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PHARMACEUTICAL COMPOSITIONS
USEFUL IN PREVENTION AND TREATMENT
OF BETA-AMYLOID PROTEIN-INDUCED
DISEASE

This application is a divisional application of U.S. patent
application Ser. No. 10/111,039, filed Apr. 19, 2002, (now
U.S. Pat. No. 6,887,898) and is copending with U.S. patent
application Ser. No. 11/084,316, filed Mar. 18, 2005, which is
acontinuation of U.S. patent application Ser. No. 10/111,039,
filed Apr. 19, 2002, (now U.S. Pat. No. 6,887,898). U.S.
patent application Ser. No. 10/111,039, filed Apr. 19, 2002, is
the U.S. National Phase of International Patent Application
No. PCT/US00/41436 filed Oct. 23, 2000, which claims the
benefit of priority of European Patent Application No.
00986827 .4, filed Oct. 23, 2000 and U.S. Provisional Patent
Application No. 60/161,145 filed Oct. 22, 1999. The disclo-
sures of all priority applications are incorporated herein by
reference in their entireties.

This application claims priority from U.S. Provisional
Application Ser. No. 60/161,145 filed Oct. 22, 1999.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to the use of natural product com-
pounds isolated from plants, and synthetic chemical ana-
logues thereof, for the prevention and treatment of beta-Amy-
loid protein-induced disease. More particularly, the invention
relates to pharmaceutical compositions that protect neuronal
cells from beta-Amyloid insult for use in preventing and
treating beta-Amyloid protein-induced disease.

2. Description of Related Technology

Alzheimer’s disease (AD) is the most common cause of
progressive cognitive dysfunction. AD affects approximately
four million Americans and causes more than 100,000 deaths
each year, with a total annual cost approaching $70 billion. It
is estimated that by the year 2020, 14 million Americans will
be affected by the disease. Furthermore, AD has a profound
effect on the millions of family members and other loved ones
who provide most of the care for people having this disease.
Unfortunately, the cure for AD has not been discovered.

The principal pathological characteristics of AD are senile
plaques and neurofibrillary tangles (NFT’s). Senile plaques
are extracellular deposits, principally composed of insoluble
aggregates of beta-Amyloid protein (BA protein), that are
infiltrated by reactive microglia and astrocytes. Plaques are
diffusely distributed throughout the cerebral cortex of AD
patients, and are the neuropathologic hallmark of the disease.
These plaques or fibril deposits are believed to be responsible
for the pathology of a number of neurodegenerative diseases
including, but not limited to, Alzheimer’s disease. NFT’s are
intraneuronal accumulations of paired helical filaments, com-
posed mainly of an abnormal form of tau protein, a microtu-
bule associated phosphoprotein which can promote microtu-
bule formation. In the AD brain, the tau protein in NFT is
hyperphosphorylated, a condition which has been suggested
to contribute to the destabilization of the microtubule net-
work, thereby impairing the axonal network, and eventually
causing neuronal death. NFT’s occur primarily in medial
temporal lobe structures (hippocampus, entorhinal cortex,
and amygdala), and NFT density appears to correlate with
dementia severity.

Senile plaques and NFT’s appear to be involved in cerebral
amyloid angiopathy, consequent neuronal loss, and cerebral
atrophy leading to dementia. Although research findings sug-
gest that both plaques and NFT’s are involved in disrupting
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nerve cell functions, the mechanisms that lead to the pathol-
ogy are not clearly understood.

p-Amyloid peptide has been suggested as one of the major
causes of AD. PA peptide (25-35) was shown to exert direct
toxic effects on neurons and to inhibit neurite growth in vitro
in a dose dependent manner. See Meda et al., Nature 374, 647
(1995) and Larner, Neurosci. Res. Commun. 20, 147 (1997).
Thus, therapeutic approaches that can modulate fA peptide
toxicity have been hypothesized to represent important meth-
ods for controlling the onset of AD. It is envisioned that if
neuronal cells can be protected from PA peptide/senile
plaque-induced toxicity, the onset of AD may be delayed or
prevented. Current pharmacological approaches related to
AD preventive and neuroprotective interventions include
nicotinic and muscarinic agonists, estrogen, calcium channel
blockers, Zinc, sulfonated compounds, triaminopyridine
nonopiate analgesic drugs, and non-steroidal anti-inflamma-
tory drugs such as ibuprofen and aspirin. Of particular interest
to the present invention is the observation that an anti-fA
protein antibody was shown to clear senile plaques and pro-
tect mutant PDAPP mice from the onset of AD. See St.
George-Hyslop et al., Nature 400, 116 (1999).

The generation of reactive oxygen intermediates through
oxidative stress caused by PA peptide has been suggested to
be the major pathway of PA peptide-induced cytotoxicity.
Senile plaques have been shown to exert a cytotoxic effect on
neurons by stimulating microglia to produce reactive oxygen
species (ROS). The damaging effect of ROS can be prevented
by the free radical scavenging enzyme superoxide dismutase.

Aging of synthetic § A peptide (1-42) for 7to 14 days at 37°
C. in modified Eagle’s media was also demonstrated to cause
neurotoxic free radical formation. However, aging A pep-
tide (1-42) in the presence of the media supplement B27,
which contains antioxidants as well as other agents that pro-
vide protection against oxidative damage, has been shown to
inhibit A peptide-induced neurotoxicity. Nonetheless, while
antioxidants such as propyl gallate, Trolox, Probucol, and
Promethazine provide significant protection against oxida-
tive insults, they do not protect against fA peptide insults.
Furthermore, it has been shown that A peptide-induced lipid
peroxidation does not contribute directly to cell death.

When the neuroprotective effect of lazaroids (U74389G
and U83836F), 21-aminosteroids with antioxidant activity,
were tested on cortical cells grown with or without fetal calf
serum, U74389G did not protect the cells from PA peptide
(25-35) insult in either condition, while low concentrations
(15 nM) of U83836E protected the cells exposed to fA pep-
tide in the presence of fetal calf serum. See Lucca et al., Brain
Res., 764, 293 (1997). These data suggest that the primary
mechanism by which these compounds protect cells from fA
peptide-induced toxicity may not involve antioxidative path-
ways.

In addition to PA peptide-induced ROS mediated neuro-
toxicity, PA peptide has been shown to cause neuronal cell
death by stimulating microglial expression of tumor necrosis
factor o (TNFa). The accumulation of f A peptide as neuritic
plaques is known to be both trophic and toxic to hippocampal
neurons, causing apoptosis or necrosis of the neurons in a
dose dependent manner. fA peptide was demonstrated to
induce these cellular effects by binding with a receptor for
advanced glycation end products (RAGE) that was previously
known as a central cellular receptor for advanced glycation
endproducts. RAGE was suggested to mediate the interaction
of BA peptide with neurons and with microglia, resulting in
oxidative stress mediated cytotoxicity. Blocking RAGE with
anti-RAGE F(af'), prevented the appearance of TNFo mes-
senger RNA and diminished TNFa antigen to levels seen in
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untreated cells. Thus, it is postulated that RAGE mediates
microglial activation by fA peptide by producing cytotoxic
cytokines that cause neuronal damage in AD patients. In
addition, RAGE was also demonstrated to specifically bind
with BA peptide and mediate A peptide-induced oxidative
stress.

Cell receptors that bind to A peptide have been identified.
The low-affinity neurotrophin receptor p75 (p75SNTR) which
belongs to the family of apoptotic receptors that generate
cell-death signals on activation was found throughout the
brains of AD patients. B A peptide was found to be a ligand for
p75NTR, and to cause preferential apoptosis of neurons and
normal neural crest-derived melanocytes that express
p75NTR upon specifically binding to p75SNTR.

Basal forebrain cholinergic neurons express the highest
levels of p75NTR in the adult human brain and have been
shown to be involved in AD. The expression of p7SNTR by
wild-type and mutant PC12 cells was shown to potentiate fA
peptide-induced cell death. This interaction of A peptide
with p75NTR to mediate neuronal death in AD suggested a
new target for therapeutic intervention.

Recently, ERAB which is overexpressed in neurons of the
AD brain, was shown to bind with fA peptide to induce
neuronal death in AD. Blocking ERAB with an antibody,
anti-ERAB F(ab'),, was found to reduce the PA peptide-
induced cell death while ERAB overexpression increases fA
peptide-induced cell death.

Nerve growth factor (NGF) is important for the survival
and maintenance of central cholinergic neurons. Consider-
able evidence from animal studies suggests that NGF may be
useful in reversing, halting, or at least slowing the progression
of AD-related cholinergic basal forebrain atrophy. Adminis-
tration of NGF was reported to attenuate degeneration of
neurons and improve cognitive behavior in animals by stimu-
lating central cholinergic neurons that are known to die dur-
ing the development of AD. A clinical trial using intracranial
infusion of NGF was reported to improve the patient’s verbal
episodic memory. Thus, attempting to counteract the degen-
eration of cholinergic neurons by NGF or compounds having
neurotrophic properties may be a reasonable approach to treat
AD. There are several different possible methods for stimu-
lating NGF receptors, such as, NGF infusion, implantation of
slow-release biodegradable pellets, using carrier-mediated
transport across the blood-brain barrier, grafting NGF-pro-
ducing cells, transferring genes directly to the brain, devel-
oping NGF receptor agonists, or controlling the endogenous
NGF production.

In designing inhibitors of B A peptide toxicity, it was found
that neither the alteration of the apparent secondary structure
of A peptide nor the prevention of f A peptide aggregation is
required to abrogate the cytotoxicity of A peptide. Nonethe-
less, inducing changes in aggregation kinetics and in higher
order structural characteristics of P A peptide aggregates also
proved to be effective in reducing PA peptide toxicity. See
Soto et al., Neuroreport 7, 721 (1996). Synthetic inhibitors
that interact with $ A peptide were shown to completely block
PA peptide toxicity against PC12 cells, demonstrating that
complete disruption of amyloid fibril formation is not neces-
sary for abrogation of toxicity. It was also demonstrated that
dipolar compounds such as phloretin and exifone that
decrease the effective negative charge of membranes can
prevent the association of B A peptide with negatively charged
lipid vesicles and thereby prevent fA peptide-induced cyto-
toxicity. See Hertel et al., Proc. Natl. Acad. Sci. USA 94,9412
(1997). These results suggest that A peptide toxicity can be
mediated through a physicochemical interaction with cell
membranes.
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There is strong interest in discovering potentially valuable
natural products from natural sources for drug development.
One reasonable source of such natural products involves
medicinal plants that have been used throughout history for
treating illness. Thus, the isolation of potentially valuable
natural products from plants that can protect neurons from fA
peptide insult is of interest. Although there are extensive
reports that describe the extraction, fractionation, and chemi-
cal elucidation of natural products, plants have attracted rela-
tively little attention as potentially valuable resources for
drug discovery in the area of AD research. In order to achieve
this goal, it is important to isolate and identify the chemical
constituents in plants responsible for the biological activity.

