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COMPOSITION, FORMULATIONS AND 
MEIBODS OF MAKING AND USING 

BOTANICALS AND NATURAL COMPOUNDS 
FOR THE PROMOTION OF HEALTHY 

BRAIN AGING 

RELATED APPLICATION 

(0001] This application claims the benefit of priority to 
U.S. Application 61/812,956, filed Apr. 17, 2013, hereby 
expressly incorporated by reference in its entirety. 

BACKGROUND 

(0002] The physiologic aging of the human brain is asso­
ciated with cellular, molecular and functional changes that 
frequently results in neurocogoitive frailty: reduced cogni­
tion, memory, mood and executive function. He.althy brain 
aging is subject to the neurobiology of identifiable genetic 
factors and tbe influence of modifiable neuronal and glial 
cell modu1ators. The latter will determine neuronal survival; 
the synthesis and function of neurotrophins and their effect 
on neurogenesis; synaptic activity and control of its neu­
rotransmitter long term potential; cellular dysfunction asso­
ciated with inflammatory sigoa)s and oxidative stress; meta­
bolic abnormalities linked to insulin resistance and its 
disruption of the vital pathways regulating brain energy 
requirements and neuronal survival, and the integrity of the 
blood brain barrier (Glorioso and Sibille 2011; Uranga et al 
2010; Par!< and Rener Lorenz 2009; de la Monte 2012; 
Zlokovic 2008). 
(0003) When women with nnderlying nenrodegenerative 
disease are excluded, nonnaJ brain aging is not characterized 
by neuronal death. Tue cognitive decline is the resuh of 
neuronaJ dendritic arbor shrinkage and a reduction in syn­
aptic density and plasticity (Glorioso and Sibille 2011 ). The 
degree to which this occurs determines the continuation of 
normal cognition (healthy aging) versus cognitive dysfunc­
tion and resulting functional impainnent (unhealthy aging). 
The latter also has the potential to stimulate and promote 
underlying neurological disease reJated genes into a pro­
disease direction. Examples include subjects with a genetic 
variant of the APOE e4 mutation (Mayeux 2010) and 
women with insulin resistant type two diabetes ( de la Monte 
2012). 
(0004] Various factors are involved in promoting and 
maintaining brain health. Both environmental and genetic 
factors may play a role in healthy brain aging. As examples, 
neurogenesis., oxidative stress, apoptosis, and healthy blood 
brain barrier are involved in promoting and maintaining 
brain health. Different growth factors, such as neurotrophins 
and transforming growth factors, and neurotransmitters may 
be involved in neurogenesis and neuroprotection of the 
brain. Other factors may be involved in maintaining the 
molecular pathways that govern the function of the brain as 
a person ages. 

SUMMARY 

(0005] The present application provides compositions 
comprising Huperzine A or a derivative or analog thereof; 
one or more estrogens and/or pbytoestrogens; and a vitamin 
D. The estrogen can be selected from the group consisting of
estradiol, conjugated equine estrogens (CEE), any active
estrogenic ingredients of CEE, estrone, estriol, esterified
estrogens, any derivative, analog, or metabolite of the mam-
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malian estrogen and combinations thereof. The estradiol can 
be 17-beta estradiol, estradiol valerate, ethiny] estradiol, any 
other estradiol derivative, anaJog, or metabolite thereof, and 
combinations thereof. The pbytoestrogen can be a soy 
phytoestrogen. The phytoestrogen can be selected from the 
group consisting of an isoflavone, a coumestan. a Jignan, 
synthetic analogs and derivatives thereof, and combinations 
thereof. Examples of Vitamin D, include but are not limited, 
to calcitriol, doxercalciferol, paricalcitol, cholecalciferol 
(vitamin D3), ergocalciferol (vi1mnin D2), analogs and 
derivatives thereof, Vrtamin D receptor agonists and modu­
lators, and combinations thereof. The components of the 
composition can be natural or endogenous molecules, syn­
thetic molecules, and combinations thereof. The natural or 
endogenous molecule can be from a mammalian source. 
(0006] The composition can be a pharmaceutical compo­
sition or a nutraceutical composition. In some embodiments, 
the phannaceutical composition contains one or more syn­
thetic componmts. In other embodiments, the nutraceutical 
composition contains one or more natural components. In 
other embodiments, the composition can include a combi­
nation of synthetic and natural components. 
(0007] In one embodiment, the pharmaceutical composi­
tion comprises genistein, vitamin D3, synthetic Huperzine 
A, and 17-beta estradiol In another embodiment, the phar­
maceutical composition comprises Huperzine A, genistein 
and vitamin D in the form of synthetic compounds. The 
amount of genistein can be about 25 mg to about 40 mg or 
about 30 mg. The amount of vitamin D3 can be about 600 
iu, the amount of Huperazine A can be about 100 mcg, and 
the amount of 17-beta estradio) can be alxmt 0.2 mg to about 
0.5 mg or about 0.3 mg. In another embodiment, the 
composition comprises genistein and 17-beta estradiol in 
addition to vitamin D and Huperzine A. 
[0008] In one embodiment, the composition com prises 
from about 0.01 mg to about 150 mg of Huperzine A or a 
analog or derivative thereof, :from about 0.01 mg to about 
1000 mg of at least one phytoestrogen, and from about 200 
iu to about 5000 iu of vitamin D, an anaJog thereof, or a 
vitamin D receptor agonist and modulator. In another 
embodiment, the composition comprises about 50 mcg, 
about 175 mcg, about 275 mcg, or about 375 mcg of 
Huperzine A. In one embodiment, the analog or derivative 
can be a synthetic analog or derivative thereof. 
(0009] In one aspect, the composition comprises Huper­
zine A, soy isoflavone, and vitamin D. In another aspect., the 
composition comprises from about 40 mcg to about 400 mcg 
of Huperzine A, about 110 mg of soy isoflavone, and about 
1200 iu of vitamin D. 
[0010] The composition can include one or more addi­
tives. Additives can be selected from the group consisting of 
coffee, xantbine alkaloids, cblorogenic acid, sweetmers and 
combinations thereof. Examples of xanthine alkoid include, 
but are not limited to, caffeine, theobromine, paraxantbine, 
and combinations thereof. The sweetener can be a low 
glycemic sweetener, such as sucromalt, tagatose. isomalt, 
sucraJose, acesulfame potassium, analogs and derivatives 
thereof, and combinations thereof. 
[0011] ln one embodiment, the composition comprises 
from about 10 mg to about 100 mg of xanthine alkaloid 
and/or from about 10 g to about 100 g of a sweetener. In 
another embodiment, the composition comprises Huperzine 
A, soy isoflavone, vitamin D, caffeine, and sucromalt. In one 
aspect, the composition comprises from about 40 mcg to 
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about 400 mcg of Huperzine A, about 110 mg of soy 
isoflavone, about 1200 iu of vitamin D, about 75 mg of 
caffeine, and about 75 g of sucromalt. 
[0012] The composition described herein is a pharmaceu­
tical composition and further comprises one or more phar­
maceutically acceptable carriers or excipients. In one 
embodiment, the composition is formulated for immediate 
release, extended release, or timed release. The composition 
can be formulated for oral administration, topical adminis­
tration, transderma1 administration, mucosal administration, 
buccal administration and combinations thereof. The com­
position can be formulated in the form of a tablet, a capsule, 
a powder, an emulsion, a suspension, a syrup, a solution, a 
gel, and a patch. 
f0013] As described herein, the composition is useful for 
preventing, inhibiting, retarding, or treating neuronal degen­
eration in a subject. Accordingly, provided herein are meth­
ods of using the c1aimed composition to prevent, inhibit, 
retard, or treat neuronal degeneration in a subject, wherein 
the method comprises administering an effective amount of 
the disclosed pharmaceutical composition to a subject in 
need thereof. 
(0014] Described herein is also a method of preventing, 
inhibiting, retarding, or treating decline in cognitive func­
tion, executive fimction, and/or memory in a subject, 
wherein the method comprises administering an effective 
amm.m.t of the disclosed pharmaceutical composition to a 
subject in need thereof. In one embodiment, the subject is at 
risk for or is being treated for type II diabetes. In another 
embodiment, the subject is receiving hormone therapy 
including selective estrogen modulators. The hormone is 
estrogen can be synthetic or mammalian. The subject can 
have hypercholesterolemia or be at risk for developing 
cardiovascular disease. The subject can also have osteopo­
rosis or osteopenia. 
(0015) Described herein is a method of treating an 
increased risk of a cognitive function, executive function, or 
memory disorder in a subject, wherein the method com­
prises administering an effective amount of the disclosed 
pharmaceutical composition to a subject in need thereof. 
(0016) Descnl>ed herein is a method of modulating, treat­
ing, inhibiting, retarding, or preventing oxidative stress in 
the central nervous system of a subject, wherein the method 
comprises administering an effective amount of the dis­
closed pharmaceutical composition to a subject in need 
1hereof. 
(0017) Described herein is a method of promoting healthy 
brain aging of a subject, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to a subject in need thereof. 
(0018) Described herein is a method of promoting neu­
ronal cell dendritic arborization and synaptic long term 
potential, wherein the method comprises administering an 
effective amount of the disclosed pharmaceutical composi­
tion to neuronal cells. 
(0019) Described herein is a method of stimulating the 
production of neurotrophins and neurotransmitters, wherein 
the method comprises administering an effective amount of 
the disclosed pharmaceutical composition to neuronal cells. 
The neurotrophins are selected from the group consisting of 
brain derived neurotrophic factor, nerve growth factor, and 
combinations thereof. The neurotransmitters are selected 
from the group consisting of serotonin, glutamate, acetyl­
choline, and combinations thereof. 
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[0020] Described herein is a method of inhibiting apop­
tosis of neuronal cells, wherein the method comprises 
administering an effective amount of the disclosed phanna­
ceutical composition to neurona1 cells. 
[00211 Described herein is a method of inducing neuro­
genesis of cells, wherein the method comprises administer­
ing an effective amount of the disclosed pharmaceutical 
composition to stem cells or progenitor cells. The cells are 
neural stem cells or neural progenitor cells. 
[0022) Described herein is a method of inhibiting apop­
tosis of neuronal cells, wherein the method comprises 
administering an effective amount of the disclosed phanna­
ceutical composition to neuronal cells. The method com­
prises promoting the expression of Bcl-2 and/or inhibiting 
the expression of P53 or Bax. 
[0023] Described herein is a method of inhibiting the 
formation of amyloid plaques, wherein the method com­
prises administering an effective amount of the disclosed. 
pharmaceutical composition to neuronal cells expressing 
amyloid precursor protein (APP). The method comprises 
stimulating cleavage of APP via the alpha secretase pathway 
and inhibiting beta and gamma secretase pathways. 
[0024) Described herein is a method of inhibiting the 
formation of neurofibrillary tangles, wherein the method 
comprises administering an effective amount of the dis­
closed pharmaceutical composition to neuronal ceUs 
expressing tau protein. The method comprises deacetylating 
the tau protein. 
(0025) Described herein is a method of inhibiting activa­
tion of microglial cells, wherein the method comprises 
administering an effective amount of the disclosed pharma� 
ceutical composition to microglial cells. The method further 
comprises inhibiting secretion of inflammatory cytokines. 
(0026) Described herein is a method of inducing the 
expression of sirtuin genes, wherein the method comprises 
administering an effective amount of the disclosed phanna­
ceutical composition to neuronal cells or glial cells express­
ing sirtuin genes. The sirtuin gene is a SIRTl gene. 
(0027] Described herein is a method of maintaining the 
integrity of 1he blood brain barrier (BBB), wherein the 
method comprises administering an effective amount of the 
disclosed phannaceutical composition to endothelial cells of 
the BBB. 
(0028] Described herein is a method of fucilitating glucose 
transport across the BBB, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to endothelial cells of the BBB. 
[0029) Described herein is a method of inhibiting insu1in 
resistance in neuronal cells, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to the neuronal cells. 
[0030) Described herein is a method of inducing insulin 
sensitivity in neuronal cells, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to the neuronal cells. 
(0031] Described herein is a method of promoting an 
increase in efflux of beta amyloid from neuronal cells into 
the blood stream, wherein the method comprises adminis­
tering an effective amount of the disclosed pharmaceutical 
composition to neuronal cells. 
(0032) Described herein is a method of enhancing the 
bioactivity of vitamin D in neuronal cells, wherein the 
method comprises sequenced absorption of an effective 
amount of the disclosed pharmaceutical composition. 
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(0033] The methods described herein comprise adminis­
tering an effective amount the disclosed pharmaceutical 
composition to cells in a subject in need thereof or in need 
of such treatment. 
{0034] Described herein is a method of preventing, modu­
lating, or treating mild cognitive impairment and/or 
Al:lheim.er's disease, wherein the method comprises admin­
istering an effective amount of the disclosed pharmaceutical 
composition to a subject diagnosed with mild cognitive 
impairment and/or Alzheimer's disease. 
(003S) Described herein is a method for alleviating the 
symptoms of mild cognitive impairment and/or Alzheimer's 
disease, wherein the method comprises administering an 
effective amount of the disclosed pharmaceutical composi­
tion to a subject diagnosed with mild cognitive impairment 
and/or Alzheimer's disease. 
(0036) Described herein is a method of preventing, retanl­
iog, or substantially inhibiting mild cognitive impairment 
and/or Alzheimer's disease, wherein the method comprises 
administering an effective amount of the disclosed phanna­
ceutical composition to a subject at risk of developing mild 
cognitive impairmmt and/or Alzheimer's disease. 
(0037] Described herein is a method of preventing. retard­
ing, or treating dementia, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to a subject in need thereof 
(0038] Descnbed herein is a method of promoting an 
increase in efflux of beta amyloid from neuronal cells into 
the blood stream, wherein the method comprises adminis­
tering an effective amount of the disclosed pharmaceutical 
composition to neuronal cells. 
(0039) Described herein is a method of individualizing the 
dosage of the disclosed composition for the promotion of 
brain health and treatment of cognitive dysfunction and age 
related dmlentia including mild oognitive impairment and 
Almeimer's Disease, wherein the method comprises admin­
istering the disclosed pharmaceutical composition to a sub­
ject in need thereof. 
(0040) Descnbed herein is a method of measuring and/or 
monitoring the absorption of bioactive levels of the dis­
closed pharmaceutical composition, wherein the method 
comprises administering the composition to a subject in 
need thereof and measuring and/or monitoring the absorp­
tion of bioactive levels of the components of the composi­
tion to determine whether an optimal level has been reached. 
An optimal level may be a range of concentration or level. 
An optimal level inWcates that the subject is receiving an 
effective amount of the components for promoting brain 
health or treatment or prevention of diseases or conditions 
associated with mild cognitive impairment (MCJ) or 
Alzheimer's disease (AD). An optimal level can also indi­
cate that the subject is receiving an effective amount of 
components for treatment of an adjuctive disease or condi­
tion. The adunctive disease can be selected :from the group 
consisting of hypercholesteremia, metabolic syndrome, type 
JI diabetes, obesity, osteopenia, osteoporosis, hypertension, 
post menopausal hommne replacement therapy and combi­
nations thereof. 
(0041) Descnbed herein is a method of measuring and 
monitoring the bioactive brain health protective efficacy of 
the disclosed pharmaceutical composition, wherein the 
method comprises administering the pharmaceutical com­
position to a subject in need thereof, and measuring and/or 
monitoring the bioactive brain health protective efficacy. 
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'The method comprises measuring and monitoring the levels 
ofbiomarkers of brain function such as BDNF, NGF, AChE, 
ChAT, inflammatory markers, markers of the Wot/beta 
catenin pathway, such as Dkk-1 and combinations thereof. 
(0042] Described herein is a method of treating a subject 
in need thereof and promoting or protecting brain health of 
the subject, the method comprising identifying a subject 
diagnosed with one or more diseases selected from the group 
consisting ofhypercholesteremia, metabolic syndrome, type 
JI diabetes, obesity, osteopenia, osteoporosis, hypertension 
and post menopausal women on hormone replacement 
therapy and combinations thereof, and administering an 
effective amount of the disclosed pharmaceutical composi­
tion to the subject to treat the one or more diseases and to 
protect or promote the brain health of the subject. 
[00431 Described herein is a method of treating an indi­
vidual with one or more of hypercbolesteremia, metabolic 
syndrome, type II diabetes, obesity, osteopenia, osteoporo­
sis., hypertension and post menopausal hormone replacement 
therapy, wherein the method comprises administering indi­
vidualized dosages of the disclosed pharmaceutical compo­
sition to a subject in need threof in addition to the specific 
treatment for their primary disease. 
[0044] Described herein is a method of activating a1pha­
secretase activity, wherein the method comprises adminis­
tering an effective amount of the disclosed pharmaceutical 
composition to cells associated with the processing of APP 
or to a subject in need thereof. 
(0045] Described herein is a method of inhibiting beta 
secretase activity and/or the gamma secretase activity, 
wherein the method comprises administering an effective 
amount of the disclosed pharmaceutical composition to cells 
associated with beta secretase activity and/or the gamma 
secretase activity or to a subject in need thereof. 
[0046) Described herein is a method of inhibiting accu­
mulation of beta amyloid in the brain of a subject, wherein 
the method comprises administering an effective amount of 
the disclosed composition to a subject in need thereof. 
(0047) Described herein is a method of promoting efflux 
of soluble non-amyloidogenic amyloid precurson protein 
metabolites in a subject, wherein the method comprises 
administering an effective amount of the pharmaceutical 
compostion to a subject in need thereof. 
(00481 Described herein is a method of inhibiting phos­
phorylation of tau protein in a subject, wherein the method 
comprises administering an effective amount of the dis­
closed pharmaceutical composition to a subject in need 
thereof. The subject can be a subject diagnosed with AD. 
(0049] Described herein is a method of inhibiting inflam­
mation in a subject, wherein the method comprises admin­
istering an effective amount of the disclosed pharmaceutical 
composition to a subject in need thereof. 
(0050] Described herein is a method of inhibiting cytokine 
Jevels in the brain of a subject, wherein the methcxl com­
prises administering an effective amount of the disclosed 
pharmaceutica1 composition to a subject in need thereof. 
(0051] Described herein is a method of inhibiting oxida­
tive stress in a subject, wherein the method comprises 
administering an effective amount of the disclosed phanna­
ceutical composition to a subject in need thereof. 
(00521 Described herein is a method of inhibiting neuronal 
apoptosis in a subject, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to a subject in need thereof. 
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(0053) Described herein is a method of modulating 
NMDA receptors in a subject, wherein the method com­
prises administering an effective amount of the disclosed 
pharmaceutical composition to a subject in need thereof. 
(0054] Described herein is a method of inhibiting gluta­
mate toxicity in a subject, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to a subject in need thereof. 
(0055) Described herein is a method of protecting and 
maintaining the blood brain barrier, wherein the method 
comprises administering an effective amount of the dis­
closed pharmaceutical composition to a subject in need 
thereof. 
(0056] Described herein is a method of neuroptorection of 
the brain of a subject, wherein the method comprises admin­
istering an effective amount of the disclosed pharmaceutical 
composition to a subject in need thereof. 
{0057] Descnoed herein is a method of promoting neuro­
genesis in a subject, wherein the method comprises admin­
istering an effective amount of the disclosed pharmaceutical 
composition to a subject in need thereof. 
(0058) Descnbed herein is a method of promoting expres­
sion of one or more proteins associated with neurogenesis in 
a subject, wherein the method comprises administering an 
e:lfective amount of the disclosed pharmaceutical composi­
tion to a subject in need thereof, and wherein the one or more 
proteins are selected from the group consisting of BDNF, 
NGF, BMP, Shh, Notch and combinations thereof. 
(0059] Descnoed herein is a method of activating wnt/beta 
eaten.in signaling pathway in a subject, wherein the method 
comprises administering an effective amount of the dis­
closed pharmaceutical composition to a subject in need 
thereof. 
{0060] Described herein is a method of inhibiting Dkk-1 in 
a subject, wherein the method comprises administering an 
effective amount of the disclosed pharmaceutical composi­
tion to a subject in need thereof. 
(0061) Descnbed herein is a method of inhibiting GSK-3 
beta antagonist in a subject, wherein the method comprises 
administering an effective amount of the disclosed phanna­
ceutica.l composition to a subject in need thereof. 
(0062) Described herein is a method of enhancing neu­
rotraosmission in a subject, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to a subject in need thereof. 
(0063] Described herein is a method of stimulating ace­
tylcholine synthesis in a subject, wherein the method com­
prises administering an effective amount of the disclosed 
pharmaceuticaJ composition to a subject in need thereof. 
[0064] Descnoed herein is a method of stimulating ace­
tylcholine transferase activity in a subject, wherein the 
method comprises administering an effective amount of the 
disclosed pharmaceutical composition to a subject in need 
thereof. 
[006S] Described herein is a method of inhibiting cholin­
esterase activity in a subject, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to a subject in need thereof. 
(0066] Descnbed herein is a method of stimulating sero­
tonin synthesis in a subject, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to a subject in need thereof. 
(0067) Descnbed herein is a method of stimulating syn­
thesis of insulin in the brain of a subject, wherein the method 
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comprises administering an effective amount of the dis­
closed pharmaceutical composition to a subject in need 
thereof. 
(0068) Described herein is a method of stimulating the 
wnt/beta catenin pathway in a subject, wherein the method 
comprises administering an effective amount of the dis­
closed pharmaceutical composition to a subject in need 
thereof. 
(0069] Described herein is a method of stimulating the 
binding of beta eaten.in to its receptor in a subject, wherein 
the method comprises administering an effective amount of 
the disclosed pharmaceutical composition to a subject in 
need thereof. 
[0070] Described herein is a method of stimulating the 
synthesis of beta catenin in a subject, wherein the method 
comprises administering an effective amount of the dis­
closed pharmaceutical composition to a subject in need 
thereof. 
(0071) Described herein is a method of stimulating syn­
aptic transmission in a subject, wherein the method com­
prises administering an effective amm.m.t of the disclosed 
pharmaceutical composition to a subject in need thereof. 
[0072] Described herein is a method of inhibiting accu­
mulation of oxygen radicals in brain of a subject, wherein 
the method comprises administering an effective amount of 
the disclosed pharmaceutical composition to a subject in 
need thereof. 
[0073} Described herein is a method of enhancing supply 
of oxygen and/or glucose to the brain of a subject, wherein 
the method comprises administering an effective amount of 
the ctisclosed pharmaceutical composition to a subject in 
need thereof. 
(0074) Described herein is a method of enhancing cerebral 
blood flow in a subject, wherein the method comprises 
administering an effective amount of the disclosed pharma­
ceutical composition to a subject in need thereof. 
(007S] Described herein is a method of promoting insulin 
sensitivity in the brain of a subject, wherein the method 
comprises administering an effective amount of the dis­
closed pharmaceutical composition to a subject in need 
thereof. 
[0076] The methods described herein can involve com­
paring the results of a subject at risk or diagnosed for a 
disease or condition with the results of a known healthy 
subject. Likewise, the methods of promoting. enhancing, 
stimulating, inhibiting. reducing, or decreasing the levels of 
one or more specific factors in a subject or cells can involve 
comparing with a control, wherein the control has a known 
result or is a known healthy subject, or known healthy cells. 
(0077) Described herein is a method of assuring that an 
individual subject in need thereof has bioactive levels of the 
components of the disclosed pharmaceutical composition in 
their blood, the method comprising administering the dis­
closed pharmaceutical composition to the individual subject 
and measuring and/or monitoring the absorption ofbioactive 
levels of the components of the disclosed pharmaceutical 
composition and comparing the measured and/or monitored 
levels of the three active components with: (1) a predeter­
mined baseline level of each active ingredient for the 
individua1 subject; and (2) optima) bioactive levels of each 
active ingredient to determine if there � been a positive 
change in levels compared with the baseline and whether the 
levels fall within the optima) bioactive levels or ranges and 
if the results show that there has not been a positive change 
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with respect to the baseline levels ancVor the levels are not 
within the optimal bioactive levels or ranges, then adjusting 
and/or supplementing the administration of each active 
ingredient until a favorable change with respect to the 
baseline levels and/or levels or ranges within the optimal 
bioactive levels are achieved. 
(0078) The subject can be a mammal. The mammal can be 
a human, a rat, a mouse, a dog, or a pig. Tue subject is in 
need of treatment or in need of the administration of the 
nutraceutical composition. The subject is a patient in need of 
treatment or in need of administration of the pharmaceutical 
composition. The subject or patient can be a fema]e and the 
methods described herein can be used to treat, prevent, or 
monitor a female subject. 
(0079) As described herein lower doses are provided for 
promoting healthy brain aging while higher dosages are 
provided to the cognitively impaired, for example subjects 
having mild cognitive impairment or suffering from AD. The 
lower dosage can be formulated as a nutmceutical compo­
sition, while the higher dosage can be formulated as a 
pharmaceutical composition. 
(0080] Described herein are methods of treating female 
subjects at risk for developing mild cognitive impairment or 
AD comprising administering the disclosed composition. 
The methods cou1d be combined with disease specific thera­
pies such as for diabetes, obesity, osteopenia, osteoporosis, 
hypertension, cardiovascular disease and combinations 
thereof. Other diseases and conditions include metabolic 
syndrome, neuronal damage, post concussion, PTSD, stroke, 
Huntington's disease, schizophrenia and combinations 
thereof. 
(0081] Biomarkers, such as inflammat.ory markers or 
growth factors, are used to determine the absorption of the 
components of the disclosed composition for adjustment of 
the dosages as needed to aid in long term treatment of 
asymptomatic women. The increase or decrease in the 
presence of a particular biomarker is compared with the 
level of the same biomarker in a known healthy women or 
a known level in a healthy woman. 
(0082] Described herein is a method of making the com­
position comprising mixing the components of the compo­
sition to form the composition. 
(0083] Descn'bed herein is a kit comprising the composi­
tion, wherein the kit comprises the components in effective 
amounts for treatment or prevention of disease or condition 
or for monitoring and/or measuring the components of the 
composition for detennining whether a subject is being 
effectively treated. 

