AEQUORI N- CONTAI NI NG COVPCSI TI ONS AND METHODS OF USI NG SAME FI ELD OF THE
| NVENTI ON This invention relates generally to conpositions useful for the
mai nt enance of cal cium honeostasis. In particular, this invention is
directed to aequorin-containing pharnmaceutical and nutraceutical
conpositions useful in preventing and/or alleviating di seases or synptons
associated wth cal ciuminbal ance. BACKGROUND OF THE | NVENTI ON Cal ciumi s
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body fluids and soft tissue, such as the blood. The control of this
exchange is largely dictated by the endocrine system which senses the
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calciumin interstitial fluids and the soft tissu i S.lonize nd sol ubl e,
Che rest  bei IO bOHFRIORSLHPbEGRRLY o eptEneations 1yl ot ahe A RARSRPL PGS ns
(CaBPs) . These .CaBPs are known to function in the mai ntenance of _cal cjum
homeost ¥mEostags. papisylar, t@aenweatsorslﬁégﬁqwdcw@m@ﬁtqoamp@mmuw& #d on in
order to carry out requisite physiological processes, the nmaintenance of
cal ci umtwrendicasompositiensasefibngreventing anidion plleviatingdisgasse of symordé | y heal t h.
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under st asbeinged wigh cadelinmdinbalanoeuni ty to be critical in bodily functions,

i ncluding, but not limted to neuronal excitability, muscle contraction,
menbrane perneability, celBAGCRGRIVOND ONPHRINSENTGORL i on and bone
m neralization. A disruption in calcium honeostasis, i.e., a calcium
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exchanges its supply with the remaining 1% dissolved in body fluids and soft tissue, such as the
blood. The control of this exchange is largely dictated by the endocrine system which senses the
concentration of ionized calcium in the plasma and directs calcium exchange to maintain this
critical balance. Only a small fraction of the 1% of calcium in interstitial fluids and the soft
tissues is ionized and soluble, the rést being bound to proteins, particularly calcium-binding
proteins (CaBPs). These CaBPs are known to function in the maintenance of calcium
homeostasis. As the body requires specific concentrations of calcium ion in order to carry out
requisite physiological processes, the maintenance of calcium homeostasis is therefore of critical
importance for bodily health. Proper ionic calcium concentrations in plasma and body fluids are
understood 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.



interiors and interstitial fluid, have been w dely-prescribed as

phar maceuti cal agents useful in the prevention of calciumrelated disorders
i ncl udi ng hypertension, angina, asthma, mgraines and neural deterioration.
For exanpl e, nim dopi ne has been found to inprove clinical synptonmatol ogy
and cognitive functions in dementia by alleviating a cal ciuminbal ance which
causes neural deterioration. However, many of these cal ci um channel
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long felt need in the medical and nutritional health communities.

SUMMARY OF THE INVENTION

The present invention. provides pharmaceutical and nutraceutical compositions which are
advantageous in the alleviation and/or prevention of symptoms or disorders associated with
calcium imbalance. Such compositions include aequorin in combination with acceptable carriers
for administration to a subject by a variety of routes. Accordingly, the present invention is
directed to pﬁarmaceutical compositions comprising effective amounts of aequorin in
combination with an acceptable carrier. In other embodiments, the present invention is directed
to nutraceutical compositions including effective amounts of aequorin in combination with an
acceptable carrier. In certain embodiments, nutraceutical compositions include, in addition to

aequorin, at least one other component recognized as providing nutraceutical benefit.

In another embodiment, the invention further provides methods for treating a symptom or
disorder associated with calcium imbalance by administering to a patient in need of such

treatment a therapeutically-effective amount of aequorin.
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In yet anot her enbodi ment, the invention enconpasses the use of aequorin for
the nmanufacture of conpositions useful in the alleviation or prevention of
synptonms or disorders associated with calciuminbal ance. O her objects,
features and advantages of the present invention will beconme apparent after
review of the specification and clains. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 depicts fluorescence m crograph depicting the uptake of aequorin by
hi ppocanpal reyetasthefFembodim2nis the isveniidemcompasegrthpthst oflabgimbinagbd thg t hat
aequorin is neuroprotective when adm nistered prior to ischema. Figure 3
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neurons after ischem a. DETAILED DESCRI PTI ON OF THE | NVENTI ON ‘I. I N GENERAL
Bef or e t fgodpt&b®Rith calBlubOdbaih&e described, it is understood that this
invention is not |imted to the particular methodol ogy and nmaterial s

