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APOAEQUORIN AND VITAMIN D-CONTAINING COMPOSITIONS AND
METHODS OF USING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This application claims the benefit of ULS. Provisional apphication 62/398.669, filed

September 23, 2016, which is incovporated herein by reference in iy entivety for all purposes.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
160021 Not Applieable,

FIELD OF THE INVENTION
{0003} This invention relates generally to compositions useful for the mamntenance of
calctum homeostasis, In parbicudar, this wvention is dirscied to apoasquorn and vitamin D-
containing composttions useful in preventing andfor alleviating discases or symptoms associated

with calcium inbalance and vitanun D deficiency.

BACKGROUND OF THE INVENTION

{0004} Caloium is the B most sbundant element in the human body and ocours mainly i
the bone. More than 999 of the caloium in the body s stored in the skeleton, which constantly
exchanges is supply with the romainiag 19 dissolved in body fluids and soft tssue, such as the
bloed. The control of this exchange s largely dictated by the endocrine system which senses the
conceniration of tonized caloiom in the plasma and directs calotom exchange 1o mattam this
eritical balance. Only a small fraction of the 136 of caloium m interstitial Husds and soft tdssues &
wonized and solable. The remaming calctum i fhuds and Ussues s bound to proteins, parbicudarty
calorun-binding proteins {CabiPs) CaBPs are known to function in the mantenance of caleium
homeostasis,

{0005 As the body requires specific conventrations of caloium fons 1o carry out regquisits
physiclegioal processes, the mainlenance of calonum homeostasis is of erifical importance for

bodily health, Proper tonie caleinn concertrations in plasma and body Hoids are understond by



the medical community to be critical in bodily functions, including, but not limited to, neuronal
excitability, muscle contraction, membrane permeability, cell division, hormone secretion and bone
mineralization. A disruption in calcium homeostasis, i.e., a calcium imbalance, is associated with many
diseases, syndromes and conditions, including, but not limited to, cancer, heart disease and
neurodegenerative disease.

[0006] In the past, calcium channel antagonists, which block the flow of calcium between cell
interiors and interstitial fluid, have been widely-prescribed as pharmaceutical agents useful in the
prevention of calcium-related disorders including hypertension, angina, asthma, migraines and neural
deterioration. For example, nimidopine has been found to improve clinical symptomatology and cognitive
functions in dementia by alleviating a calcium imbalance which causes neural deterioration. However,
many of these calcium channel antagonists have unwanted side effects including, but not limited to,
malaise, fluid retention, heartburn, erratic heart rate, dizziness, upset stomach and, in rare cases, fainting,
fever and excessive bleeding.

[0007] Despite these advances, there is still a need for new and alternative therapeutics which
alleviate or prevent calcium imbalance. In particular, pharmaceutical or nutraceutical compositions which
have reduced side effects as compared to prior agents are desired and, if discovered, would meet a long

felt need in the medical and nutritional health communities.

SUMMARY
[0008] The present disclosure provides compositions which are advantageous in the
alleviation and/or prevention of symptoms or disorders associated with calcium imbalance and
vitamin D deficiency. Such compositions include apoaequorin and vitamin D in combination
with acceptable carriers for administration to a subject by a variety of routes.
[0009]  Accordingly, the present disclosure is directed to compositions comprising effective
amounts of apoaequorin and vitamin D in combination with an acceptable carrier. In certain
examples, the present disclosure is directed to nutraceutical compositions including effective
amounts of apoaequorin and vitamin D in combination with an acceptable carrier. In certain
examples, nutraceutical compositions include, in addition to apoaequorin and vitamin D, at least
one other component recognized as providing nutraceutical benefit such as, for example, an
immune boosting agent, anti-inflammatory agent, anti-oxidant agent, anti-viral agent, or a

mixture thereof. Apoaequorin and vitamin D compositions in certain examples are provided



in a unit dosage form selected from a tablet, a capsule, a solution, a suspension, a syrup, a
beverage, an oral or ophthalmic formulation or an injection.

[0009a] In an aspect, there is provided a composition suitable for treating a symptom or disorder
associated with at least one of calcium imbalance and vitamin D deficiency in a subject,
comprising: (a) a therapeutically effective amount of apoaequorin; (b) a therapeutically effective
amount of vitamin D; and (c) a pharmaceutically acceptable carrier wherein: (a) the
therapeutically effective amount of apoaequorin in the unit dosage is 10 mg to 50 mg; and (b) the
therapeutically effective amount of vitamin D in the unit dosage is 25 mcg to 75 mcg.

[0010] In another example, the disclosure is directed to a method for treating a symptom or
disorder associated with calcium imbalance and vitamin D deficiency, comprising administering
to a subject in need of such treatment an effective amount of apoaequorin and vitamin D.

[0010a] In a further aspect, there is provided use of a composition according to the present
disclosure in the manufacture of a medicament for treating a symptom or disorder associated
with at least one of calcium imbalance and vitamin D deficiency in a subject in need of such
treatment.