Turmeric has been used as a curry spice and is used in
traditional Indonesian medicine. Curcumin, a chemical con-
stituent of turmeric, is an inhibitor of arachidonic acid
metabolism and is a good anti-inflammatory agent. Curcumin
is known to have antioxidative properties and has been shown
to exhibit antitumor activity. Currently, curcumin is being
evaluated as a chemopreventive agent by the National Cancer
Institute.

G. biloba is a living fossil tree having undergone little
evolutionary change over almost 200 million years. Extracts
of the leaves have been used for 5,000 years in traditional
Chinese medicine for various purposes. In 1994, a standard-
ized dry extract of Ginkgo biloba leaves was approved by
German health authorities for the treatment of primary degen-
erative dementia and vascular dementia. Currently, more than
twenty four different brands of G. biloba extract are sold in
the United States.

The use of complementary medications such as plant
extracts in dementia therapy, varies according to different
cultural traditions. In orthodox Western medicine, the phar-
macological properties of traditional cognitive or memory
enhancing plants have not been widely investigated in the
context of current models of Alzheimer’s disease. An excep-
tion is Ginkgo biloba L. in which the ginkgolides have been
proposed to possess antioxidant, neuroprotective, and cholin-
ergic activities relevant to Alzheimer’s disease mechanisms.
The leaves of G. biloba have been used as medicine for the
treatment of peripheral or cerebral circulatory disorders, as
well as for vascular and Alzheimer-type dementia. The thera-
peutic efficacy of G. biloba extracts in the treatment of Alzhe-
imer’s disease is reportedly similar to currently prescribed
drugs such as tacrine or donepezil. See Maurer et al., J.
Psychiatr. Res. 31, 645 (1997). In addition, the undesirable
side effects of G. biloba are minimal. However, while there
are more than two hundred articles published on the potential
anti-AD effects of ginkgo products, the active constituents of
the plant have not been isolated and identified.

Ginger is one of the world’s favorite spices, and was prob-
ably discovered in the tropics of Southeast Asia. Ginger has
benefited humankind as a wonder drug since the beginning of
recorded history.

It has been hypothesized that natural products capable of
protecting neuronal cells from fA peptide insult can be dis-
covered from plants, and specifically from turmeric, ginkgo
biloba, and ginger. Although no anti-AD natural product
derived drug that modulates A peptide effect has been iden-
tified, historically, plants have been used for medicinal pur-
poses that include alleviating the symptoms of AD. Among
the medicinal plants suggested for the treatment of AD,
ginkgo biloba and Huperzia serrata have been most exten-
sively investigated. Huperzine A., a naturally occurring cho-
linesterase inhibitor from a moss Huperzia serrata is one
natural product under development as a therapeutic agent to
treat AD patients. See Skolnick, JAMA 277,776 (1997). Fur-
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ther, anumber of synthetic acetylcholinesterase inhibitors are
under development as therapeutic agents against AD. How-
ever, while the published data indicate that the acetylcho-
linesterase inhibitor approach may be good for alleviating
some of the symptoms of AD, such as improving memory,
this approach does not cure or prevent the onset of the disease.
Consequently, there remains a need to identify, isolate, and
synthetically prepare new and improved anti-AD drugs which
can provide chemotherapeutic and chemopreventive methods
for the treatment of AD.

SUMMARY OF THE INVENTION

The present invention relates to the identification and iso-
lation of natural compounds present in turmeric, ginger, and
gingko biloba that exhibit potent anti-p A peptide activity. The
invention further provides novel synthetic compounds exhib-
iting potent anti-pA peptide activity. Specifically, the inven-
tion provides compounds and pharmaceutical compositions
capable of protecting neurons from PBA peptide insult, and
methods for treating A protein-induced disease with the
same.

In one aspect, the invention relates to a method for the
treatment of a beta-Amyloid protein-induced disease com-
prising administering to a subject suffering from the beta-
Amyloid protein-induced disease a therapeutically effective
amount of a compound having the formula (I):

@

an

or a compound having the formula (III):

(1)

or pharmaceutically acceptable salts or esters thereof,
wherein the dotted configuration =is optionally a single
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6

bond or a double bond, R, is selected from the group consist-
ing of H, OH, OMe, and OR,, wherein R, is alkyl, alkenyl,
or alkynyl, R, is selected from the group consisting of H,
OMe, and OR;, wherein R is alkyl, alkenyl, or alkynyl, R,
is selected from the group consisting of H, OMe, and OR,,
wherein R is alkyl, alkenyl, or alkynyl, R, is selected from
the group consisting of H, OH, OMe, and OR, wherein R,
is alkyl, alkenyl, or alkynyl, Ry is selected from the group
consisting of H, OH, OMe, OR,, and X wherein R, is alkyl,
alkenyl, or alkynyl, and X is F, Cl, Br, or I, R, is selected from
the group consisting of OH, OMe, OR5,, and X wherein Ry,
is alkyl, alkenyl, or alkynyl, and X is F, Cl, Br, or I, R, is
selected from the group consisting of H, OMe, and OR,,
wherein R, is alkyl, alkenyl, or alkynyl, R, is selected from
the group consisting of OH, OMe, OR, and X wherein Ry is
alkyl, alkenyl, or alkynyl, and X is F, Cl, Br, or I, and R, is
selected from the group consisting of H, OMe, and OR,,
wherein R is alkyl, alkenyl, or alkynyl.

In another aspect, the invention relates to a pharmaceutical
composition comprising a purified and isolated compound
having the formula (I), or a compound having the formula
(II), or a compound having the formula (IIT) and a pharma-
ceutically acceptable diluent, adjuvant, or carrier wherein the
dotted configuration ==is optionally a single bond or a
double bond, R, is selected from the group consisting of H,
OH, OMe, and OR 5, wherein R is alkyl, alkenyl, or alkynyl,
R, is selected from the group consisting of H, OMe, and OR,
wherein R, is alkyl, alkenyl, or alkynyl, R, is selected from
the group consisting of H, OMe, and OR,, wherein Ry, is
alkyl, alkenyl, or alkynyl, R, is selected from the group con-
sisting of H, OH, OMe, and OR, wherein R, is alkyl, alk-
enyl, or alkynyl, R, is selected from the group consisting of H,
OH, OMe, OR,,, and X wherein R, is alkyl, alkenyl, or
alkynyl, and X is F, Cl, Br, or I, Ry is selected from the group
consisting of OH, OMe, OR,, and X wherein Ry, is alkyl,
alkenyl, or alkynyl, and X is F, Cl, Br, or I, R, is selected from
the group consisting of H, OMe, and OR,, wherein Ry, is
alkyl, alkenyl, or alkynyl, Ry is selected from the group con-
sisting of OH, OMe, OR,, and X wherein Ry, is alkyl, alk-
enyl, oralkynyl,and Xis F, Cl, Br, or I, and R, is selected from
the group consisting of H, OMe, and OR,, wherein Ry, is
alkyl, alkenyl, or alkynyl.

In another aspect, the invention relates to a compound of
formula (II) wherein the dotted configuration =is optionally
a single bond or a double bond, R is selected from the group
consisting of H, OMe, and OR 5, wherein R is alkyl, alkenyl,
oralkynyl, R, is selected from the group consisting of H, OH,
OMe, and OR;, wherein R is alkyl, alkenyl, or alkynyl, R
is selected from the group consisting of H, OH, OMe, OR,,
and X wherein R, is alkyl, alkenyl, or alkynyl, and X is F, Cl,
Br, or I, wherein when both dotted configurations are double
bonds and R is OH, R, is selected from the group consisting
of OMe and OR, wherein Ry, is alkyl, alkenyl, or alkynyl or
R, is selected from the group consisting of OH and OR;,
wherein Ry, is alkyl, alkenyl, or alkynyl, and wherein when
only one of the dotted configurations is a double bond and R,
is OH, R; is selected from the group consisting of OMe and
OR;, wherein Ry, is alkyl, alkenyl, or alkynyl or R, is
selected from the group consisting of OH and OR, wherein
Ry, is alkyl, alkenyl, or alkynyl.

In another aspect, the invention relates to a compound of
formula (IIT) wherein the dotted configuration =is option-
ally a single bond or a double bond, R, is selected from the
group consisting of OH, OMe, OR,,, and X wherein Ry, is
alkyl, alkenyl, or alkynyl, and X is F, Cl, Br, or [, R, is selected
from the group consisting of H, OMe, and OR, wherein R,
is alkyl, alkenyl, or alkynyl, Ry is selected from the group
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consisting of OH, OMe, OR;, and X wherein Ry, is alkyl,
alkenyl, or alkynyl, and X is F, Cl, Br, or I, R,, is selected from
the group consisting of H, OMe, and OR,, wherein Ry, is
alkyl, alkenyl, or alkynyl and wherein when both dotted con-
figurations are double bonds and R is OH, R, is OMe, and R,
is OH, R is H.

In another aspect, the invention relates to the use of a
compound having the formula (I), or a compound having the
formula (II), or a compound having the formula (III) for the
manufacture of a medicament for treatment of beta-Amyloid
protein-induced disecase wherein the dotted configuration
—=isoptionally a single bond or a double bond, R, is selected
from the group consisting of H, OH, OMe, and OR 5, wherein
Rs, is alkyl, alkenyl, or alkynyl, R, is selected from the group
consisting of H, OMe, and OR 5, wherein R, is alkyl, alkeny],
or alkynyl, R; is selected from the group consisting of H,
OMe, and OR;, wherein Ry is alkyl, alkenyl, or alkynyl, R,
is selected from the group consisting of H, OH, OMe, and
OR,, wherein R, is alkyl, alkenyl, or alkynyl, R is selected
from the group consisting of H, OH, OMe, OR;,, and X
wherein Ry is alkyl, alkenyl, or alkynyl, and X is F, CI, Br, or
1, R¢ s selected from the group consisting of OH, OMe, OR,,
and X wherein R, is alkyl, alkenyl, or alkynyl, and X is F, Cl,
Br, or [, R, is selected from the group consisting of H, OMe,
and OR;, wherein Ry, is alkyl, alkenyl, or alkynyl, Ry is
selected from the group consisting of OH, OMe, OR,, and X
wherein Ry, is alkyl, alkenyl, or alkynyl, and X is F, Cl, Br, or
1, and R, is selected from the group consisting of H, OMe, and
OR;, wherein R, is alkyl, alkenyl, or alkynyl.

Yet another aspect of the invention relates to a method for
the treatment of a beta-Amyloid protein-induced disease
comprising administering to a subject suffering from the
beta-Amyloid protein-induced disease a therapeutically
effective amount of a compound having the formula (IV):

av)
OH 0

OH

orapharmaceutically acceptable salt or ester thereof, wherein
R is selected from the group consisting of higher alkyl, higher
alkenyl, and higher alkynyl.