described, as these may vary. It is also to be wunderstood that the
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di ctates ot herwi se. As wel &Wfﬁwfﬁg%%(%ﬁﬁ'ﬁ@magne or nore" and "at
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the terns " copedidspicts Byorspengs Rueromapitidenirsing thy upteks ob aequedn by

i nterchangeably. 3
hippocampal neurons.

Figure 2 shows video micrographs illustrating that aequorin is nevroprotective when
administered prior to ischemia.

Figure 3 illustrates a bar graph of the mean number of trypan blue containing (dead)
neurons after ischemia.

DETAILED DESCRIPTION OF THE INVENTION

I IN GENERAL

Beiore the present methods are described, it is undersiood that this invention is not
limited to the particular methodology and materials described, as these may vary. Itis also to be
understood that the terminology used herein is for the purpose of describing particular |
embodiments only, and is not intended to limit the scope of the present invention which will be
limited only by the appended claims. |

It must be noted that as used herein and in the appended claims, the singuiar forms "a",
"an", and "the" include plural reference unless the contexf clearly dictates otherwise. As well,
the terms "a”" (or "an"), "one or more" and "at least one" can be used interchangeably herein. Itis
also to be noted that the terms "comprising”, "including", and "having" can be used

interchangeably.



Unl ess defined otherw se, all technical and scientific terns used herein
have the sanme neanings as commonly understood by one of ordinary skill in
the art to which this invention belongs. Although any nethods and naterials
simlar or equivalent to those described herein can be used in the practice
or testing of the present invention, the preferred nethods and naterials are
now descri bed. All publications nentioned herein are incorporated herein by
r ef erence f orUnlessdefinedubearwide, slbtechridal agl wivdtific ®ohoaseddetdiehaviedhns ades and

met hodol ogi es which are reported in the publications which m ght be used in
connect i meanivgshas tdmemonlyentégidod bpbhd dthrdigdrgiskilliis tHeQuri1o wiicHibisinemtias an

adm ssion that the invention is not entitled to antedate such disclosure by
virtue ®Bdlorgs! mmm%mns; inf¥thods land miferiAINMENEE 6MNGDRAKAE fothbse Rsdbed RiFERleh N
originally isolated fromlum nescent jellyfish and other marine organi sns.
The aequglidq &OHP . Js ~dak 10 ' tel.n.
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bind to thi XapnCogl ent erazine j.s_ oxjdi.zed t elenteramde. with a
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exported_ or secreted cells, nor is it,cpo rtnental jzed, or sequestered
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Ca2+ changes that occur over relatively long periods. |In several

exper i nethe apbliptiens yhickumighbbe nsed in papnpation eiidbe maentiney Mathipg ergdrigtohsurs to
days after cell loading. It is further known that aequorin also does not

di srupt cosktructiasen pdmission thahihe ynvedtorsis optrentitled Bemtadste so¢h disclosBadw: ddpendent

| um nescence, the aequorin conplex has been extensively used as an

i nt r acel bfigrivr inGationi ndi cat or. Aequorea victoria aequorin has been
specifically used to: (1) analyze the secretion response of single adrenal
chromaf fiin cerfms WYERTEQNI ni ¢ cholinergic agonists; (2) clarify the role of
Ca2+ rel ease in heart nuscle danage; (3) denonstrate the nassive rel ease of
Ca2+ during f bl ian: ) siyd P : asmi c
reticul um @ﬁ%‘ﬁ%@?&‘? Ezb gétg%\l 0?1 é’&%ﬁ%ﬁ?ﬁg’%ﬁ%ﬁ&%ﬁ E{li}gtﬂzﬁ{ and (5) -