[0011]  Methods according to the disclosure are useful in treating a wide variety of symptoms

or disorders associated with calcium imbalance and vitamin D deficiency, including but not
limited to sleep quality, energy quality, mood quality, pain, memory quality. In certain examples,
the calcium imbalance and vitamin D deficiency is physiologically-related to neuronal
excitability, muscle contraction, membrane permeability, cell division, hormone secretion, bone
mineralization, or cell death following ischemia. In such methods, apoaequorin and vitamin D
are preferably administered to the subject in the form of a nutraceutical composition.

[0012] In yet another example, the invention encompasses the use of apoaequorin and
vitamin D for the manufacture of a nutraceutical composition for treating a symptom or disorder
associated with calcium imbalance and vitamin D deficiency in a subject administered the
nutraceutical composition. Exemplary symptoms or disorders treated by such compositions
include those associated with sleep, energy, mood, pain, or memory.

[0012a] In another aspect, there is provided use of apoaequorin and vitamin D for the
manufacture of a nutraceutical composition for treating a symptom or disorder associated with at
least one of calcium imbalance and vitamin D deficiency in a subject to be administered said
nutraceutical composition, wherein said nutraceutical composition comprises a composition

according to the present disclosure.
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[0012b] In yet a further aspect, there is provided apoaequorin and vitamin D in a nutraceutical
composition for use in the treatment of a symptom or disorder associated with at least one of
calcium imbalance and vitamin D deficiency in a subject, wherein said nutraceutical composition
comprises a composition according to the present disclosure.

[0013]  Accordingly, the present disclosure further contemplates apoaequorin and vitamin D
for use in treating a symptom or disorder associated with calcium imbalance and vitamin D
deficiency in a subject, including those symptoms or disorders associated with, e.g., sleep,
energy, mood, pain, or memory in a subject.

[0013a] In another example, there is provided use of apoaequorin and vitamin D for the
manufacture of a nutraceutical composition for treating a symptom or disorder associated with
sleep, energy, mood, pain or memory in a subject administered said nutraceutical composition.
[0013b] In yet another example, there is provided apoaequorin and vitamin D for use in the
treatment of a symptom or disorder associated with sleep, energy, mood, pain or memory in a
subject administered said nutraceutical composition.

[0014] The present disclosure provides various advantages over prior compositions

and methods in that it provides for the general improvement of a subject's mental and physical
health.

[0015] Other objects, features and advantages of the present disclosure will become

apparent after review of the specification and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
{0016} Fig. 1 provides a graph showing the percent change from baseline of scores from
arcas: overall quality of sheep, encrgy, nwood, pain and goneral heath v, davs § through 94
(0017} Fig. 2 depicts @ graph showing data in which apoaequorin { 10mg) was taken daly by
56 partivipants. The participants were ovabuated from eight davs to 30 davs, The memory study
showed a statistically significant improvement i mernory alter 30 days (hp 053 7% of
participants had impmvemem in general memory, S1% i retaining wformmation, 889% in
remenbening driving directions and 66% 1 word recgll, N=36; 66% fomale, 3% malke, mean
age = 56 vears; range 20-78 years,
[O018]  Fig 3 provides a graph showing the percent change, from bascling, of scores from
standardized cognitive batiery questionnaire vs, day € thwough 80,
{0019} Fig. 4 depicts powraprotection by AQ (apoasguorin} and Vitamin D in ra

hippocampal bram shees,

DETAILED DESCRIPTION OF THE INVENTION

L IN GENERAL

10207 Before the preseat materials and methods ave desortbed, 1t 18 understood that this
mvention is oot imited  the particular methodology, and materials described, as these may
vary. It is also o be undesstood that the fenminology vsed borein s for the purpose of deseribing
particular embodiments only, and is not intended 1o Himit the scope of the prosent mvention
which will be lunited only by the appended claumns.

(00211 1t moust be noted that as used herein and in the appended claimy, the singular forows

LLIE O 43

a", "an”, and "the” molnde phural reference unless the comtext cloarly dictates otherwise, As

¥ 88 n} 0

well, the terms ™a® (or “an®™), "one or miove” and Tat least one® can be used mterchangeably
horem. B ix also to be noted that the torms “comprising”, "inchuling”, and "having” can be used
interchangeably.

{00227 Unless defined otherwise, all technival and scientific terms used berein have the same
wmeanings as connnonly understood by one of ordingry skill 1o the art to whieh thus wvention

belongs., Although any methods and materials similar or squivalent to those described heveln can
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be used i the practice or testing of the present invention, the preferred misthods and materials
are now deseribed. Al publications and patents specifically mentioned herein are incorporated

by reference for all parposes.

II. THE INVENTION

(00231 Aeguorin is 2 photo-protein originally ixolated from huminescent jellyfish and other
marine organisms. The sequorin complex comprises & 22,285-dalion aposequorin
protein, molecular oxyvgen and the huminophore coclenterazine. When thyee Ca® fons bind to this
complex, coclenierazine v oxidized to coclemtermide, with g concomitant release of carbon
dionide and blue Hght, Acquorin is not exported or secveted by cells, nor i3 1 compartmentalized
or sequestered within cells. Accordingly, sequorin measurements have been nsed to detent G
changes that ocoar over relatively long periods. In several experimental systerns, sequorin's
funsinesvence was detectable many hours to days after coll loading. 1t is further koown that
aeguorin also does not disrupt cell functions or embryoe development.

