADLS and global functioning, it
is beneficial to include Parthenolide and at least one other

compound, Such as the inhibitor(s) of the tri-molecular recep
tor complex (TLR4/MD-2/CD14), such as Resatorvid, or
both Resatorvid and Curcumin, and the naCHR agonist/s
Such as Tilorone to the regimen. In particular embodiments,
this drug Synergy approach is efficient to improve at least one
symptom of at least one neurodegenerative disease and, in at
least Some aspects, is efficient to change the progression of
AD.
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0168 One skilled in the art readily appreciates that the
present invention is well adapted to carry out the objectives
and obtain the ends and advantages mentioned as well as
those inherent therein. Methods, procedures, techniques and
kits described herein are presently representative of the pre
ferred embodiments and are intended to be exemplary and are
not intended as limitations of the scope. Changes therein and
other uses will occur to those skilled in the art which are

encompassed within the spirit of the invention or defined by
the scope of the pending claims.
1. A composition comprising Parthenolide and at least a
second agent, wherein said second agent is selected from the
group consisting of:
a) one or more inhibitors of the tri-molecular receptor
complex (TLR4/MD-2/CD14):
b) one or more nicotinic acetylcholine receptors (nACHR)
agonists;
c) a neurodegenerative disease treatment; and
d) a combination thereof.
2. The composition of claim 1, wherein an inhibitor of
TLR4/MD-2/CD14 is selected from the group consisting of
Curcumin, Resatorvid, and a combination thereof.

3. The composition of claim 1, wherein a nACHR agonist
is selected from the group consisting of Tilorone, Tilorone
analog R11-567DA, Tilorone analog R11-877DA, Tilorone
analog R10,874DA, and a combination thereof.
4. The composition of claim 1, wherein Parthenolide and
the second agent are in a mixture.
5. The composition of claim 1, wherein Parthenolide and
the second agent are housed separately.
6. The composition of claim 1, wherein the composition
comprises Parthenolide and at least one inhibitor of TLR4/
MD-2/CD14.

7. The composition of claim 1, wherein the composition
comprises Parthenolide and Zesatorvid.
8. The composition of claim 1, wherein the composition
comprises Parthenolide and Curcumin.
9. The composition of claim 1, wherein the composition
comprises Parthenolide and one or more nACHR agonists.
10. The composition of claim 1, wherein the composition
comprises Parthenolide and Tilorone or Parthenolide and at
least one Tilorone analog.
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11. The composition of claim 1, wherein the composition
comprises Parthenolide and a neurodegenerative disease

18. The method of claim 17, further comprising the step of
delivering to the individual an additional neurodegenerative

treatment.

disease treatment.

12. The composition of claim 1, wherein the neurodegen
erative disease treatment is an Alzheimer's Disease treat
ment.

13. The composition of claim 1, wherein the ratio of Par
thenolide to the second agent in the composition is 1:1, 1:2.
1:10, 1:50, 1:100, 1:500, 1:1000, 2:1, 10:1, 50:1, 100:1, 500:
1, or 1000:1.

14. The composition of claim 1, wherein the composition
has a form that is a tablet, liquid, lozenge, injectable compo
sition, or dissolvable film/

15. The composition of claim 1, wherein Parthenolide and
the second agent are of the same form.
16. The composition of claim 1, wherein Parthenolide and
the second agent are in different forms.
17. A method of treating a neurodegenerative disease in an
individual, comprising the step of delivering to the individual
a therapeutically effective amount of a composition of claim
1.

19. The method of claim 17, wherein Parthenolide and the

second agent are delivered concomitantly to the individual.

20. The method of claim 17, wherein Parthenolide and the

second agent are delivered at separate times to the individual.
21. The method of claim 17, wherein the composition is
delivered orally, Subcutaneously, intramuscularly, or intrave
nously.
22. The method of claim 17, wherein the composition is
delivered to the individual more than once.

23. The method of claim 22, wherein the composition is
delivered to the individual at least once daily.
24. The method of claim 22, wherein the composition is
delivered to the individual more than once a day, more than
once a week, once a week, once a month, or once a year.
25. The method of claim 17, further comprising the step of
diagnosing neurodegenerative disease in the individual.
26. A kit comprising the composition of claim 1, said
composition housed in a suitable container or in Suitable
containers.