cal i brat I%annﬁecc{rga%'is[r)l%t. “The aequorin complex comprises a 22,000-dalton apoaequorin protein,

molecular oxygen and the luminophore coelenterazine. When three Ca2+ ions bind to this
complex, coeilenferazinc is oxidized to coelenteramide, with a concomitant release of cgrbon
dioxide and blue light. Aequorin is not exported or secreted by cells, nor is it compartmentalized
or sequestered within cells. Accordingly, aequorin measurements have been used to detect Ca2+
changes that occur over relatively long periods. In several experimental systems, aequorin's
luminescence was detectable many hours to days after cell loading. It is further known that
aequorin also does not disrupt cell functions or embryo development.

Because of its Ca2+-dependent luminescence, the aequorin complex has been extensively
used as an intracellular Ca2+ indicator. Aequorea victoria aequorin has been specifically used
to: (1) analyze the secretion response of single adrenal chromaffin cells to nicotinic cholinergic
agonists; (2) clarify the role of Ca2+ release in heart muscle damage; (3) demonstrate the
massive release of Ca2+ during fertilization; (4) study the regulation of the sarcoplasmic
reticulum Ca2+ pump expression in developing chick myoblasts; and (5) calibrate micropipets

with injection volumes of as little as 3 picoliters.
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with injection volunes of as little as 3 picoliters. 4 Conventi onal
purification of aequorin fromthe jellyfish Aequorea victoria requires

| abori ous extraction procedures and sonetines yields preparations that are
substantially heterogeneous or that are toxic to the organi snms under study.
Two tons of j ellyfish typically vyield -125 ng of the purified

phot oprotein. In contrast, reconbinant aequorin is preferably produced by
puri fyi ng apo@emuentional purifivatiemnef deqedrinyfren dicrjelbfahl Aegaired vietviia reqlites f ol | owed
by reconstitution of the aequorin conplex in vitro with pure

coel ent erparidie exithytion PRicBOePind sBieRRERYibIdNppLhthsdhdd Uesubi@itiatyi ¢, ful ly
charged aequorin conplex that is suitable for use in the present invention.
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and does not |nterf re wwth internal cellular stoichione rng &Mller et al.
Met hods tsepIstiftiop of the @equpsingemplexan yitrp- withpure,easicaferazine. nlfHs metapd ofihen

i ntroduced into foreign cells (Blinks, J. Environ Health Persp 83:75-81
(1990) ) . PERRtioroYields ik putsf nantayi felly dhargied aequotin complax thet isguitehle for ussindhaum
lons (lnouye et al., Proc. Natl. Acad. Sci. USA. , 82:3154-3158 (1985)).
The pr esprsent imventiono An exenhiplaey t@oimemial prepaatianraf ammﬁinmseﬁli in the present
aequorin-containing conpositions to a subject in order to correct or

mai nt ai nidvetiondk ﬁvauablb@bﬁmelebmmt PabesS R, @fder thElfade fiBind WEIIACETEf Adqaorie
cal cium concentrations in plasm and f:)ody fluids is understood to be
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to neuronal excitability, rmuscle contraction, rane perfeability, cell
di vi si on 9&5 IS I t Pﬂﬁr tion in calcium
horreosta5| %ﬂﬁc&%ﬁca eé%gr%%g%gﬁgﬁ%%%%ﬁﬁon ésr%s agtguse and/ or

correlate Wit MR, o S8RR% i ABNIRTRS: E. S ta;act%agmsTQe%ugﬁ#gxwg.&ox%BPS

and does not interfere with internal cellular stoichiometry. (Miller et al., Methods Cell Biol.
40:305-338 (1994)); the protein is non-toxic when introduced into foreign cells (Blinks, J.
Environ Health Persp 83:75-81 (1990)). Each molecule of aequorin is known to bind up to three
calcium ions (Inouye et al., Proc. Natl. Acad. Sci. U.S.A., 82:3154-3158 (1985)). .