10024} Becanse of its Ca'-dependent luminescencs, the asquorin complex has been
extensively used as an intracellufar Ca® indicator, degrorea victoria aequorin has been
spectfically used o (1) analvee the seorebion response of single advenat chromatfin cells
nivotinie cholinergic sgonists; {2) clanify the role of Ca® release in heart muscle damage; {33
demonstrate the massive release of Ca during fertilization; {4) study the regulation of the
sarcoplasaiic reticulom C2 pump expression in developing chick myoblasts; and {3) calibrate
mcropipels with mjection volumes of as Httde as three preoltters,

{0025} Aposequorin has an approxinate molecular weight of 22 kDa. Aposequorin can be
gsed o regenerate aegoorin by reducing the disulide bond 1 gposeguorin, The calcium-loaded
apoacguorin retains the same compact scaffold and overall folding pattern as wnreacted
photoproteins containing a bonnd substrate,

{00246} Conventional purtfication of acquorin from the jellvish deguorea victoria requires

laborious extraction procedures and sometimes vields proparations that are substantislly

st

wilerogeneons or that are toxic to the oreanisms pader study. Two tons of jellyfish tepically

g

viehi appwoximately 1235mg of the punificd photoprotom. In contrast, recombinand acquorin is
preferably produced by purifving apoasquorin from genetically engineered Esclierichia cof,

followed by reconstitution of the asquortn compleX &1 wire with pure cotlenterazing.
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Apoacguorin uselid 1 the prosent vention has boen desenibod and i3 conmmerciadly-obtainable
through purification schemes andfor syatheses konown o those of skall o the art. 5. Inouve, 8.
Zenno, Y. Sakaki, and P, Teuji. High leved expression and Purification of apogeguorin, (189 1)
Protein Expression and Purnification 2,122-126,

(00271 Vitamin D) ig g group of fab-soluble secosteroids responsible for noreasing intestinal
absorption of caloim, iron, magnesium, phosphate, and wine. Vitamin I3 &5 produced by the
body i response to the skin botng exposed to sliraviolet rays from sunlight. U is also found in
paturally ccourning foods soch as fish, Bsh hver oty ege volks, and i fortified dairy and gramn
products. In dictary supploments, the two most common compound forms of vitanyin D arg
vitamin D3 {chelecaloferol) and vitanmin D2 {ergocalaferof).

(00281 Viamin D is a fat soluble vitamin that is biclogically inert and swst undergo two
hydroxyiations in the body for activation, The first ocours in the ver and converls vitamm D to
23-hydroxyvitamin D {230OHMD], also known ax caletfodicl. The second ovcurs primandy i the
Kidney and fonms the physiologically active 1.253«dthydroxyvitamin D {1 25OHRDY, also
knows as caleitriol. The active form of vitamin 1, caleitriod, civenlates as a hormone in the
blood, regalating the conceniration of caloium and phosphate i the bloodstream and promoting
the healthy growth and remodeling of bone.

ooz Vitantn D promotes calcinm absorption and maintaias adequate seram calonum and
plreaphate concentrations o euable novmad nitscrahization of bone and 1o provent hvpoealcentio
totany. ftis also used for bone growth and booe remodeling by osteobdasts and osteoclasts, §t
fas also been shown to play 2 role i modudabion of cell growth, newromusceniar and nomune
function, and reduction of mflammation.

{00307 The present invention is directed to the administration of apoaeqguorin and
vitamig D-comaming compositions 10 a subject v ordey to correct or maintaig the caleiam
balance and vitamin D lovels 1y that subject, Vilandn D deficieney may contribute o caloium
mrbalances. The maintenance of 1onic calctum concentrations i plasina and body fhoads s
andersioad © be oritical o a wide variety of bodily functions, tncluding, but oot Hmted ®
nearonal excitabidity, muscle contraction, membrane permeability, cell division, bormone
secretion, bone mineralization, or the provention of cell death Bllowing schenua,
Disruption m caloiom homeosiasis, Lo, 8 calonun imbalance, 18 understood o cause andfor

correlate with many dissases, sviclromes and conditions. Such discases, svadromes and
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condibions mchude those associated with sleep quality, energy quality, mood quality, and
memory quality and pain perception. The study of CaBPs has led o their recognition as
protective factors acting in the maintenance of proper tonic calcium levels,

{00311  The maintenance of vitamin D levels is understoed © be critical to calcium
ahsorption, modulation of cell growth, neuwrommascular and mpune function, aad reduction of
mfammation. Vitamin D deficiency is most assoviated with rickets, s disease i which the bone
tissnes does not properly mineralize, loading to soft bones and skeletal deformities. Guidelines
from the Insttge of Medicine provides that the recommended dictary allowance (RDAY of
vitamin D} is 600 international units L7 for adults sges 1570, and 800 U for sdults older than
age 70 to optimize bone health,

(00321 Incenam embodiments, the mothods of the proseat invention comprise admaustening
apoasquoni i combination with vitamin D for tresting caletom nnbalance, for delaying the
progression of calvium imbalance, for proventing the onsct of caloium imbalance, for proventing
anddior treating the recurrence of calcinm umbalance, and for treating vitamin I dediciency. In
other embadiments, the invention provides methods which comprise administering apoacquorin
and viamin D in combination with one or more addittonal agents having kaown therapoutic or
outracestical value, Paticndarly preforred applications of apoasguorin and vitamin Dare in
treating one of more symptoms and disorders related © quality of sleep, energy, moad, and
memory and pain perception,

{0033 As used heretn, the torm "treating” includes preventative as well as disorder remitent
treatment, As used herein, the tenns "reducing”, "alloviating®, "soppressing” and “inhibiting”
have their commonly understood meaning of lessendng or deoreasing. As used horain, the term
"progression” means INCreasing m scope or severity, advancing, growing or becoming worse. As

g\

used berein, the ferm "recwrrence” means the return of a discase after a romission.