In addition, the invention can relate to a pharmaceutical
composition comprising a purified and isolated compound
having the formula (IV) and a pharmaceutically acceptable
diluent, adjuvant, or carrier, wherein R is selected from the
group consisting of higher alkyl, higher alkenyl, and higher
alkynyl.

In yet another aspect, the invention relates to the use of a
compound having the formula (IV) for the manufacture of a
medicament for treatment of a beta-Amyloid protein-induced
disease wherein R is selected from the group consisting of
higher alkyl, higher alkenyl, and higher alkynyl.

The invention also relates to a method for the treatment of
a beta-Amyloid protein-induced disease comprising admin-
istering to a subject suffering from the beta-Amyloid protein-
induced disease a therapeutically effective amount of a com-
pound having the formula (V):
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V)

orapharmaceutically acceptable salt or ester thereof, wherein
the dotted configuration ~=is optionally a single bond or a
double bond, R, is selected from the group consisting of OH,
OMe, OR', and X wherein R' is alkyl, alkenyl, or alkynyl, and
XisF, Cl, Br,or I, R, is selected from the group consisting
of H, OH, OMe, and OR' wherein R' is alkyl, alkenyl, or
alkynyl, and R, is selected from the group consisting of
alkyl, alkenyl, and alkynyl.

In another aspect, the invention relates to a pharmaceutical
composition comprising a purified and isolated compound
having the formula (V) and a pharmaceutically acceptable
diluent, adjuvant, or carrier, wherein the dotted configuration
=is optionally a single bond or a double bond, R, is
selected from the group consisting of OH, OMe, OR', and X
wherein R' is alkyl, alkenyl, or alkynyl, and X is F, Cl, Br, or
1, R,, is selected from the group consisting of H, OH, OMe,
and OR' wherein R' is alkyl, alkenyl, or alkynyl, and R, is
selected from the group consisting of alkyl, alkenyl, and
alkynyl.

In another aspect, the invention relates to a compound of
formula (V) wherein the dotted configuration ~==is option-
ally a single bond or a double bond, R, is selected from the
group consisting of OH, OMe, OR', and X wherein R' is alkyl,
alkenyl, oralkynyl and X is F, C1, Br, or I, R | is selected from
the group consisting of H, OH, OMe, and OR' wherein R' is
alkyl, alkenyl, or alkynyl, and R, , is selected from the group
consisting of alkyl, alkenyl, and alkynyl, and wherein when
R,,is

R, 1s selected from the group consisting of OMe, OR', and X
wherein R' is alkyl, alkenyl, or alkynyl, and X is F, Cl, Br, or
I, orR,, is selected from the group consisting of H, OH, and
OR' wherein R' is alkyl, alkenyl, or alkynyl.

In yet another aspect, the invention relates to the use of a
compound having the formula (V) for the manufacture of a
medicament for treatment of a beta-Amyloid protein-induced
disease wherein the dotted configuration =is optionally a
single bond or a double bond, R |, is selected from the group
consisting of OH, OMe, OR', and X wherein R' is alkyl,
alkenyl, oralkynyl,and X is F, Cl, Br,or I, R | is selected from
the group consisting of H, OH, OMe, and OR' wherein R' is
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alkyl, alkenyl, or alkynyl, and R, , is selected from the group
consisting of alkyl, alkenyl, and alkynyl.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings where:

FIG. 1 shows the structures of turmeric-derived natural
product compounds that protected PC12, IMR32, and
HUVEC cells from PA peptide-induced toxicity.

FIG. 2 shows a scheme for the synthesis of dihydro- and
tetrahydro-curcuminoids.

FIG. 3 shows a scheme for the synthesis of symmetric and
unsymmetric curcumin analogues and related compounds.

FIG. 4 shows a scheme for the synthesis of turmeric-de-
rived natural product compound (6).

FIG. 5 shows the structures of curcuminoid compounds
that have been synthetically prepared and assayed for biologi-
cal activity against fA peptide-induced toxicity.

FIG. 6 shows the structures of ginger-derived natural prod-
uct compounds that protected PC12, IMR32, and HUVEC
cells from A peptide-induced toxicity.

FIG. 7 shows a scheme for the synthesis of ginger-derived
natural product compound (13).

FIG. 8 shows a scheme for the synthesis of [9]-dihy-
droshogaol, compound (45).

FIG. 9 shows a scheme for the synthesis of [ 9]-demothoxy-
shogaol, compound (50).

FIG. 10 shows the structures of ginkgo biloba-derived
natural product compounds that protected PC12 and HUVEC
cells from A peptide-induced toxicity.

FIG. 11 shows a proposed synthesis for ginkolic acids and
their analogues.

DETAILED DESCRIPTION OF THE INVENTION

One aspect of the present invention is directed to the use of
methanol and other extracts of turmeric, ginger, and ginkgo
biloba characterized by their ability to effectively protect
cells from PA peptide insult. Via bio-assay guided fraction-
ation, twelve natural product compounds (eleven known and
one novel) exhibiting potent anti-BA peptide activity were
isolated and identified. These natural product compounds
were found to protect PC12, IMR32, HUVEC, and primary
cortical rat neuronal cells from fA peptide (both 25-35 and
1-42) insult.

In some cases, the natural product compounds were syn-
thetically prepared. It is necessary and cost efficient to chemi-
cally synthesize the compounds in order to perform a thor-
ough bioassay because only a small amount of these
compounds are available from the natural sources. The bio-
logical activities of the synthesized natural product com-
pounds were identical to those of the natural product com-
pounds isolated from the plants. A series of natural product
analogues that protect cells from fA peptide insult as effec-
tively as the isolated natural product compounds were also
synthesized.

Methods of treating a beta-Amyloid protein-induced dis-
ease with the compounds of the invention are described
herein. Further, pharmaceutical compositions comprising
one or more compounds of the invention and a pharmaceuti-
cally acceptable diluent, adjuvant, or carrier are provided.
The use of the compounds of the invention for the manufac-
ture of a medicament for treatment of a beta-Amyloid pro-
tein-induced disease is also disclosed herein.
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Natural product compounds having the following general
formula were isolated from turmeric and were found to pro-
tect cells from PA peptide insult. In addition, several of the
natural product compounds described by this general formula
were synthetically prepared.

In this formula, the dotted configuration is optionally a single
bond or a double bond. Generally, R, is selected from the
group consisting of H, OH, OMe, and OR,, wherein Ry, is
alkyl, alkenyl, or alkynyl. Preferably, R, is selected from the
group consisting of H, OH, OMe, and OR, wherein R, is
(CH,),,CH; and n is 1-7. More preferably, R, is selected from
the group consisting of H, OH, and OMe. Even more prefer-
ably, R, is selected from the group consisting of H and OMe
when the dotted configuration of compound (I) is a double
bond, and R, is selected from the group consisting of H and
OH when the dotted configuration is a single bond. Generally,
R, is selected from the group consisting of H, OMe, and OR
wherein Ry, is alkyl, alkenyl, or alkynyl. Preferably, R, is
selected from the group consisting of H, OMe, and OR,
wherein Ry, is (CH,), CH; and n is 1-7. More preferably, R,
is selected from the group consisting of H and OMe. Even
more preferably, R, is selected from the group consisting of H
and OMe when the dotted configuration of compound (I) is a
double bond, and R, is H when the dotted configuration is a
single bond.

Compounds having the following general formula were
successfully synthesized and were found to protect cells from
PA peptide-induced toxicity.

an

In this formula, the dotted configuration is optionally a single
bond or a double bond. Generally, R, is selected from the
group consisting of H, OMe, and OR,, wherein R is alkyl,
alkenyl, or alkynyl. Preferably, R, is selected from the group
consisting of H, OMe, and OR, wherein R, is (CH,),,CH,
and n is 1-7. More preferably, R, is selected from the group
consisting of H and OMe. Even more preferably, R, is H.
Generally, R, is selected from the group consisting of H, OH,
OMe, and OR,, wherein Ry, is alkyl, alkenyl, or alkynyl.
Preferably, R, is selected from the group consisting of H, OH,
OMe, and OR ;, wherein R, 1s (CH,),,CH; and nis 1-7. More
preferably, R, is selected from the group consisting of H, OH,
and OMe. Even more preferably, R, is H when the first dotted
configuration of compound (II) is a double bond and the
second dotted configuration of compound (II) is a single



US 7,572,829 B2

11

bond, R, is H when both dotted configurations are single
bonds, and R, is selected from the group consisting of H and
OMe when both dotted configurations are double bonds. Gen-
erally, Ry is selected from the group consisting of H, OH,
OMe, OR,,, and X wherein Ry is alkyl, alkenyl, or alkynyl,
and X is F, Cl, Br, or 1. Preferably, Ry is selected from the
group consisting of H, OH, OMe, OR,,, and X wherein R, is
(CH,),CH; and n is 1-7, and X is F, Cl, Br, or 1. More
preferably, R, is selected from the group consisting of H, OH,
and OMe. Even more preferably, R is OH.

While compounds of formula (II) have been presented
herein as diketones, and compounds of formula (I) have been
presented as enols, those of skill in the art recognize that
diketones and enols can coexist in solution as tautomers as
shown below.

(Ea. 1)
OoH 0 0 0

PN

Accordingly, the invention contemplates the use and produc-
tion of compounds in either tautomeric form, and as a mixture
of the two forms.

A natural product compound having the following general
formula was isolated from turmeric, and was found to protect
cells from A peptide-induced toxicity. In addition, one of the
compounds described by this formula was synthetically pre-
pared.

(1)

In this formula, the dotted configuration is optionally a single
bond or a double bond. Generally, R, is selected from the
group consisting of OH, OMe, OR,, and X wherein R, is
alkyl, alkenyl, or alkynyl, and X is F, Cl, Br, or 1. Preferably,
R is selected from the group consisting of OH, OMe, OR,
and X wherein Ry, is (CH,),,CH; and nis 1-7 and X is F, Cl,
Br, or 1. More preferably, R, is selected from the group con-
sisting of OH and OMe. Even more preferably, R, is OH.
Generally, R, is selected from the group consisting of H,
OMe, and OR,, wherein Ry, is alkyl, alkenyl, or alkynyl.
Preferably, R, is selected from the group consisting of H,
OMe and OR , wherein R, is (CH,),CH; and nis 1-7. More
preferably, R, is selected from the group consisting of H and
OMe. Even more preferably, R, is OMe. Generally, R is
selected from the group consisting of OH, OMe, OR, and X
wherein Ry, is alkyl, alkenyl, or alkynyl, and X is F, Cl, Br, or
1. Preferably, R, is selected from the group consisting of OH,
OMe, OR, and X wherein R, is (CH,),,CH; and nis 1-7, and
X is F, Cl, Br, or I. More preferably, R, is selected from the
group consisting of OH and OMe. Even more preferably, Ry
is OH. Generally, R, is selected from the group consisting of
H, OMe and OR5, wherein R is alkyl, alkenyl, or alkynyl.
Preferably, R, is selected from the group consisting of H,
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OMe and OR 4, wherein R, is (CH,),,CH; and n is 1-7. More
preferably, R, is selected from the group consisting of H and
OMe. Even more preferably, R, is OMe.