BRIEF DF,SCRIPTION OF THE ORA WINGS 

(0084] FIG. 1: Structures of Estradiol and lsoflavones. 
FIG. 1 shows similarity in the molecular structures of the 
predominant natural estrogen in women, 17-beta estracliol, 
and the two principle estrogens in soy isoftavone extract: 
genistein and daidzein. 
[0085] FIG. 2: Neuronal Estrogen and Phytoestrogen Sig­
naling Pathways. FJG. 2 shows metabolic bioconversion of 
both estradiol and isoflavone phytoestrogens when con­
sumed orally. Esttadiol is converted into estrone by the liver 
and then via I 7 beta hydroxysteroid dehydrogenase activity, 
metabolized in peripheral tissue into bioactive estradiol 
lsoflavooe glycosides (daid,.en and Genistin) are absorbed in 
the gastrointestinal tract, where the glucoside moiety con­
verts both into bioactive aglycone molecules (daidzein; 
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genistein). AU have variable affinity for the estrogen recep­
tors alpha and beta and the membrane GPR 30 receptor. 
(0086] FIGS. 3A and 3B: Genistein Induces Phosphory­
lation of Estrogen Receptor and Genistein Increases Protein 
Expression ofNeurotrophic Factors. FJG. 3 shows genistein 
has a comparable rapid�albeit-slightly attenuated ability to 
phosphorylate the estrogen receptor when compared with 
17-beta estracliol. Genistein increases the protein expression
of the oeurotrophins--BDNF and NGF.
(0087] FJG. 4: High----soy diets increase dendritic spine
density in the hippocarnpus and prefrontal cortex of rats and
improve memory for spatial location (Luine et al). Surgi­
cally menopausal adult female rats fed high phytoestrogen
diet show enhanced spine density in brain regions subserv­
ing memory (top graph) and enhanced memory for the
placement of objects (lower graph) compared with controls
fed low phytoestrogen diets for 7-9 weeks. ••• p<0.001 for
higher spine density in hippocampus versus prefrontal cor­
tex;•• p<0.01 for greater spine density with high versus low
phytoestrogen diet; • p<0.05 for enhanced memory for
object placement with high versus low phytoestrogen diet
(Luine et al).
{0088] FIG. 5: Soy supplements improve perfonnance on
executive function tasks in postmenopausal women (Duffy
et al). In a clinical trial, postmenopausal women (mean age
50-65) randomized to receive ro mg total isoflavones/day
from a soy isoflavone supplement (Solgen) showed signifi­
cant improvements on two executive function tests, the
IDED (lntradimensionaVExtradimensional Shift; a test of
mental flexibility) and the SoC (Stockings of Cambridge; a
test of planning ability), compared with women randomized
to receive placebo. •• p<0.01 for enhanced performance
with soy supplementation. • p<0.05 for enhanced perfor­
mance with soy supplementation (Duffy et al).
(0089] FIG. 6: Genistein Increases Expression of BDNF
and NGF; comparison with 17-beta es1radiol (Xu et al).
Genistein increases expression of the neurosteroids, BDNF
and NGF, in a dose dependent manner, with the highest dose,
having a lesser effect than that following treatment with
17-beta estradioJ. lnhibiting the estrogen receptor blocks the
expression of both BDNF and NGF.
(0090] FIG. 7: Neuronal Estrogen and Neurosteroids.
Endogenous synthesis. The metabolic pathway for the
endogenous synthesis of the estrogen and androgen sex
steroids peripherally and in the brain, and their respective
bioactive metabolites.
[0091] FIG. 8: Plasma huperzine A concentrations
obtained after a single ER capsule etc.
(0092] FIG. 9; Predicted plasma huperzine A concentra­
tions.
(0093] FIG. 10; Brain aging and Pathophysiologic
Changes in Molecular & Cellular pathways. An overview of
the layered and multiple molecular and cellular pathways
influencing brain aging, with the sites of the disclosed
composition •s modulating"check and balance" of individual
ingredient bioactivity.
(0094] FIG. 11: Complementing Non-amyloidogenic
Metabolism of APP. Complementing and "balanced" path­
ways stimulating the non-amyloidogenic metabolism of
amy)oid precursor protein by the components of the dis­
closed composition, with an enhanced excretion of soluble
beta amyloid metabolites.
(0095] FIG. 12: Single Pathway Brain Health Modulators
vs Multiple Site Activity of the Components of the Dis-
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closed Composition: Neuronal Glucose Insulin Imbalance. 
Factors involved in neurodegeneration associated with brain 
insulin resistance, and a comparison of the single pathway 
modulation of marketed treatments for Azlheimer' s Disease 
compared to the multiple pathway of the disclosed compo­
sition's sites of bioactivity. 
[0096] FIG. 13: Balancing 1he regulation of Wnt/beta 
catenin and Dkkl. An overview of the Wnt/beta catenin 
glycoprotein pathway, resulting in the binding of beta 
eaten.in to an intranuc]ear T-cell factor thus initiating the 
transcription of the brain cells target genes and function. 
Sites of the disclosed composition's stimulation of the Wnt 
signaling and its .. balancing" inhibition of three Wnt inhibi­
tors: Dkkl; GSK-3 beta; Acetylcholinesterase. 
[0097] FIG. 14: Wnt/beta----<:11tenin: Conelating Osteope-­
nia with Risk for Alzheimer's Disease. Women with osteo­
porosis are at increased risk of developing Alzheimer's 
Wsease. Both the brain and bone have similar Wnt chiven 
pathways that can either result in increased neurogenesis or 
new bone fom1ation respectively. An increase in Dkkl 
inhibitory activi1y (middle panel) produces an imbalance in 
the both pathways with potential neuropenia (cognitive 
impairment) osteopenia (fracture risk). Vitamin D and estro­
gen have positive agooist effects. 
[0098] FIG. 15: Aduh Neural Stem Cell Neurogenesis. 
Adult stem cell neurogenesis takes place throughout adult 
life in 1he subgranular zone of the bippocampal de-• 
gyrus, and in the subventricular zone of the lateral ventricle. 
These complex neural pathways are regulated by a mun.her 
of integrated growth factors and neurotrophins in an envi­
ronment of physiologic hypoxia. These pathways are posi­
tively modulated by the bioactivity of the disclosed com­
position's ingredients and additives. 

DETAILED DESCRIPTION 

Compositions 

(0099) The present application recognizes the need to 
define the multiple neurologic pathways involved and to 
formulate combinations of natural ingredients that address 
and "nonnali:re" the physiologic metabolic changes associ­
ated with brain aging per se from that of an underlying latent 
neurologic disease. Successful management requires viable 
neurons, and thus the need for early recognition (health 
promotion) and treatment (disease prevention) of the under­
lying disorder. 
[0100] The present application applies the bioactivi1y of 
its combined ingredients to a number of established and 
inter-related molecular pathways that govern the function of 
the aging mammalian brain thus promoting both healthy 
brain aging and the prevention and/or inhibition of neuro­
degenerative conditions and certain neuropsychiatric disor­
ders, with special application to cognitive, memory and 
mood dysfunction. 

[0101] Huperzine has been reported to have selective and 
Jong-term inhibition of brain AChE with few side effects 
(Tang,Acta Phannarol. Sinica 17:481 (1996)). Estrogen has 
been shown to reduce the incidence of Alzheimer's disease 
(AD) and related dementias, relieve symptoms of Alzheim­
er's disease, preserve cholingergic function, and improve 
cognitive function in post menopausal women and in 
patients wi1hAlzheimer's diseases (Sherwin, Ann. NY Acad. 
Sci. 743:213 (1994)). 
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[0102) The present application provides compositions 
comprising Huperzine A or a derivative or analog thereof, 
one or more phytoestrogens, and a vitamin D. The compo­
sition can include additives. The composition can be a 
pharmaceutical composition or a nutraceutical composition. 
1be present application provides methods of administering 
to a subject or promoting brain health and/or preventing 
neurodegnerative conditions. The subject is a patient in need 
of treatment or in need of administration of the pharmaceu­
tical composition such as, for example, a subject exhibiting 
one or more symptoms associated with brain aging, a 
neurodegenerative condition and/or a neuropsychotic disor­
der. 

[0103] Described herein are methods of treating subjects 
in need thereof or in need of treatment, wherein the dis­
closed compositions are administered to the subject once 
daily or twice daily. In one embodiment, the disclosed 
compositions are administered twice daily for immediate 
release. In another embodiment, the disclosed compositions 
are administered once daily for extended release. 

{0104] The components of the disclosed compositions can 
be provided, for example, in amounts and/or in a sequence 
or order to act synergistically to provide enhanced effects. 
The effects can be therapeutic and enhanced as compared to 
a composition consisting essentially of Huperazine A and an 
estrogen, such as a phytoestrogen. The effects are enhanced 
a.bout two times, about five times, about 10 t:llne$, about 20 
times, or more as compared to a control composition con­
sisting essentially of Huperazine A and an estrogen or 
phytoestrogen. 

[0105] As an example of the components working syner­
gistically and complementarily, genistein, a phytoestrogen, 
increases the production of vitamin D receptor and promotes 
its in situ synthesis while decreasing its catabolism. Hupera­
zine and vitamin D are known to increase the production of 
NGF and soy estrogen and caffeine are known to increase 
the production of BDNF. 

{0106] The components of the disclosed composition can 
be a natural or endogenous product or a synthetic product or 
combinations thereof. 

(0107] Provided herein are compositions comprising a 
combination of botanicals and natural compounds, each of 
which have validated and experimentally proven biologic 
efficacy in improving and/or modulating relevant physi­
ologic metabolic pathways associated with the recognized 
alteration in memory, cognitive and executive function in 
aging adult women. The composition and formulation dis­
closed herein addresses the optimization of nonna1 
"'healthy" brain aging (health promotion) and also changes 
associated with ""unhealthy'' brain aging incJuding; women 
with pre-existing risk factors for cognitive and related 
dysfunction and those who are predisposed to or have ear]y 
evidence and/or symptoms of the pathologic features asso­
ciated with mild cognitive impairment and Alzheimer's 
Disease (prevention). 

(0108] The disclosed composition and formulation can 
also be provided as a nutraceutical complement for use 
together with marketed drug therapy for cognitive dysfunc­
tion and memory loss and as an adjunct with drugs used to 
treat conditions that are recognized risk factors for AD. 1bis 
inc1udes drugs for the treatment of type II diabetes, hor­
monal therapy for post menopausal women, lipid lowering 
drugs for hypercholesteremia and for obesity, drugs for 
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treatment of the metabolic syndrome, drugs for treating 
osteoporosis and combinations thereof. 
(0109) Toe composition described herein comprises a core 
of three ingredients: a blend ofhuperzine A; soy isoflavones 
and vitamin D, such as vitamin D3 (1,25-(OH)2 03). Each 
have similar and/or complementing efficacy on the cellular 
physiology, :function and neurologic pathways relative to 
memory, cognition and executive function. (Also referred to 
as a .. Broad Based Balanced Bioactive Brain Blend"1'M­
BBBBB"™.) 
(0110] Moreover, one or more acklitives can be added to 
the disclosed composition to form a '1,Jend" to address 
specific medical conditions and/or clinical preference and/or 
choice of consumption. Examples of two additives are: 
caffeine and sucromalt (Cargill, Xtend<l!>}-,1 nutritive low­
glycaemic sweetener. 
(0111] Exemplary combinations are formu1ated to take 
account of their individualized and combined pharmacoki­
netic and phamacodynamic profiles and are adjusted to meet 
the clinical intent of promoting brain health and/or prevent­
ing cognitive and related neurologic dysfunction Exemplary 
embodiments provide combination products with additive, 
synergistic and/or complementary function. The latter 
addresses both sides of the "checks and balance" associated 
with many biologic functions. For example, Huperzine A 
prevents the breakdown of acetylcholine and soy isofiavones 
(genistein) up regulates its synthesis (see FIGS. 2, 3, and 4 
in U.S. Pnt. No. 6,524,616). 

HuperzineA 

(0112] The composition described herein comprises 
Hupenine A. The Huperzine A can be an analog and 
derivative thereof. The Huperzine A, including its analogs 
and derivatives thereof, can be a synthetic molecule. Huper­
zine A (HupA) is a well-described and :researched narural 
cholinesterase inhibitor (Wang et al). HupA inhibits acetyl­
cholinesterase (AChE) in the cerebral cortex and impor­
tantly in the hippocampus. Acetylcholine synthesis is mark­
edly reduced in AD (Wang et al). 
(0113] Huperzine A is a novel Lycopodium alkaloid that 
was first isolated from the Huperzia Serrata Trev and 
Chinese folk herb Qian Cheng Ta. It is a potent and selective 
brain AChE inhibitor with greater potency and fewer side 
effects than other currently-available AChE inhibitors. The 
lack of systemic side effects is attributed to HupA 's negative 
effect on the systemic acetylcholinesterase inhibitor, 
butyrylcholinesterase (BuChE). 
(0114] Al1hough HupA is unable to retard neurodegenera­
tion in patients with established AD, it does have properties 
that stimulate neurogenesis; provide neuroprotection; stimu­
late neurotransmission and most importantly regulate beta 
amyloid precursor protein (APP) metabolism. and in so 
doing lessen the accumulation of both beta amyloid plaques 
and tau neurofibrillary tangles. The key to HupA's protec­
tive potential is its early use, so that viable and responsive 
neurons are still available to respond both to and with other 
co-administered neuroprotecting compounds. 
(0115] Neurotransmitter Activity: 
(0116] HupA produces a more prolonged increase in ACh 
when compared with all other cholinesterase inhibitors. 
Although there is a regiona1 variation, the maximal increase 
occurs in areas associated with memory and cognition: 
frontal and parietal cortex and the hippocampus. The time 
course of cortical AChE inhibition with HupA mirrors the 
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increase in ACh at the same dose, thus confirming that the 
increase in extracellular ACh is primarily due to the inhibi­
tion of cortical AChE. 
[0117] Brain norepinephrine (NE) and dopamine (DA) 
levels are also increased following systemic administration 
of HupA but not serotonin (5-Hf). The effect is greater for 
DA than it is for NE. It is postulated that the effect of HupA 
on DA and NE is regulated by presynaptic ACh muscarinic 
and/or nicotinic receptors, thus contributing to the memory 
improvement following treatment with HupA (Wang 2006). 
Protection against glutamate-induced cytotoxicity: HupA 
protects against glutamate induced cytotoxicity. This was 
demonstrated in rat hippocampal neuronal cells. In a dose 
dependent manner, HupA acted as a non-competitive and 
reversible inhibitor of the NMDA receptors, via a competi­
tive interaction with polyamine binding sites (Zhang and Hu 
2001). 
(0118] Neuroprotection: 
(0119] Plaques characteristic of AD are caused by the 
deposition of beta amyloid and are typical of lesions found 
in the brains of patients with AD. This process is initiated in 
part by oxygen radicals that leads to neurodegeneration. 
HupA protects against 1-1202 by increasing antioxidant 
enzymes (Zhang et al 2002); HupA protects against cellular 
damage when exposed to oxygen--glucose deprivation 
(OGD) by alleviating the distmbances of oxidative and 
energy me!abolism (Zhou et al 2001 ); HupA reduces oxygen 
free radicals in both animal experiments and clinical trials 
(Shang et al); HupA provides neuroprotection by modulating 
the intracellular Ca++ level including the transcription of 
calmodulin in hippocampal neurons (Lu et al 2004); 
decreasing apoptosis of neural cells after exposure to stress­
ors such as 1-1202; beta am.yloid peptides and 00-D are 
significantly reduced following administration of HupA and 
with the normalization of the anti-apoptopic Bc)-2 genes 
with attenuation of the pro-apoptopic Bax and P53 genes 
(Xiao et al 2002; Wang 2006); finally, HupA protects ntito­
chondria) activity. In SUlllllllUY, the neuroprotective effect of 
HupA is achieved via multiple mechanisms. 
(0120] Neurogenesis: 
(0121] The regulation of nerve growth factor (NGF) syn­
thesis and its release is governed via cholinergic mecha­
nisms. HupA increases the NGF regulated enhancement of 
neuron survival and function probably via its inhibition of 
AChE, as shown by the associated neurite outgrowth with 
the level of AChE expression (Tang et al 2005). NGF and its 
TtkA receptor mediate the neuroprotective actions of HupA 
(Wang et al 2006). 
[0122] Amyloid Precursor Protein Processing: 
[0123] Beta amyloid is derived from a larger polypeptide 
amyloid precursor protein (APP). There are two pathways 
for the processing of APP: a non-amyloidogenic end point 
which is modulated via a SIRTI directed gene encoding 
alpha secretase pathway. This cleaves the APP away from 
the toxic beta amyloid peptide and also reduces tangle 
formation by deacetylating tau. Metabolism via the beta and 
gamma pathways has the reverse effect: an increase in both 
extracellular beta amyloid neuronal plaque formation and 
intracellular !au tangles (Guerente 2011 ). HupA directs APP 
metabolism toward the non-amyloidogenic alpha secretase 
pathway (Peng et al 2007). 
(0124] Pharmacoltinetics: 
(0125] HupA is rapidly absorbed, is widely distributed in 
the body and is eliminated at a moderate rate. The elimina-
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tion ofHupA in elderly vo]unteers is s1ightly lower than that 
in the younger subjects. The definitive pK study for HupA 
was published in 2008 (Li et al 2008). Healthy subjects 
received 0.2 mg of pure hupenine A orally. Plasma levels 
rose rapidly after administration peaking at about hour 1.2 to 
13. The plasma levels declined rapidly over the next 24
hours and a terminal half life of approximately 6 hours was
determined. Over the major part of the day plasma levels
ranged from 0.3 to about 1.0 ng/ml where 0.6 ng/m1 was
determined to be the optimal level Values above this con­
centration produce unnecessary exposure of tissues to brief
high levels of huperzine and an increased loss due to
excretion. Doses of 0.15 mg twice daily has been shown to
be effective for the 1realment of M□ (Du et al 1996).
(0126] Based on the above data, a controlled.-----release
formulation of HupA would be required for a once a day
achninistration.
(0127] Clinical Studies:
[0128] The efficacy and safety of HupA have beeo studied
in a number of clinical trials, principally in China and some
in the US (Wang et al 2006; Little et a1 2008). Most of the
studies were conducted in patients with established AD. In
one of the larger trials involving some 819 patients with AD,
treatment with HupA in a dose of 0.03--0.4 mg/day resulted
in an improvement of their memory, cognitive skills and
activities of daily living. Another double blinded random­
iz.ed clinical trial evaluated patients with possible or prob­
able AD taking 0.1-02 mg of HupA twice daily. G,gnitive
function was measured with the MMSE (Mini-mental State
Examination Scale), the ADAS-Cog (Alzheimer's Disease
Assessment Scale-Cognitive Subscale), the ADAS-non-Cog
(which measures mood and behavior and activities of daily
living (ADL). All showed significant improvement at week 
6 and further improvement at week 12. The proportion of 
patients with a four point improvement on the ADA Scog 
was 56% in the active group and 12.5% in the p]acebo group
(Z.ang et al 2002).
(0129) A longer tmn study esteoding over 48 weeks
confirmed significant improvement in  cognition at a11 time
points (Wang et al 2006).

(0130] There have been fewer studies in the US (Little et 
al 2008). As with the trials in China, the use of HupA (in 
doses as high as 200 mcg b.i.d and even 400 mcg b.i.d) 
confirmed its ability to be pharmacologically effective (in­
lubiting AChE levels in all tested subjects by 50% or more 
without any significant BuChE inhibition) and clinically 
safe. However, the reported clinical improvement was not as 
robust as that noted in Chinese literature. 
(0131] Summary: 
(0132) The mixed HupA clinical 1rial results may be due 
to differences in the populations studied and to the presence 
and extent of existing neurologic damage in the chosen test 
subjects. HupA cannot reverse the function of significantly 
damaged neurons, characteristic of patients with well 
defined clinical AD. 
(0133] Given HupA's broad range of experimentally 
proven brain protective mechanisms, the composition 
described herein is designed to be used in women with 
functionally responsive neurons. This includes women who 
are asymptomatic and otherwise healthy, post menopausal 
women with cognitive and memory complaints and for two 
additional categories: women with risk factors for AD and 
women with symptoms of early MCI. In each instance, 
fonnulations will include additional bioactive brain health 
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promoting compounds and the doses of each adjusted 
according to the clinica1 indication for the use of the 
disclosed composition and according to individuaJ patient's 
respoose. 

Estrogen 

(0134] The composition described herein comprises estro­
gen in addition to Huperz.ine A and vitamin D. The estrogen 
can be selected from the group consisting of estradiol, 
conjugated equine estrogens (CEE), any active estrogenic 
ingredients ofCEE, estrooe, estriol, esterified estrogens, and 
any derivative, analog, or metabolite of the mammalian 

estrogen and combinations thereof. The estradiol is 17-beta 
estradiol, estradiol valerate, ethinyl estradiol, or any other 
estradiol derivative or analog, or metabolite thereof. The 
estrogen can be natural or endogenous molecule, or a 
synthetic molecule. The natural or endogenous molecule can 
be from a mamma1ian source. The estrogen can be an analog 
or derivative, and the analog or deverivature may be a 
natural or synthetic molecule. 
(013S] Estrogen is known to have neuroprotective effects 
and cognitive function. Estrogen promotes brain health and 
protects cognition in both perimenopausal and postmeno­
pausal women, provided the estrogen therapy (ET) in the 
latter group is initiated close to the time of menopause. Early 
treatment modulates the compromising neurobiological 
changes associated with .. normal" aging (Voytko et al 2009; 
Maki 2006; Gilles and Mcarthur 2010). The majority of 
observational studies confirm that estrogen users perform 
significantly better than non users on tests of verbal fluency, 
verbal memory, and spatial working memory (Sherwin and 
Henry 2008). 
(0136) The age related difference in ET response may be 
due to the recogni?..ed alteration in estrogen receptor (ER) 
amount, distribution, integrity and post receptor signaling 
pathways found in aging blood vessels and brain (Smiley 

and Kbalil 2009; Gilles and Mcarthur 2010). Heoce the need 
for early intervention. 
(0137] Brain Imaging: 
(0138] Studies have shown that women on hormonal 
therapy had hllger hippocampi compared to non users (Lord 
et al 2008) greater grey and white matter volume (Erickson 
et al 2005), and less shrinkage of cortical tissue over 5 years 
(Raz et al 2004). 
(0139] Hormonal users also bad increased cerebral blood 
flow and connectivity in areas related to cognition and 
memory: frontal-temporal cortex and hippocampus (Maki 
and Resnick 2000; Ottowitz et al 2008) 
(0140] Neurogenesis: 
[0141] Numerous mechanisms have been identified 
inc luding the proliferation of human cortical neural progeni­
tor cells (Brinton 2009); spinogenesis and the regulation of 
dendritic spine number and contacts via multiple synaptic 
boutuns (Lamprecht and Le Doux2004). An increase in 
spine density in the hippocampus is associated with 
eobaoced learning and memory (Lamprecht and Le Doux 
2004). Conversely, decreased synapse density and synaptic 
dysfonction precede AD (Shankar et al 2008) 
(0142] Neurotransmission: 
(0143) Estrogen regulates the synaptic plasticity and the 
genesis of new circuits potentiating synaptic transmission 
via glutamate and NMDA receptors (Woolley 2007). Recent 
studies in women have also demonstrated that the acetyl-
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choline (Ach), OOpaminergic and serotonergic systems of 
oeurotransmission are al] responsive to hormonal therapy 
(¼ytko et al 2009). 
(0144) Of particular relevance, estrogen deficiency results 
in decreased choline acetyltransferase (ChAT) activity, and 
ChAT, brain derived neurottophic factor (BDNF), and nerve 
groth factor (NGF) mRNA's all of which can be rever,ed 
with estrogen supplementation (Luine, V N 1985; Gibbs R 
8 et al 1994; Singh Met al 1995; Singh M et al 1994; 
Sohrabji F et al 1995). 
(014S] Estrogen Receptors and Estrogen Synthesis: 
[0146) More recently, in addition to the two classically 
identified estrogen receptors----ER alpha and ER beta-a 
third membrane receptor has been identified--GPR30. Also 
a new family of coregulatory proteins and the discovery of 
brain Oocal as opposed to peripheral) estrogen synthesis via 
a caJcium. dependent phosphorylation of an aromatase 
enzyme, and its effect--especially on the rapid response to 
estrogen-of neurotransmission (Chartier et al 2010). 
(0147) Estrogen and Brain Glucose Regulation: 
(0148) Estrogen up regulates the production oftbe glucose 
transporter GLUT I in both the endothelial tissues and in the 
cerebral cortex (Donnire 2009; Cheng et al 2001 ). Estrogen 
also increases insulin sensitivity. 