{00341 As used herein, the term "administering” refors to bringing g patient, tissug, organ of
cell in contact with apoaequorin and vitamin DL As used heretn, administration can be
accomplished in witro, Lo, 1 8 test tube, or i wive, 1.o., 11 colls or tissues of living
organistus, for exarople, humans. In preferred embodiments, the present invention encompasse
adiministering the compositions usefn! m the present ivention 1o a patient or subject. A "patient”
or "subject”, used equivalently berein, refers to @ manumal, preforably a baman, that exther: (1)

has g calolum inbalance-related disorder andfor vitamin D defiviency remediable or treatable by
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administration of sposequona and vitamun 13 or (3} 18 susceplible (o a calotom wubalance-related
disorder anddor vitamin D deficieney that is preventable by administering apoasquorin and
vitamin D,

{00351 As used herein, the tenms "effective amonnt” and “thorapeutically effective amount”
refer to the guantity of active agents sufficient to vield a desired therapentic response without
undue adverse side offocts such as toxicity, irvitation, or allergic response. The speetfic
“effective amoant™ will, obviousty, vary with such fhctors as the particular condition being
treated, the physical condition of the patient, the type of animal bemg treated, the duration of twe
treatment, the nature of convurrent therapy (0 any), and the spectfic ormudations employved and
the structurs of the compounds or 118 derbvatives, In tus case, an amount would be desmed
therapeutically effective if 3t resulted i one or more of the following: (1) the prevention of a
calongy imbalance-related disorder andfor vitamin D defictencey; and (2} the reversal or
stabilization of @ caloinm pubalance-related disorder andfor vitandn D defiviency. The optim
effective amounts can be regdily delenmined by one of ordinary skill i the art using routine
experimeniation,

[0036]  In conmin composiions for oral admuinstration to sulyjects, aporeguorin s formulated
with at {east oue acceptable carvier at a dosage of approximately 10 o 30 mgddose, a dose
proferably in capsule form, with recommended dosage for g subject being spproxintely 20
mgdday. In cerfain preferred compositions for oral adminisiration to sabjects, vitamin D (i the
arm of D23 cholecaleifered) 1s formulated i combination with apoaequorin at a dosage of
approsimately 25-75 mogidose, with recommended dosage for a subject being approximately M)
megiday.

(00371 Compositions acconding to the present tvention inelude hguds or lyophilized or
otherwise dried fornudations and include dituents of various butfer comtent {e.g., Tris-HCI,
acetate, phosphate), pH and onke strength, additives such s albumin or gelatin to prevent
absorption o swrfaces, detergents (e, Tween 20, Tween 80, Plorouic Fo§, ile acid saltsy,
solubilizing agents {o.g., givesrol, polyethylene glyveernl), anti-oxidants {o.g., ascorbic acid,
sodivm metabisulfite}, proservatives {e.g., Thimerosal, benzyd alcohol, parabensy, bulking
substances or toniclly modifiors {o.g., lactose, mamniol), covalent sttachment of podvmers such
as polvethylene ghyeol to the protein, complexation with metal fons, or tncorporstion of the

material into or onto particulate preparations of polymeric compounds such as polylactic acid,
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pobyghyeelic actd, or hvdrogels, or onto Hposomes, microgmalsions, micelles, lamellwr or
multiiamellar vesicles, ervibroovte ghosts or spheroplasts. Such compositions will influensce the
phystcal state, solability, stability, rate of in vive release, and vate of in vive clearance. Controlled
or sustained release compositions inchude formulation m Mpophilic depots {e.g., fatty acids,
waxes, oils).

(00381 Al encompassed by the invention are methods of administering particulate
compositions coated with pelymers {e.g., peloxamers or poloxamines}. Other

emboduments of the compositions incorporate particnlate forms protective coatings,

protease inhibitors or pormeation enhancers for various routes of administration, moluding
parenteral, pulmonary, nagal and oval. In certain embodiments, the conmpaosiiion is adnunistered

parenterally, paracancerally, transmucosally, mtramuscularly, intravenonsly, mtradermally,
subcptaneousty, intraperitonealy, mtraventricnlarly, intracranially or infrattanorally.