Natural product compounds having the following general
formula were isolated from girkgo biloba and were found to
protect cells from A peptide-induced toxicity.

av)
OH 0

OH

In this formula, R is preferably selected from the group con-
sisting of higher alkyl, higher alkenyl, and higher alkynyl.
More preferably, R is

n n

and n is 1-7. Even more preferably, R is selected from the
group consisting of

and

NN NN
NN

Natural product compounds having the following general
formula were isolated from ginger and were found to protect
cells from A peptide-induced toxicity.

V)

In this formula, the dotted configuration is optionally a single
bond or a double bond. Preferably, R, is selected from the
group consisting of OH, OMe, OR', and X wherein R' is alkyl,
alkenyl, or alkynyl, and X is F, Cl, Br, or I. More preferably,
R, is selected from the group consisting of OH, OMe, OR",
and X wherein R" is (CH,), CH; andn is 1-7, and X is F, Cl,
Br, or 1. Even more preferably, R, is OH. Preferably, R, is
selected from the group consisting of H, OH, OMe, and OR'
wherein R' is alkyl, alkenyl, or alkynyl. More preferably, R,
is selected from the group consisting of H, OH, OMe, and
OR" wherein R" is (CH,),CH; and n is 1-7. Even more
preferably, R | is selected from the group consisting of H and
OMe. Preferably, R, , is selected from the group consisting of
alkyl, alkenyl, and alkynyl. More preferably, R, is selected
from the group consisting of
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W’ SN N and W

and y is 1-9. Even more preferably, R, is selected from the
group consisting of

and

NN T NN

and y is 1-9.

It is apparent from the biological results for the ginger-
derived natural product compounds that the length of the side
chain is important for the expression of biological activity.
For example, with respect to the ginger-derived natural prod-
uct compounds, compounds (11), (12), (13), and (14), the
biological activity appears to improve as the compounds’ side
chain length increases (Table 3). Thus, it is of interest to
prepare analogues having different and lengthier side-chains.
Preferably, shogaol compounds have side chains whereinR | ,
has five or more carbons. More preferably, R, has nine or
more carbons, and even more preferably, R, , has eleven or
more carbons. Furthermore, two of the synthesized shogaol
analogue compounds, compounds (45) and (50), also effec-
tively protected cells from A peptide insult despite the fact
that these compounds have different substituents than the
ginger-derived natural product compounds. For example,
compound (45) differs from the ginger-derived natural prod-
uct compounds because it has a saturated hydrocarbon side
chain, and compound (50) differs from the ginger-derived
natural product compounds because it does not have a meth-
oxy substituent. These data suggest that changing the nature
of the substituents on the phenyl rings of the active com-
pounds is of interest for the methods, pharmaceutical com-
positions, compounds and uses according to the invention.

As used herein, the term “alkyl” refers to a carbon chain
having at least two carbons. Preferably, alkyl refers to a car-
bon chain having between two and twenty carbons. More
preferably, alkyl refers to a carbon chain having between two
and eight carbons. The term “alkenyl”, as used herein, refers
to a carbon chain having at least two carbons, and at least one
carbon-carbon double bond. Preferably, alkenyl refers to a
carbon chain having between two and twenty carbons, and at
least one carbon-carbon double bond. More preferably, the
term alkenyl refers to a carbon chain having between two and
eight carbons, and at least one carbon-carbon double bond.
The term “alkynyl”, as used herein, refers to a carbon chain
having at least two carbon atoms, and at least one carbon-
carbon triple bond. Preferably, alkynyl refers to a carbon
chain having between two and twenty carbon atoms, and at
least one carbon-carbon triple bond. More preferably, alkynyl
refers to a carbon chain having between two and eight carbon
atoms, and at least one carbon-carbon triple bond.

As used herein, the term “higher alkyl” refers to a carbon
chain having at least five carbon atoms. Preferably, higher
alkyl refers to a carbon chain having between five and twenty
carbons. More preferably, higher alkyl refers to a carbon
chain having between five and twelve carbon atoms. As used
herein, the term “higher alkenyl” refers to a carbon chain
having at least five carbon atoms, and at least one carbon-
carbon double bond. Preferably, higher alkenyl refers to a
carbon chain having between five and twenty carbon atoms,
and at least one carbon-carbon double bond. More preferably,

20

25

30

35

40

45

50

55

60

65

14

higher alkenyl refers to a carbon chain having between five
and twelve carbon atoms, and at least one carbon-carbon
double bond. The term “higher alkynyl”, as used herein,
refers to a carbon chain having at least five carbons, and at
least one carbon-carbon triple bond. Preferably, higher alky-
nyl refers to a carbon chain having between five and twenty
carbon atoms, and at least one carbon-carbon triple bond.
More preferably, the term higher alkynyl refers to a carbon
chain having between five and twelve carbon atoms, and at
least one carbon-carbon triple bond.

The administration of the natural product and natural prod-
uct analogue compounds of the invention is preferably
accomplished with a pharmaceutical composition compris-
ing a therapeutically effective amount of an active compound
of the present invention and a pharmaceutically acceptable
diluent, adjuvant, or carrier. A compound according to the
invention may be administered without or in conjunction with
known antibiotics, surfactants, or other therapeutic agents. It
is contemplated that the pharmaceutical compositions of this
invention can be administered to humans and other animals
orally, rectally, parentally, intracistemally, intraperitoneally,
topically (as by powders, ointments, or drops), bucally, intra-
nasally, or by any other effective route of administration.

According to the methods for treatment of the present
invention, B A protein-induced disease is treated in a subject,
such as a human or lower mammal, by administering to the
subject a therapeutically effective amount of an active com-
pound of the invention in such amounts and for such time as
is necessary to achieve the desired results. The term “beta-
Amyloid protein-induced disease”, as used herein, refers to
disease states that are characterized by the formation and
aggregation of beta-Amyloid protein or beta-Amyloid pep-
tide fibril deposits or plaques, such as, for example, Alzhe-
imer’s disease and Down’s syndrome.

It is contemplated that the methods for treatment in accor-
dance with the invention encompass the treatment of subjects
wherein the fA protein-induced disease process is ongoing
but wherein the subjects do not exhibit manifest outward
symptoms, and/or wherein the pathology of the disease can
not be detected using presently available technologies. Fur-
thermore, the methods for treatment of the present invention
contemplate not only treating the common symptoms associ-
ated with BA protein-induced diseases but also treating the
pathology of the disease. Thus, the methods for treatment
provided herein include treating symptoms associated with
PA protein-induced diseases, such as, for example, the
memory loss and dementia associated with Alzheimer’s dis-
ease, but also include preventing senile plaque formations,
and/or clearing such formations. It is hypothesized that the
formation of senile plaques is a regularly occurring and ongo-
ing process in humans and other mammals. However, it is
further hypothesized that the equilibrium of this process is
substantially disturbed in patients affected by fA protein-
induced diseases, resulting in the accumulation and forma-
tion of senile plaques.

As used herein, the term “therapeutically effective
amount” means that amounts of a compound of the present
invention sufficient to alleviate, ameliorate, prevent, and/or
clear the symptoms and/or the pathology of PA protein-in-
duced disease are contemplated for administration. Accord-
ingly, the methods for treatment of AD in accordance with the
invention contemplate administration of an active compound
of the invention whether PA protein-induced disease-like
symptoms are manifest, or not.

Thetotal daily dose of natural product compound (6) of this
invention to be administered to a human or other mammal is
preferably between 1 to 100 mg/kg body weight. More pref-
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erably, the total daily dosage is between 20 to 80 mg/kg body
weight. Even more preferably, the total daily dosage is
between 40 to 60 mg/kg body weight. One skilled in the art
could obtain preferred dosage ranges for the other com-
pounds of the invention by extrapolating from the com-
pounds’ EDs, values, such as, for example the EDy, values
presented in Tables 1, 2, 3, and 4. It will be understood that the
total daily usage of the compounds and compositions of the
present invention will be decided by the attending physician
within the scope of sound medical judgment. The specific
therapeutically effective dose level for any particular patient
will depend upon a variety of factors including the severity
and progression of the disease, the time of administration, the
route of administration, the size of the subject, the rate of
excretion of the specific compound employed, the duration of
the treatment, the additional therapeutic agents used in com-
bination with the specific compound of the invention, and like
factors well known in the medical arts.

The mechanism of action of the natural product com-
pounds and the natural product analogue compounds of the
invention appears to involve both antioxidant and non-anti-
oxidant pathways. Interestingly, two of the turmeric-derived
natural product compounds, natural product compounds (4)
and (6), induced neurite generation in PC12 cells (NGF-like
neurotrophic effect), and this effect was more extensive than
that of NGF in 24 hours. These two compounds constitute the
first examples of plant-derived natural product compounds
that possess neurotrophic properties. Without intending to be
bound by a theory of the mechanism of the invention, it is
believed that the compounds and compositions of the inven-
tion provide therapeutic and preventive agents that protect
neurons from A peptide insult by (1) an antioxidant path-
way, (2) preventing the aggregation of A peptide by directly
binding to fA peptide, thereby altering its structural confor-
mation and rendering it non-toxic, (3) binding to a receptor
site on the cell, thereby altering the cell function in such a way
that it is protected from P A peptide toxicity, or (4) a NGF-like
neurotrophic effect.

The invention can be better understood in light of the
following examples which are intended as an illustration of
the practice of the invention and are not meant to limit the
scope of the invention in any way.

Example 1

Isolation and Identification of Natural Product
Compounds Derived from Turmeric that Protect
Cells from Beta Amyloid-Induced Toxicity

According to this example, potent anti-AD natural product
compounds that protect cells from fA peptide-induced tox-
icity were isolated from turmeric by following bioassay-
guided fractionation schemes. Briefly, ground turmeric was
extracted with 90% methanol overnight (2x), and the solvent
was removed under vacuum at 35° C. The residue was parti-
tioned between petroleum ether/water, dichloromethane/wa-
ter, and ethyl acetate/water, successively. After removing the
solvents under vacuum at 35° C., the residues from each
partition were screened for inhibitory activity against fA
peptide-induced cytotoxicity using the MTT assay described
in this example. The active principles were isolated from the
residues of the active fractions by a series of column chroma-
tography using various resins (Amberchrom non-ionic resin
and silica gel) and semi-preparative HPLC reverse-phased
separation (isopropyl alcohol/water or acetonitrile/water sol-
vent system). Six curcuminoids, natural product compounds
(D), (2), (3), (4), (5), and (6) were isolated from turmeric, and
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their structures were elucidated using NMR (1-D and 2-D 'H,
13C, APT, HMBC) and mass spectrum analysis. These com-
pounds are shown in FIG. 1.