Phytoestogens and lsoflavones 

(0149) The composition disclosed herein comprises phy­
toestrogen in addition to Huperzine and vitamin D. The 
composition can also include an estrogen in addition to 
phytoestrogen. 
(0150) Structure and Soun;e: 
(0151] Phytoestrogens are natural compounds found in 
many plants and have estrogen like activity in mammaJs 
including humans. There are two chemical categories­
coumestans and isoflavones--with a molecular structure 
similar to the 17-carbon structure of estrsdiol (FIG. 1). Toe 
phytoestrogen can be selected :from the group consisting of 
an isoflavone, a coumestan, a lignan, analogs and derivatives 
thereof, and combinations thereof. The phytoestrogen can be 
a natural or endogenous molecule or a synthetic molecule. 
[0152] Iso:favones include the bioactive constituents: 
genistein, daid7.ein, glycitein, biochanin A and formooon­
etin. Genistein and daidz.ein, the main components in the 
disclosed composition, are found in high concentrations in 
soybeans and soy products and also red clover, kudzu and 
the American groundnut. Dietary phytoestrogens are effi­
ciently absorbed from the gastrointestinal tract. Genistein, 
daidzein and equol are the main absorbed metabolic prod­
ucts of isoflavones, generated by colonic bacteria that 
remove a glycoside moiety (King et al 1998; Clarkson et al 
2011 ). The relative amounts of genistein and daidzein are the 
main determinants of the bioactive components of soy 
supplementation, although the therapeutic outcome may 
vary when the individual isoflavones are administered alone 
or in combination. Two other efficacy variables are: an 
individuals ability to metabolize daidzein to equol. This 
occurs in about 30% of American women. Equol binds to 
both ER's but has a particular affinity for the ER beta; soy 
protein is the second factor and is derived by extracting it out 
of the whole soy bean. Soy protein is usually rich in 
isoflavones (Clarkson et al 2011). The biological effects of 
isofiavones and their metabolites are mediated via many 
pathways some of which are not estrogen-dependent (FIG. 
2). 
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(0153] lsoflavones and Cognitive Function: 
[0154] Soy phytoestrogens act as estrogen agonists and 
have protective effects on neurons, including cholinergic 
neurons via ER's alpha and beta. Genistein has a high 
affinity for ER beta, that is similar to endogenous circulating 
17-beta estradiol, but an affinity for ER alpha that is 20 times 
lower than that of estradiol (Kuiper et al 1997).
(015S] Soy phytoestrugens up-regulate the mRNA levels
of choline acetyltransferase (ChAl), an enzyme linked to
acetylcholine synthesis and cholinergic function) and also
BDNF (Pan et al 1999). Since both ER alpha and ER beta
mRNA's are present in the frontal cortex and hippoca.mpus,
and are responsive to both estradiol and soy pbytoestrogens,
it has been established that soy phytoestrogens via their
direct interaction with ER alpha and ER beta preserve
cholinergic activity in these regions (Pan et al 1999). (See
FIGS. JA and 38.)
[0156] Genistein up regulates aromatize expression
(Fiorelli et al 1999). Brain estrogens have been shown to be
lower than nonnal in women with AD. This may be asso­
ciated with the observation that aromatase expression is 
altered in AD brains due to a single nucJeotide polymor­
phism in the CYP 19 aromatase gene (Gilles and McArthur
2010).
[0157] Additional experimental evidence includes an
increase in the spine density in the hippocampus and pre­
frontal cotex of female rats after soy isoflavone treatment
that was associated with a significantly greater improvement
in spatial memory when compared with placebo treated
control rats (Luine et al 2006; see FIG. 4). lbis experimental
data is reflected in a clinical ttial of postmenopausal women
(mean age 50-65) who were randomized to receive 60 mg
total isoflavones/day from a soy isoftavone supplement
(Solgen) and showed a significant improvement in two tests
of executive function compared to matched controls on
placebo (DuJfy et al 2003; see FIG. S).
[0158] Soy isoflavones have a number of non�trogen
mediated CNS protective effects: soy phytoestrogens act as
aniti-oxidents to protect neurons from oxidative damage and
apoptosis (Atlante et al 201 O); soy phytoestrogens may 
increase cerebral blood flow thereby improving the oxygen
and nutrient supply to brain cells.; genistein inhibits the
inflammation and associated endothelial dysfunction impli­
cated in insulin resistance (Gao et al 2013) and by reducing
free fatty acids reduces insulin resistance (Lei et al 2011 );
genistein may actuaJly increase insu1in sensitivity by up­
regulating the PPAR genes (Ronis et al 2009); genistein has
a direct positive effect on pancreatic beta cells and through
an effect on cAMP/PKA signaling regulates epigenetic fac­
tors associated with type 2 diabetes (Gilbert 2012) and
obesity (Bebloul and Wu 2013), both of which are risk
factors for cognitive decline.
(0159) Genistein has anti-inflammatory actions by sup­
pressing tumor necrosis factor alpha induced inflammation
by modulating reactive oxygen species/Akt/nuclear factor
kB and adenosine monophosphate-activated protein kinase
signaling pathways (Li et al 2014).
[0160] Genistein up-regulates the vitamin D receptor
(VDR) its transcription and expression through the ER and 
MAPK signaling pathway (Gilad et al 2006); genistein and
daiW,ein increase the expression of CYP27B 1 mRNA and
suppress CYP24 mRNA expression, the enzymes that
respectively activate and deactivate vitamin D synthesis
(Gilad et al 2006).
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Pharmacokinetics and Bioavailability. 

I 0161] There is extensive literature on the phannacokinet­
ics of soy isoflavones administered as natural compounds of 
soy foods, isolated isoflavone extracts, supplements, pure 
compounds and also as stable,..isotope labeled analogs. Over­
all, the apparent bioavailability of these isoflavones are 
similar. 
(0162) The rates of absorption of the isoflavones daidzein 
and genestein are distinctly different from those of daidz.ein 
in their aglycone form. This determines the ultimate efficacy 
of isoflavones. Aglycones are rapidJy absorbed and reach 
peak: concentrations within l to 3 hours, depending on 
whether the isoflavones are taken with or without a meal. 
Theeffectof a meal is to delay absorption and shift the Tmax 
value. Beta-glycoside conjugate peak plasma concentrations 
of isoflavones typically occur 4 to 10 hours later due to the 
need for prior hydrolysis by the intestinal brush border 
beta-glycosidases. This is a rate limiting and time dependent 
process. 
[0163] The t112 of all isoflavones in healthy subjects is 
similar and is typically 6 to 12 hours. The clearance rate of 
genistein is significantly slower than that of daidzein, thus 
explaining why the plasma concenttations are typically 1.5 
to 2 .0 times higher than that of daidzein. The extent of 
isoflavone coltjugatioo varies, with species such as mice 
having a higher proportion of un-coltjugated plasma isofla­
vones compared to humans. While conjugation can take 
place in both the liver and enterocytes, the most extensive 
conjugation occurs by intestinal UDP-glucuronyltransferase 
on a first pass uptake. 
(0164] Unlike endogenous estrogens which are exten­
sively bound to sex hormone binding globulin and albumin. 
both genistein and equol are only 45% to 50% protein bound 
(Claarkson et al 2011; Bloedon et al 2002; Anupongsanu­
gool et al 2005). 
Differentiating the Bioactivity of 17-Beta Estradiol from 
Genistein (See FIG. 6). 
(0165] The isoflavone genistein is a plant estrogen that 
binds to estrogen receptors in both animals and humans, but 
has two main distinguishing features that are unique to its 
biologic activity, and to its use-by itself or together with 
estradiol: genistein (more so than the other isoflavones) has 
a greater affinity for the ER beta than for the ER alpha 
receptor, and possesses both estrogen agonist and estrogen 
antagonist activity. ER beta has a higher affinity for the brain 
and bone; ER alpha for the breast and endometrium. By 
down regulating the ER alpha receptor, genistein acts as a 
SERM (selective estrogen receptor modulator) (Clarlcson et 
al 2011 ). Genistein is also a tyrosine kinase inhibitor. 
Together with its anti-proliferative effects, inhibition of 
angiogenesis and induction of apoptosis, it is "protective" to 
breast tissue and 1he endometrium ( Clarlcson et al 2011 ). 
(0166] Dietary isotlavones reduce the cin:ulating and 
intra-breast concentrations of estradiol in monkeys, with a 
corresponding decrease in uterine and breast tissue prolif­
eration (Wood et al 2006; Wood et al 2007). This has been 
confirmed in other animal models. Neither daidz.ein or eqool 
have been shown to have chemopreventive properties 
(Lamartiniere et al 2002). These observations are reflective 
of a number of clinical studies that confirm the life long 
consumption of soy food and the ]ow prevalence of breast 
cancer in Asian women (Clarlcson et al 2011) and even the 
lack of tumor promoting effects in breast cancer patients 
(Shu et al 2009). Dutch women with high circulating 
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genistein levels also had a reduced cancer risk (Verbeus et al 
2007). Geniste:in may even have a potential additive/syner­
gistic effects in the chemotherapy of certain cancers: HER 2 
over-expressed breast cancer (Seo et al); small cell lung 
cancer (Zhu et al 2012) and lung adenocarcinoma (Zhou et 
al 2012). 
(0167) Genistein and daidzein induce alkaline phos­
phatase activity in the endometrium, but at one millionth the 
potency of estradiol (Kayisili et al 2002). As with the breast, 
a number of large scale studies have correlated high intakes 
of soy isoflavones with lowered endometria1 cancer risk 
(Clarkson et al 2011). Studies in both normal post meno­
pausal women and women with a history of breast cancer 
noted neither an increase in Ki-67 expression (a measure of 
endometrial hyperactivity), endometrial thickening or an 
abnormal change in endometrial histology (Clarkson et al 
2011). One 5 year study in women taking 150 mg isofla­
vones vs. a placebo found that 70% of the treated group had 
an atrophic or non-assessable endometrium compared with 
81% in the cootrol group (lJnfer et al 2004). A lower dose 
of genistein in its aglycone form (54 mg) was as successful 
as the use of a traditionally prescribed progestin (norethis­
terone acetate) in reducing endometrial hyperplasia without 
atypia (Bitto et al 2010). 
(0168] Twelve weeks of a daily 30 mg dose of synthetic 
genistein administered to 84 postmenopausal women, did 
not induce endometrial thickening or hyperplasia (Evans et 
al 2011). 
(0169] In the methods described herein, genistein bas 
proven experimental and human clinical data to support and 
validate its cognitive enhancing and brain health promoting 
bioactivity and in addition, its lack of adverse effect on 
estrogen sensitive organs: the breast and endometrium. 
Provided herein are methods for promoting cognitive health 
in women at risk of or with a past history of cancer. The 
methods described herein provide for the use of both low 
dose estradiol and synthetic genistein, together with syn­
thetic HuperzineA and vitamin Das a treatment for MCI and 
early AD. 

Epidemiology and Clinical Trials. 

(0170] Epidemiolgy: 

(0171] The prevalence of AD is lower in women living in 
Asia and has been attributed to two main factors: a higher 
lifelong intake of soy protein and isoflavones and a greater 
ability to produce equol from daid7.ein. Among older Japa­
nese the daily intake of soy was calculated to be approxi­
mately IO w'day, which when expressed as mean estimates 
of aglycone equivalents ranged from 30 to 50 mw'day. A 
similar daily mean soy protein and isoflavone intake was 
noted in Shanghai (Clarkson et al 2011; Yang et al 2009). By 
comparison, the estimated isoflavone intakes in Caucasian 
women in a recent US study avemged <0.5 mW-day com­
pared with >18 mg/day in women of Japanese ethnicity. 
About 40% of non-Asian women in this study consumed no 
daidzein or genistein containing products (Huang M H et al 
2002). 

(0172] About 20 to 30% of Wesrem adults will produce 
equol when fed soy iso:flavones which is significantly lower 
than the 50 to 60% frequency of equol producers reported in 
aduhs living in Asia and consuming soy foods (Setchell and 
Cole 2006). Eqool has a high systellllc bioavailability and 
relatively slow plasma clearance, and may explain the 
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greater efficacy of soy studies in Asians compared with tbose 
conducted in Western adults (Setchell et al 2002). 
(0173) Clinical Trials: 
(0174) A number of appropriately designed randomized 
placebo controlled trials are discussed in and aJlow for the 
following conclusions (Clarlcson et al 2011 ). 
[017SJ Women <65 Years of Age: 
(0176] soy and soy isoflavones have a positive effect on a 
number of cognitive functions including but not limited to 
working memory, executive function, verbal memory, and 
figural memory-depending upon lhe actual domains 
included in the study design. 
(0177) Women >65 Years of Age: 
(0178] the results are mixed and trend to a null effect on 
cognitive outcome. 
(0179) Young Vs Older Postmenopausal Women: 
(0180) soy improved verbal memory, fluency attention in 
lhe early postmenopausal group (ages 50-59) but not in lhe 
older group (age range 60-74). 
(0181] Soy Replete Diets: 
(0182] Soy supplementation in women with adequate soy 
isoflavone in their daily diet showed no cognitive benefits in 
both young and older postm.enopausal women (group age 
range 55 to 76). 
(0183] These results are consistent with the estrogen 
therapy (ET) "critical window hypothesis". Neurons that are 
healthy and have not been deprived of endogenous estrogen 
for a significant time, benefit with respect to their survival 
and function (lhe beallhy cell concept). Converesly, pro­
longed exposure of unhealthy neurons to estrogens may 
actually exacerbate existing neuronal damage. lbis may be 
due in part to the change :in ER expression with aging and 
their loss of sensitivity to the estrogen ligand (Gilles and 
McArlhur 2010). 

VrtaminD. 

(0184] The disclosed composition comprises vitamin Din 
addition to Huperazine A and at least one estrogen and/or 
phytoestrogen. Examples of vitamin D includes but are not 
limited to calcitriol, doxercalcifero), paricalcitol, cholecal­
ciferol (vitamin D3), ergocalciferol (vitamin D2), analogs 
and derivatives thereof, Vttamin D receptor agonists and 
modulators, and combinations thereof. Vitamin D is a neu­
rosteroid with a defined role in brain function and in various 
neurological disorders including cognitive decline (Stewart 
et al 2010; Harms et al 2011). The vitamin D may be a 
natural or endogenous molecu1e, or a synthetic molecule. 
(0185) Vitamin D receptor modulators that have disease 
specific actions relevant to brain health and to risk factors 
associated with cognitive impairment eg VS-105, a vitamin 
D receptor modulator with cardiovascular protective effects 
(Wu-Wong JR, Kawai M, Chen Y-W, Nakano M. VS-105, 
a novel vitamin D receptor modulator with cardiovascular 
protective effects. British J Pharmacol 201 I; I 64: 551-560). 
(0186) Similarly, there are a number of new analogs of l 
alpha, 25 (OH)2 D3 {AVD) lhat have been developed based 
on their crystal structure with various/differing functional 
profiles (Carlberg C, Molnar F, Mourino A. Vitamin D 
receptor ligands: the impact of crystal structures. Expert 
Opin Tuer Pat 2012; 22: 417-435). 
(0187) Allhough traditionally regarded as a .. vitamin" 
synthesized in skin from precursor substrates (7-dehydroc­
holesterol) and from certain vitamin D rich foods, it is now 
weJI established that vitamin D is a member of the super 
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family of nuclear steroid transcription regulators, with vita­
min D receptors (VDR) present in most-if not all-tissues 
and organs. 
{0188] The two way bioconversion of the biologically 
inert substrate-? dehydrocholesterol-into active vitamin 
D3 is mediated by a two step activation involving Vitamin 
D3, 25-hydroxylase enzyme, and 1he 25-hydroxyvitamin 
D3-1 alpha-hydroxy lase enzymes. Bolh of lhese enzyme 
systems are localized in the brain confirming that the brain 
activates the vitamin D precursor directly and is not depen­
dent on the plasma levels of 1,25-(OH)2D3 (active vitamin 
D3-AVD3). Tiris enzymatic bioconversion has been demon­
strated in celJs essential for cognition and memory including 
neurons, glial cells, and activated microglial cells. The 
nuclear functions of the AVD3 are mediated through the 
expression of the VDR in relevant anatomical areas of the 
brain: frontal cortex, temporal frontal lobes and hippocam­
pus (Garcion et al 2002). 

Geno.mies of the VDR and Vitamin D Metabolism: 

(0189] VDR: The VDR is the mediator of its natural 
ligand-AVD3---ruid the latter's multiple cellular growth 
and differentiating effects. The gene encoding the VDR has 
several polymorphism that detennine its tissue level activity. 
The longer protein (ff allele) is a less active transcriptional 
activator than the FF genotype. This translates into the 
varying efficacy of vitamin D activity in tissues such as 
muscle, bone and breast tissue and therefore the level of 
vitamin D supplementation required by individuals ( depend­
ing on their genotype) for "normal" organ function (Chen et 
al 2005). This may have similar implications for brain 
function. 

Balanced AVD3 Metabolism: Synlhesis (Formation) and 
Catabolism (Breakdown). 

(0190] There are two enzymes of lhe cytochrome--P450-
hydroxylase family that are responsible for the synthesis of 
viiamin D (25-D3-l alpha-hydroxylase) and its catabolism 
{l,25-D3-24-hydroxylase). The respective genes encoding 
1hese enzymes are CYP27BI and CYP24. The balance 
between the two determines AVD3 's ultimate cellular activ­
ity. Genistein up regulates CYP27B 1 and down regulates 
CYP24 in both the colon and breast tissue via the beta 
estrogen receptor (Cross et al 2004). ER beta is the pre­
dominant ER isoform in the brain. 

Age and Vitamin D Metabolism: 

(0191] Allhough the ability to absorb vitamin D is not 
altered by aging, its metabolism from sun light exposure to 
skin is reduced by about 50% from age 20 to 80 years 
(Halick 2006). Since vitamin D deficiency is strongly cor­
related with cognitive impairment in the elderly (see later), 
age adjusted supplemental doses of vitamin D is a necessary 
to meet the brain's physiologic needs. 

Neuroprotection. 

(0192] AVD3 regulates lhe synlhesis of nerve growth 
factor (NGP) (Neveu et al 1994 (a); Comet et al 1998) and 
up regulates the synthesis of other neurotrophins: neurotro­
phin3 (NTI) (Neveu et al 1994 (b)) and glial cell line 
derived neurotropbic factor (GDNF) (Naveilhan et al 1996). 
Stimulation of these neurotrophins has been correlated with 
a neuroprotective effect (Wang et al 2000). 
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10193] AVD3 mochilates neuronal Ca++ homeostatsis by 
down regulating calcium channels in hippocampa) neurons 
and hence excess excitotoxic insults; AVD3 also modulates 
calcium activity by inducing the synthesis of Ca++ binding 
proteins (Brewer et al 2001). 
(0194] AVD3 inhibits the synthesis of inducible nitric 
oxide synthase (iNOS). The latter produces NO with the 
potential to damage both neurons and oligodendrocytes 
when produced at high levels (Garcion et al 1998; Dawson 
et al 1996). 
(019S] By increasing the expression of gamma-glutamyl 
transpeptidase activity, AVD3 protects the glutathione cyde 
cross talk between neurons and astrocytes. 

(0196] The astrocytes anchor neurons to their blood sup­
ply, regulate the neuronal chemical environment and recycle 
synaptic neurotransmitters. They also contribute to the 
integri1y of the 888 (Dringen et al 2000). 
(0197] Neurotransmission: 
(0198] AVD3 increases choline ace1yltransferase (AChE) 
and hence an increase in brain acetylcboline (ACh) synthesis 
(Sonnenberg et al 1986). 

(0199] Down- Regulation of Microglial Activation: 
(0200) Activated microglia play a key role in chronic 
neurodegenerative disorders. When activated-------by the death 
of neighboring neurons-the microglia promote further 
death and dysfunction by attacking other neurons and astro­
cytes. This results from the excess generation ofNA DPH-a 
potent generator of superox.ide. When combined with nitric 
oxide, neuronal cells are sensitized to excessive levels of 
intracellular calcium and glutamate mediated excitotoxicity, 
resulting in the inability of astrocytes to sequester and 
metabolize the glutamate with subsequent apoptosis of neu­
rons (McCarty 2006). 
[0201] Activated microglia also produce a range of 
inflammatory cytokines including cyclooxygenase (COX-
2), that further potentiates the neurons sensitivity to gluta­
mate induced death. The cytokioes from activated microglia 
stimulate the neuronal production of beta amyloid precursor 
protein (beta APP), and its conversion to beta Amyloid (Ge 
et al 2002). 

[0202] 'The proportion of activated microglia increases as 
a function of age , and is one factor that explains why chronic 
neurodegenerative disorders are more common in the elderly 
(Rozovsky " al 1998). 

(0203] Microglial cells express the vitamin D receptor 
with a resultant inhibition of iNOS synthesis and other 
activating agonists. AVD3 also boosts astrocyte production 
of glial-derived neurotrophic factor (GDNF) offering 
another protective mechanism. Dietary doses of AVD3 
attenuate microglia activation (Wergeland yet al 2011). 

(0204] ABC Efflux Transporters and the Blood Brain 
Barrier (888): 

(020S] ATI'-binding cassette (ABC) transporters at the 
BBB are important contributors to the pathogenesis of CNS 
disorders (Hartz, Bauer 2010). P-glycoprotein, an ATP 
driven drug efflux transporter is a critical element of the 
888 (Miller et al 2006). VDR activation up-regulates 
P-glycoprotein in the brain capillaries of rat and human
brain microvascular endotbelia (Durk et al 2012) and may
account for the experimental observation that AVD3
enhances the brain to blood efflux of beta A (l-40) through
both genomic and non genomic pathways (Ito et al 2011)
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and also the AVD3 stimulated pbagocytosis and clearance of 
beta Amyloid from the macrophages of patients with AD 
(MasoUIIU et al 2009). 

Vitamin D and Insulin Resistance 

(0206) Pancreatic beta cells express specific cytosoJic/ 
nuclear and membrane VDR's. Vitamin D deficiency-at 
levels below 25 nmol/L--bave been linked to an increased 
prevalence of various metabolic disorders including type I 
and 1ype II diabetes (Ross" al 2011). Conversely, a meta 
analysis showed a significant 55% reduction in diabetes and 
a 51% decrease in the metabolic syndrome (Parker et al 
2010) with high serum concentrations of 25 hydroxy vitamin 
D. 
(0207] Factors that affect insulin release and resultant 
insulin resistance include vitamin D associated gene poly­
morphism involving vitamin D production, transport and 
action; as a modifiable environmental factor in autoimmune 
disease (1ype I diabetes) and through its immunoregulatory 
function that protects pancreatic beta cells via its anti­
inflammatory actions (Sung et al 2012). In addition, there is 
evidence that vitamin D may stimulate insulin secretion 
directly, provided calcium levels are adequate (fai et al 
2008). Vitamin D binds directly to the beta cell V DR, and by 
stimulating insulin receptor expression, enhances insulin 
responsiveness for glucose transport (Maestro et al 2000). 
Vitamin D increases bioconvecsion of pro-insulin which is 
inactive to bioactive insulin. 
(0208] Clinical data reganling the benefit of vitamin D 
supplementation is sparse, but relevant to the multiple 
pathway approach to health promotion as provided herein, 
vitamin D--and genistein-----have been shown to reduce free 
fatty acids-an important and common association with 
peripheral insulin resistance (lnomata et al 1986). 
[0209] The optimal vitamin D concentration for reducing 
insulin resistance has been shown to range between 80 to 
119 nmol/L (fakiishi et al 2010). 
(0210] Phannacokinetics: 
(0211 J 1be pharmacokinetics of vitamin D-a fat soluble 
and stored hormone-is complex. In short, concentrations of 
serum 25(OH) after intake of vitamin D3 is biphasic: a rapid 
increase occurs at low vitamin D3 levels and a slower 
response at higher concentrations. At typical vitamin D3 
dosing, there is a rapid and near quantitative conversion to 
25(OH) D which then serves as both the functional status 
indicator of the nutrient and as its major storage form in the 
body. At a vitamin D3 concentration-equivalent to a daily 
input of 2000 JU-the 25 hydroxylase activity becomes 
saturated and the reaction switches from first to zero order. 
The constant maximal production of 25(OH)D-irrespec­
tive of the precursor concentration of vitamin D3-is prob­
ably in excess of metabolic consumption, and is the reason 
why serum 25(OH)D levels continue to rise as the vitamin 
D3 dose increases. Based on this explanation, the point at 
which hepatic 25(OH)D production reaches zero order, 
constitutes the low end of normal vitamin D status: this has 
been calculated to be 88 nmol/L and is consistent with the 
plasma serum levels required for optimal calcium absorption 
and normal parathyroid hormone homeostasis (Heaney et al 
2008). 
(0212] Epidemiology: 
[0213] numerous population studies have confirmed the 
relationship between low levels of vitamin D (hypovita­
minosis D) and cognitive decline, with reduced executive 
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function and reasoning, in the elderly. This appears to be a 
universal problem irrespective of the society, race and to a 
certain extent, the geographic location. Most of the pub­
lished studies involve women 65 years and older and include 
subjects from the US (Llewellyn et al 2011), Italy (Llwellyn 
et al 2010), France (Annweiler et al 2010), FngJand (Ll­
wellyn 2008) including one study that compared Alrican 
American women with a similar aged cohort of European 
Americans over age 55 years. The former had significantly 
lower levels of 25 (OH)D with decreased cognitive perfor­
mance (Wilkens e t  al 2009). 
(0214] Women with vitamin D (25 (OH) D) values less 
than 50 nmol/L were more likely to have cognitive impair­
ment compared to cohorts with values above 75 nm.ol/L; 
plasma 25 (OH) D levels below 25 nmol/L was associated 
with 40 to 60% or greater risk of cognitive dysfunction. 
(0215] A recent analysis of 37 studies suggested that 
values less than 50 nmoVL was associated with poorer 
cognitive function, and a greater risk of AD (Balion et al 
2012). 

Clinical Evidence: Randomi7.ed □inical Trials Vs Applied 
Translational Medicine. 