0039 Further, as used berein, "pharnwccntically acceptable carriers” are well known
those skilled in the art and include, bot are not limited to, 0.0141M and preferably 0.05M
phosphate buffer or 8.9% saline. Addittionally, such pharmaceutically acceptable carriers may be
Agquecus or nov-aguecus solutions, suspensions and emulsions. Examples of non-agueous
solvents are propviene ghyeol, polvethylene glyeol, vegetable otls such as olive oif and injectable
organic osters such as gthyvl oleate. Aquecus camens include water, alcohohicfaquecus solutions,
emulsions or suspensions, mcluding saline and boffered nedia,

{00401 Parenteral vehicles inclade sodinm chionide solution, Ringer's dexirose, dextrose
awdd sodinm chlonde, lactated Ringer’s and hixed oils, Intravenons vehicles include Haid
aned mutriont replontshers, eleotrobvie replonishers such as those based on Ringer's dextrose, and
the like. Preservatives and other additives may also be present, such as, for example,
antimicrobials, antioxidants, collating agents, inert gases and the ke,

{00411 Contrplled or sustained release compositions administrable according to the
wvention inchede formulation in hpophilic depots {e.g., Tatty acids, waxes, ois) Also
comprehended by the mvention are particnlate compositions coated with polymers {2.g.,
poloxamers or poloxamines) and the compound coupled to antibodies divected against tissue~

specific receptors, Higands or antigens or coupled to ligands of tissuc-specific receptors.
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{0042} Other eynbodiments of the compositions admnistered according to the nvention
mcorporate particaiate forms, profoctive coatings, protease inhibilors or pormeation eahancers
for various routes of admumstration, including parventeral, pulmonary, nasal, ophthalmic and ol
{00431 Chemival entities modified by the covalont attachment of water-seluble polvmers
such as polvethylene glyveol, copolymers of polvethylone glveol and polvpropylens
givent, carboxymethyl cellulose, dextran, polyvinyl aloohol, polyvinvipyreolidone or
pabyproline are known {o exhibi! substantially longer half-lives in blood tollowing ivavenous
ygection than do the corresponding vamodified compounds. Such modifications may alse
incroase the chemical entities solubiity o agqueous solution, climinste aggregation, enhance
the phvsical and chomical stability of the compounnd, and greatly reduce the immunogemicity
and reactivity of the compound. As a result, the desired i vive biological activity may be
achieved by the administration of such polymer-entity abducts less frogquently or in fower doses
than with the snmodified entity,
(0044} in yel another method gccording o the wvention, the composition can be delivered 1
a controlied release system. For example, the agent may be administered using intravenons
wifuston, an implaniable osmotic pump, 8 ransdermad paich, lposomes, or other modes of
administration, In one embodiment, & pump nwyy be used. Ty another embodiment, polvmeric
materials can be used. In vot avother embodiment, a contralled release systom can be placed in
proxamity o the thevapeutic target, ve., the braw, thus requiring ondy g fraction of the svstenic
dose.
{00437 The composition can conmgise apoaeguorin and vitanmn D, or can further include a
pharmscentically accepable carvier, and con be in soblid or Hauid form such ax tablets, poswders,
capsudes, pellets, solutions, suspenstons, clixivs, syraps, boverages, exmulsions, gels, creams,
ophthalmic formulations, or suppositories, including rectal and urethral suppositories.
Pharmacentically acceptable carriers also inchude gums, starches, sugars, collulosic materials,
and mixtores thereof, The compostbion containing aposeguorin and vitamm D can be
admimstered to 8 patient by, for example, subontancous implantation of a pellet. In g fwther
embodiment, a pellet provides for controlled release of aposcquorin andfor vitamin D overa
period of tme. The composition can also be adoninistered by intravenous, intra-arierial,

wtramascular injection of & bguid, oral admusstration of & hgwd or solid, or by topical
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application. Adwinistration can also be accomplishied by use of a rectal suppository or & arethyal
SUPPOSIATY.

{0046]  The compositions adnimistrable by the wvention can be prepared by known
dissolving, mixing, granulating, or tablet-forming processes. For oral adaynistration,
apoaeguorin or iy physiologicallv-tolerated dertvatives such as salts, estors, Neaxides, and the
like andfor vitamin 13 or s physiclogically-tolerated derivatives such us salts, esters, N-oxides,
and the like are mixed with additives customary for this purpose, sach as vehicles, stabibizers, or
et diluents, and converted by castomary methods nto sutable forms for administration, such
as tablots, comted tablets, bard or soft gelatin capsules, squeous, aleoholic or aily solutions,
{00471 Exampies of suitable inert vebicles are conventional tablet bases such ax lactose,
suernse, of cornstarch i combination with binders such as acacia, cornstarch, gelatin, with

disintegrating ag

o

cots such a8 comnstarch, potato starch, slginic acid, or with a lnbricant such as
stearic scid or magnesium stearate,

(0048} Examples of suttable otly veluckes or solvents are vegetahle or aoimal oils such as
sunflower oif or fish-Hver oll. Compositions can be effected both as dry and a8 wet granules. For
parentoral administration {subcutancons, ntravenous, wnlraarterial, or miramuscular injection},
the chenical entity or i physiologically toleraed dervatives soch as salts, esters, N-oxades, and
the Hke are converted into g selution, suspension, or expulsion, if desired with the substances
customary and soitable for this poarpose, for example, solubifizers or other awalianes.