The inhibitory activity of the residues and of the identified
compounds was determined by observing the differences in
the cell viability of A peptide (both 25-35 and 1-42) treated
cells, PA peptide (both 25-35 and 1-42) treated cells further
including a compound according to the invention, and a
DMSO control.

The B A peptide-induced cytotoxic effect was measured by
3-[4,5-dimethylthiazol-2-y1]2,5-diphenyltetrazolium  bro-
mide (MTT)reduction assay. Mosmann described the general
principle involved in the detection of cell growth or cell death
by observing the conversion of MTT to the colored product,
MTT formazan, the concentration of which can be measured
calorimetrically at 550 nm. See Mosmann, T. J. Immunol.
Methods 65, 55-63 (1983) and Hansen et al. J. Immunol.
Methods 119, 203-210 (1989).

The BA peptide-induced toxicity inhibitory effects of the
compounds were tested on PC12 cells. The cells were incu-
bated with BA peptide (25-35) (1.0 pg/ml, made from 1.0
mg/ml stock solution in DMSO) or fA peptide (1-42) (2.0
pg/ml, made from 1.0 mg/ml stock solution in DMSO) and
the test compounds at various concentrations (25, 5.0, 1.0,
and 0.2 pg/ml) in collagen-coated 96-well tissue culture
plates for 24 hours. The fA peptide-induced toxicity inhibi-
tory effect of the compounds was determined by calorimetri-
cally and microscopically evaluating the PC12 cells’ poten-
tial to reduce MTT against a positive control (1% DMSO
only) and a negative control (1.0 pg/ml PA peptide in 1%
DMSO alone). Cells were incubated in MTT solution (5
mg/ml) at 37° C. for 2 hours. During this time, cells were
observed under a microscope every 15 min. Cells were incu-
bated in Lysing buffer (100 pl) overnight at 37° C. Colori-
metric determination of MTT reduction was made at 550 nm.
The PA peptide-induced cytotoxicity inhibitory activity of
the compounds was also evaluated against IMR32, HUVEC,
and primary cortical rat neuronal cells.

PC12 rat pheochromocytoma and IMR32 human neuro-
blastoma cells were obtained from the American Type Cul-
ture Collection (ATCC). HUVEC normal umbilical human
vein endothelial cells were obtained from Clonetics (San
Diego, Calif.). Cells were routinely cultured on a tissue cul-
ture plate (Corning, New York, N.Y.). PC12 cells were grown
in high glucose Dulbecco’s Modified Eagle Medium
(DMEM), 10% horse serum, 5% fetal calf serum, and 1%
penicillin/streptomycin. IMR32 cells were grown in 90%
DMEM and 10% fetal calf serum with 1% penicillin/strepto-
mycin. HUVEC cells were grown in EGM-2 Bullet Kit
(Clonetics, San Diego, Calif.). For the bioassay using fA
peptide(25-35) and B A peptide(1-42), 100 pl of exponentially
growing PC12 cells (2,000 cells per ml) were plated in col-
lagen-coated 96-well tissue culture plates.

PC12 cells were cultured routinely on polystyrene-coated
Corning tissue culture plates. PC12 cells gave consistent
results only when the collagen-coated 96-well plates were
used. The 96-well plates were coated with rat tail collagen
(Boehringer Mannheim) in order to promote uniform PC12
cell attachment and growth. Under the experimental condi-
tions, PA peptide(25-35) and BA peptide(1-42) was toxic to
PC12 cells at ED5,=1.0 and 5.0 pg/ml, respectively.

IMR32 and HUVEC cells were chosen to confirm and
supplement the anti-fA peptide activity of the compounds
identified by the assay using PC12 cells. f A peptide has been
reported to be cytotoxic to IMR32 and endothelial cells.
Experimental results demonstrated that IMR32 and HUVEC
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cells are sensitive to fA peptide (25-35) at ED5,=3.0 and 6.0
pg/ml, respectively, and $A peptide (1-42) at ED;,=6.0 and
10.0 pg/ml, respectively.

Dissociated primary neuronal cell cultures were estab-
lished from 18-day-old Sprague-Dawley rat fetuses. The pups
were delivered by caesarean section while the dam was anes-
thetized with ether. Hippocampal tissue from embryonic day
18 Sprague-Dawley rat pups was dissected and then rinsed in
cold Ca**/Mg*-free Hank’s balanced salt solution supple-
mented with 20 mM HEPES, 4.2 mM sodium bicarbonate, 1
mM pyruvate, and 3 mg/ml bovine serum albumin (BSA).
Following gentle trituration of the tissue with a constricted
pipette in cold bufter, two volumes of 10% fetal bovine serum
(FBS) in DMEM were added to the suspension. After the
suspension settled for 2 minutes, the supernatant was col-
lected and centrifuged for 2 min. at 200xg. The cell pellets
were resuspended in serum-free DMEM (pH 7.3), supple-
mented with 2.4 mg/ml BSA and a modification of Brewer’s
B16 defined components (with 250 nM vitamin B12 and
without catalase, glutathione, and superoxide dismutase).
Cells were plated at a density of 15,000 cells/cm? and grown
at 37° C. After 24 hours of incubation to allow cell attach-
ment, the serum-containing medium was replaced by defined
medium with DMEM/F12 containing bovine transferrin (100
pg/ml), bovine insulin (5 pg/ml), putrescine (0.1 mM),
progesterone (10 nM), sodium selenite (30 nM), sodium
pyruvate (1 mM), and potassium bicarbonate (15 mM). Cells
maintained for extended periods of time were fed twice a
week by replacing ¥4 of the medium with fresh medium.

Example 2

Inhibitory Activity and Antioxidant Potency of
Turmeric-Derived Natural Product Compounds
Against Beta Amyloid Toxicity

According to this example, the inhibitory activity of the
turmeric-derived natural product compounds (1), (2), (3), (4),
(5), and (6) (shown in FIG. 1) against BA peptide-induced
toxicity was measured by the MTT reduction assay described
in example 1. These six turmeric-derived curcuminoids pro-
tected PC12, IMR32, and HUVEC cells from A peptide-
induced toxicity (Table 1). These compounds also protected
primary cortical neuronal cells at 5 ng/ml against A peptide
(1-42) insult (10 pg/ml).

EDs, values reflect the results from the MTT assay, and
represent the sample concentration that is required to achieve
50% cell viability, a mid-point between the positive control
values and the negative control values. The samples that gave
values as determined by the MTT assay less than or equal to
that of PA peptide treated wells were considered cytotoxic or
without desired activity, and are labeled “toxic”.

The measurement of lactate dehydrogenase activity
released to the extracellular bathing media was also used to
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assess cell viability in cell culture. LDH activity in the
medium was measured by a method described by Koh and
Choi. See Koh et al., J. Neurosci. Methods 20, 83 (1987). This
assay was used to confirm the EDy, results obtained in the
MTT assay. Samples of media from 96-well cell culture
plates were transferred to an empty well of a 96-well plate
(100 pl) and 2.0 pumol of sodium pyruvate and 0.1 mg of the
reduced form of nicotinamide adenine dinucleotide (NADH
in 0.1 M K,PO, buffer (pH 7.5 at 25° C.) were added (total
volume of 400 pl). The absorbance of the reaction mixture at
340 nm provides an index of NADH concentration, and was
recorded using a spectrophotometer 5 minutes after mixing
the reagents. The experiment was performed in triplicate and
the LDH concentration was calculated from the slope of the
absorbance curve, fit by linear regression to the linear (initial)
portion of the curve. The concentration of LDH was
expressed in conventional units (u) per ml. Accuracy of the
assay was verified by periodic checks of a standard LDH
enzyme solution (Sigma).

1Cs, values reflect the results of the antioxidant assay
described in this example, and represent the sample concen-
tration which is required to scavenge 50% of the DPPH free
radicals.

Using an antioxidant assay, the antioxidant potency of the
compounds of the invention was evaluated. 1,1-Diphenyl-2-
picrylhydrazyl (DPPH) is known to generate stable free radi-
cals in aqueous and ethanolic solutions. The ability of the
compounds of the invention to scavenge these free radicals
was measured by observing the optical density change of
DPPH radicals at 515 nm. See Smith et al., Biochem. Phar-
macol. 36, 1457 (1987).

The samples were prepared in various concentrations (200,
20, 2.0, and 0.2 ng/ml) by serial dilution of a stock solution (5
mg/ml) and were tested by the following procedure. Reaction
mixtures containing test compounds (dissolved in DMSO)
and 300 uM DPPH ethanolic solution in 96-well microtiter
plates were incubated at 37° C. for 30 min. and absorbance
was measured at 515 nm. Percent inhibition by sample treat-
ment was determined by comparison with a DMSO-treated
positive control group. ICs, values were determined from
percent inhibition by sample. IC;,, values denote the concen-
tration of the tested compound that was required to scavenge
50% of the DPPH free radicals.

The antioxidant potency of the natural product compounds
was evaluated by measuring the compounds’ ability to scav-
enge free radicals in order to elucidate the possible involve-
ment of antioxidant pathways in the compounds ability to
protect the cells (Tables 1 and 2). The results showed that only
compounds (1) and (2) have strong antioxidant activity, sug-
gesting that the compounds of the invention may be protect-
ing cells from BA peptide insults through a mechanism that
does not involve an antioxidant pathway.

TABLE 1

Inhibitory Activity of Turmeric-Derived Natural Product Compounds against pA Peptide-Induced
Toxicity against PC12, IMR32, and HUVEC cells and Antioxidant Activity of the Compounds.

Anti-BA Anti-BA Anti-pA Anti-pA Anti-BA
peptide(25-35)  peptide(1-42)  peptide(25-35) peptide(25-35) peptide(1-42)
EDso (ng/ml)  EDsq (ng/ml)  EDs(ng/ml)  EDsq(ng/ml)  EDsq (ug/ml)  Antioxidant
Compound PC12 PC12 IMR32 HUVEC HUVEC 1Csq (ug/ml)
1 7.0 10 6.0 12 13 28.2
2 4.0 5.0 4.0 4.5 5.0 36.2
3 2.0 35 2.5 2.4 2.0 >200



US 7,572,829 B2

19

TABLE 1-continued

20

Inhibitory Activity of Turmeric-Derived Natural Product Compounds against PA Peptide-Induced
Toxicity against PC12, IMR32, and HUVEC cells and Antioxidant Activity of the Compounds.