(0216] Vrtamin D has an important physiologic role in 
promoting and maintaining brain health via validated meta­
bolic pathways. The functional effect of vitamin D is 
complementary and/or additive to the other ingredients of 
the disclosed composition: HuperzineA and soy isofalvones. 
These include: factors preventing newudegeneration; the 
regulation of neurotrophins (BDNF; NOP); enhancement of 
acetylcboline neurotransmitter function, insulin sensitivity, 
BBB protection and the clearance of amyloid beta peptide. 
(0217] The mechanism(s) underlying the cognitive 
changes associated with "normal" aging-including the 
pathogenesis of MCI and AD---<n-e multiple, heterogeneous 
and evolve over decades of "silent'' change. 
(0218] It is therefore highly unlikely that a meaningful 
blioded randomized vitamin D alone study, even in an 
appropriately selected group of early post menopausal 
.. healthy" versus women at risk, will ever meet statistical 
power and be affordable (Annweiler and Beauchet 2011). 
(0219] Instead, reliance will need to be placed on surm­
gate biomarlcers that confirm levels of vitamin D consistent 
with a known brain health effect. These are described below. 

Additives 

(0220] The compositions and pharmaceutical composi­
tions disclosed herein may comprise one or more additives. 
Examples of additives include but are not liinited to coffee, 
xantbine alkaloids, cblorogenic acid, and sweeteners. 
Examples of xanthine alkaloids include but are not limited 
to cafeine, theobromine, paraxanthine. Examples of sweet­
ener includes low glyc.emic sweetener selected from the 
group consisting of sucromalt, tagatose, isomalt, sucralose, 
acesulfame potassium, analogs and derivatives thereof, and 
combinatons thereof. 
(0221] Caffeine: 
(0222] Caffeine is a xanthene alkaloid extracted from the 
seed of the coffee plant. It functions as a central nervous 
system stimulant. Caffeine is typically used to increase 
wakefulness, faster and clearer thought and to combat 
drowsiness. Caffeine is thus a naturally occurring cognitive 
enhancer (Simons et a1 2011) and its Jong tenn use cone-
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1ated with an increase in cognitive ability and memory in 
later life (Corley et al 2010), a reduced risk of cognitive 
decline and risk in midlife (Eskelinen et al 2009) and.­
given the heterogeneity of results inherent in epidemiologic 
studies--a lowered prevalence of dementia and AD (Eske­
linen and Kivipeito 2010; Santos et al 2010 (a)). This benefit 
of caffeine is associated with an average daily consumption 
of 3 to 5 cups of coffee a day and is more likely to be found 
in women than in men (Santos et al 2010 (b ); Arab et al 
2011). 
(0223] Caffeine inhibits adenosine (Simous et al 2011 ). 
Adenosine is found in all tissues, and in the central nervous 
system, suppresses neurotransmitter activity. By antagoniz­
ing adenosine, caffeine increases the activity of acetylcho­
line, epinephrine, dopamine, serotonin, norepinephrine and 
glutamate. 
(0224] Caffeine also inhibits acetylcholinesterase (Karad­
ishem et al 1991 ). Through this mechanism, caffeine has-in 
addition to its enhancing effect on ACh cognitive mediated 
function--been shown to counteract the cumulative burden 
of anticholinergic medications commonly used by the 
eldei-ly (Nebes et al 2011). 

Brain Health Protection: 

(0225] Brain Derived Neurotrophic Factor (BDNF): 
(0226] Long-term potentiation (LTP) modulates synaptic 
plasticity and is widely accepted as one of the initial events 
needed for memory encoding. LTP is impaired with aging 
and also in AD. BDNF regulates this synaptic plasticity in 
the adult brrun (Diogenes et al 2011 ). 
(0227] Caffeine increases hippocampal BDNF by modu­
lating adenosine receptors and with chronic usage stimulates 
the conversion of proBDNF to mature BDNF (Sallaberry et 
al 2013); caffeine reverses the decrease in hippocampal 
BDNF noted in high fat fed animals. High fat diets, obesity 
and resuhing type 2 diabetes, are recogni:zed risk factors for 
AD (Moy and McNay 2012); caffeine freely crosses the 
blood-brain-barrier and in so doing promotes an increase in 
the length, branching and density of basal dendrites in 
hippocampal neurons (Vila-Luna et al 2012) and via an 
associated increase in BDNF synthesis, prevents the stress 
related reduction in synaptic long-term potentiation (LTP). 
The fatter :function is key to maintenance of long term 
memory (Alzoubi et al 2013). 
(0228] Neurodegeneration: 
(0229] Caffeine. by modulating the antioxidant system in 
the brain prevents the age associated decline in cognitive 
function (Abreu et al 2011 ); in addition, caffeine shifts the 
balance between neurodegenerntion and neuronal survival 
by stimulating pro-swvival cascades and inhibition of 
proapoptotic pathways in the cerebral cortex (Zeitlin et al 
2011). 
(0230] Reducing the Brain Beta Amyloid Load: 
(0231] A number of animal experiments have demon­
strated that caffeine decreases brain amyloid and iinproves 
the cognitive impairment associated with AD. Three main 
mechanisms were identified: 
[02321 A decrease in the synthesis of beta amyloid from 
APP via the suppression of the beta-sec:retase and gamma­
secretase expression. In one study involving AD in trans­
genic mice, the deposition of beta amy1oid was reduced by 
40"/o in the hipocampus and 46% in the entorbinal cortex 
(Arendash et al 2009). This resuhs from caffeine itself-in a 
dose equivalent to 5 cups of coffee--and not the metabolites 
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of caffeine (Arendash and Cao 2010). Although treatment 
with other beta and gamma-secretase inhibitors also reduced 
APP induced damage, caffeine was the most promising 
therapeutic intervention in both APP and tau-induced AD 
models (Stoppelkamp et al 2011). 

(0233( Enhanced Brain Amyloid Clearance: 

(0234) caffeine up regulates the low density lipoprotein 
receptor related protein (LRPI O and the P-glycoprotein 
(P-gp) at the BBB. This is associated with an enhanced 
efflux of beta amyloid from the brain with an increase in the 
bra.in efflux index of 800/4 (Qosa et al 2012). 

[0235) Facilitating CSF Production and Turnover: 

[0236) Compromised function of the choroid plexus and 
defective CSF production and turnover has been associated 
with a diminished clearance of beta amyloid and may be one 
mechanism implicated in the pathogenesis of late onset AD 
(Wostyn et al 2011). Caffeine increases CSF production 
together with an increased expression of Na+-K+-ATPase 
and an increased cerebral blood flow. This is a result of 
caffeine's inhibition of the Al adenosine receptors in the 
choroid plexus and its negative regulation of Na+-K+ 
ATPase (Han et al 2009). 

(0237) Increasing Jnsulin Sensitivity: 

[0238) Although the role of caffeine consumption on insu­
lin action is still being debated, recent animal studies (Gua­
rino et al 2012) and a large scale clinical study that included 
954 multi-ethnic non-diabetic adults (Loopstra-Masters et al 
2010) have confirmed that the chronic use of caffeine was 
associated with a decrease in age related insulin resistance 
via mechanisms involving beta cell function (enhanced 
bioconversion of proinsulin to insulin), by decreasing the 
production of non-esterified fatty acids (which increase 
peripheral insulin resistance) and by enhancing Glut 4 
expression in skeletal muscle. The soy isoflavone estrogen 
genistein, up-regulates the expression of Glut 4 and 
decreases non-eslerified fatty acid (NEFA) metabolism and 
peripheral concentrations. 

Relevant Clinical Outcomes: 

[0239) Utilizing functional MR1 (fMRl) testing, caffeine 
was shown to have a modulating effect on the brain regions­
medial frontopolar and anterior cingulated cortex--associ­
ated with attention and executive functions (Koppelstaetter 
et al 2010). 

(0240) Caffeine plus glucose: a double blind randomized 
study indicated that there is synergistic effect on sustained 
attention and verbal memory, when 75 mg of caffeine was 
combined with 75 g glucose (Adan and Serra-Grabulosa 
2010). 

(0241) Glucose energy drinks (Red Bull) combined with 
caffeine, have shown improvements in reaction times and a 
decrease in mental fatigue (Howard and Marczinski 2010). 

Metabolism and Pbarmacokinctics. 

[0242) Caffeine is absorbed by the sma.11 intestine within 
45 minutes of ingestion and is then distributed throughout all 
tissues of the body (Liguori et al 1997). Peak blood levels 
are reached within one hour, and subsequently eliminated 
via first order kinetics (Newton et al 198 I; Lelo et al 1986). 
The half life of caffeine--the time taken to eliminate one 
half of the total amount of caffeine--is about 4 to 6 hours 
(Newton et al; Lela et al 1986). 
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10243) Caffeine is metabolized by the liver's cytochrome 
P450 oxidase enzyme system into three metabolic and 
functional dimethylxanthines: Paraxanthine (84%); Theo­
bromine (12%) and Theophylline (4%). Paraxanthine 
increases lipolysis and may lead 10 increased glycerol and 
free fatty acid blood levels; theobromine dilates blood 
vessels and increases urine volume; theophylline relaxes the 
smooth muscle of the bronchi, and in much higher concen­
lr.itions is used to treat asthma. 
[0244] Both caffeine and its major metabolite-paraxan­
thine------can be quantified and their systemic levels monitored 
in blood, plasma or serum (Klebanoff et al 1998). 

Natural Glucagon-Like Peptide-I (GLP-1) Secretagogues 

(0245] Sweeteners have been reported to enhance the 
release of GLP-1. OLP- I bas two main physiologic prop­
erties that arc of relevance to the disclosed subject matter: 
stimulation of insulin secretion and enhancement of its 
peripheral tissue sensitivity; function as a neuroprotective 
peptide. 
(0246) Glucagon-Like Peptide I: 
[0247) The major source of GLP-1 is the ileal intestinal L 
cell that secretes GLP-1 as a gut hormone. It is the product 
of the proglucagon gene that is selectively cleaved into its 
biologically active form. GLP-1 and its receptor GLP-lR is 
also found in the pancreas (Hoist 2007). The GLP-1 Rs have 
been identified throughout the CNS with binding sites 
present on glia and neuronal cells (Chowen et al J 999; lwai 
et al 2006). 
[0248) GLP-1 is an incretin and responds to nutrients in 
the lumen of the small intestine. The agents that stimulate its 
secretion--secretagogues--ioclude nutrients such as carbo­
hydrates, proteins and lipids. GLP-1 enhances the sensitivity 
of the pancreactic beta cells to glucose by increasing the 
expression of GLUT2. GLP-1 has a half life of only 2 
minutes due to its rapid degradation by dipeptidyl peptidase 
N (Thum et al 2002). It is an important anti-hyperglycemic 
hormone as it induces both glucose-dependent insulin secre­
tion and the suppression of glucagon secretion. G LP-1 does 
not stimulate insuJin when the plasma glucose levels are in 
a normal fasting range (Koole et al 2013). 
[0249] GLP-1 and GLP- lR regulate the differentiation of 
pancreatic progenitor cells and stimulate beta cell mass 
(Harlcavyi and Whitton 2010; Yabe and Seimo 2011). The 
GLP-1 R has a well accepted role as an anti-apoptotic agent 
by negating or reducing the pro-apoptotic actions of perox­
ides including exposure to reactive oxygen species (ROS), 
cytokines and fatty acids (Li et al 2003). Jo addition, GLP-1 
increases the expression of anti-apoptotic genes such as Bcl2 
and Bclxl (Buteau et al 2004 ). 
(0250] GLP-1 as a neuroprotective peptide: Evidence for 
the CNS effect of GLP-1 was originally based on its central 
control of satiety (Gunn et al 1996). As reviewed recently 
(Holscher 2012; Salcedo et al 2012) it bas now been clearly 
established (in pre-clinical studies) that GLP-1 crosses the 
BBB and prevents oeurodegeneration including preservation 
of memory function in AD and motor activity in PD. This is 
probably due to a number of processes: protection of syn­
aptic activity and function; NGF-like induced neurogenesis 
(Peny et al 2002); reduced apoptosis; protection from oxi­
dative stress; and possibly, the increased CNS effect of 
GLP-1 mediated insulin sensitivity. lnsulin acts as a growth 
factor in the brain and supports neuronal repair, deodritic 
sprouting, synaptogenesis and negation of oxidative stress 
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(Holscher 2012). CeJl culture studies have shown that GLP­
lR agonists protect neurons against beta amyloid and glu­
tamate induced apoptotsis by modifying the processing of 
APP (Peny et al 2003) and by attenuating neuron atrophy 
following excitotoxic stimulation (Perry and Greig 2005). 
(0251] Natural Stimulants of Endogenous GLP-1: 
(0252] The extremely short half life on GLP-1-2 min­
utes----was thought to preclude the clinical utility of natwa1 
GLP-1 secretagogues. A number of studies have investigated 
a variety of compounds that do have small intestine GLP-1 
releasing activity. These include: olive leaves that secrete 
GLP-1 via a naturally occurring compound oleanic acid, and 
its activation ofTGR5 receptors {Sato et al 2007); the amino 
acid glutamine that has been shown to stimulate GLP-1 in 
vitro and in vivo (Greenfield et al 2009); and cblorogenic 
acid, a biologically active dietary phenol found in coffee 
(Johnston et al 2003). This compound has an inhibitory 
effect on g]ucose absorption, has a direct action on beta cells 
and their response to an increase in plasma glucose and has 
anti-oxidant properties. Chlorogenic acid, counteracts the 
adverse impact of chronic free fatty acid overexposure on 
beta cell function in overweight insulin resistant subjects 
(McCarty 2005; Johnston et al 2003). 
(0253] Macronutrients that slow gastric emptying and 
stimulate insulin secretion in advance of the main nutrient 
load, have also been shown to stimulate endogenous GLP-1. 
Thus, treatment with a tagatose/isomalt mixture did result in 
a delayed GLP-1 secretion due in part to the slowing of 
gastric emptying time with distal gut production of short 
chain futty acids stimulating GLP-1 (Wu et al 2012). 
(0254] Artificial sweeteners synergize with glucose to 
enhance GLP-1 release. 'This is mediated via stimulation of 
the sweet-taste receptors on the gut mucosa (Brown et al 
2009). Absent of carbohydrates, sweeteners do not stimulate 
GLP-1 (Ma et al 2009). Slowing and prolonging the rate of 
absorption elicits postprandial responses characterized by 
smaller rises and slower falls of blood glucose and insulin, 
prolonged suppression of free fatty acids and a reduced 
g]ycaem.ic response after a subsequent meal (Wo)ver et al
1995; Liljeberg et al 1999).
(0255] Sucromalt (Xtend® Cargill) is an enzymatically
modified blend of sucrose and com syrup containing fruc­
tose, leucrose and glucose oligosaccharides. In a recent
randomi7..ed crossover study, sucromalt increased the plasma
levels ofGLP-1 (sustained over a four hour time frame) to
twice that of a test meal of high-fructose com symp (Grys­
man et al 2008). 'This was associated with a delayed rise in
FFA ·s. These results---together with the lack in rise of the
simuhaneous measurement of breath H2---confirmed that
the sucromalt was absorbed more slowly, principally from
the colon. This is consistent with earlier studies demonstrat­
ing that slowly digested carbohydrates travel further down
the intestine before being absorbed and stimulate a late rise
in GLP-1 (Krause et al 1982; Juntonen et al 2003).
(0256] In another recent randomiz.ed cross over study,
subjects showed significantly improved mental and physical
energy (over4 to 5 hours) after a solution of75 g sucromah
compared to 75 g of glucose (Dammann et al 2012).
(02S7) Glucose to Stimulate Glucose Intestinal Polypep­
tide (GIP).
(0258) Glucose stimulates the secretion of GIP. In experi­
mental models, GIP induces the proliferation of hippocam­
pal progenitor cells (Nyberg et al 2005) and also enhances
the induction of long term potential (LTP) which is the
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physiologic cellular mechanism controlling learning. GIP 
protects the synapses from the detrimental effects of beta 
amyloid and thus on LTP (Gault et al 2CK>8). Over-expression 
of GIP increases coordination and memory recognition 
(Ding et al 2006) 

(0259] Since GIP is rapidly degraded by the enzyme DPP 
N, the added glucose will be added to the BBBBB"" 

powder/beverage in a delayed and time released formula­
tion. 

Fonnulations 

[0260) Described herein are compositions formulated as 
pbannaceutical compositions and nutmceutical composi­
ticos for use in the treatment and prevention of diseases and 
conditions and for promoting brain health. 

(0261] The compositions described herein optionally 
include one or more phannaceutically acceptable carriers, 
diluents, or excipients. Pharmaceutically acceptable carrier, 
diluent, or excipient, which, as used herein, includes any and 
all solvents, diluents, or other liquid vehicle, dispersion or 
suspension aids, surface active agents, isotonic agents, 
thickening or emulsifying agents, preservatives, solid bind­
ers, lubricants and the like, as suited to the particulac dosage 
form desired Remington's Pharmaceutical Sciences, Fif­
teenth Edition, E. W. Martin (Mack Publishing Co., Easton, 
Pa, 1975) discloses various carriers used in formulating 
pharmaceutical compositions and known techniques for the 
preparation thereof. Some examples of materials which can 
serve as pharmaceutically acceptable carriers include, but 
are not limited to, sugars such as lactose, glucose and 
sucrose; starches such as com starch and potato starch; 
cellulose and its derivatives such as sodium carboxymethyl 
cellulose, ethyl cellulose and cellulose acetate; powdered 
tragacanth; malt; gelatin; talc; excipients such as cocoa 
butter and suppository waxes; oils such as peanut oil, 
cottonseed oil; safflower oil; sesame oil; olive oil; com oil 
and soybean oil; glycols; such a propylene glycol; esters 
such as ethyl oleate and ethyl laurate; agar; buffering agents 
such as magnesium hydroxide and aluminum hydroxide; 
alginic acid; pyrogen-free water; isotonic saline; Ringer's 
solution; ethyl alcohol, and phosphate buffer solutions, as 
well as other non-toxic compatible lubricants such as 
sodium lauryl sulfate and magnesium. stearate, as well as 
coloring agents, releasing agents, coating agents, sweeten­
ing, flavoring and perfuming agents, preservatives and anti­
oxidants can also be present in the composition, according 
to the judgment of the formulator. 

(0262] Other excipients, such as flavoring agents; sweet­
eners; and preservatives, such as methyl, ethyl, propyl and 
butyl parabens, can also be included. More complete listings 
of suitable excipients can be found in the Handbook of 
Pharmaceutical Excipients (5th Ed., Pbannaceutical Press 
(2005)). A person skilled in the art would know how to 
prepare formulations suitable for various types of adminis­
tration routes. Conventional procedures and ingredients for 
the selection and preparation of suitable fonnulations are 
described, for example, in Remington's PhmmaceuticaJ Sci­
ences (2003-20th edition) and in The United States Phar­
macopeia: The National Formulary (USP 24 NF19) pub­
lished in 1999. The carriers, diluents and/or excipients are 
"acceptable" in the sense of being compatible with the other 
ingredients of the pharmaceutical composition and not del­
eterious to the recipient thereof. 
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(0263] The compositions described herein may be fonnu­
lated into preparations in solid, semi-solid (e.g., gel), liquid 
or gaseous forms, such as tablets, capsules, powders, gran­
u1es, ointments, solutions, suppositories, injections, inhal­
ants and aerosols. As such, administration of the fonnu1ation 
may be achieved in various ways, including, but not limited 
to, oral, nasal, buccal (e.g. sub-lingual), rectal, topical (in­
cluding both skin and mucosal surfaces, including airway 
surfaces), parenteral (e.g., subcutaneous, intramuscular, 
intradermal, intravenous and intrathecal), intraperitoneal, 
transdermal, intracheal, intravaginal, endoceJVical, intrath­
ecal, intranasal, intravesicular, in or on the eye, in the ear 
canal, etc., administration. In certain embodiments, one or 
more pharmacological agents may be administered via a 
transdermal patch or film system. 
(0264] In one embodiment, the compositions may be 
formulated for oral administration using pharmaceutically 
acceptable carriers well known in the art in dosages suitable 
for oral administration. Such carriers enable the pharmaceu­
tical and nutraceuticaJ formulations to be formulated in unit 
dosage forms as tablets, pills, powder, dragees, capsules, 
liquids, lozenges, gels., syrups, slwries, suspensions, etc., 
suitable for ingestion by the patient. Pharmaceutical and 
nutraceutical preparations for oral use may be obtained 
through combination of at least one pharmacological agent 
with a solid excipient, optionally grinding a resulting mix­
ture, and processing the mixture of granules, after adding 
suitable additional compounds, if desired, to obtain tablets 
or dragee cores. 
(0265) Accordingly, the formulations suitable for oral 
administration can be present in discrete units, such as 
capsules, cachets, lozenges, tablets, and the like, each con­
taining a predetermined amount of the active components of 
the composition described herein; as a powder or granules; 
as a solution or a suspension in an aqueous or non-aqueous 
liquid; or as an oil-in-water or water-in-0il emulsion. Such 
formulations may be prepared by any suitable method of 
pharmacy which includes, but is not limited to, bringing into 
association the active pharmacological agent and a suitable 
carrier (which may contain one or more optional ingredients 
as ooted above). For example, formulations for use can be 
prepared by uniformly and intimately admixing the active 
pharmacological agent(s) with a liquid or finely divided 
solid carrier, or both, and then, if necessary, shaping the 
resulting mixture. For example, a tablet may be prepared by 
compressing or molding a powder or granules containing the 
active pharmacological agent, optionally with one or more 
accessory ingredients. Compressed tablets can be prepared 
by compressing, in a suitable machine, in a free-flowing 
form, such as a powder or granules optionally mixed with a 
binder, lubricant, inert diluent, and/or surface active/dispers­
ing agent(s). Molded tablets may be made by molding, in a 
suitable machine, the powdered pharmacological agent 
moistened with an inert liquid binder. 

Compooilion: Broad Based Balanced Bioactive Brain 
Blend™ (BBBBB'™) 

(0266) Hupa-zine A: 
(0267] As an extract of the plant Hupe.rzia se"ata of the 
locopodinm alkaloid family (Lycopodiaceae) to contain 
from 1 % to no less than 90% of pure Huper.zine A, its 
synthetic equivalent (Wang et al 2007; Tudhope et al 2012; 
Koshiba et al 2009; Tun and Hermn 2012) or any derivative, 
analog, metabolite or combination thereof. This to include 
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other acetylcholine esterase inhibitors: donepe2:il (Aricept®; 
Rivastigmine (Excelon®); Galantamine (Ra,adyne®) and 
Memantine (Namenda®) reference: Mayeux N. Eng. J Med 
2012; 362:21942201. The dose ofthe hyperzine extract (and 
equivalence in all listed derivatives) to include 0.01 mg (10 
mcg) to 150 mg (1500 mcg). 
(0268] Phytoestrogens: 
[0269] The classes of phytoestrogens that may be used in 
the disclosed composition include at least one or more 
isoflavones, coumestans, lignans, or any combination therof. 
The isoflavones which display estrogenic activity are pre­
ferred and include genistein, daidzein equol, biochanin A, 
fonnononetin, g)ycitein, the natural glycosides or metabo­
lites of any of the isoflavones including their synthetic 
derivatives and in particular synthetic genistein 
(geniVida®-Metzner et al Armeimitterforschung 2009: 
59: 513). 
(0270] The preferred phytoestrogens are extracted from 
soy; however, other sources may be used including clover, 
legumes, kudzu root, oilseeds, or any other pbytoestrogen 
containing plants or chem.icalJy synthesized phytoestrogens 
(See U.S. Pat. No. 6,524,616; geniVida®). 
(0271) The phytoestrogen-----<ingly or with other similar 
natural estrogens in the combination product - -to include a 
dose from 0.01 mg to about l 000 mg and in equivalent doses 
for all other derivatives natural or synthetic. Similarly, the 
phytoestrogen component of a combination estrogen prod­
uct will include all commercially available phytoostrogens at 
all dosages. 
[0272] The estrogen in the combination product can 
include--or be used together with-------17-beta estradiol, estra­
diol valearate, ethinyl estradiol, estriol, conjugated equine 
estrogens (CEE-Premarin®), any active estrogenic ingredi­
ents of CEE, estrone. esterified estrogens, or any derivative, 
analog or metabolite of estrogen. The composition includes 
about 0.2 mg to about 2 mg estrogen. In one embodiment, 
the composition includes about 0.2 mg to about 1.0 mg of 
17-beta estradiol; about 0.3 mg to about 0.625 mg of natural
conjugated equine and/or synthetic conjugated estrogens;
about 0.3 mg to about 0.9 mg of estradiol acetate; and about
5 mg to about 50 mcg of ethinyl estradiol.
(0273] Vitamin 03:
(0274) The vitamin D3 component will be principally in
the form of D3 cholecalciferol in a daily dose ranging 
between about 50 iU to about 20,000 TIJ and/or equivalent
doses of other vitamin D3 synthetic analogs or derivates, and
adjusted according to the route of administration.

Formulation: Broad Based Balanced Bioactive Brain 
Blend™ (BBBBBTM) 

(0275] The manufacture and dosing of the three principal 
components-Huperzine A, soy isoftavones and vitamin 
D--will be adjusted according to their pharmacoltlnetic 
absorptive and tissue distribution properties, so as to opti­
mize their combined phanruK:odynamic metabolic activity. 
(0276] This will vary-but not be limited to---the devel­
opment of combination blend<; as: a brain health supplement; 
a functional nutraceutical complement and/or as a medical 
nut:raceutical complement. 1he clinical criteria determining 
the blend formulation, includes its use as either a supplement 
to support normal healthy aging; a functional nutraceutical 
complement for use in subjects with age related difficulties 
in memory, cognition and related CNS dysfunction includ­
ing evidence of early mild cognitive impairment (MCI); or 
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as a pharmaceutical complement for established MCI and 
evidence of early mild to mo<kmrte AD. Depending on the 
clinical situation and at the discretion of the supervising 
he.alth care provider, all three formulations may be used 
adjunctive to treatments for disease specific conditions: 
MCI; AD; Type II diabetes: post menopausal lIT; obesity; 
osteoporosis; osteopenia; hypertension; and other relevant 
cognition disabling conditions. 