(00491  Examples gre sterile Hquids such as water and oils, with or without the addition of &
surfactant and other pharmacestically acceptable adjovanis, Hostrative otly ave those of
petrolewm, animal, vogotable, or synthetio wrigin, for example, poamit ol sovbean oif or muineral
otl. In general, water, saline, squecns dexivase and related sugar solutions, and glycols such as
prapyiene ghveols or poltvethylens glveol are preferred Hauid carniers, particularly for injectable
solations,

{0030} The preparation of compositions which contain an active component i3 well
anderstoad n the ant. Such compositions may be prepared as scrosols delivered to the
nasopharyny or as ingectables, either a8 2 hquud solutions or suspensions; however, solid forms
suttable for solution in, or suspension o, ligud prior to injection can also be prepared. The
composition can also be emulsified. The active therapeutic ingredient is ofien mixed with

exvipients which are pharmacentivally acceptable and compatible with the active ingrodient,
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Sustable excipients inchude, for sxample, water, saline, dextrose, glyeersl, cthanol, or the bke or
any combination thereofl In addition, the composition can contain minor amounts of suxilary
substances such as wetting or evouisifving agents, pH buffering agenis whech enhance the
effectivensss of the active mgrediont.

{0051} An active component can be formulated into the composition as neutralived
pharmaceutically avceptable salt forms. Pharmaceutically acceptable salts mclude the acid
addition salts, which are formed with inorganic acids such as, for example, hvdrochieric, or
phosphoric acuds, or such organic acidy ag acstie, tartarie, mandelic, and the hke. Sals formed
from the free carboxyl groups can also be dentved from morganic hases such ss, for example,
sodnan, polassiom, aromoniam, caloim, or ferrie hydroxides, and such organic bages as
wopropylanine, trimethyviainine, 2-cthvlamino ethanel, histidine, procaine, and the bke.

{00521 For topical administration (o body surfaces using, for oxample, creams, gels, drops,
amd the like aposequorin or its phvainiogicallv-tolerated denvates anddor vitamin D or its
physiclogically-tolemied dertvates are prepared and applied as solutions, suspensions, or
emuisions in 3 physiologically acceptable diluent with or without a pharmecentical carrier.
{00521 In another methoed according to the invention, the active component can be
deltvered in a vesicle, 1 particular, a Hposome {see Langer, Science 249:15327-71533 (1990
Treat et al., Liposomes in the Therapy of Infectious Discase and Cancer, Lopez-Berestein and
Fidler (eds. }, Liss, NUY, pp.353-365 {1989,

(00547 Salts of apoacguorin andéer vitamin D are preforably pharmaceutically acceptable
salts, Qher salts may, bowever, be wsefud in the preparation of the compositions according to the
invention or of their ;ﬁmm’acwueaﬁ v acveptable salis. Suitable pharmaceutically acceptable
salis melode actd addition salts which may, or example, be formed by mixing a solution of
apoacguorin andfor vitamin D with a solution of 3 pharma s:euticaii}f acceptable acid such as
hydrochioric acid, sulphuric acid, methanesuiphonic acid, fumaric actd, maleie acid, succinic
acid, acetic acid, benroie acid, oxalic aoid, citric acid, tantarie actd, carbonie acid or phosphoric
acid.

[O0SST 1o addition, apoasquonin and vitamin D-containing compostiions described herein
may be provided in the form of nutraccutical compositions where sposequort and vitanin D
prevent the onset of or reduce or stabilive vanious deleterious calcium imbalance-related

dizsorders and vitamin D deficiency, The toros "nutrscentival” or "nutraceutical composition®, for
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the purpose of this specification, refers to 8 food item, or a part of a food ftem, that offers
mesdical health benefits, inclading provention andior treatment of disvase. A nutracentical
compoesition according to the present invention may contain only apoasguorin and vitamin DD as
active mgredionts, or alterpatively, may further comprise, in admixture with dictary suppleoments
chuding vilgming, co-onzyvmes, minerals, herbs, amine acids and the like which sapploment the
dict by increasing the total intake of that substance.
{00561  Therefore, the present invention provides methods of providing nutraceutical benefits
3 2 patient comprising the step of adiministering to the patient a nutraceutical composibon
gontaming a;mam:‘;m;xriﬁ and vitamin [, Such compositions generally include a "nutrrecuticatly-
acceptable caveer” which, as referred 10 hovain, s any carrier sottable for oral deltvery incloding
aforementioned phanmaceutically-acceptable carriers suitable for the oral route. In cortain
embodumnents, sutracentical compositions according to the invention comprise dictary
supplaments which, defined on a functional basis, inchude bnonine boosting agents, anti-
mlamemaiory agents, anti-oxidant agents, anti-viral agents, or mixtures thereol
[OSTT  tmmune boosters andfor anti-viral agents are asefd for accelerating wound-healing
and improved inmuone function; and they include extracts from the coneflowers, or herbs of the
genus Eolinaces, extracts frony herbs of the genus Sambuca, and Goldenseal extracts, Hevbs of
the genus Astragalus are also effective immune boosters in either their naturs! or processed
forms. dsrragaluy stimudates development of stem cells in the marrow and tvimph fissue active
mmmane colls. Jine and its bioactive salts, such as zine gluconate and zine acetate, alse act as
inmune boosters in the treatment of the common cold
{0058} Auntioxidants include the natural, salur-containing amdno acid allicin, which acts to
tnovease the level of antioxidant enzymes i the blood, Herbs or herbal extracts, such s garlic,

which contain allicin, are also effsctive antioxidants. The catechings, and the extracts of herbs

W

such as green len containing catechins, are slso effective sntiexidants. Exiracts of the genus
Axtragaluy also show antioxidant activity. The bioflavononds, such as guercetin, bospendin,
ritin, and mixtures thereod, are also effcctive as sntioxidants. The primary beneticial rale of the
hioflavonotds may be i protecting vitarmin € from oxidation o the body. This makes more
vitanun C, or ascorbic acid, available for use by the body.