Anti-BA Anti-BA Anti-pA Anti-pA Anti-BA
peptide(25-35)  peptide(1-42)  peptide(25-35) peptide(25-35)  peptide(1-42)
EDso (ug/ml)  EDso (ng/ml)  EDsq (pg/ml)  EDsq (ug/ml)  EDsq (ug/ml)  Antioxidant
Compound PC12 PC12 IMR32 HUVEC HUVEC  ICso(ug/ml)
4 0.5 1.0 1.2 0.8 1.0 >200
5 25 3.0 1.5 2.0 1.5 >200
6 1.0 2.0 1.0 1.5 1.0 >200
Example 3 15

Curcuminoid Analogue Synthesis

According to this example, curcuminoids and curcuminoid
analogues were synthesized.

Dihydro- and tetrahydro-curcuminoids were synthesized
by the procedure illustrated in FIG. 2. 3-(4-hydroxyphenyl)
propanoic acid, compound (18), was treated with TMSCI (1.3
equivalents) in the presence of 1.1 equivalents of triethy-
lamine in THF/CH,CI, (50/50) solution to precipitate triethy-
lammonium chloride as a white solid. The reaction was over
within a few minutes, and only the phenolic position was
protected. The white ammonium salt was filtered, and the
filtrate was diluted with ethyl acetate. The resulting solution
was washed with water three times, dried (MgSQO,,), filtered,
and the solvent was removed under vacuum to afford the TMS
protected carboxylic acid, compound (19), in quantitative
yield. The TMS protected carboxylic acid, compound (19),
was converted to the corresponding acyl chloride, compound
(20), by refluxing in oxalyl chloride for 30 min, and the
remaining oxalyl chloride was removed under a stream of N,
gas. 4-(4-hydroxyphenyl)-2-butanone, compound (21), was
treated with TMSCI (1.3 equivalents) in the presence of tri-
ethylamine (1.1 equiv) in CH,Cl,, yielding the TMS pro-
tected product, compound (22). The ammonium chloride pre-
cipitate was filtered, and the filtrate was diluted with ethyl
acetate. The resulting solution was washed with water (3x),
dried MgSQO,), filtered, and the solvent was removed under
vacuum to afford compound (22), in quantitative yield. Com-
pound (22) was treated with lithium diisopropylamide (LDA,
1.5 M in THF, 1. equiv) in tetrahydrofuran (THF) at -78° C.
under N, for 20 min and 1.1 equivalents of the TMS protected
acyl chloride, compound (20), dissolved in THF was added.
The reaction mixture was stirred at —78° C. for 15 minutes and
slowly warmed to room temperature. The reaction mixture
was quenched with water and poured into ethyl acetate. The
organic layer was washed three times with water and the
water layer was back washed (2x) with ethyl acetate. The
organic layers were combined, dried (MgSQ,,), filtered, and
the solvent was removed under vacuum. The residue was
stirred in methanol in the presence of K,CO; for 30 min to
remove TMS protection. The solution was acidified with 2N
HCI and poured into ethyl acetate. The aqueous layer was
partitioned three times with ethyl acetate and the organic
layers were combined, dried (MgSO,), filtered, and the sol-
vent was removed under vacuum. The residue was column
chromatographed over silica gel using a gradient elution of
ethyl acetate/petroleum ether to afford compound (9). Com-
pound (9) was further purified using semi-preparative HPLC
using an acetonitrile/water (90/10) solvent system to give
pure synthesized curcuminoid compound (9) in 45% overall
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yield. Similarly, the unsymmetric synthesized curcuminoid
compound (4) was prepared in 40% overall yield.

Both symmetric and unsymmetric curcumin analogues and
related compounds were prepared according to the procedure
described in FIG. 3. Benzaldehyde, compound (24), 4-hy-
droxybenzaldehyde, compound (25), 2,4-pentadione, com-
pound (26), and boric acid were dissolved in dry N,N-dim-
ethylformamide (DMF), and treated with a small amount of
1,2,3,4-tetrahydroquinoline and glacial acetic acid. This reac-
tion yielded three products: a diphenyl group substituted
product, compound (27), in 31% yield, a dihydroxyphenyl
group substituted product, compound (3), in 6% yield, and a
hydroxyphenyl phenyl substituted product, compound (28),
in 11% yield. After working up the reaction, (ethyl acetate/
water partitioning and back washing of the aqueous layer with
ethyl acetate, followed by drying (MgSO,,) of the organic
layer and removal of solvent in vacuo), the products were
separated using semi-preparative HPLC (75% isopropyl
alcohol/H,O eluent system). The physical data (‘H NMR) of
the dihydroxyphenyl product (3) was identical to that of the
turmeric-derived natural product (3).

Natural product compound (6) was synthetically prepared
according to the procedure shown in FIG. 4. The alcohol
functionalities of acetol, compound (29), and vanillin, com-
pound (31), were protected in quantitative yield as tetrahy-
dropyran (THP) ethers using dihydropyran (DHP) in the pres-
ence of pyridinium para-toluene sulfonate (PPTS) in THF.
The THP ether of acetol, compound (30), was reacted with
LDA in THF at —78° C. and then reacted with the THP ether
of vanillin, compound (32), to afford the p-hydroxy ketone,
compound (33), in 73% yield. The THP ether was removed in
the presence of PPTS, causing the dehydration of the p-hy-
droxyl group, and affording compound (34) in 72% yield. The
phenolic group of compound (34) was selectively protected
with a TMS group in quantitative yield to yield an alcohol,
compound (35). The phenolic group of 4-hydroxy-3-methox-
yphenyl propenoic acid, compound (36), was selectively pro-
tected with a TMS group in quantitative yield. The TMS
protected carboxylic acid, compound (37), and the alcohol,
compound (35), were coupled in the presence of dicyclohexy-
Icarbodiimide (DCC) and dimethylamino-pyridine (DMAP)
in THF at room temperature to afford 68% of the coupled
product, compound (38). The TMS protecting groups of com-
pound (38) were removed by stirring in a mixture of acetic
acid/H,O in THF (1/1/5) to afford the desired product in 53%
yield. Attempts to remove the TMS groups of compound (38)
using tetra-n-butylammonium fluoride in THF resulted in the
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decomposition of the desired reaction product. The "H NMR
of the product was identical to that of turmeric-derived natu-
ral product compound (6).

Example 4

Inhibitory Activity and Antioxidant Potency of
Curcuminoid Synthetic Analogues Against Beta
Amyloid-Induced Toxicity

According to this example, the inhibitory activity of the
synthetic curcuminoid analogues against pA peptide-induced
toxicity was measured by the MTT reduction assay described
in example 1. Synthesized compounds (1), (3), (4), and (9)
(shown in FIG. 5) protected the cells from BA peptide insult
(Table 2). Microscopic analyses of A peptide treated cells
further including synthesized curcuminoid compounds (3)
and (4) also demonstrated that these compounds effectively
protectcells from P A peptide insults. The positive control and
cells treated with compounds (3) and (4) maintained MTT
formazan granules in the cytosole, a sign of viable cells, while
the negative control showed extensive MTT formazan spike
processes, a sign of nonviable cells. As was the case with the
structurally analogous natural product compound, natural
product compound (4), synthesized curcuminoid compound
(4) provided the best protection. Interestingly, synthesized
curcuminoid compounds (7), (8), and (10) were cytotoxic.
Apparently, the presence of a hydroxyl group at the 4-position
of phenyl ring or the size of substituent at that position is
important for the expression of the desired biological activity.
The results of the MTT assay were confirmed by the LDH
methodology set forth in example 2. The synthesized cur-
cuminoid compounds are shown in FIG. 5.

The ability of the synthesized curcuminoid compounds to
scavenge DPPH free radicals was measured by observing the
optical density change ofthe radicals at 515 nm in accordance
with the antioxidant assay set forth in Example 2. The results
show that only compounds 1 and 3 have significant antioxi-
dant activity (Table 2).

TABLE 2
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lated from ginger by following bioassay-guided fractionation
schemes. Briefly, ground ginger was extracted with 90%
methanol overnight (2x), and the solvent was removed under
vacuum at 35° C. The residue was partitioned between petro-
leum ether/water, dichloromethane/water, and ethyl acetate/
water, successively. After removing the solvent under vacuum
at 35° C., the residues from each partition were screened for
inhibitory activity against A peptide-induced cytotoxicity
using PC12, IMR32, and HUVEC cells at 25, 5.0, and 1.0
pg/ml. The active principles were isolated from the residues
of active fractions by a series of column chromatography
using various resins (Amberchrom non-ionic resin and silica
gel) and semi-preparative HPLC reverse-phased separation
(isopropyl alcohol/water or acetonitrile/water solvent sys-
tem). Four shogaols, natural product compounds (11), (12),
(13), and (14) (shown in FIG. 6) were isolated from ginger,
and their structures were elucidated using NMR (1-D and 2-D
'H, 13C, APT, HMBC) and mass spectrum analysis.

Example 6

Inhibitory Activity of Ginger-Derived Natural
Product Compounds Against Beta Amyloid Toxicity

According to this example, the inhibitory activity of natu-
ral product compounds (II), (12), (13), and (14) (shown in
FIG. 6) against B A peptide-induced toxicity was measured by
the MTT reduction assay set forth in example 1. These natural
product compounds effectively protected PC12, IMR32, and
HUVEC cells from BA peptide-induced toxicity (Table 2).
The results of the MTT assay were confirmed by the LDH
methodology set forth in example 2.

The ability of natural product compounds (1), (12), (13),
and (14) to scavenge DPPH free radicals was measured by
observing the optical density change of the radicals, at 515
nm in accordance with the antioxidant assay set forth in
Example 2. None of these compounds exhibited significant
antioxidant activity.

Inhibitory Activity of Synthesized Curcuminoids against fA Peptide-Induced Toxicity
against PC12 and IMR32 Cells and Antioxidant Activity of the Compounds.

Anti-BA Anti-BA Anti-pA Anti-pA
peptide(25-35)  peptide(1-42)  peptide(25-35)  peptide(1-42)
EDso (ug/ml)  EDsq (ng/ml)  EDsq (pg/ml)  EDsq (ug/ml)  Antioxidant
Compound PC12 PC12 IMR32 IMR32 1Cs¢ (ng/ml)
1 5.5 6.0 6.0 6.0 28.5
3 3.0 4.5 3.0 35 32.6
4 0.5 1.0 1.5 2.0 >200
7 toxic toxic toxic toxic >200
8 toxic toxic toxic toxic >200
9 10.0 9.0 12.0 11.0 >200
10 toxic toxic toxic toxic >200
Example 5

Isolation and Identification of Natural Product
Compounds Derived from Ginger that Protect Cells
from Beta Amyloid-Induced Toxicity

According to this example, natural product compounds
that protect cells from A peptide-induced toxicity were iso-
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TABLE 3
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Inhibitory Activity of Ginger-Derived Natural Product Compounds against pA Peptide-Induced
Toxicity against PC12, IMR32, and HUVEC cells and Antioxidant Activity of the Compounds.