Immediate and Extended Release Formulations 

(0277] The compositions described herein can be formu­
lated for immediate release, timed release, or extended 
release. The compositions can be administered once daily or 
twice daily. In one embodiment, for extended release (se­
quenced extended release), the composition may be admin­
istered once daily. In another embodiment, for immeiliate 
release, the composition may be administered twice daily. 
(0278] Huperzine A: 
(0279] Toe definitive pK study for Huperzine A was 
published in 2008 (Wei et al 2008). Healthy subjects 
received 0.2 mg of pure Huperzine A orally. Plasma levels 
rose rapidly after administration peaking at about hour 1.2 to 
1.3. 'The plasma levels declined rapidly over the next 24 
hours and a terminal half life of approximately 6 hours 
determined. Although this form of immediate release Huper­
zine A, at appropriately adjusted closes for a given indica­
tion, may well serve the needs as a brain health supplement 
in otherwise healthy pen- and early postmenopausal women 
and/or as a complementary adjunct to subjects on specific 
disease related drugs, a controlled release formulation that 
would have a more prolonged therapeutic effect & provide 
once a day administration, is desirable. 
(0280] A novel, extended release Huperzine A formulation 
was studied under the principal aegis of the inventor, and 
was designed to compare the same doses (200 mcg) of an 
immediate release (IR) formulation of the Huperzine A herb 
with a specially manufactured extended release (ER) com­
parator. The result The ER formulation raised plasma levels 
of Huperzine A in a much more gradual manner than the IR 
formulation and resuhed in consistent plasma levels of 
Huperzine A in a range found to be both beneficial and safe 
in human subjects. (See FIGS. 8 aud 9.) 
Sequencing and Absorption with Specific Tissue Receptor 
Expression. 
(0281] Toe vitamin D receptor (VDR) is up-regulated by 
I ?-beta estradiol (Gilad et al 2005). In addition, estrogens 
increase tissue levels of activated vitamin D { 1,25(OH) 
2D3} by increasing the vitamin D anabolic gene CYP27B I 
and by decreasing C'YP24 levels the Vitamin D catabolic 
gene (Lechner et al 2006). The same bas been shown for 
genistein (Cross et al 2004). 
(0282] Estrogen and vitamin D have complementing 
effects on sensory nerve pathways (Tague and Smith 2011 ). 
Although the same relationship has not as yet been proven 
for the CNS, this principle bas been incorporated into the 
design for both of the planned functional nutraceutical and 
pharmaceutic} complement products. 
(0283) Estrogen and vitamin D are steroid hormones and 
have membrane and cytosolic receptors that result in expres­
sion abruptly in seconds to 60 minutes (membrane rapid 
response-RR) followed by a similar but slower cytosolic 
genomic response a few hours later (Norman 2006). 
[0284] This ligand binding-/expression differential is 
incorporated into the design and manufacture of specific 
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time release formulations that will allow estrogen absorption 
to precede that of Vitamin D. 

Manufacture of Broad Based Balanced Bioactive Brain 
Blend™ (BBBBB"") 

(0285) All routes of administration for the above combi­
nations can be used and include the following pill, capsules 
(hwd and gel), tablet, powder, beverage, suspension, emul­
sion, syrup, solution., patch, gel, combinations thereof and 
the like. 
(0286] For administrative purposes, the compositions can 
further include pharmaceutically acceptable, carriers, 
diluents, solubilizers, lubricants, binders, and the like or 
excipients thereof. 
Formulation and Manufactme of Broad Based Balanced 
Bioactive Brain Blend™ (BBBBB™) with Additives 
[0287] Caffeine: Caffeine is absorbed from the sm.a11 intes­
tine within 45 minutes of ingestion. Peak levels are reached 
within one hour, and subsequently eliminated via first order 
kinetics (Newton et al 1981; Lelo et al 1986). To optimize 
caffeine's complimenting & additive effect on brain health 
promotion and :function to that of the BBBBBTM, JR formu­
lations of the caffeine ingredient will be added to the 
BBBBBTM brain health supplement; an ER formulation that 
will allow for a more sustained blood level of caffeine over 
a IO to 12 hour time frame, will be added to the BBBBB™ 

functional nutraceutical and the BBBBTM medical nutraceu­
tical. The doses of caffeine will range from 25 mg to 250 mg 
daily. 
(0288] Toe BBBBJlTM blend cau include addition of chlo­
rogenic acid, the biologically active dietary phenol found in 
coffee and green coffee, in IR and ER doses equivalent to 
that of caffeine. 
(0289] The BBBB81'M with caffeine combination can be 
manufactured in capsules (ha.rd and gel); pills; tablet; pow­
der; beverage; suspension; emulsion; syrup; solution; patch; 
gel, combinations thereof and the like. The compositions 
may include pharmaceutically acceptable carriers, diluent, 
solubilizers, lubricants, binders, combinations thereof and 
the like. 
(0290] Natural Sweeteners (NS). 
(0291] The natural sweeteners-for the reasons noted pre­
viously-are important ingredients with important GLP-1 
stimulating activity and well documented positive CNS 
effects, complementary to the actions of the BBBBB'™ 

ingredients and that of caffeine. The best NS example is that 
of sucromal� a Cargill developed product (Xtend®) and a 
constituent of Abbot's Glucerna®. This is for the BBBBB™ 

Beverage, which in addition, is formulated to provide 
adequate and sustained amounts of glucose for brain energy. 
(0292] Glucose: 
[0293} The addition in beverages and powder mixes of 75 
G (range 25 to 200 G) of glucose for nocturnal brain energy 
to stimulate glucose-dependent insu1inotropic polypeptide 
(GJP). Together with GLP-1, GIP is a physiologic incretin 
that is stimulated by enteroendocrine K-ce11s in the pan­
creas, adipose tissue, sma11 intestine, bone and brain. GIP 
stimulates potent glucose dependent insulin and may have 
an important role in modulation of brain function and insulin 
resistance (Irwin et al 2010). GIP receptors have been 
identified in several areas of the brain-including the hip­
pocampus and amygdala (Nyberg et al 2007)----as well as the 
GIP gene and GIP protein expression (Nyberg et al 2005). 
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(0294] Phannacologic Rationale: 
(0295] Toe rationale for developing the BBBBB™ with 
and without additives, is to provide a range of products that 
can promote the health of the brain as it ages and to modify 
metabolic abnormalities associated with the aging process 
per se, which would otherwise lead to the development of 
severe cognitive dysfunction and disease including MO and 
AD. (See FIG. 10.) 
(0296) The "art" of our BBBBB™ alone and BBBBB™ 

PLUS additive combination products is to combine the 
proven pharmacologic actions of each ingredient in order to 
promote healthy brain aging and/or to modulate abnormal 
molecular pathways associated with an increased risk of 
cognitive dysfunction. Some examples of the pharmacologi­
cal "art'' include the following "balanced" pharmacody­
oamic brain protective combinations: 
(0297) "Complementary": Enhancing Acetylcholine Neu­
rotransm.ission. 
(0298] Bstrogen and vitamin D increase acetylcholine 
synthesis via increase choline acetyltransferase (ChA'f) 
activity; Huperzine A and caffeine inhibits its breakdown by 
decreasing acetylcholinesterase (AChE). 

(0299] a. Enhancing neurogenesis: Hupenine A, vita­
min D, and GLP-1 increase nerve growth factor via the 
TrkA pathway; estrogen (genistein) and caffeine 
increase BDNF via the TrkB pathway. 

(0300] b. Modulating APP metabolism: Huperzine A 
stimulates the alpha secretase and caffeine inhibits the 
beta and gamma secretase APP pathways with a resul­
tant decrease in amyloid beta and tau protein accumu­
lation. (See FIG. 11) 

(0301] c. Beta amyloid clearance: 17-heta estradiol 
(E2), vitamin D, and caffeine increase beta amyloid 
clearance. 

(0302] "Additive": lngredients with the Same Biologic 
Effect. 
(0303) HuperLine A, genistein, vitamin D all inhibit mu­
dative stress and hen.ce enhance neuronal apoptosis. 
(0304) "Synergistic": First lngredient Up-Regulates the 
Receptors for a Second Ingredient Thus Enhancing the 
Biologic Activity of the Latter. 
(0305] Bstrogens, natural and synthetic, and phytoestro­
gens up-regulate the vitamin D receptor. 
(0306] Clinical Practice: 
(0307) Positive clinical outcomes of the methods provided 
herein are predicated on: 
(0308( Timing: 
(0309] Subjects age and stage of cognitive disease if 
present. Toe presence of viable neurons responsive to the 
pharmacologic action of the various ingredients are impor­
tant. 
(0310] Continuence: 
(0311) Long term supplementation: the progression of the 
neuronal changes in both healthy and unhealthy aging, is 
gradual and requires long term continuance of the indicated 
health supplements and/or the functional & medical nutra­
ceutical complements. Benefit is lost when treatment is 
stopped. 
(0312) Biomarker Measurement: 
(0313] Measurement of biomarkers indicative of ingredi­
ent absorption and efficacy to provide supportive evidence 
of healthy brain aging in otherwise asymptomatic women 
and so encourage long term continuance; in women with 
cognitive and memory dysfunction, biomarker testing for 
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adjustment of the dosage of prescribed product depending 
on the clinical symptomatic response. Toe increase in the 
level of biomarkers in a subject is compared with the level 
of the same biomarkers in a healthy subject. 

Molecular Biology of Brain Aging and Pharmacodynamics 
of the Composition 

(0314] Product Formulation: 
(0315] Provided herein is a range of compositions and 
formulations that will promote the health of the brain as it 
ages in otherwise healthy asymptomatic subjects; to modu­
late the multiple metabolic pathways associated with aging 
resulting in reduced cognition, memory and loss of execu­
tive function; and to prevent and/or delay the progression of 
cellular changes associated with severe cognitive dysfunc­
tion and disease including mild cognitive impairment (MCI) 
and Alzheimer's Disease. Toe composition's will be respec­
tively formulated as a brain supplement; a functional brain 
nutraceutical and a brain medical food/nutraceutical. Each 
of these products will be used for both single preventive 
management and as an adjunctive to specific dmg the.rapy 
for conditions associated with an increased risk of age 
related cognitive decline including established MCJ and AD. 
(0316] Brain Health Supplement: 
(0317) the preferred daily dose ranges of the three ingre­
dients will include but will not be necessarily limited to: soy 
iosflavones 110 mg; Hupeninc A 50 mcg; Vitamin D 800 iu. 
(0318] Functional Brain Nutraceutical: 
(0319] this product will include three formulations to 
allow for a subject's individualized needs and response to a 
given prescribed dosage. The preferred daily dose ranges of 
the four ingredients will include but not be limited to the 
following combinations: 
(0320) Soy isoflavones 110 mg; Yitamjn D 1200 iu; 
Hupenine A 175 mcg; Caffeine 75 mg. 
(0321) Soy isofiavones l lO mg; Vitamin D 1200 iu; 
Hupenine A 275 mcg; Caffeine 75 mg. 
(0322) Soy isflavones 110 mg; Vitamin D 1200 iu; Iluper­
zine A 375 mcg; caffeine 75 mg. 
[0323) Brain Pharmaceutical Composition: This product 
includes but is not limited to the preferred daily dose ranges 
noted under "functional brain nutraceutic al" and also the 
following: synthetic genistein 30 mg; synthetic hupern.ne in 
d?se �uivalent

_
to Huperzine A 175, 275, and 375 mcg; 

vitamin D 1200 m and caffeine 75 mg. 
10324] Product and Subject selection: successful treatment 
outcomes depend on matching the composition to the clini­
cal needs of the subject and to monitor/adjust the treatment 
over time, depending on the clinical response. In addition to 
maintenance and/or symptomatic improvement in cognition, 
memory and executive function this requires baseline physi­
cal assessments and the measurement of biomarkers relevant 
to the subjects general and brain health status plus risk 
factors for cognitive dysfunction, including but not limited 
to MCJ and AD. 

Subject Evaluation: 

No Known Risk Factors 

(03251 General physical examjnation to include: weight 
and body mass index ( <27 kp/m2); waist/hip ratio measure­
ment (<0.8); blood pressure (<I30n5 mmH.g) and the 
following blood tests (normative values in parenthesis). 



US 201 7 /0266207 A 1 

(0326) Total cholesterol (120.200 mg/dL); HDL choles­
terol (>40 mg/dL); Triglycerides (<150 mgldL); LDL cho­
lesterol (<130 mg/dL); free fatty acids (0.07-0.88 mmoVL); 
Fasting blood glucose (70-110 mg/di); Hemoglobin AIC % 
(<6); C-reactive protein (<5 mgL); 25-OH Vitamin D (30. 
100 ng/ml); Liver Function test panel. 

Known Risk Factors 

(0327) Obesity and Type Il Diabetes: 
10328) above plus fasting insulin (4-27 uJU/ml); oral glu­
cose tolerance test; 
(0329) Hypercholesterolemia: 
10330) above plus 27-hydroxycbolesterol (Ghribi 2008) 
and Apolipoprotein panel: Apo A, Apo I-I and Apo J (Song 
et al 2012). 
(0331) Osteopenia and Osteoporosis: 
[0332) above plus bone density measurement of the hip 
and lumbar spine with DEXA testing utilizing standard 
definitions (t score for osteopeoia I to 2 standard deviations 
below young normal with no clinical radiologic fractures 
deformation of lumbar/thoracic vertebrae; osteoporosis: 
Bone mineral density (BMD) t score 3 or more standard 
deviations below young normal with or without evidence of 
vertebral deformation/fracture). Also, selective use of bio­
markers of excess bone turnover: urinary/serum o-telopep­
tide levels; excess urinary calcium excretion (ca/creatinine 
ratio >16). 
10333) Hypertension: 
(0334) above plus hypertension (blood pressure greater 
than 140/90) or progessive increasing blood pressure. 
10335] Inflammatory Markers: 
10336] Given the significant role of inflammation in the 
pathogenesis of AD, the following biomarkers are included 
(but are not limited) to the following cytokines, chemokines, 
growth factors, complement and adhesion molecules: they 
can be selectively used as both risk factors, measures of 
progression of disease and response to treatment: IL-I; IL-2; 
HA; IL-8; IL-JO; IL-13; TNF-alpha; osteopontin and two 
anti-inflammatory markers: G-CSF, Fetuin-A and combina­
tions thereof. 
(0337) Symptomatic with/without Family History ofMCl 
&AD 
(0338) Cognitive Tests: 
(0339) Clinical dementia rating (CDR: 0 equals normal; 
0.5 very mild impairment; 1 mild impairment); Mini-Mental 
State Examination (MMSE:0 equals severe impairment vs 
30 no impairment); Wechsler Memory Scale-Revised (0 
equals no recall to 25 complete recall) (Bateman et al 2012). 
10340) Blood Tests: 
10341) APOE genotype (Apoe4 allele); sirtuin I (alpha 
secretase; beta and gamma secretase); proteomics biomark­
ers assay of AD autoantibody biomarkers (Nagele et al 201 I; 
Shi et al 2009) and other related and recognized blood, urine 
and CSF biomarkers of risk for MCI and AD. 
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(0342) Monitoring Treatment: Dosage and Efficacy. 
(0343) Early brain aging is asymptomatic with multiple 
molecular pathways regulating neuronal health and function. 
The metabolic heterogeneity of individual subjects adds an 
additional variable that will determine whether clinically 
effective concentrations of the composition's constituents 
are absorbed. Only measurement of relevant biomarkers can 
confirm that adequate dosing has been achieved and in 
addition, allow for the adjustment of the composition dis­
closed herein over time if needed. The goal is for the tested 
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components and biomarkers Lo reach the optimal bioactive 
level after administration of the compostioo. The optimal 
level indicates that the subject is being effectively treated for 
the disease or condition or that the composition is effective 
in promoting and maintaining the health of the brain of the 
subject. Tests include, but are not limited, to the following: 
(0344) Measurements of Tested Components: 
(0345) Assays are performed to measure the levels of 
various components in the subject. Plasma assays of Huper­
zioe A (to be within the range of 0.3 to 1.5 og/ml); total 
genistein (to be within the range of 3.5 to 18 microM­
Takimoto et al 2003); 30 mg of synthetic genistein (to be 
within the range of 400 to 500 og/m.1-Metzner et al 2009); 
25-OH vitamin D (to be within the range of 30 to I 10
ng/ml); caffeine (to be within the range 2 to JO mg/L). The 
suggested lest time intervals: three months after treatment; 6
months later and then annually.
10346) Brain Health & Function Biomarkers:

(0347) Th.e following assays for measuring biomarkers
were performed, before treatment commences, at 3 months,
9 months and then annually. The measured oeurotrophic
factors serve as surrogate biomarkers of oeurogeoesis, the
balance between acetylcholioe synthesis and catabolism and
the metabolism of Amyloid Precursor Protein (APP) and the
Wot/beta cateoin pathway.

(0348) Brain Derived Neurotrophic Factor (BDNF) Eliza
Immunoassay: (to be within the range of0.066 to 16 ng/rnl);
Nerve Growth Factor Immunoassay (NGF): (to be within the
range of3.9 to 250 pg/ml); Acetylcholioesterase activity (to 
be within the range of 10 to 600 U/L); Acetylcholine
(Quantitative Colormetrie assay: to be within the range of I 0
to 200 micoM; fluormetric assay: to be within the range of 
0.4 to 10 microM acetylcholine); assays measuring the 
expression of alpha secretase and beta/gamma secretase
enzyme activity; titers of AD autoantibodies using proteo­
nomic and related assay technology before and after treat­
ment.

Microencapsulation: A Technique for Controlled Drug 
Delivery. 

[0349) The compositions described herein can be in a 
microencapsulated formulation and administe.red once per 
day for seque.oced extended release. Microencapsulation is 
a process by which small droplets or particles of I iquid or 
solid material are coated with a continuous film of polymeric 
material. The principle reasons for microeocapsulation is to 
provide for a sustained or prolonged rate of drug release and 
to alter the site of absorption. This can be accurately 
controlled over a period of hours or even days and designed 
for pre-programmed drug release profiles in order to meet 
the therapeutic needs of the patient. Mlcroencapsulation 
technology is particularly suited to orally controlled release 
drug formulation systems (Singh et al 2010; Bansode et al 
2010), especially when multiple doses are required. 
[0350) Given the varying pharmacokinetic profiles of the 
constituents of the disclosed composition (see individual 
pharmacokinetics in the text), specifically designed imme­
d.iate and extended release combinations will be formulated 
to optimize local tissue bioactivity and function 

10351] Examples include an ER form of Huperzine A to 
allow for 24 hour tissue availability; slow release of caffeine 
over IO to 12 hours; sequencing of early geoisteio absorp­
tion with slightly delayed vitamin D absorption to allow for 
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the estrogen iaduced up-regulation and expression of the 
VDR to enhance the latter's in situ activity. 
Comparison of Immediate Release (IR) with an Extended 
Release (ER) Formulation of Huperzi.ne A. 
(0352] This pK study was performed al Cetera Laborato­
ries (St. Louis, Mo.) under the aegis ofCogniFem LLC and 
Osmopharm Capsules USA. TR and matching ER forum­
lated capsules containing 200 mcg of the Huperzine A herb 
were prepared by Osmopharm USA to meet specified clini­
cal requirements. 

Huperzine A:. Duration and Dose. 

(0353) The definitive pK study for Hupenine A was 
published in 2008 (Li et al). Healthy subjects received 0.2 
mg of pure Huperzine A orally. Plasma levels rose rapidly 
after administration peaking at about hour 1.2 to 1.3. The 
plasma levels declined rapidly over the next 24 hours and a 
terminal half life of approximately 6 hours was determined. 
Based on this data, an extended release product would be 
required for once daily administration, in order lo meet 
optimal brain tissue concentrations. 
I 0354] Over the major part of the day plasma levels ranged 
from 0.3 to about 1.0 ng/ml where 0.6 ng/mJ was determined 
to be the optimal level (Li et al 2008). Values above this 
level produce unnecessary exposure of the tissues to brief 
high levels of Hupenine A and increased loss due to 
excretion. Doses of 0.15 mg pure Huperzi.ne A twice daily 
was shown to effective for the treatment of mild cognitive 
impairment, a potential pre-condition to AD (Li et al 2008). 
(0355] Pharmacokinetics: Molecular Pathway Counter 
Balancing Thus Formulation. 
(0356) (a) Hupenine A bas short half life: thus formula­
tion in twice daily dosage or as extended release. 
10357] (b) Genistein: up regulates estrogen receptor 
(mainly ER beta) and <ER alpha, and acts as a SERM. Can 
the.refore be used together with estradiol. 
10358] (c) Ingredients have complementing pharmaco­
logic actions: eg Huperz;ine A & vitamin D increases the 
blood level of NGF and soy and ca:ffoine increases the blood 
level of BDNF. 
(0359) (d) Ingredients have synergistic activity: genistein 
increases the tissue concentration of vitamin D receptor and 
promotes its in situ synthesis while decreasing its catabo­
lism: he.nee sequencing the absorption of each ingredient. 
10360) (e) Natural product extracts vs synthetic active 
component: vitamin D, derivatives and analogs thereof and 
Vitamin D receptor modulators. In some embodiments, the 
natural product or extracts are used to make nutraceuticals 
and synthetic active components are used in pharmaceutical 
compositions. 
10361) As an example, the method of using the disclosed 
compositions is as follows. 
(0362) (a) Gender specific: as an example, a female sub­
ject. 
(0363) (b) Timing and thus dosage of nutraceutical and 
pharmaceutical compositions: lower dosage is administered 
during early "critical window" for healthy brain aging vs 
higher dosage is administered for cognitively impaired and 
with MCUAD. The disclosure compositions arc formulated 
for outraceutical and pharmaceutical use. In one embodi­
ment, the "critical window" is within IO years of menopause 
of a female subject. 
(0364) (c) Primary therapy or adjunctive use with disease 
specific therapies in women at greater risk of MCUAD.
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(0365] (d) Risk factors: type II diabetes; metabolic syn­
drome; obesity; osteopenia/osteoporosis; hypertension; and 
cardiovascular disease; 
(0366] (e) Other conditions associated with neuronal dam­
age: post concussion; PTSD; stroke; Huntingdon's disease; 
schizophrenia. 
(0367] (t) Biomarkers arc used to determine and measure 
risk factors, absorption of ingredients and biomarkers of 
brain efficacy. 1be level of biomarkers can be used lo adjust 
dosages if needed and to aid with long term compliance in 
asymptomatic women. 

Results: 

(0368] Five volunteer subjects were tested in a blinded 
cross over study with both the IR and ER formulated 
capsules, all containiog 200 mcg of the Huperzine A herb. As 
expected, the plasma levels following the immediate release 
formulation rose rapidly after administration, peaking at 
about 1.4 hours. lbis was followed by a rapid decline over 
the next 24 hours. These data are similar lo the results 
obtained by Wei et al, using the pure huperzine alkaloid. The 
ER formulation was absorbed more slowly and a smoother 
peak was obtaioed by 5.4 hours. The levels then declined 
slowly for the next 20 hours giving a blood half life that was 
significantly greater than was observed after the IR form. 
(0369] Using a standard model {Phoenix"™ WinNonlin 
6.0 (Pharsigbt Corp, St. Louis, Mo.)} for simulating "steady 
state" plasma levels following multiple doses and using data 
obtained in the single dose study described above, it was 
demonstrated that within 5 days a steady state level was 
reached with an estimated Cmax of 0.62 og/ml and a Cmin 
of0.36 ng/ml. These values were identical to those observed 
in the Chinese studies where positive effects on mild cog­
nitive loss bad been observed. 

Conclusions 

(0370) In comparison with the IR formulation, the ER 
formulation I-Iupenine A was absorbed over a longer period 
of time with a resulting increase in the plasma half life. The 
initial gradual rise in plasma levels were then maintainoo at 
a steady level over an extended period. 
(0371] Unlike the IR formulation, absorpt1on from the ER 
formulation did not cause a spike in the plasma levels of 
Hupenine A Less material is therefore lost due to early 
excretion following the administration of the ER formula­
tion. 
10372) The ER formulation generated more consistent 
absorption of Huperzine A between subjects than the absorp­
tion observed following the IR formulation. 
[0373) Steady-state simulations using an accepted com­
puter model predict that by the fifth dose a steady state will 
be reached with plasma levels fluctuating over a narrow 
range of blood levels consistent with beneficial effects on 
memory dysfunction. 

Methods of Use 

(0374) The compositions described herein can be formu­
lated for use in the promotion or maintaining a healthy brain. 
Various pathways aad factors are involved in maintaining a 
healthy brain or for the prevention or treatment of diseases 
or co.nditions associated with the bra.in health. 
(0375] The compositions can be formulated for adminis­
tering to subjects in need of treatment or in need thereof such 



US 2017 /0266207 A 1 

as to increase level of neurotrophins, improve neuronal 
health, and promote neurogenesis. 
(0376] The compositions described herein includes its use 
as either a supplement to support normal healthy aging; a 
functional nutraceutical complement for use in subjects with 
age related di.fliculties in memory, cognition and related 
CNS dysfunction including evidence of early mild cognitive 
impairment (MCI); or as a medical nutraceutical comple­
ment for established MCI and evidence of early mild to 
moderate AD. Depending on the clinical situation and at the 
discretion of the supervising health care provider, all three 
formulations may be used adjunctive to treatments for 
disease specific conditions: MCI; AD; Type 11 diabetes: post 
menopausal HT; obesity, osteopenia and/or osteoporosis; 
cardiovascular disease; and hypertension; and other relevant 
cognition disabling conditions. The composition can be used 
alone or as adjunctive therapy with other drugs. 
(0377] The compositions can be formulated in the form of 
blends of a nutraceutical and/or pharmaceutical combination 
for the treatment of all cognitive/memory dysfunction result­
ing from and/or associated with Parkinson's Disease, 
Huntingdon's Disease; Stroke; Post Traumatic Concussion; 
Post Traumatic Stress Disorder, Schizophrenia. The compo­
sition can be used alone or as adjunctive therapy with 
disease specific drugs. 