{00591 Bioflavonoeids such as quercetin are also effective anti-inflammatory agents, and may

be used as such in the veniive compositions, Anti-inflammatory herbal supploments amd anti-
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mflammatory compounds dertved Trom plants or horbs may also be used as anti-infanuwatory
agents i the inventive composition. These taclude bromolain, a proteolytic enzyme found 1
pineapple; teas and extracts of stinging nettle; turmeric, extracts of furmeric, or curconun, &
yellow pigment isolated from turmeric.

{0060} Anather supplement which may be used in the present invention Is ginger, dervved
from herbs of the genus Zingiher. This has been found to possess cardiotonic activity due to
compounds such as gingerol and the related compound shogao! as well as providing benefits in
the treatment of dizzipess, and vestibndar disorders. Ginger 18 also effective 1o the treatment of
nansea and other stomach disorders,

{60611} Supplements which assist in rebualding soft tissue stroctures, particddary in
rebutiding cartilage, are usefnl i compositions for treating the pam of arthritis and other joint
disorders. Glocosamine, ghicosanune sullste, chondrottin may be derived from a variety of
sowrves suvh as Bk Velvet Antler. Marine Bpid complexss, omega 3 Sty aoid complexes, and
fish ol are also known to be useful in treating pain assoctated with arthnilis.

140621 Supplements useful in treating migraine headaches inchude feverfow and Gingko
bitoba, The mam gotive mgrediont in feverfow 1z the sesquiterpens lactone parthenolide, which
nfubits the secretions of prostaglandms which in furn cause pam through vasospastic activity w
the blood vessels, Feverfow also exhibuts anti-inflammatory properties, Fish ofl, owing to ois
platelet-stabilizimg and anfivasospastic actions, may also be usefpl in tresting migraine
headaches. The herb Gingho biloba also assists in treatment of migraines by stabilizing arteries
and improving blood circalation.

{00631 Although some of the supplements Histed sbove have been desceribad as to theiy
pharmacological offects, other sopplements may also be uiilized in the present invention and
their effects are well documented n the scientific Hierature,

{00641 The invention will be more fully understood opon considerstion of the following non-
Hiniting Examples desoribing and disclosing the chemicals, nmstroments, statistical analvsis and
mathadologies which are reported in the publications which might be used in conncction with the
mvention. Al references cited in ths specification are to be faken as imdicative of the level of
skitl o the art. Nothing herein iy to bo construed a8 an adnyission that the fnvention 18 not entitled

to antedate such disclosure by virtue of prior invention,
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EXAMPLES:

Example 1. Administration of apoaeguorin over a ninety {54} day thime course results in
improved quality of life for test subjecis,

(00651 The present analysis, an open-label study, of 32 gmm,m\ over a 90 day pertod shows
an increase i overall quality of sleep, ensrgy, mood, pain, general health. Changes in
performance were moasured vig a standardized battery of queshons. These mchnded assossments
of qualitative cogmitive tost, a sleep index, a headache index and a Quality of Life questionnaire
The study shows improved porformance. No participants discontinued the study due © an
adverse event.

[0066]  The resales Hustrated o Fig. | show the percent change from baseline of scores from
the areas mentioned; we have excluded the memory scores for another graph, The analysis here
is shown as marked on the graph as 1, 2, 3, 4 and 5 vs. davs O through 90, The graph shows an
merease in overall guality of sleep, energy, mood, pain snd general health, The baseline was

known from a pre-study phase.

Example 3, Administration of apoacguerin over a thivty (30} day thne course resulfs in
improved gquality of life for fest subjects,

160671 The present study was an open~label study for 36 participants over & 38 day pertod.
Changes in performance were measured via a mamory screcning tool. As Mlustrated in Fig. 2, the
study showed improved memory performance as carly ag eight days but with statistically greater

improvement st day 3. Neo participants discontinued the sty due to an adverse gvet.

Example 3.