Anti-BA Anti-BA Anti-pA Anti-pA Anti-BA
peptide(25-35)  peptide(1-42)  peptide(25-35) peptide(25-35)  peptide(1-42)
EDso (ug/ml)  EDso (ng/ml)  EDsq (pg/ml)  EDsq (ug/ml)  EDsq (ug/ml)  Antioxidant
Compound PC12 PC12 IMR32 HUVEC HUVEC  ICso(ug/ml)
11 15 12 15 20 20 >200
12 9.0 10 8.0 20 18 >200
13 3.0 4.0 2.0 8.0 8.0 >200
14 2.0 2.0 1.5 4.0 5.0 >200
15
Example 7 by further treatment of the reaction mixture with methanolic

Shogaol Analogue Synthesis

According to this example, shogaols and their analogues
were successfully synthesized in 100 mg scale. Gingerols
were synthesized from zingerone by conversion into the cor-
responding O-trimethylsilyl ether, deprotonation with
lithium bis(trimethylsilyl)amide or lithium diisopropylamide
(LDA), and regioselective aldol condensation. Shogaols are
gingerol analogues with a 4,5-double bond, resulting from the
elimination of the 5-hydroxy group.

The phenol group of vaniline, compound (31), was pro-
tected as the THP ether (DHP/PPTS/CH,Cl,) to yield com-
pound (32), and the aldehyde group of compound (32) was
reduced to the alcohol to yield compound (39) using NaBH,,
in THF as shown in FIG. 7. The resulting alcohol, compound
(39), was mesylated (methanesulfonyl chloride/triethy-
lamine/THF) and then reacted with in situ generated lithium
acetonide (acetone/LDA/THEF/-78° C.) at -78° C. under N,
to yield compound (41). Compound (41) was reacted with
LDA at -78° C. in THF under N, to generate lithium enolate
which was then reacted with octyl aldehyde to afford the
B-hydroxy ketone, compound (42). During treatment with
PPTS in ethanol at 50° C. to remove the THP ether protecting
group, dehydration occurred to afford [9]-shogaol, com-
pound (13), which was identical to the ginger-derived natural
product compound (13) (overall yield 37%).

The phenol group of vaniline, compound (31), was pro-
tected as the THP ether (DHP/PPTS/CH,Cl,) to yield com-
pound (32), and the aldehyde group of compound (32) was
reduced to the alcohol to yield compound (39) using NaBH,,
in THF as shown in FIG. 8. The resulting alcohol, compound
(39), was mesylated (methanesulfonyl chloride/triethy-
lamine/THF) and reacted with in situ generated lithium 2-un-
decanonide, compound (44), (2-undecanone/L.DA/THF/-
78°C.) at -78° C. under N,. The THP ether protecting group
was removed by further treating the reaction mixture with
PPTS in ethanol at 50° C. to afford [9]-dihydroshogaol, com-
pound (45).

The phenol group on 4-(4-hydroxy-phenyl)-2-butanone,
compound (46), was protected as the TMS ether (TMSCI/
triethylamine/THF) at room temperature as shown in FIG. 9.
The resulting ketone, compound (47), was reacted with LDA
at-78° C.in THF under N, to generate lithium enolate which
was reacted with octyl aldehyde compound (48), to afford the
p-hydroxy ketone, compound (49). The TMS group was
removed by stirring with NaHCO, in methanol at room tem-
perature. Dehydration of the p-hydroxy group was achieved

20

25

30

35

40

45

50

55

60

HCl (IN) at room temperature to afford [9]-demethoxy-
shogaol, compound (50).

Example 8

Isolation and Identification of Natural Product
Compounds Derived from Gingko Biloba that
Protect Cells from Beta Amyloid-Induced Toxicity

According to this example, freshly ground fresh ginkgo
nuts (1 kg) were extracted with methanol (2x2000 ml) and
sequentially partitioned with petroleum ether, ethyl acetate,
dichloromethane, and butanol. The petroleum ether and ethyl
acetate fractions protected PC12 and HUVEC cells from fA
peptide(25-35)-induced cytotoxicity at ED;,=10 pg/ml. The
active principles were isolated from the residues of active
fractions by a series of column chromatography using various
resins (Amberchrom non-ionic resin and silica gel) and semi-
preparative HPLC reverse-phased separation (isopropyl alco-
hol/water or acetonitrile/water solvent system). The struc-
tures of the compounds were elucidated using 1-D and 2-D
NMR techniques that include ‘H, **C, HMBC, and APT. Cis
conformation of the double bond was unambiguously
assigned in the 'H NMR spectrum. The position of the double
bond was elucidated by oxidatively cleaving it to acid func-
tionality (KMnO,, oxidation) and observing the mass spectral
fragmentation pattern (EI 70 eV). The two compounds (15)
and (16) have ginkgolic acid structures, and are shown in FIG.
10. These compounds have been previously isolated from
ginkgo leaves, see Morimoto et al., Chem. Pharm. Bull. 16,
2282 (1968).

Example 9

Inhibitory Activity of Ginkgo biloba-Derived Natural
Product Compounds Against Beta Amyloid Toxicity

According to this example, the inhibitory activity of natu-
ral product compounds derived from girkgo biloba against
PA peptide-induced toxicity was measured by MTT reduc-
tion assay. The two ginkgo biloba-derived natural product
compounds that do not possess antioxidant properties, com-
pounds (15) and (16), were found to protect PC12, IMR32,
and HUVEC cells from PA peptide-induced toxicity. The
results of the MTT assay were confirmed by following the
LDH methodology set forth in example 2. This example also
provides data indicating that the ginkgolides A, B, and C,
(-)bilobalide, and quercetin do not possess biological activity
against A peptide as had been postulated in the prior art.
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TABLE 4
Inhibitory Activity of Ginkgolic Acids 1 and 2, Ginkgolide A, Ginkgolide B, Ginkgolide C,
(-)- Bilobalide, and Quercetin Toward 3-Insult Against PC12, IMR32, and HUVEC Cells.
Anti-BA Anti-BA Anti-pA Anti-pA Anti-BA Anti-pA
peptide (25-35) peptide (1-42) peptide (25-35) peptide (1-42) peptide (25-35) peptide (1-42)
EDso (pg/mL)  EDso (ug/mL)  EDsq (ug/mL)  EDsq (pg/mL)  EDsq (ug/mL)  EDs, (ng/mL)
Compound PC12 PC12 IMR32 IMR32 HUVEC HUVEC
15 3.0 2.0 35 2.5 5.0 1.5
16 2.0 1.0 2.0 1.0 25 1.0
Ginkgolide toxic toxic toxic toxic toxic toxic
A
Ginkgolide toxic toxic toxic toxic toxic toxic
B
Ginkgolide toxic toxic toxic toxic toxic toxic
C
-)- toxic toxic toxic toxic toxic toxic
Bilobalide
Quercetin >20 >20 >20 >20 >20 >20
20
in protecting PC12 cells against BA peptide insults when
compared with these vitamins and other agents.
Example 12
25
Example 10 Reduced Glutathione Assisted BA Peptide Toxicity
Inhibition Assay
A Proposed Gingkolic Acid Synthesis
According to this example, the compounds of the invention
30 were evaluated to ascertain if their antioxidant potency was

According to this example, a gingkolic acid synthesis is
proposed as shown in FIG. 11. The benzoic acid, compound
(60) and an alkyne having a terminal carbon-carbon triple
bond, R, are treated with tetrakis(triphenylphosphine)palla-

increased when administered in conjunction with reduced
glutathione. The synergistic interaction between estrogens
and the intracellular antioxidant, reduced glutathione (GSH),
was reported to protect neurons from PA peptide-induced

dium, in the presence of diisopropyl amine and copper(I) 35 toxicity. See Green etal., Proc. Natl. Acad. Sci. USA 73,2424
iodide to yield an alkyne substituted benzoic acid, compound (1976). The possible involvement of this mechanism was
(61). Compound (61) is treated with LDA in THF, the tem- evaluated using PC12 cells with the compounds of the inven-
perature is lowered to —78° C. and the reaction mixture is tion. The dose of GSH used in this study was comparable to
treated with Oxodiperoxymolybdenum (pyridine)_(hexam_ the low micrqmolar GSH (325 ]J,M) concentrations found in
ethylphosphoric triamide) (MoOPh) to yield a hydroxy func- 40 thf: cerebros.pmal fluid and used by Gr.een et.al. It was hypoth-
tionalized product, compound (62). Compound (62) is then esized that if the compgunds’ of'the invention ability to pro-
reacted with hydrogen gas over a palladium/carbon catalyst, tect cells I(“iro’m Bt‘.A‘ p.eéatl(ie-uiduced tgxycffytref.ulted Ifrom the
and treated with acetic acid to yield the desired ginkgolic acid ;gﬁfdouélf Sthzn ifjén{iagnpzsﬁlccu};r:mlln;m;iii IOCI}IS?{ aslfoollllll(i
product, compound (63). 45 improve the ED., and IC,, values for the compounds. Under
the experimental conditions, GSH did not influence the com-
Example 11 pounds’ ability to protect cells from A peptide insults, and
did not enhance the antioxidant potency of the compounds.
Control Study
50 Example 13
. As a contro] study, vitamin A, B-.carotene, yltamm C,and Neurite Extension and F-Actin Redistribution Assays
vitamin E were tested for both anti-pA peptide(25-35) and
anti-BA peptide(1-42) activity. Since these vitamins are sug- According to this example, the neurotrophic properties of
gested forthe delaying the onset of AD, the biolo gical actiVity 55 the compounds of the invention were evaluated by monjtoring
of'the compounds of the invention were compared with these the compounds’ ability to induce neurite outgrowth from
vitamins. Under the experimental conditions, these vitamins PC12 cells. PC12 cells (500 cells/ml) were plated on 6-well
did not protect PC12 cells from A peptide insults evenat 200 plates (Corning, New York, N.Y.) and incubated overnight
pg/ml. Congo red was also tested because it has been reported before.: treatment Wlth the cgmpounds of the invention. Qells
to inhibit A peptide fibril-induced toxicity against PC12 60 were incubated with a gradient of compounq concentrations
cells. At high concentrations of Congo red (>25 pg/ml), the glél%nfegsoaassonigé ﬁlolr::?i f“gr }gg/dlgﬂ.s Ij:i?; ;e C?EE;ZV:;}; d?af
data from the cel.l viability evaluation using MTT reduction exchange every 3 days. As a controyl study, cells were also
assay was not reliable because of the dye’s intense red color. incubated with NGF (100 ng/ml) whose potential to induce
Nevertheless, the natural product compounds (1), (2), (3).and 45 neurite outgrowth in PC12 cells is known.