Neurotrophios and Neuronal Health 

(0378) Linking the clinically observed age related changes 
in cognition, memory and executive/motor function that 
occur in "healthy" aging with that associated with 
"unhealthy" aging (benign senescent forgetfulness) and a.� a 
pre-<:ooditioo to and risk for mild cognitive impairment and 
its later progression to Alzheimer's Disease. 
(0379] Linking these observations with validated molecu­
lar brain research-in animal experiments and observational 
& noninvasive human studies-that establishes and defines 
the multiple interconnected pathways responsible for the 
clinically noted changes in cognition, memory and execu­
tive/motor function associated with "healthy" and 
"unhealthy" aging. 
(0380) Linking the known molecular functioo(s) of 
botanicals and other natural compounds and their physi­
ologic/pharmacologic effect on the established neurocogni­
tive pathways associated with the altered cognition, memory 
and executive function, in both "healthy" and "unhealthy" 
aging Linking the multiple biologically altered molecular 
pathways associated with "healthy" and "unhealthy" aging, 
and combinations of botanicals and other natural com­
pounds, that have complementary, additive and or synergis­
tic effects on brain function and health. (See FIG. 10.) 
(0381) Linking the pharmacokinetics of the botanical and 
natural compounds into blends-with or without additional 
additives-in order to optimize their combined brain ceUular 
function. 
(0382) Linking the utility of adding clinically proven 
bioactive combination botanical products with compliment­
ing molecular activity, to that of disease specific conditions 
associated with an increased risk of cognitive and other 
brain dysfunction and their treatment: Mild cognitive 
impairment and early stages of Alzheimer's Disease; post 
menopausal hormonal therapy; type JI diabetes; obesity; 
osteoporosis; osteopenia; hypertension; chronic use of anti­
cholinergic preparations, anti-depressant SSRl treatment 
(Deltheil et al 2008). 
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(0383] Brain-1.)erived Neurotrophic Factor (BDNF): 
(0384] Brain derived neurotrophic factor is a oeurotrophio 
that regulates a variety of neural functions including selec­
tion of neural progenitor cells; increases the number and 
growth of llippocampal neuronal dendritic spines and their 
development into mature spines; enhances the production 
and survival of new neurons from stem cells in the hip­
pocampus; matures and integrates new neurons into existing 
neuronal circuits. 
[0385] Most importantly, BDNF increases synaptic num­
ber and enhances their plasticity and resistance to injury and 
disease. Together with its tyrokinase membrane receptor, 
f

u
ll length Trk.B, BDNF stimulates long term synaptic 

potentiatioo (LTP) an essential information storage function. 
Insulin-like growth factor interfaces with BDNF to enhance 
exercise induced synaptic plasticity (Ding et al) 
(0386] BDNF also increases presynaptk glutamate release 
and induces neuronal proteins encoded for mitochondrial 
biogenesis, anti-oxidant and DNA repair enzymes (Rothman 
et al 2012; Gomez-Pinilla el al 2008; Yoshi and Constantine­
Paton 2010). 
(0387] Nerve Growth Factor. 
(0388] Nerve Growth factor is the first described member 
of the neurotrophio family. The mature form of NGF is 
derived from a precursor form (ProNGF) and in its activated 
form has both pro-apoptopic and oeurotrophic properties. 
NGF binds to high affinity tyrosine kinase receptor TrkA. 
103891 Although NGF circulates throughout the body, its 
most important function with respect to the methods and 
compositions provided herein is its synthesis in the cerebral 
cortex and bippocampus and its promotion of the survival 
and outgrowth of CNS cholinergic neurons especially in the 
basal forebrain complex. As such, it is regarded as a poten­
tial protective factor for neurodegenerative disorders asso­
ciated with these neurons (Aloe et al 2012). 
(0390] Cholinergic pathways are associated with the regu­
lation of NGF synthesis. Some acetylcholine esterase inhibi­
tors (AChE) stimulate NGF like activity by potentiating the 
oeuritogenic effect of NGF, and by increasing mRNA in 
primary astrocytes promote NGF-induced neuronal survival 
and function. NGF also protects responsive neurons from 
oxidative injury (Wang et al 2006). 

Neurotransmi tiers 

[0391) Changes in neurotransmitters have an important 
rule in modulating normal hr.tin aging. The three main 
neurotransmitters relevant to the methods and compositions 
disclosed herein include serotonin, glutamate and most 
importantly acetylcholine. The composition described 
herein can be used lo increase the levels of neurotransmit­
ters, to inhibit the activity or level of cholinesterase, to 
increase the level of or activity of acetyl choline transferase, 
and to promote normal brain aging. Neurotransmitters 
include, but are not limited to, serotonin, gluta.mate, acety­
choline and combinations thereof. 
(0392] Serotonin: 
(0393] The levels of serotonin, which is principally asso­
ciated with executive function, are age related and in addi­
tion, influence brain function by the signaling pathways with 
other age related molecules such as BDNF and JGF-1 
(Glorioso and Sibille 2011 ). 
[0394] Glutamate: 
(0395] Glutamate is the main excitatory neurotransmitter 
in the central nervous system, with important roles in both
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neurotransmission and functiona] plasticity. Thus, glutamate 
facilitates the release of BDNF, is essmtial for LTP synaptic 
plasticity, neurogenesis and other activities associated with 
neuronal swvivaJ including changes in dendritic architecture 
(Glorioso and Sibille). Conversely even though the gluta­
mate receptors decrease with age, excessive glutamate sig­
naling in the aging brain may lead to neuronal death through 
excitotoxicity (Uranga et al). This is the result of an exces­
sive Ca++ influx, with elevated intracellular concentrations 
of Ca++ and resulting cel1ular necrosis and apoptosis. 
Blockade of the glutamate receptors reduces the Ca++ influx 
and neuronal death due to glutamate expos= (Wang et al). 
Neuronal death by overstimu1ation of glutamate receptors is 
thought to be the final common pathway for a number of 
neurodegenerative diseases, including AD. 
(0396) Acetylcholine (ACb): 
(0397] ACh is the neurotransmitter used by cholinergic 
neurons at the neurotransmitter junction and plays a key role 
in the brain's memory related circuit. ACh is synthesized 
from choline and acetyl coenzyme A by the enzyme choline 
acetyltransferase (ChXf). This requires the transport of 
choline into cells from the extracellular space and the 
activity of Cb.AT. The levels of acetylcholine and cholinergic 
activity decline in the aging brain (Uranga et al) and 
especially in patients with cognitive dysfunction, including 
AJzheimer's Disease (AD). The synthesis, and therefore the 
levels of Ach, is balanced by acetylcholinesterase inhibitors 
(AChE). Reduction in AChE activity is the basis for most 
currently available AD treatment and is associated with a 
variable increase in ACh. Although positive correlations 
have been noted between ACh levels and AChE activity in 
the frontal cortex and whole brain, the efficacy of AChE 
inhibitor treatment is ultimately dependent on the presence 
of sufficient cholinergic neurons capable of synthesizing 
acetylcholine. AChE treatment does not retrud the loss of 
cholinergic neurons, and at best only provides temporary 
symptomatic improvement in cognition. 

Oxidative Stress, Cellular Damage, and Cellular Death 

(0398) The compositions described herein can be used to 
reduce cellular damage and cell death. Excess oxidative 
stress results in cellular damage with subsequent tissue and 
organ dysfunction. Oxidative stress induces an increase in 
inflammatory signaling within the aging brain resulting in 
dysregulation of neurotransmitter function. This is due to the 
accumulation of nuclear and mitochondrial DNA damage 
and via an ROS-mediated mechanism leads to accelerated 
brain aging and neurodegeneration. Studies have shown that 
oxygen radicals also initiate the build up of amyloid and 
enhanced neurodegeneration. Tue severity of age related 
memory loss has been correlated with brain and plasma 
levels of antioxidants. 
(0399) Cellular death (apoptosis) is a physiologic conse­
quence of normal aging but is also a feature of various acute 
and chronic neurodegenerative diseases. Typical apoptotic 
changes occur when neuronal cells are exposed to stressors 
such as H202, Beta amyloid peptides and oxygen-glucose 
deprivation. The likelihood of neuronal apoptosis is in large 
meas= regulated by the Bcl-2 family of proteins. High 
levels of Bcl-2 expression inhibit apoptosis. Conversely, an 
increase expression of P53 and Bax is associated with the 
initiation of apoptosis (Wang et al). 
(0400) The sirtuin liunily of longevity genes have been 
identified as key brain aging modulators. Their effects have 
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been noted in both neuronal and glial cells and are associated 
with a reduction in the accumulation of misfolded proteins, 
the response to stress and the prevention of inflammatory 
pathways in glial cells that Jead to mitochondrial dysfunc­
tion and cell death. SIRTl has been shown to be a key player 
in neurogenesis by activating the gene for BDNF and 
potentiating its transcription factor, as well as that of other 
CREB target geoes in the brain. SIRTI regulates glucose 
homeostasis, controls insulin sensitivity in skeletal muscle 
and eoergy expenditure in the brain (Dong 2012). 
(0401) SIR.Tl activates the alpha secretase pathway that 
directs the processing of the amyloid precursor protein away 
from the production of beta amyloid peptide, thereby reduc­
ing the risk of AD. Over expression of brain SIRTl in mice 
has been shown to reduce the load of the beta amyloid 
protein aggregates characteristic of the extracellular amyloid 
plaques in AD. In separate studies, SIRTl was shown to 
destabilized the tau protein and reduce intracellular tau 
tangles (Guarente 2011). A Joss of SIRTJ is closely associ­
ated with the accumulation of beta amyloid and tau in the 
cerebral cortex of patients with AD (Julien et al 2009). 

Inflammation and Brain Health. 

(0402) The compositions described herein can be used to 
reduce inflammation and promote brain health. Inflamma­
tion has a significant role in the pathogenesis of brain health 
including both MCI (Roberts et al 2009; Sun et al 2013) and 
AD (Leung et al 2013; Kim et al). A number of cytokines 
and chemokines have been identified as contributing to 
activation of the microglia leading to the formation of beta 
amyloid/microg1ial complexes that in the early stages of AD 
precedes subsequent tau related neurofibrillary pathology 
and neuronal death (Eikeleoboom et al 1996; Griffin 2006; 
Ray et al 2007). 
(0403) Elevation of a number of different plasma cytok­
ines have been positively correlated with severity of disease 
and progression of disease as assessed by memory tests, and 
even neuroimaging studies (Leog et al 2013). Plasma cytok· 
ines communicate with the brain, and circulating levels of 
peripheral cytokines have been shown to reflect brain 
cytokine levels (Banks et al 2002). One route involves 
diffusion of cytokines from the blood to the brain through an 
impaired blood brain barrier (BBB), with active transport 
across the BBB (Banks et al 2002). Another involves 
cytolcine activation of the endothelium signaling to macro­
phages in the brain (Perry 2004). Apart from inflicting 
cellular damage, certain cytokines may stimulate the GSK-3 
beta and p38-MAPK kinase pathways and via the up­
regulation of Dkkl antagonist, decrease Wnt/beta eaten.in 
signaling. Disruption of the Wnt/beta ctenin pathway has 
been implicated in neurodevelopment and many neurologic 
diseases such as AD and schirophrenia. Over expression of 
GSK-3beta impairs neurogeoesis (He and Shen 2009) and 
increases tau hyperphospborylation in the hippocampus (Lu­
cas et al 2001). Blocking interleukin-I signaling, improves 
cognition, attenuates tau pathology and restores the Wrrt/ 
beta catenin function in an animal mode] (Kita7.3Wa et al 
2011). 
(0404) There are two protective proteins: G-CSF (granu­
locyte colony stimulating factor) which suppresses the pro­
duction or activity of pro-inflammatory cytokines (Sanchez­
Ramos et al 2009) with reduced plasma levels found in 
patients with AD (Laske et al 2009). Fetuin A, an abundant 
plasma protein that is synthesized in the liver and in the 
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context of cerebral ischemia has been shown to he anti­
inflammatory. A recent study correlated p]asma levels of 
fetuin-A and the pro-inflammatory cytolcine TNF-alpba in 
subjects with early AD and age matched controls. The 
patients with AD had significantly lower levels of fetuin A 
and higher concentrations of TNF-alpba (Smith et al 201 I). 
(0405] In addition. higher plasma levels of plasma 
fetuin-A have been associated with better performance on 
tests of globa1 cognitive and executive function, with a lower 
likelihood of decline in theses cognitive parameters in older 
adults (mean age 75) when followed for 4 years (Laughlin 
et al 2013). 
(0406) Examples of pro-activating inflammatory marken; 
include but are not limited to cytokines, chemokines, growth 
factors, complement and adhesion molecules: they can be 
selectively used as both risk factors, measures of progres­
sion of disease and response to treatment: IL-1; IL-2; IL-4; 
IL-8; Il,-10; IL-13; TNF-alpba; osteopontin and two anti­
inflammatory markers: G..CSF and Fetuin-A. 

Blood-Bmin Barrier (BBB) and Bmin Health 

[0407] The compositions described herein can be used to 
promote and maintain blood-bmin barrier (BBB). The BBB 
consists of a specialized endothelium of brain capillaries that 
protects the centra1 nervous system by separating it from the 
systemic circulation. It seives as both a physica.J and meta­
bolic barrier that protects the micmenvironment of the brain 
and hence its functional activities. Disruption of the BBB 
leads to compromised synaptic and neuronal function. The 
integrity of the BBB is due to tight junctions between 
adjacent endothelial cells that consist of three highly spe­
ciali2.ed transmembrane proteins that exert their protective 
effect via the blockage of cell surface adenosine receptors, 
inhibition of cAMP phosphodiesterase activity and by 
modulationg the release of calcium :from intracellular stores 
(Chen et al). 
(0408] Altered BBB function is key to the processes 
leading to mild cognitive impairment (MCI) and AD, due in 
part to the accumulation of beta amyloid in the brain. lbis 
results from allowing an increased beta amyloid influx into 
the brain and an inadequate beta amyloid efflux from the 
brain. In addition, beta amyloid is synthesiz.ed in and around 
the BBB and in the brain microvasculature. The presence of 
beta amyloid adven;ely effects bmin endothelial cell func­
tion. BBB dysfunction is one of the earliest pathologic 
events leading to AD. 
(0409] Associated risk factors for disruption of the BBB 
include atherosclerosis, stroke, diabetes and prninflamma­
tory and other neurotoxic factors such as reactive oxygen 
species (ROS). The resuh: a leaky BBB that allows periph­
eral inflammatory cells to infiltrate into the brain paren­
chyma with subsequent activation of astrocytes and micro­
glia both of which have been implicated in the pathogenesis 
of AD (Chen et al). 

Regulation of Brain Glucose and Insulin Resistance 

10410] The compositions described herein can be used to 
regulate the supply of glucose and fucilitate the transport of 
glucose across the BBB. Glucose is the essential nutrient for 
brain glucose metabolism and the energy needs of neurons. 
To meet ongoing mental demands and since the bra.in only 
maintains a 2 minute supply of glucose, two essential 
physiologic processes are needed: facilitation of glucose 
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transport across the BBB; utilization of this glucose, and 
hence brain tissue insulin sensitivity. (See FIG. 12.) 
(0411] Regulation of Glucose in the Brain: 
(0412] Three coupling steps are involved to initiate neuron 
activation and their need for glucose: release of glutamate 
from astrocytes signaling glucose metabolism. and via this 
neurobanier process stimulating the second stage; allowing 
for movement of glucose from plasma into the brain via the 
endothelial BBB cells glucose carrier protein GLUTl; with 
a final coupling step involving the relaxation of smooth 
muscles of the relevant arterioles, an increase in the blood 
vessel diameter and blood flow. 1his neurovascular and 
neurobarrier coupling is mediated through the metabolic 
activities of the neurons and astrocytes. The need for neu­
ronal glucose is thus predicated by: brain activation, glucose 
transport, glucose support and the ability of the brain to 
utilize this energy source (Dormire 2009). 
(0413] Brain glucose uptake and its metabolism is com­
promised in AD. This has been linked to a deficiency in the 
glucose transporters GLUT 1 and GLUT 3, and oorreJated 
with hypeiphosphorylation of tau and to the density of 
neurofibrillary tangles (a ball mark of AD) in human brains 
(Liu et al 2008). 

Brain Insulin Resistance and Type Three Diabetes. 

[0414] The compositions described herein can be used to 
prevent or inhibit insulin resistance in the centra1 nervous 
system (CNS). Insulin is present in the adult CNS and is 
primarily derived from pancreatic beta cells. lbis insulin 
crosses the BBB via a carrier-mediated active process that is 
Jimited by the tight junctions between endothelial cells in the 
BBB. Chronic hyperinsulinemia down regulates insulin 
receptors (IR) at the BBB, thus impairing insulin transport 
into the brain. There is some animal data to suggest that 
insulin may be synthesized in the CNS following the detec­
tion of preproinsulin mRNA in the neurons (but not glial 
cells) of the bippocampus and preftontal cortex. 
10415] Insulin is essential for normal CNS function. Once 
in the brain, insulin binds to IR that are widely disttibuted 
throughout the CNS, especially in the cerebral cortex and 
hippocampus. Both insulin and IGF-1 signaling pathways 
are involved in the regulation of brain metabolism, neuronal 
growth and differentiation and neuromodulation. Brain insu­
lin increases neurite outgrowth, regenerates small myeli­
nated fibers and by stimulating neuronal protein synthesis 
enhances synaptic activity and plasticity with resulting 
memory formation and storage. This effect is mediated via 
the expression of NMDA receptors, an increase in neuronal 
Ca++ influx and by reinforcing synaptic communication 
between neurons enhanced long-term. potentiation (LTP). 
[0416] Insulin and IGF-1 are also neuroprotective: brain 
neuronal apoptosis induced by oxidative stress is attenuated 
by insulin; IR/IGF-1 signaling mediates the gene transcrip­
tion of anti-apoptotic factors such as increased Bcl-2 expres­
sion (Duarte et al 2012). 
(0417] Insulin Resistance: 
10418] A number of studies have suggested that AD may 
represent the outcome of a metabolic disorder characterized 
by a deficit in brain glucose utilization. This is based on the 
demonstrated progressive decline in cerebral glucose utili­
zation in subjects with AD. The abnormalities in insulin and 
insulin like growth !actor (IGF) signaling and expression of 
insulin regulated genes results in insulin resistance and 
contributes the following AD like neurodegenerative 
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changes an increase in the activity of kinases that hyper­
phosphorylate tau; the expression and accumulation of beta 
Amyloid Precursor Protein (beta APP) and its metabolism to 
its end product beta Amyloid; oxidative and endoplasmic 
reticulum stress; generation of RO..', and reactive nitrogen 
species that damage RNA and DNA; mitochondrial dysfunc­
tion; activation of pro-inflammatory and pro-apoptopic 
(dead,) cascades (de la Monte 2012). 
[0419] Although the .. physiologic .. insuJin resistance asso­
ciated with aging is the dominant risk factor for MCI and 
AD, insulin resistance associated with the following condi­
tions also contribute to the neurodegenerative changes char­
acteristic of AD: obesity; type two diabetes; and metabolic 
syndrome. Treatment with hypoglycemic or insulin sensi­
tizing drugs may contribute to reducing the prevalence 
and/or severity of AD pathology and its clinical outcome 
(Luchsinger J A 2010). 
(0420] At a functional level, insulin and IGF resistance 
down regulates the genes for the cbolinergic activity that 
mediate neuronal plasticity and its concomitant effect on 
memory and cognitiou (de la Monte 2012). 

Wnt/Beta-Catenin Signaling and Regulation of its Dkk l 
Antagonist. 

Wot/Beta Catenin Signaling 

(0421] The compositions descnl>ed herein may he nsed to 
regulate the Wot/Beta catenin pathway which is associated 
with the health of the brain and the development of AD. The 
compositions described herein can inhibit the activity of 
GSK-3 beta and increase the level of beta catenin, which 
inhibits the formation of amyloid plaques. 
(0422) Wot signaling is a transduction pathway governed 
by a variety of Wot glycoproteins, which in addition to 
having a role in the development of the forebrain and the 
hippocampus (see later), are associated via alterations in its 
leve1 and/or mutations with several pathologies including 
mood disorders, schizophrenia and Alzheimer's Disease 
(]nestrosa et al 2012; Maguschalc and Ressler 2012; Kim et 
al 2013). (See FIG. 13.) 
(0423] Although the Wnt proteins are traditionally classi­
fied as either canonical (eg Wnt-1 and Wot 3a) or non­
canonical (Wnt-4; Wnt-5 and Wnt-11), their activity at the 
cellular level depends in large measure to the presence of the 
frizzle (Fz) receptor on the receiving cell, and in the canoni­
cal pathway, a low density lipoprotein co-receptor (LRP 
5/6). There are 19 Wnt ligands, IO Frizzled receptors and 3 
LRP co-receptors. There are over 120 target genes (]nestrosa 
et al 2012). 
(04241 The classicaJ canonical signaling pathway involves 
the binding of the extra-cellular Wot ligand to the Fz 
receptor protein forming a cell surface complex with the 
related low density lipoprotein co-receptor (LRP5/6). This 
complex activates the phosphorylation of the cytoplasmic 
protein Dishevelled (Dvl), which in tom inactivates Glyco­
gen-synthas<>-kinase-3beta (GSK-3 beta), thus preventing 
the degradation of beta catenin, which is then ab]e to enter 
the nucleus of the receiving cell. Beta-catenin binds to a 
T-ce11 factor thus initiating the transcription of Wot target 
genes. Tbis resu1ts in a number of CNS functions including: 
development of the cerebral cortex and hippocampus; cell 
differentiation and adult neurogenesis (see later); cell pro­
liferation, migration and differentiation; synaptic differen­
tiation and glutamatergic functioning; inactivation of the 
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inhibitor GSK-3beta; intracellular ca1cium dependent regu­
lation thus strengthening the synaptic efficacy in developing 
neorons (Inestrosa et al 2012). 
(042SJ In short, the expression in the mature CNS of the 
Wnt ligand and its associated protein signaling pathways is 
central to its neuroprotection, pre and post synaptic plastic­
ity (including an increase in its LTP..cben et al 2006); axon 
guidance and dendritic morphogenesis (Zhou et al 2006); the 
up regulation of synaptic NMDA receptors (Cerpa et a) 
2011) and an increased efficacy of GABAergic synapses 
(Cuitino et al 2010). More recently, non-canonical Wot/Ca 
signaling in the hippocampus has been shown to trigger 
nitric oxide production (NO) which in tum enhances NMDA 
trafficking and fine tuning of synaptic activity (Munoz et al 
2012; Varela-Nallar et al 2011). 

Beta Amyloid and Wnt Signaling Pathways. 

(0426) Wot signaling protects against beta amyloid 
induced neuronal damage, and the activation of its pathway 
has been suggested as a therapeutic approach to the preven­
tion of Alzheimer's Disease (lnestrosa et al 2012). There is 
a strong association between impaired Wnt signaJing, beta 
amy]oid induced neuronal damage and an increase in tau 
protein phospOOrylation----all hallmruks of AD. 
(0427] A number of the aforementioned components of the 
Wot pathway are involved. For example, elevated levels of 
the Wnt inhibitory GSK-3 beta has been found in brains with 
established AD neurofibrillary changes and increased tau 
hyperphosphorylation with a concomitant decrease in the 
protective beta catenin (Pei et al 1999). Inhibition of GSK-
3beta (with Lithium) protects rat neurons from beta amyloid 
damage (lnestrosa et al 2012) and up regulation of beta 
catenin prevents tau protein induced neuronal apoptosis (Li 
et al 2007). In short, exposure of hippocampal oeurons (in 
rats) to beta amyloid results in the following three main Wnt 
related consequences: destabilization of the protective 
endogenous levels ofbeta-catenin; an increase in the inhibi­
tory GSK-3beta activity; a decrease in Wnt target gene 
transcription. 

Wot Signaling, Acetylcholinesterase (ACbE), Alzheimer's 
Disease and Huperzine A. 

(0428] Acetylcholinesterase is found in the neuritic 
plaques in the brain of AD sufferers (Guela and Mesulam 
1995; Guillw.et et al 1997) and enhances beta amyloid 
aggregation and plaque formation. The AChE-beta amyloid 
complexes may resuh in greater neuronal loss than just the 
beta-amyloid (Alvarez et al 1998; Reyes et al 2004). In 
addition, AChE-beta amyloid complexes have been shown 
to reduce the levels of cytoplasmic beta-eaten.in in cultw'ed 
bippocampal neurons (A1varez et al 2004) which is reversed 
by up regulation of the Wot signaling by co-treatment with 
cascade activators 0ithium) or antagonists (Alvarez et al 
1999). 
(0429) Huperzine A -in addition to its other neuroprotec­
tive effects (see before)-inhibits the activity of GSK-3 beta 
and increases the level of beta catenin, in both mouse brain 
and in cultured human neuroblastom.a cells (Wang et al 
2011 ). A recent study has shown that cross talk betweeo the 
Wnt signaling system and PKC inhibits the activity of 
GSK-3beta and modulates the Wnt-catenin signaling thus 
regulating the phosphorylation of tau protein (and inhibiting 
neurofibrillary tangle formation) plus the processing of APP 
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(Amyloid Precursor Protein) via the non-amyloidogenic 
pathway. The result: de.creased amyloid plaque formation 
and neuronal apoptosis (Alvarez et al 2004; DeFerrari et al 
2003; Wang et aJ 2011 ). These actions are complimentary to 
studies demonstrating Huperz.ine A's processing of APP via 
the non-amyloidogenic alpha-secretase pathway (Zhang et 
al 2004; Peng et al 2007; Wang et al 2011) and more 
recently, HuperzineA's inhibition of the amyloidogenic beta 
secretase pathway via its mediator, BACEI (Wang et al 
2011). 