Administration of apoaegquorin ever 2 ninety (98} day time course yesults in

improved cogaition for test subjects,

006K} The present analysis, for an open-label study of 32 pationts shows an werease 1w
cognitive ability, Changes ia performance were messured via a standardized cognitive bagiery,
The study showed improved cognition as early as cight days but with statistically greater
mnprovement at day 30, as wall as 80-90. Ne participants discontinned the study due to an

adverse event. The results shown in Fig. 3 demonstrate the significant percent increase from
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bascline of scores tn cogrutive ability, Noter Greater than 57% of participants had an increase in

cognitive ability,

Example 4. Administration of apeacguorin and vitamin D-comtaining compaosition,
(00691 Ap aposeguonn and vitamin D-containing composition s admimstored to a pi}fim}i 0
capsule form contatning an admixture of apoacguorin and vitantin DY, The composition contains

SO mog of vitanun D3 (n the Bon of D3 cholecaloiforol} and 20 mg of sposcguonin, The

yﬂ,o

notraceutical composition 8 cared 18 8 nutracenticalhy-acceptable vegetable capsule (vegetable

P8

celtuiose, water), The composition further contains microorystalline cellndose, sugsr, and smal
amoants off acacia {gom Arabic), casein peptones, corn starch, lactose, magnesium stearate
{vegetable sowrce), medium chain trighveerides {vegetable oil}, salt, soy poptones, DL
tacopheral, fricalctum phosphate, and water. One capsule taken dasly provides a recommended
dosage. Such dosage contains approstmately 250% of the recommended datly allowance of
vidarmin D, Vitams D sustable Bor ase m the wmvention i available from BASY and sold as "Dy
Vitamin 23 100 GEPAHPY. The single dose may alterpatively be foroulated to contam other

amounts of aposeguoria, including single dosages contaming 10 mg or 40 mg of apoacguonin,

3. Evaluation of neureprotection by AQ {spoacquoring and Vitamin D in rat

hippocampal brain shices,
100701 Preliminary results from a subset of expernmmental data indicate significant cell death

following S-min of oxygen ghecose deprivation (OGD Fig, 4 upper left image) and minimal cell
deatly in slices that were pot subjected o S-min OGD {(Fig. 4; upper right anage). Direct
hippocampal injection of AQ resulls in Rower dead and dying cells {ie., blue stained cells). Rats
fod a diet supplomented with vitamin D {00323 mghg) for ~10 days alvo appear to have fower
dead or dying cells. The combination of AQ sad vitamin D may further reduce the amount of
cell death {Fig. 4; lower loft image). Countrol shices (those not subjected to OGN do not appear

o vary appreciably as a function of treatment condition.
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{071 1 3s understood that the examples and embodiments deseribed herein are for
Hlustrative purposes culy and that various modifications or changes in hight thereof will be
suggested to persons skilled in the art and ave to be weladed within the spivit and purview of this
application and scope of the appended clamms. Al pubdications, patents, and patont applications

cited herewn are hereby incorporated by reference in their entirety for all purposes.
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CLAIMS

What is claimed is:

1. A composition suitable for treating a symptom or disorder associated with at
least one of calcium imbalance and vitamin D deficiency in a subject, comprising: (a) a
therapeutically effective amount of apoaequorin; (b) a therapeutically effective amount of
vitamin D; and (c) a pharmaceutically acceptable carrier

wherein: (a) the therapeutically effective amount of apoaequorin in the unit dosage is
10 mg to 50 mg; and (b) the therapeutically effective amount of vitamin D in the unit dosage

is 25 mcg to 75 mcg.

2. The composition according to claim 1, wherein the composition is in the
form of a unit dosage containing said therapeutically effective amounts of the apoaequorin

and vitamin D.

3. The composition according to claim 1, wherein: (a) the therapeutically
effective amount of apoaequorin in the unit dosage is 20 mg; and (b) the therapeutically

effective amount of vitamin D in the unit dosage is 50 mcg.

4. The composition according to any one of claims 1-3, wherein the vitamin D

1s in the form of D3 cholecalciferol.

5. The composition according to any one of claims 1-4, wherein the unit dosage

is a capsule.

6. The composition according to any one of claims 1-5, wherein the

composition is a nutraceutical composition.

7. Use of a composition according to any one of claims 1-6 in the manufacture
of a medicament for treating a symptom or disorder associated with at least one of calcium

imbalance and vitamin D deficiency in a subject in need of such treatment.

8. The use according to claim 7, wherein the symptom or disorder is sleep-
related and administration of the composition to said subject improves sleep quality in the

subject.
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9. The use according to claim 7, wherein the symptom or disorder is energy-
related and administration of the composition to said subject improves energy quality in the

subject.

10. The use according to claim 7, wherein the symptom or disorder is mood-
related and administration of the composition to said subject improves mood quality in the

subject.

11. The use according to claim 7, wherein the symptom or disorder is pain-

related and administration of the composition to said subject alleviates pain in the subject.

12. The use according to claim 7, wherein the symptom or disorder is memory-
related and administration of the composition to said subject improves memory quality in the

subject.

13. The use according to claim 7, wherein the symptom or disorder is related to
neuronal excitability, muscle contraction, membrane permeability, cell division, hormone

secretion, bone mineralization, or cell death following ischemia.

14. Use of apoaequorin and vitamin D for the manufacture of a nutraceutical
composition for treating a symptom or disorder associated with at least one of calcium
imbalance and vitamin D deficiency in a subject to be administered said nutraceutical
composition, wherein said nutraceutical composition comprises a composition according to

any one of claims 1-6.

15. Apoaequorin and vitamin D in a nutraceutical composition for use in the
treatment of a symptom or disorder associated with at least one of calcium imbalance and
vitamin D deficiency in a subject, wherein said nutraceutical composition comprises a

composition according to any one of claims 1-6.