(4) and natural product compounds (11), (12), (13), and (14)
(ED5,=20.0-0.5 pg/ml) are more than 20-40 times as effective

An F-actin redistribution assay with Biotin-NGF was per-
formed on PC12 cells according to a modified procedure for
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NGF-induced F-actin redistribution. See Paves et al., Exp.
Cell Res. 186,218 (1990). PC12 cells (1.0x10* cells/m]) were
plated on collagen-coated coverslips in 6-well plates (Corn-
ing, New York, N.Y.). After an overnight incubation in culture
media, the cells were incubated with 19 nM of either Biotin-
NGF or native NGF for 5 to 15 min. Control PC12 cells were
incubated without NGF. Prior to NGF treatment, another
group of control cells was pre-incubated with cytochalasin D
(10 uM; Sigma, St. Louis, Mo.) for 20 min to determine the
involvement of F-actin treadmilling in F-actin redistribution,
and to demonstrate the specificity of fluorescent staining with
fluorescent phalloidin conjugates. The cells were fixed with
4% paraformaldehyde in PBS, pH 7.5, for 5 min, and perme-
abilized with 0.1% TritonX-100 in PBS for 10 min. Then, the
cells were incubated with fluorescent phalloidin conjugates
(1 pg/ml; Sigma, St. Louis, Mo.) for 30 min at 37° C. As a
control study, some cells were not permeabilized with Triton
X-100to determine the levels of nonspecific staining of mem-
brane-impermeable fluorescent phalloidin conjugates. In
order to determine the levels of autofluorescence of PC12
cells, some cells were incubated without fluorescent phalloi-
din conjugates. The distribution of fluorescent phalloidin
conjugates was examined using a fluorescent microscope
(Axiophot, Zeiss).

Compounds (4) and (6) were shown to promote neurite
outgrowth in PC12 cells, and constitute the first plant-derived
natural product compounds exhibiting a neurotrophic effect.
Since the first report of NGF-induced neurite outgrowth from
PC12 cells, see Greene et al., Proc. Natl. Acad. Sci. US4 73,
2424 (1976), the neurotrophic effects of various compounds
have been represented by their potency to induce neurite
outgrowth from PC12 cells. See Lazarovici et al., Adv. Exp.
Med. Biol 391, 367 (1996). The neurotrophic properties of
compound (6) were further demonstrated by its ability to
induce F-actin redistribution in PC12 cells.

A detailed microscopic analysis on the neurite outgrowth
was carried out using compound (6) on PC12 cells. This effect
was remarkably faster (overnight) than that of NGF which
usually requires more than 24 hours for neurite generation.
Interestingly, compound (6) caused a remarkable enhance-
ment of the neurite outgrowth in the presence of NGF, sug-
gesting that compound (6) and NGF complement each other
in the neurite outgrowth process. In addition, compound (6)
appears to cause more complete neuronal differentiation.
Compound (6) and NGF treatment over 6 days caused neurite
outgrowth to 1,500 um in length.

The appearance of membrane ruffling accompanied by the
rapid redistribution of F-actin has been shown to be closely
related to the subsequent outgrowth of neurites. Compound
(6) also induced rapid redistribution of F-actin with notice-
able cell spreading within a few minutes of addition in PC12
cells. Compound (6) appears to enhance the neurotrophic
effect of NGF by assisting NGF-induced F-actin redistribu-
tion. Since NGF has been known to inhibit the cytotoxicity of
PA peptide, it is hypothesized that the anti-p A peptide activ-
ity of this compound is closely related to its neurotrophic
properties.

The effects of NGF on the distribution of F-actin were
examined in PC12 cells. F-actin appeared to be diffusely
distributed in undifferentiated cells, and minute F-actin posi-
tive filopodia were observed along the sites of cell-substrate
adhesion. Within 5 to 15 min. after the addition of NGF,
changes in the distribution of F-actin were observed. One of
the changes induced by NGF was the appearance of a con-
tinuous radial distribution of F-actin, known as F-actin posi-
tive filopodia, in accordance with the increased adhesion
properties of the cells. For quantitation of PC12 cells with
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F-actin positive filopodia, 300 substratum-attached PC12
cells were counted from each group of cells incubated with
NGF or without NGF. Cells with a continuous radial F-actin
filament along at least Y4 of the cell edge were counted as
redistributed F-actin positive. When cells were incubated
with NGF, about 36-38% of cells were observed with F-actin
positive filopodia. The experiment without NGF treatment
showed that only about 8% of cells appeared with F-actin
positive filopodia. However, the morphology of the filopodia
was distinctively different between the cells incubated with or
without NGF. In a control experiment, PC12 cells without
incubation with either phalloidin or Triton X-1000 did not
show any specific staining. PC12 cells pre-incubated with
cytochalasin D prior to NGF treatment showed a granular
distribution of F-actin instead of showing NGF-induced F-ac-
tin positive filopodia.

Example 14

Determination of Ability of Compounds of the
Invention to Pass Through the Blood Brain Barrier

According to this example, the ability of the compounds of
the invention to pass through the blood brain barrier was
measured. The ability of compounds to cross the blood brain
barrier is represented by the log of the partition coefficient (P)
of a molecule of the invention between water and octane
alcohol. Natural product compounds (1) and (3) were found
to have log P values of 3.4 and 3.1, respectively. Accordingly,
the octane alcohol fraction contained more than 1000 times as
much of the compounds as the water fraction. These results
suggest that the compounds are able to cross the blood brain
barrier.

Although the present invention has been described in con-
siderable detail with reference to certain preferred embodi-
ments thereof, other versions are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the preferred embodiments contained herein.

What is claimed is:

1. A compound of formula (III):

(I

wherein the dotted configuration ==is optionally a single
bond or a double bond;

R, is selected from the group consisting of OH, OMe,
ORj,, and X wherein Ry, is alkyl, alkenyl, or alkynyl,
and X is F, C1, Br, or I;

R, is selected from the group consisting of H, OMe, and
OR,, wherein R, is alkyl, alkenyl, or alkynyl;

Ry is selected from the group consisting of OH, OMe, OR,,
and X wherein Ry, is alkyl, alkenyl, or alkynyl, and X is
F,Cl, Br,or1;

R, is selected from the group consisting of H, OMe and
OR;,, wherein Ry, is alkyl, alkenyl, or alkynyl; and

wherein when both dotted configurations are double bonds
and Ry is OH, R, is OMe, and Ry is OH, R, is H.
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2. The compound according to claim 1 wherein:

Ry is selected from the group consisting of OH, OMe,
OR,, and X wherein Ry, is (CH,),,CH; andn is 1-7, and
XisF, Cl, Br, or1;

R, is selected from the group consisting of H, OMe and
OR¢, wherein Ry, is (CH,), CH; and n is 1-7;

Ry is selected from the group consisting of OH, OMe, OR
and X wherein Ry, is (CH,),,CH; and nis 1-7, and X is
F,Cl, Br, or I; and

R, is selected from the group consisting of H, OMe and
ORg, wherein Ry, is (CH,),CH; and n is 1-7.

3. The compound according to claim 1 wherein:

Ry is selected from the group consisting of OH and OMe;

R, is selected from the group consisting of H and OMe;

Ry is selected from the group consisting of OH and OMe;
and

R, is selected from the group consisting of H and OMe.

4. A pharmaceutical composition comprising the com-

pound of formula (I1I):

20

and a pharmaceutically acceptable diluent, adjuvant, or car-
rier, wherein the dotted configuration ==is optionally a
single bond or a double bond;

Ry is selected from the group consisting of OH, OMe,
ORj,, and X wherein Ry, is alkyl, alkenyl, or alkynyl,
and X is F, Cl, Br, or I;

R, is selected from the group consisting of H, OMe, and
OR,, wherein Ry, is alkyl, alkenyl, or alkynyl;

Ry is selected from the group consisting of OH, OMe, OR 5,
and X wherein R, is alkyl, alkenyl, or alkynyl, and X is
F,Cl, Br,or1;

R, is selected from the group consisting of H, OMe and
OR;,, wherein Ry, is alkyl, alkenyl, or alkynyl; and

wherein when both dotted configurations are double bonds
and Ry is OH, R, is OMe, and Ry is OH, R, is H.

5. The pharmaceutical composition according to claim 4,

wherein:

Ry is selected from the group consisting of OH, OMe,
OR,, and X wherein R, is (CH,),,CH, andnis 1-7,and
XisF, Cl, Br, or1;

R, is selected from the group consisting of H, OMe and
OR, wherein R, is (CH,),,CH; and nis 1-7;

Ry is selected from the group consisting of OH, OMe, OR
and X wherein Ry, is (CH,),,CH; and nis 1-7, and X is
F,Cl, Br, or I; and

R, is selected from the group consisting of H, OMe and
OR, wherein R, is (CH,),,CH, and nis 1-7.

6. The pharmaceutical composition according to claim 4,

wherein:

Ry is selected from the group consisting of OH and OMe;

R, is selected from the group consisting of H and OMe;

Ry is selected from the group consisting of OH and OMe;
and

R, is selected from the group consisting of H and OMe.
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7. The pharmaceutical composition of claim 4, comprising
the compound in a total daily dosage form of about 1 to about
100 mg/kg body weight.

8. The pharmaceutical composition according to claim 4,
comprising the compound in a total daily dosage form of
about 20 to about 80 mg/kg body weight.

9. The pharmaceutical composition according to claim 4,
comprising the compound in a total daily dosage form of
about 40 to about 60 mg/kg body weight.

10. A compound of formula (6):

(6)
OH
(6]
MeO
| W © ~ OMe.
(6]
HO
11. A pharmaceutical composition comprising a com-
pound of formula (6)

(6)
OH
(€]
MeO
| W © N OMe
(6]
HO
and a pharmaceutically acceptable diluent, adjuvant, or car-
rier.

12. The pharmaceutical composition of claim 11, compris-
ing the compound in a total daily dosage form of about 1 to
about 100 mg/kg body weight.

13. The pharmaceutical composition according to claim
11, comprising the compound in a total daily dosage form of
about 20 to about 80 mg/kg body weight.

14. The pharmaceutical composition according to claim
11, comprising the compound in a total daily dosage form of
about 40 to about 60 mg/kg body weight.

15. A method for the treatment of beta-Amyloid protein-
induced cytotoxicity comprising administering to a subject
suffering from the beta-Amyloid protein-induced cytotoxic-
ity a therapeutically effective amount of a compound of for-
mula (6):

)
OH

OMe.

HO

16. The method according to claim 15, wherein the subject
is a human.

17. The method according to claim 15, wherein the com-
pound is administered at a total daily dose of about 1 to about
100 mg/kg body weight.
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18. The method according to claim 15, wherein the com-
poundis administered at a total daily dose of about 20 to about
80 mg/kg body weight.

19. The method according to claim 15, wherein the com-
poundis administered at a total daily dose of about 40to about 5
60 mg/kg body weight.