Dickkopf-1 (Dkk-1) a Physiologic Wnt/Beta-Cateoin 
Antagonist. 

(0430] Memory impairment is associated with an age 
related decline in neurogenesis, with Dkk-1 a notable pro­
moting factor via its inhibition of the canonical Wot signal­
ing pathway (Mac Donald et al 2009; Scott and Brano 2013). 
Long term estrogen deprivation leads to an elevation of 
Dkk-1 and dysregnlation of Wnt/beta catenin sigoaling in 
the hippocampal neurons (Scott et al 2012). Conversely, loss 
of Dkk-1 in old age, restores hippocampa1 neurogenesis 
(Seib et al 2013). 
{0431] Many studies have linked elevated levels of Dkk-1 
to neurodegenerative diseases such as Alzheimer's Disease, 
Parkinson's disease, stroke and temporal Jobe epilepsy 
(Scott and Brano 2013). 
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(0432] The cellular mechanism leading to Dkk-1 related 
neuronal dysfunction and death may resuJt from an excess 
release of the excitatory neurotransmitter glutamate, with 
subsequent dose dependent (Cappuccio et al 2003) NMDA 
receptor activation and intracellular calcium overload (Zip­
fel et al 2000); the loss of protective Bcl-2, the induction of 
harmful Bax with hyperphosphorylation of microtubular tau 
protein (Scali et al 2006) following cerebra] iscbemic insults 
(Cappucio et al 2005; Scali et al 2006). The latter observa­
tion is complimented by the observation that patients with 
both ischemic stroke and confirmed coronary atherosclerotic 
plaques have elevated plasma levels of Dkk-1 compared 
with matched controls (Seifert-Heald et al 2011; Kim et al 
2011). Dkkl may therefore serve as a biomarker for these 
two diseases, and their association with an increased risk of 
cognitive dysfunction. 
(0433] The accumulation of beta amyloid in cultured 
neuronal cells induces an over expression of Dkk-1 with 
subsequent hyperphosphorylation of tau protein and neu­
ronal death (Caricasole et al 2004); higher levels of Dkk-1 
expression is also found in post mortem human AD brain 
specimens (Caricasole et al 2004). Dkk-1 is up-regulated in 
the mouse model of fronto----tempora1 dementia and as in 
humans, was co-localized with neurons containing tau neu­
ro6brillary tangles (Rosi et al 2010). 
(0434] By blocking Wnt signaling, Dkk-1 prevents astro­
cyte associated neuroprotection (L'Episcopo et al 2011) and 
most importantly a decrease in the size of both the presyn­
aptic and post synaptic terminals in mature neurons­
without affecting cell viability-a feature typical of early 
memory loss due to "physiologic" brain aging related 
change (Purro et al 2012). 

Estrogen and the Balancing of Dkk-1 Expression and 
Wnt/Beta Sigoaling. 

(043SJ Estrogen (17-beta estradiol) promotes a favorable 
balance between Dkk-1 and Wot signaling in the brain {Scott 
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and Brann 2013) Mechanisms include suppression of post 
ischemic elevation of Dkk-1 following experimental global 
cerebral ischemia (Zhang et al 2008); by enhanced neuronal 
expression of Survivin. a Wnt target gene that inhibits 
neuronal apoptosis (Scott and Brann 2013); and inhibition o[ 
the GSK3 beta Wot signaling antagonist via both ER alpha 
and ER beta (Varea et al 201 O; Goodenough et al 2005) This 
results in stabilization of beta catenin and the prevention of 
tau hyper-phosphorylation (Zhang et al 2008). 
[0436] Estrogen, also actives the neuroprotective PI3K­
Akt kinase signaling pathway thus inbibiting/inactivatittg 
GSK3 beta with further stabilization and nuclear retention of 
beta catenin (Wandosell et al 2012). 
(0437] In short, estrogen can modulate the Dkk-1 and 
Wnt/betaCatenin signaling by: suppression oftheneuroden­
erative Wot antagonist Dkk-1; up regulation of canonical 
Wnt/beta catenin signaling in neurons; promoting Wnt inde­
pendent beta catenin transcription via a membrane ER 
initiated intracellular cascade involving the PI3K/Akt/GSK3 
beta complex noted above. 

Complem.entiog Ingredients of the Disclosed Composition 
on Wnt/Beta Catenin Signaling, and Linking to Clinical 
Biomarkers. 

(0438] Huperzine A and estrogen have respective comple­
menting effects on stimulating the Wnt/beta catenin signal­
ing pathway and inhibiting its Dkk-1 antagonist. The bio­
activity of this combination of the ingredients will promote 
the "balance" of this pathway and thus maintenance of 
synaptic connectivity, neuronal health, neurogenesis and 
neuronal cell survival. 

(0439] Central to the methods provided herein, is the 
recognition of the need for early therapeutic intervention and 
so the need to define surrogate clinica1 biomarkers as 
measures of both brain health and the risk of later cognitive 
decline and dysfunction. One such biomarker is the mea­
surement of plasma Dk:k-1. Another can be measurement of 
bone densisty. 
(0440] The biologic role of the Wnt/beta catenin signaling 
pathway has been demonstrated in a variety of other organ 
systems, with one central and common issue--the cytosolic 
concentration and mediation of the beta-catenin protein, 
with its subsequent organ specific target gene expression. 
(0441) The Wot/beta catenin pathway has a critical role in 
bone cells by enhancing osteoblastic activity and bone 
remodeling, mediated in part via the estrogen receptor 
(Rossini et al 2013). A number of clinical studies have noted 
the correlation between low bone density in patients with 
Alzheimer's Disease (Zhou et al 2011) and cognitive impair­
ment in post menopausal women with low bone mass (Lee 
et al 2012) and hip fracture (Friedman et al 2010). The 
a�tion with impaired cognitive perfonnance has also 
been linked to vitamin D deficiency and lowered bone 
density in older Afiican American women (Wilkins et al 
2009). A phytoestrogen-diarylheptanoid (from the cunnna 
comosa plant}-has been shown to activate the Wntfbeta 
catenin sigoaling pathway via an ER alpha Akt/GSK-3-beta 
complex (Bhukhai et al 2012) an action similar to that of 
estradiol. (See FIG. 14.) 
(0442) Measurement of bone density (using DEXA tech­
nology) can thus be useful as a surrogate bioma.rker ofWnt 
signaling with reduced bone mass----osteopenia and or osteo­
porosis-indicative of an increased risk for later dementia. 
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Aduh Stem Cell Neurogenesis. 

(0443] The compositions described herein can be used to 
promote aduh stem cell neurogenesis. As an example, the 
compositions described herein can be used to increase the 
level of bone morphogenetic proteins in the brain, which is 
associated with the activation of neura1 stem cells. The 
compositions described herein can be used to activate the 
Wnt/beta-carenin sigaling pathway and inhibit the Dkkl and 
GSK3 beta activity. 
(0444) It has been clearly established that neurogenesis 
continues throughout life in the mammali,m brain, including 
that of humans (Faigle aod Song 2013; Encinas et al 2013; 
Eriksson et al 1998; Roy et al 2000; Wang et al 2011). This 
complex process takes place in just two regions of the 
mammaJis:1u brain: the subventricular zone (SVZ) of the 
lateral ventricles and the subgranu1ar zone (SGZ) of the 
hippocampal deo1ate gyros (DG). This complex and 
dynamic process is governed by a number of integrated 
factors that create a local .. check and balance" microenvi­
ronment in the so-ca11ed .. stem cell niche". It is in this part 
of the brain where neural precursors-via cell to cell inter­
action-react to secreted factors and neurotransmitters 
resulting in differentiated glial cells and neurons, and some 
into hippocampal astrocytes (Song et al 2002). (See FIG. 
15.) 
(044S] A number of soluble extracellular factors have been 
identified that regulate stem cell signaling pathways: bone 
mo!phogenetic protein (Choe et al 2013-review); Wnt/beta 
catenin pathway (see before); Notch (Louvi et al 2006; Yoon 
and Gaiano 2005); sonic hedgehog (fmiffort et al 1998; Lai 
et al 2003); neorotrophins and neurotransmitten (see 
before). 
(0446) Bone morpbogmetic proteins (Bmp) constitute a 
sub group of the transforming growth factor-beta (TGF­
beta) super family and are highly expressed in the aduh 
nervoos system (Bragdon et al 2011). They regulate a 
number of cell processes including cell survival. prolifera­
tion and differentiation (Harvey et al 2005; Liu and Niswan­
der 2005). Bmp is derived from the menengial choroid 
plexus and regulates the stem cell niche in the DG via the 
Acvrl receptor. This in tum regulates the expression ofLefl 
in the DG stem cells. a key factor in Wnt signaling respon­
siveness (Choe et al 2013; Faigle and Somg 2013). 
{0447] Bmp also plays a key role---together with its natu­
ral Noggin inhibitor-in activating neural stem cells (via 
Smad4--Colak et al 2008) to eoter the cell cycle (Mira et al 
2010). Changes in neurogenesis during the initial stages and 
progression of AD, has been associated with the modulation 
of new brain cell formation at neurogenic sites and subse­
quent bippocampal function. This is related in part to the 
balance between Bmp4 and its Noggin antagonist (Xu et al 
2013). 
(0448) Application: 
(0449) Estrogen up regulates Bmp in the brain and has 
beeo linked to both pituitary and hypothalamic function 
(Olani et al 2009). The expression ofBmp in hypothalamic 
neurons is via the rapid membrane associated ER. Mem­
brane ER's have been observed in other brain regions, 
including the cortex, bippocampus and brain stem. 
(0450) The sorrogate low bone mass bioma,ker ( osteope­
nia/osteoporosis) noted before is also associated with Bmp 
signaling: estrogen up-regulates Bmp4 and facilitates osteo­
blast differentiation (Matsumoto et al 2013), while genistein 
promotes osteogenic differentiation through Bmp/Smad sig-

26 

Sep. 21, 2017 

naling (Dai et al 2013) Thus, adding to the "connection" 
between brain health and bone health. 
(0451) Wnt/Beta-Catenin Pathway. 
(04S2] The Wot glycoprotein is highly expressed in the 
DG hilar cells and in cultured hippocampa] astrocytes. 
lbrough its signaling pathway, Wnt mediates neuroblast 
proliferation and the neuronal differentiation of adult hip­
pocampal progenitor cells (Lie et al 2005). The latter occurs 
via NeuroDl transcriptional activation (Kuwahara et al 
2009). The Wnt pathway, by s1abilizing be1a cateoin and its 
cytoplasmic indusio� activates other downstream tran­
scription factors that prevent premature cell cycle exit and so 
neuronal differentiation (Mao et al 2009). 
(0453] Over expression ofWnt subtypes have been shown 
to promote proliferation and neuronal differentiation of adult 
SVZ neoronal progenitor cells (Adachi et al 2007). 
(0454) Application: 
(0455] Huperzine A activates Wnt/beta-carenin signaling 
(Wang et al 2001) while estrogen and phytoestrogens (re• 
spectively) inhibit its Dkkl and GSK 3 beta antagonist 
activity (Scott and Brann 2013; Bhukhai et al 2012). 
(0456] Notch Pathway. 
(0457} The Notch pathway participates in many cellular 
processes in the developing nervous system including cell 
proliferation, differentiation and apoptosis (Louvi et al 2006; 
Yoon et al 2005). Notch is expressed in both the SVZ aod the 
SGZ and regulates the NSC by controlling cell cycle esit, as 
well as maintenance and differentiation of adult neura1 stem 
cells (Breunig et al 2007; lmayoshi et al 2010). Notch has an 
important role in the dendritic arborization of immature 
neurons in the ad.uh brain (Bretmig et al 2007). 
(0458] Application: 
(0459] A recently discovered selective beta estrogen 
receptor agonist, liquiritigenin, in addition to inhibiting beta 
amyloid peptide toxicity (Liu et al 2009), has been shown to 
promote neurogenesis by modulating the notch-2 signaling 
(Liu et al 2010). Llquiritigenin is a flavanoid extracted from 
G/ycyrrhizae radix, a traditional Chinese medicine used to 
treat inflammation. 
(0460) Sonic Hedgehog Pathway (Shh). 
(0461) Sonic Hedgehog is a soluble extracellular signaling 
protein that is important for neurogenesis in the adult 
mammalian brain. In addition to increasing hippocampal 
progenitor cell proliferation in the 00, Shh promotes the 
self-renewal and proliferation of adult neural stem cells and 
regulates their cellular migration (Angot et al 2008; Ihrie et 
al 2011) Estrogen supplementation triggers the up-regu]a­
tion of Shh (Koga et al 2008). 
(0462] Neurotrophic Facton. 
(0463] Of the foor identified neurotrophic factors---bmin 
derived neurotrophic factor (BDNF); nerve growth factor 
(NGF), neorotrophin 3 (NT-3) and neorotrophin 4/5 (NT-41 
5}-it is mainly BDNF that bas been linked to the activation 
of the various downstream effectors involved in neurogen­
esis. 1bis occurs via the binding of BDNF to its tyrosine 
kinase receptor, TrkB. Studies have documented th.at func­
tional TrkB signaling is required to stimulate the prolifera­
tion of neural stem cells in the hippocampus (Li et al 2008) 
and that the survival, dendritic arborization and functional 
integration of newborn neurons in the adu1t DG is dependent 
on TrkB receptor activity (Bergami et al 2008). The role of 
BDNF in the SVZ is less clear. 
(0464] NGF does not have an effect on the proliferation of 
progenitor cells in the DG, but has been associated with the 
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enhanced survival of neurons in the adult hippocampus 
(Frielingsdorf et al 2007). NT-3 bas been shown to mediate 
spatial learning and memmy in the adult brain (Shimazu et 
al 2006; Frielingsdorf et al 2007). 
(046S] Vrtamin D and Neurogenesis. 
[0466] The human brain has established pathways for both 
the synthesis and degradation of vitamin D3 (Garcion et al; 
Eyles et al 2005). Clinical studies have confumed a linkage 
with Jow vitamin D and cognitive impairment (Morris 1993) 
and with vitamin D treatment, slowing down the cognitive 
impairment and deterioration of patients with AD (Buell and 
Dawson-Hughes 2008). These clinical observations are sup­
ported by the demonstration of reduced mRNA levels of the 
vitamin D receptor (VDR) in the bippocampal CAI and 
CA2 regions in post mortem AD brains (Sutherland et al 
1992) and the increased frequency of VDR polymorphisms 
in AD brains compared with age-matched normal controls 
(Gezen-Ak 2007). 
(0467) Stem cells and neural progenitor cells in the hip­
pocampal dentate gyrus (DG) retain the ability to proliferate 
and develop into neurons in adults (Christie and Cameron 
2006). Vitamin 03 deficiency promotes the death of newly 
generated neurons and their neurite growth (Brown et al 
2003) before they reach maturation (Zhu et al 2012). 1bis 
occurs as a result of a decline in the level of bippocampal 
NGF which is needed for the late stage of normal neuro­
genesis. 1be decrease in NGF is associated with a reduction 
of the neuronal 1 alpha (OH)ase (CYP27B1) gene (Zhu et al 
2012) and, experimentally, is corrected by treatment with 
NGF. The latter is up-regulated by genistein as is the 
CYP27Bl gene responsible for the synthesis of vitamin D3 
and its eventual cellular activity. Vrtamin D3 also regulates 
other important cell functions such the multiple Ca++­
dependent signaling processes. 
[0468] In the methods described herein, estrogen supple­
mentation stimulates them.RNA of both BDNF and NGF as 
does soy phytoestrogen. Vitamin D also regulates the syn­
thesis of NGF and other neurotrophins: NT3 and Glial 
derived oeurotrophic factor. Two of the proposed additives 
also function as neuropeptides: GLP-1 and NGF induced 
neurogenesis and caffeine increases hippocampal BDNF. 

Oxygen and the Regulation of Neurogenesis in Health and 
Disease. 

(0469] The compositions described herein can be used to 
up regulate CNS acetylcholine synthesis. The compositions 
described herein can also be used to regulate blood flow and 
angiogenesis. The two major substrates for brain energy and 
cellular .function are glucose and oxygen. 
(0470] The brain consumes about 20% of the total body 
requirements at a relatively low oxygen tension: 27 +-6 
mmHg in the cerebral cortex and 20+-3 mmHg in the 
hippocampus (Ivanovic 2009). This so�alled "physiologic 
hypoxia .. is central to neurogensis and to the local brain 
demands of brain metabolic activity. 
(0471) Within the stemcell "neurogenic niche"' (in the 00 
and SVZ) is the "vascular niche", comprised of blood 
vessels adjacent to and within the neurob)ast complexes, and 
which serves as an essential component of the "oxygen 
niche .. (Shen et al 2008). Dividing stem cells are closely 
apposed to the vascular endothelial cells. 
[0472) Proliferation of neural stem cell (NSC) is promoted 
and apoptosis is reduced when in an environment of low 02 
tension. This includes the differentiation of precw-sor cells 
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into neurons with specific neurotransmitter function. 
Reduced oxygen levels also promote cell surviva] and 
proliferation of CNS stem cells (Morrison et al 2000). 
Hypoxia promotes the proliferation ofNSC via the hypoxia­
inducible transcription factor 1 alpha (HIF-1) (Zhao et al 
2008; Panchision 2000). The following molecular mecha­
nisms modify the behavior and function ofNSC's in lower 
oxygen levels: Notch pathway (Diez et al 2007); Bone 
morphogenetic protein pathway (Pistollato et al 2007) and 
the Wnt/beta-catenin pathway (Jolly et al 2009). 
[0473) Angiogenesis and endothelial function: Estrogen 
modulates and enhances pro•angiogenic molecular expres­
sion and thereby cerebral angioneoesis, via the up regulation 
of facto.rs such as vascular endothelial growth factor (Jes min 
et al 2003). 
[0474] Estrogen has an essential role in the regulation of 
endothelium dependent vasodilation and relaxation medi· 
ated by different enck>thelial•dependent relaxing factors 
including prostacyclin and nitric oxide {NO). Nitric oxide is 
formed from L-arginine by nitric oxide synthase (eNOS). 
Treatment with estrogen activates eNOS in cerebral blood 
vessels and an increase in cerebral blood flow (Stirone et al 
2005). 
(047S] The expression of eNOS in vascular smooth 
muscle is enhanced by ER beta and repressed by ER alpha 
(Tsutsumi et al 2008: see Cui et al). ER beta is the predomi­
nant estrogen receptor in the brain with a high affinity to the 
binding of estradiol and genistein (Cui et al 2013). 
[0476] In addition, choline,gic pathways regulate cerebral 
vascular resistance, relaxation and regional blood flow (Sato 
et al 2004). This is also mediated via muscarinic Ach 
receptors that trigger the release of the actual relaxing factor: 
NO. Acetylcholine induced relaxation occurs in cerebral but 
not peripheral blood vessels (Yamada et al 2001 ). 
(0477] In the methods claimed herein, the 17 •beta estra­
diol and genistein up regulate CNS acetylcholine synthesis 
and regulates blood flow and angiogenesis. 

Sex Hormones and Brain Aging: Biosynthesis and Signaling 
Pathways in Health and Disease. 

[0478] The compositions described herein can be used to 
regulate neural development, synaptic plasticity, and cell 
survival. 1be compositions can also be used to induce 
neuroprotective effects, improve learning, and inhibit 
memory loss. 
(0479] The sex steroid, estrogen, in addition to its func­
tions in female reproduction, have extragonal sites of steri­
odgenesis and activity via signaling pathways, principaJJy 
through the classical nuclear recepton and cell surface 
membrane receptors. 
[0480) Estrogen Synthesis: 
(0481] The pathway for estrogen synthesis is summarized 
in FIG. 7. Jn premeoopausal women the predominant estro­
gen is 17-beta estrndiol (E2) whereas in postmenopausal 
women it is the less active estrogen, estrone (E l). Estrogen 
production starts with cholesterol and via the cytochrome 
P450 side chain cleavage enzyme (P450scc) catalyzed to 
progesterone, followed by conversion to progesterone (via 
3-beta-hydroxysteroid dehydrogenase) and then to the
androgen (androstenedione ). The latter may be hydroxy lated
(via 17 beta hydoxysteroid dehydrogenase; 17-beta HSD) to
testosterone or undergo aromatization to estrone. Estradiol is
subsequently formed from either the 17-beta HSD of estrone
and/or by aromatization of testosterone. The bioactivity of
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estrogen is subject to its periphera] metabolism and binding 
to organ specific tissue receptors. 
(0482] Toe major site of estrogen synthesis in premeno­
pausal women is primarily from the ovaries with small but 
significant amounts produced in non-gonad tissues including 
the brain. In post menopausal women, the major site of 
estrogen synthesis is in adipose tissue via the aromatization 
of adrenal dehydroepiandrosterone. lbis process increases 
with age ( Misso et al). Aromatase activity has important role 
in the brain where it is potently inhibited by increased 
concentrations protein kinase dependent ATP, Mg++, or 
Ca++. Genistein (a tyrosine kinase inlul>itor) blocks the ATP, 
Mg++ or Ca++ induced inhibition completely (Cbarlier et al 
2011). 
10483] The brain has all of the enzymes required for the 
synthesis of estrogen from cholesterol as found in the 
hippocampus, amygdala, cerebral cortex and other relevant 
areas in the brain (Do Rego et al 2009). Cell specific E2 can 
be produced from both circulating E2 and from C19 steroid 
precursors 1hat serve as substrates for brain estrogen syn­
thesis (Kanecheva et al 2011). This takes place in neurons 
and astrocytes but not microglia or oligodendrocytes. 
(0484] Brain estrogen is involved in the regulation of 
neural development, synaptic plasticity and cell survival 
(Azcoitia,. al 2011). 
10485] Peripheral and Brain Estrogen Receptor,;: Type, 
Signaling and Aging: 
(0486] The principal mode of estrogen signaling is via 
nuclear ER's (ER alpha; ER beta) and via subsequent 
activation of tissue specific target tissue factors, moduJation 
and transcription of the respective OJK311S specific gene 
function and/or via non-genomic membrane receptors such 
as GPR30. The mode of activation-seconds after ceU 
membrane ER signaling (Maggfolini et al 2010) vs hours 
after the nuclear ER response-is factored into the disclosed 
formulation, designed to sequence the absorption of the 
three component ingredients in order to optimize the bio­
logic efficacy of the respective ingredients 10034; 0068]. The 
rapid non•genomic estrogen signaling is independent of 
ERalpha and ER beta (Thomas et al 2005). 
10487] ER alpha and ER beta co-localize in many cell 
types--including neurons and glial cells-and though they 
are encoded by separate gEneS (ESRI and ESR2 respec­
tively) there is functional cross talk between the two recep­
tor,; (Enmark et al 1997). ER alpha is expressed primarily in 
the gonadal organs (and in those areas of the brain associated 
with neuroendocrine activity) and ER beta in non-gonadal 
tissues including the brain. ER beta concentrations are 
highest in the hippocampus, and cerebral cortex and are thus 
associated with mood and cognitive actions (Osterlund et al 
2000). 
10488] Both ERs can stimulate or repress truget gene 
transcription. Thus, the expression of inducible nitric oxide 
synthase in vascular smooth muscle (a positive effect) is 
increased by ER beta and decreased by ER alpha (Tsutsumi 
et al 2008). 
(0489) Both ER's have a 97% homology wHh similar 
selectivity and affinity, when binding to their respective 
estrogen receptor elements (EREs) and co•promotor genes 
(Cui et al 2013). A significant difference is their effect on 
activator protein 1 (AP-1). ER alpha-AP-I promotes breast 
cancer cell proliferation (via cyc1in DI). whereas ER beta 
inhibits AP-I dependent transcription of cyclin DI. Thus 
estrogens with a higher affinity for the ER beta receptor meet 
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the criteria for classification as a SERM (selective estrogen 
receptor modulator) with predominant estrogen agonist 
activity in certain organs (brain and bone) and estrogen 
protective activity in the breast and endometrium. Isotla• 
vones, for example genistein derived from soy (Clarkson et 
al 1995) and liquiritigenin (Mersereau et al 2008) have been 
shown to exhibit what some have termed NeuroSERM like 
activity (Zhao et al 2005). 
(0490] The age related expression of ER alpha and ER 
beta differs: the ER alpha level in aging rats does not change 
whereas the ER beta level de.creases significantly with 
advancing age (Sharma and Thakur 2006). This is reflected 
in an attenuated expression in hippocamapal spine synapse 
complexes, the associated markers of cholinergic activity 
and a decline both in cognitive function (Frick 2009; Foy 
2011) and neural response to ET (Barron and Pike 2013). 
(0491] This experimental data is consistent with the clini­
cal .. window of therapeutic opportunity" concept and the 
need for early vs late post menopausal ET (Sherwin and 
Henry 2008). 

Estrogen Loss and Alzheimer's Disease Risk. 

(0492) The greater prevalence of AD in women (Plassman 
et al 2007) may be attributable to both the dramatic decrease 
in estrogen production following menopause and their Ion• 
ger life span, resuhing in an extended period lived in an 
environment of sex steroid depletion. This may also account 
for a greater severity of cognitive deficits and beta amyloid 
neuropathology in women compared to men with AD 
(Barnes et al 2005). 
10493] Estrogen Reduces Beta-Amyloid Levels: 
(0494) Whereas a recent study demonstrated no relation• 
ship between brain estrogen levels and neuropathology in 
normaJ elderly women, the concentration of estrogen is 
reduced in the brains of older women with AD (Rosario et 
al 2011). 
10495] Estrogen is implicated in the regulation of beta 
am.yloid production, including the processing of the am.yloid 
precursor protein (APP) and in its clearance from the CNS. 
APP is metabolized by two competing pathways: the beta 
secretase (BACE) route, which cleaves APP into the toxic 
accumulation of beta am.yloid comprising two species that 
are 40 and 42 amino acids in length, and the non-amyloido­
genic alpha secretase pathway. This route prevents forma­
tion of the full-length amyloid peptide resulting in a more 
soluble protective form of APP, App alpha (Jaffe et al 1994). 
(0496] This is said to occur via an ER independent mecha­
nism involving the mitogen activated protein kinase 
(MAPK) and other extracellular-regulated kinases (Manthey 
et al 2001; Zhang et al 2005). Estrogen may also inhibit the 
expression ofBACE (Amtul et al 2010) and the availability 
of the APP precursor substrate (Geenfield et al 2002). 
(0497) Estrogen modulates beta amyloid clearance by 
stimulating microglial phagocytosis (Li et al 2000) and the 
degradation of beta amyloid peptide monomers and oligom­
ers by a variety of beta am.yloid degrading enzymes, includ­
ing both an insulin degrading enzyme and angiotensin 
converting enzyme (Leissring et al 2008). This may have 
clinical implications given the increased risk of AD in 
women with insulin resistance and hypertension. 
(0498] In addition to the above, studies involving two 
phytoestrugens-genistein (Oh et al 2004) and liquiritigenin 
(Liu et al 2009) have both confirmed amyloid----induced 
neuroprotective effects with an improvement in learning and 
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memory deficits (Liu et al 2010) and an associated SERM 
like protection of the endometrium (Oh et al 2004). These 
actions are complementary to that of Huperzine A, vitamin 
D, and caffeine. 

EXAMPLES 

10499) The examples illustrate exemplary methods pro­
vided herein. These examples are not intended, nor are they 
to be construed, as limiting the scope of the disclosure. It 
will be clear that the methods can be practiced otherwise 
than as particularly described herein. Numerous modifica­
tions and variations are possible in view of the teachings 
herein and, therefore, are within the scope of the disclosure. 

Example 1: Translatiooal Pharmacok.inetic and 
Pharmacodynam.ic Studies 

10500] Goal: To apply experimental proof of concept 
principles by combining selected botanical and natural com­
pounds and/or their synthetic derivatives, and to demon­
strate their systemic bioavailability (pharmacokinetics) and 
bioactivity as brnin health modulators (pharmcodynami<..-s) 
in adult women with and without symptoms of cognitive,
memory and/or mood impairment, and as promoters of 
healthy brain aging. 
10501) Rationale: The study design allows assessment of 
the combined effects of natural preparations and/or synthetic 
derivatives of soy isoHavones (genistein), Huperzine A and 
vitamin D (Broad Based Balanced Bioactive Brain Blend™ 
BBBBBTM) with a caffeine and/or other additives on varying 
aspects of cognition, executive function and memory. The 
advantage of the BBBBBTM is based on the combination's 
additive and/or synergistic bioactivity of each ingredient's 
independent effect on relevant aspects of the multiple 
molecular signaling pathways involved in brain health and 
function, including but not limited to the non-amyloidogenic 
metabolism of amyloid precursor protein (APP). 
10502) Assessments are based on the evaluation of differ­
ing dosage regimens to meet the clinical needs of women 
with asymptomatic physiologic brain aging, those with 
accelerated and symptomatic change (benign senescent for­
getfulness), and women at risk of developing mild cognitive 
impairment (MCI). 
I 0503) The studies include the measurement of each ingre­
dient's pharmacokinetic profile based on the BBBBB'™'s 
proprietary sequenced and time released formulation, and 
the standardized assay of biornarkers associated with neu­
rotrophic function, neurotransmission and brain health pro­
tective activity. Clinical response is based on standardized 
neuropsychologic tests sensitive to the effects of the 
BBBBBTM ingredients. 
10504) Phannacok:inetic Study: To .measure the absorp­
tion, bioavailability and bioactivity of two strengths of the 
BBBBBTM with a caffeine additive in healthy post meno­
pausal female volunteers. 
10505] Aim: To determine the blood levels of each of the 
BBBBB1M proprietary formulated ingredients with specific
assays (Huperzine A; genistein; 25 (OH) vitamin D3) plus 
caffeine over a 48 hour time interval, and to assay alterations 
in the biomarkers of two neurotrophic proteins: brain 
derived neurolrophic factor (BDNF) and Nerve Growth 
Factor (NGF); two biornarkers of acetylcholine metabolism: 
Choline acetyltransferase (ChAJ) and Acetylcholinesterase 
(AChE); biomarker of Wot/beta catenin: Dkkl .  
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10506] Study Subjects: 
10507] Ten healthy adult female subjects aged 40 to 60 
years. 
10508) Postmenopausal for at least 12 months or post total 
hysterectomy with bilateral oophorectomy, confirmed with a 
plasma FSH level >SO miu. 
10509) Currently not using a vitamin D supplement with at 
least a one month washout period 
10510) Study design: Randomized four way open label 
crossover under fasting conditions of four prototype 
BBBBBTM regimens designated A, B, C and D. I. 

Proprietary BBBBBTM Formulations. 

10511 ) Immediate but sequenced released (JSR) twice 
daily product dosing: 
10512) A: Soy Jsoflavone 55 mg, Vitamin D3 600 iu, 
Huperzine A 100 mcg, caffeine 75 mg (AM dose). 
10513) Soy Jsoflavone 55 mg, Vitamin D3 600 iu, Huper­
zine A 75 mcg (PM dose) 
10514) 8: Soy lsoflavone 55 mg, Vitamin D3 600 iu, 
Huperzine A 100 mcg, caffeine 75 mg (AM dose). 
[0515] Soy lsoHavonc 55 mg, vitamin D3 600 iu, Hupcr­
zine A 175 mcg (PM dose). 
(0516] Extended sequenced release (ESR) once daily 
product dosing: 
[0517] C. Soy lsoHavones I IO mg, Vitamin D3 1200 mg, 
Hupenine A 175 mcg, caffeine 75 mg. 
10518) D. Soy Isoflavones 110 mg, Vitamin D3 1200 mg, 
Huperzine A 275 mcg, caffeine 75 mg. 
[0519) Dosing regimen: For the JSR product a single 
capsule of the AM dose test product is taken with 8 ounces 
of room temperature water after an overnight fast of at least 
10 hours at 8 am with the PM dose at 8 PM also with an 8 
fluid ounce of room temperature water. 
10520] Washout: At least 7 days between each test period. 
(0521) Confinement: At least 10 hours prior to dosing and 
48 hours after each dosing period 
10522) pK sampling: 12 blood samples per subject for 
each dosing period for later biochemical analysis. Ttmes: 
120 minutes prior to dosing then at 0.25; 0.05; 0.75; 1.0; 2.0; 
4.0; 6.0; 8.0; 10.0; 12.0; 24.0; 48.0 hours post dose. 
10523) Pharmacokinetic and Statistical Data Analysis. 
10524) Pharmacokinetics: analysis is performed using 
standard non-compartmental methods. 
(0525] Statistics: Analysis is performed using SAS® and 
90% confidence interval and ratios for relative mean in 
transformed AUC 0-t; AUC 0-oo, and Cmax of each test 
formulation is calculated. 
10526) Bioanalysis of samples: Plasma levels of Huper­
zine A is assayed by a Huperzine A specific bioassay 
deve.loped at the University of Florida's Department of 
Pharmaceutics using HPWMS/MS technology (Gunther 
Hauchaus, Director); the other biomarkers are assayed uti­
lizing standardized sandwich ELISA methodology at the 
University of California's Clinical and Translational 
Research Institute (Michael Rosenbach, Director) 
(0527] Pharmacodynamic Study: Aim is to evaluate 90 
early postmenopausal women with subjective memory/cog­
nitive complaints in a randomized blinded three way pla­
cebo-<:on1rolled study comparing the placebo group (30 
women) with two equally matched groups: 30 women 
randomized to receiving test product B (see before) and 
another 30 women randomized to product D (See before). 
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(05281 Study group criteria: as before 
(0529) Treatment Duration: 12 weeks. 
(0530] Procedure: 
(0531) Cognitive assessments take place at baseline, after 
8 weeks and 12 weeks of treatment with either the placebo 
or product B or product D. Tests include but are not Hmited 
to: a measure of immediate verbal memory (paragraph recall 
from the Wechsler Memory Scale Ill); a measure of execu­
tive function Ontradimensional/extradimensional Shift Mea­
sure from the CANTAB battery); Clinical Dementia Rating 
Scale (CDR); Mini-mental State Examination (MMSE). 
(0532] Biomarkers are similarly measured at baseline, and 
after 8 and 12 weeks of treatment with either placebo or the 
two treatment products. These include: 
(0533) Plasma ingredient levels: Huperzioe A; Geoisteio; 
25 (OH) vitamin 03; Caffeine. 
(0534] Neorotrophios and oeorolraosmitters: BDNF; 
NGF; ChAT; AchE; Dkkl .  
(0535] APP metabolism: Assays measuring the expression 
of alpha secretase and beta gamma secretase enzyme activity 
and SIRTI. 
(0536] Tnflammatory cytokines panel: IL-1; JL-2; IL-4; 
IL-8; IL-10; IL-13; TNF-alpha; osteopootin; and two aoti­
inflamatory markers G-CSF and Fetuin-A. lhese assays are 
performed utilizing human ELISA ( enzyme linked immu­
nosorbent assays) kits. 
(0537) Oxidative stress: urinary 8-epi-prostaglaodio F2 
alpha using Immunoa:ffinity Extraction-----Gas-Chromatogra­
p hy- Negative Ion Chemical Ionization Mass Spectrom­
etry. 
(0538) Glucose Tolerance Tests: a 10 subject subset per 
group is selected for a 100 gram two hour glucose tolerance 
tests at baseline and 12 weeks. This includes blood glucose 
and insulin assays utilizing standard assay technology. 
(OS39] Bioanalysis: The huperzine assay is performed at 
the University of Florida Department of Pharmaceutics (see 
before); the oxidative stress test at the University of Florida 
Department of Phanoacothernpy and Translational resean:h 
(John S. Markowitz, Director) and all ELISA based tests at 
the University of California Sao Diego (see before). 
(0540] Power Analysis is based on the study by File et al 
(2005) which determined that a sample size of 25 women in 
each group would allow for 74% power to test the main 
effect of each treatment group compared with the placebo 
group (File et al Menopause 2005; 12: 193-201). 

Example 2: Effect of Composition on Working 
Memory of Chronic Estrogen-Deficient Rats 

(0541] A. Objectives: This study investigates whether the 
disclosed composition can reverse working memozy defi­
ciency in aged ovariectomized rats and, further, whether the 
treatments of rats with the disclosed composition would 
result in improved working memory of rats. 
(0542) B. Materials and Methods 
[0543) Animals: Thirty-six retired breed..- female rats 
(8-10 months old) are purchased from Harlan Spragoe 
Dawley, Inc. The rats are housed in separate cages and are 
initially maintained on a 12:12 hour light/dark cycle with 
access to Chow diet and water ad libitum. After bilateral 
ovariectomy, the rats are fed with a casein/lactalbumin­
based control diet for about 12 months (until about 2 years 
of age). The rats are then evaluated in a 8-arm. radial arm 
maze to determine their baseline working memory. The rats 
are then randomized into one of 3 groups and are fed with 
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the control diet (Ctl), or the control diet supplemented with 
the disclosed composition. 1he rats are tested in the maze at 
1 and 3 months after the initiation of the treatments. 
(0544] After 3 months of treatment, each of the 3 groups 
are divided .randomly into two subgroups. One subgroup 
was given the disclosed composition in addition to their 
control regimen and the other subgroup received only the 
their control regimen. After 3 weeks of supplementation 
with control regimen. working memory is reevaluated. 

Radial Arm Maze Training 

(0545] A pellet of fudge brownie (Little Debbie, Mckee 
Foods, Collegedale, Tenn.) is placed in each of the 8 food 
wells located at the end of each arm to serve as a reward. The 
rats are allowed to explore the 1'.1137.C for 10 min or until all 
eight rewards were eaten. The training session is terminated 
when the rats are able to eat all 8 rewards within 10 min. 

Radial Arm Maze Test 

(0546) After the training, the rats are tested once per day, 
for four consecutive days per week for two weeks. One day 
prior to the tes� and during the first three test days, the food 
intake is reduced to 25% of the normal 40 lifday food intake. 
A visit to an arm is recorded if the rat reached three-fourths 
of the length of the arm. The maze performance is recorded 
as the number of correct choices in the first 8 visits. A 
mistake is counted if a rat reentered an arm from which the 
rat has already eaten the bait. A test session of a rat is 
terminated when the rat ate all eight rewards or 10 min has 
elapsed. If a rat has a perfect working memozy, the rat should 
score 8 correct choices in the first 8 visits ( or eat all eight 
baits without re-visiting an ann from which the rat has 
already eaten the bait). The nwnber of correct choices in the 
first 8 visits equals 8 minus the number of mistakes in the 
first 8 visits. After the test, the mean of the 8 test results of 
a given rat is used in the statistical analyses. 
(0547) Uterus and Body Weight: The body weights of the 
rats are recorded every two weeks during the study and at 
necropsy.At the end of the study, the rats are euthanized with 
peotobarbital (100 mg/kg). The uteri are collected and their 
weights are determined with an electronic balance. 
(0548) Statistical Analyses: All data are analyzed using 
BMDP Statistical Software, version 7 .0 (Los Angeles, 
Calif.). 
(0549] All publications, patents and patent applications 
cited in this specification are incorporated herein by refer­
ence in their entireties as if each individual publication, 
patent or patent application were specifically and individu­
ally indicated to be incorporated by reference. While the 
foregoing has been described in terms of various embodi­
ments, the skilled artisan will appreciate that various modi­
fications, substitutions, omissions, and changes may be 
made without departing from the spirit thereof. 
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1.-102. (canceled) 
103. A composition comprising Huperzine A or a deriva­

tive or analog thereof; one or more estrogens and phytoe­
strogens; and a vitamin D. 

104. The composition of claim 103, wherein the phytoe­
strogen is a soy phytoestrogen selected from the group 
consisting of an isoflavone, a coumestan, a lignan, synthetic 
analogs and derivatives thereof, and combinations thereof. 

105. The composition of claim 103, wherein the vitamin
D is selected from the group consisting of cakitriol, dox­
ercalciferol, paricalcitol, cholecalciferol (vitamin D3), ergo­
calciferol (vitamin D2), analogs and derivatives thereof, 
vitamin D receptor agonists and modulators, and combina­
tions thereof. 

106. The composition of claim 103, further comprising
one or more additives selected from the group consisting of 
co.tree, xantbine alkaloids, chlorogenic acid, sweeteners, and 
combinations thereof, and wherein the xanthene alkoloid is 
selected from the group consisting of caffeine, theobromine, 
paraxanthine, and combinatoins thereof, and the sweetener 
is selected from the group consisting sucromalt, tagatose, 
isomalt, sucralose, acesulfame potassium, analogs and 
derivatives thereof, and combinations thereof. 

107. The composition of claim 103, wherein the compo­
sition comprises from about 0.01 mg to about 150 mg of 
Huperzine A or an analog or derivative thereof. 

108. The composition of claim 103, wherein the compo­
sition comprises from about 0.01 mg to about I 000 mg of at 
least one phytoestrogen. 

109. The composition of claim 103, wherein the compo­
sition comprises from about 200 iu to about 5000 iu of 
vitamin D, an analog thereof, or a vitamin D receptor agonist 
and modulator. 

U0. The composition of claim 106, wherein the compo­
sition comprises from about IO mg to about I 00 mg of the 
xantbine alkaloid. 

ill. The composition of claim 106, wherein the compo­
sition comprises from about JO g to about JOO g of the 
sweetener. 

ll2. The composition of claim 103, wherein the compo­
sition comprises Huperzine A, soy isoflavone, and vitamin 
D. 

ll3. The composition of claim 106, wherein the compo­
sition comprises from about 40 mcg to about 400 mcg of 
Huperzine A, about I JO mg of soy isoflavone, about 1200 iu 
of vitamin D, about 75 mg of caffeine, and about 75 g of 
sucromalt. 

ll4. The composition of claim 103, wherein the compo­
sition is a nutraceutical composition. 

US. The composition of claim 103, wherein the compo­
sition is a pharmaceutical composition comprising genistein 
or daidzein, vitamin D, Huperzine A, and estrogen. 

116. The composition of claim 115, wherein Huperzine A,
genistein or daidzein, and vitamin D are synthetic com­
pounds and estrogen is 17-beta estradiol. 

117. The composition of claim 103, wherein the compo­
sition is formulated for immediate release, extended release, 
or timed release. 
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118. "[be composition of claim 103, wherein the compo­
sition is formuJated in the form of a tablet, a capsule, a 
powder, an emulsion, a suspension, a syrup, a solution, a gel, 
or a patch. 

119. A pharmaceutical composition comprising the com­
position of claim 103 and a pharmaceutically acceptable 
carrier. 

120. A method of promoting healthy brain aging of a
subject, wherein the method comprises administeri.ng an 
effective amount of the pharmaceutical composition of claim 
119 to the subject in need thereof. 

121. A method of promoting, stimuJating or inducing
neurogenisis of cells, wherein neurogenesis comprises pro­
duction of neurotrophins and/or neurotransminers, the 
method comprising administering an effective amount of the 
pharmaceutical composition of claim 119 to a subject in 
need thereof, and wherein the neurotrophins are selected 
from the group consisting of brain derived neurotrophic 
factor, nerve growth factor, Sonic hedgehog, Notch, brain 
morphogenetic protein, and combinations thereof, and the 
neurotransmitters are selected from the group consisting of 
serotonin, glutamate, acetylcboline, and combinations 
thereof. 

122. 1be method of claim 121, wherein the cells are
neural stem cells or neural progenitor cells. 

123. A method of stimuJating and/or activating the wnt/
beta catenin pathway by a combination of stimulating the 
synthesis of beta cateain and the binding of beta catenin to 
its receptor, and/or by inhibiting natural antagonists of the 
wot/beta catenin pathway, wherein the method comprises 
administering an effective amount of the pharmaceutical 
composition of claim 119 lo a subject in need thereof. 

124. The method of promoting the wot/beta catenin
pathway according to claim 123, wherein the natural antago­
nist is selected from Dkk-1 and GSK-3 beta. 

125. A method of inhibiting apoptosis of neuronal cells
wherein the method comprises administering an effective 
amount of the pharmaceutical composition of claim ll9 to 
a subject in need thereof to promote the expression of Bcl-2 
and/or to inhibit the expression of P53 or Bax. 

126. A method of providing neuroprotection of the brain,
the method comprising administering an effective amount of 
the pharmaceutical composition of claim 119 to a subject in 
need thereof. 

127. The method of claim 126, wherein the method
inhibits the formation and/or accumulation of beta amyloid 
to neuronal cells expressing amyloid precursor protein 
(APP), and/or stimulates cleavage of APP via the alpha 
secretase pathway, and/or inhibits the beta and gamma 
secretase pathways. 

128. A method of inhibiting the formation of neurofibril­
lary tangles and deacetylating of tau protein, wherein the 
method comprises administering an effective amount of the 
pharmaceutical composition of claim 119 to a subject in 
need thereof. 

129. A method of inducing the expression ofsirtuin genes,
wherein the sirtuin genes comprise a SIRTJ gene, and 
wherein the method comprises administering an effective 
amount of the pharmaceutical composition of claim 119 to 
a subject in need thereof. 

130. A method of promoting an increase in efflux of
soluble non-amyloidogenic beta amyloid metabolites from 
neuronal cells into the blood stream, wherein the method 
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comprises aclrninistering an elfective amount of the phar­
maceutical composition of claim 119 to a subject in need 
thereof. 

131. A method of protecting and/or maintaining the integ­
rity of the blood brain barrier (BBB) and/or facilitating 
glucose transport across the BBB, wherein the method 
comprises administering an effective amount of the phar­
maceutical composition of claim 119 to a subject in need 
thereof. 

132. A method of inhibiting inflammation in a subject,
wherein the method comprises administering an effective 
amount of the pharmaceutical composition of claim 119 to 
the subject in need thereof such that secretion of inflamma­
tory cytokines is inhibited and/or cytokine levels in the brain 
are reduced. 

133. A method of inhibiting activation of microglial cells,
wherein the method comprises administering an effective 
amount of the pharmaceutical composition of claim 119 to 
a subject in need thereof. 

134. A method of modulating, treating, inhibiting, retard­
ing, reducing and/or preventing oxidative stress and/or accu­
mulation of oxygen radicals in the brain, wherein the method 
comprises administering an effective amount of the phar­
maceutical composition of claim 119 lo a subject in need 
thereof. 

135. A method of enhancing brain insulin metabolism by
stimulating synthesis of insulin and/or promoting insulin 
sensitivity in th .e brain of a subject and/or by inhibiting 
insulin resistance in neuronal cells, wherein the method 
comprises administering an effective amount of the phar­
maceutical composition of claim 119 to the subject in need 
thereof. 

136. A method of enhancing cerebral blood flow and/or
supply of oxygen to the brain of a subject, wherein the 
method comprises administering an effective amount of the 
pharmaceutical composition of claim 119 to the subject in 
need thereof. 

137. A method of stimulating neurotransmitters and their
respective neurotransmission, wherein the neurotrnnsmitters 
are selected from a group consisting of se.rotonin, glutamate, 
acetylcholine and a combination thereof, and wherein the 
method comprises administering an effective amount of the 
pharmaceutical composition of claim 119 to a subject in 
need thereof. 

138. A method of enhancing acetylcholine synthesis in a
subject by stimulating aeetylcholine transferase activity and/ 
or inhibiting cholinesterase activity, wherein the method 
comprises administering an effective amount of the phar­
maceutical composition of claim 119 to the subject in need 
thereof. 

139. A method of inhibiting glutamate tox.icity, wherein 
the method comprises administering an effective amount of 
the pharmaceutical composition of claim 119 to a subject in 
need thereo r.

140. A method of modulating N-methyl-O-aspartate
(NMDA) receptors, wherein the method comprises admin­
istering an effective amount of the pharmaceutical compo­
sition of claim 119 to a subject in need thereof. 

141. A method of preventing, inhibiting, retarding or
treating neuronal degeneration and/or a decline in cognitive 
function in a subject at increased risk of impaired cognitive 
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function, executive function or memory disorder, wherein 
the method comprises administering an effective amount of 
the pharmaceutical composition of claim 119 to the subject 
in need thereof. 

142. A method of alleviating the symptoms of a subject
diagnosed with mild cognitive impairment and/or Alzheim­
er's Disease, wherein the method comprises administering 
an effective amount of the pharmaceutical composition of 
claim 119 to the subject in need thereof. 

143. A method of preventing, retarding or inhibiting mild 
cognitive impairment and/or Alzheimer's disease to a sub­
ject at risk of developing or diagnosed with mild cognitive 
impairment and/or Alzheimer's disease, wherein the method 
comprises administering an effective amount of the phar­
maceutical composition of claim 119 to the subject in need 
thereof. 

144. A method of preventing, retarding or treating demen­
tia and/or cognitive impairment, wherein the method com­
prises administering an effective amount of the pharmaceu­
tical composition of claim 119 to a subject in need thereof. 

145. A method of treating a subject with hypercholester­
emia, metabolic syndrome, type Il diabetes, obesity, 
osteopenia, ost.eoporosis, hypertension, and post meno­
pausal women on hormone replacement therapy wherein the 
method comprises administering an effective amount of the 
pharmaceutical composition of claim 119 to the subject in 
need thereof as adjunctive therapy with other drugs, wherein 
the other drugs are for treating a primary disease in the 
subject. 

146. A method of individualizing the dosage of the
pharmaceutical composition of claim 119 to promote brain 
health and treatment of cognitive dysfunction and age 
related dementia in a subject, wherein the method comprises 
administering an individual effective amount of the compo­
sition of claim 119 to the subject in need thereof. 

147. A method of measuring and monitoring absorption of
bioactive levels of the components of the pharmaceutical 
composition of claim 119, wherein the method comprises 

(a) administering an effective amount of the composition
of claim 119 to a subject in need thereof;

(b) measuring and monitoring the absorption of bioactive
levels of the compone111s; and 

(c) determining whether an optimal level or range of each 
component has been reached for maintaining a healthy 
brnin or for the treat of the symptoms of mild cognitive
impairment, dementia, or Alzheimer's disease.

148. A method of measuring and monitoring the bioactive
brain health protective efficacy of the pharmaceutical com­
position of claim 119, the method comprising 

(a) assaying brain specific biomarkers;

(b) measuring oxidative stress; and

(c) assessing clinical tests of cognitive function.

149. The method of claim 148, wherein the brain specific
biomarker is selected from the group consisting of brain 
derived neurolrophic factors, nerve growth factor, acetyl­
cholinc esterase, acetylcholine transferasc, Dkkl ,  gsk-3 
beta, fetuin and inflammatory cytokines. 

• • • • •
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High-soy diets increase dendritic spine density in the hippocampus and prefrontal cortex 
of rats and improve memory for spatial location . 
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Soy supplements improve performance on executive function tasks in postmenopausal 

women. 
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