The present invention is directed to the administration of acquorin-containing
compositions to a subject in order to correct or maintain the calcium balance in that subject. The
maintenance of ionic calcium concentrations in plasma and body fluids is understood to be
critical to a wide variety of bodily functions, including, but not limited to neuronal excitability,
muscle contraction, membrane permeability, cell division, hormone secretion and bone
mineralization. Disruption in calcium homeostasis, i.e., a calcium imbalance, is understood to
cause and/or correlate with many diseases, syndromes and conditions. The study of CaBPs has
led to their recognition as protective factors acting in the maintenance of proper ionic calcium

levels.



led to their recognition as protective factors acting in the maintenance of
proper ionic calcium levels. 5 1In certain enbodinents, the nmethods of the
present invention conprise adnmi nistering aequorin as the sole active

i ngredient for treating cal ciuminbalance, for delaying the progression of
cal cium i nbal ance, for preventing the onset of cal ciuminbal ance, and for
preventing and/or treating the recurrence of calciuminbal ance. In other
enbodi ment s, Inkwertain embndinentspthe wictheds ofthét prtsenyiriveiticooooririse admimstdringer i ng
aequorin in conmbination with one or nore additional agents having known

t her apeuidqoonitbisithe sods attive dngdredigit for tidaing @ildium ifbalindegfor deleyingear preventative
as. well as disorder remttent treatnent. As used herein, the terns :

" reduci Ngrogressidd SRCaRiUM Bnbalarkl B evdnfifg thRBsct b eI B atand2u @] o ei r
comonl y. under st ood nmeani ng of | essening or decreasing. As used herein, the
term " PhRMEAS hilor CBARS tShERRIT hiBiuAERGIAL, IR LRE iboRHXARCHEY,

growi ng or becdm ng Wor se. used herern, the term"recurrence" neans the
return of ' after. a.tem ssi.on.., As. used herein, the term.
" i owubht PR Habiogs Bk R TEH S b Ristie peiGofh h cobindeh Wity gue o,
contact with ",%gugiri n. .used herein, ,admnistration can be acconplished in
vitro, imglfeaidﬁl nalagents haytpg known thergpepc Values  in cells or tissues of living
organi snms, for exanple, humans. In preferred enbodinments, the present

i nventi on encdhivid siereins theiteros {teepling] incledespreventptive agavellas disqrden eemifierd s ent

I nvention to a patient or subject. A "patient"” or "subject", used

equi val ein¢dtmertie Agiuned hargifighstetos Tredimingt “allpriging? dlstyypressimgtramd "inkibiting! t her :
(1) has a calciuminbal ance-rel ated disorder remnedi able or treatable by
adm ni st i itlesr cinniedy ofidefstoddméadingi of 18 sumiridedréasing. Adied het@in, the term

I nbal ance-rel ated di sorder that is preventable by adm ni stering aequorin. As
used herjrfhressRR® HEBEEHErSR g i ABRRDY bdveity, ARANENS, NBSVARE dt bedhlivg ®bsECAL Ve
amounts ‘of aequorin together with suitable dil uénts, preservatives,
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"phar maceuti cal Ty-accep e carrrers. used herein, t

As used herein, the term "administering” refers to bringing a patient, tissue, organ or cell
in contact with aequorin, As useld herein, administration can be accomplished in vitro,i.e. in a
test tube, or in vivo, i.e. in cells or tissues‘ of living organisms, for example, humans. In preferred
embodiments, the present invenﬁon encompasses administering the tolecules useful in the
present invention to a patient or subject. A "patient" or “subject”, used equivalently herein,
refers to a mammal, preferably a human, that either: (1) has a calcium imbalance-related
disorder remediable or treatable by administration of aequorin; or (2) is susceptible to a célcium
imbalance-related disorder that is preventable by administering asquorin.

As used herein, "pharmaceutical composition” means therapeutically effective amounts
of aequorin together with suitable diluents, preservatives, solubilizers, emulsifiers, and
adjuvants, collectively “pharmaceutically-acceptable carriers.” As used herein, the terms
"effective amount” and "therapeutically effective amount" refer to the quantity of active agent
sufficient to yield a desired therapeutic response without undue adverse side effects such as
toxicity, irritation, or allergic response. The specific "effective amount” will, obviously, vary

with such factors as the particular condition being treated, the physical condition of the patient,
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"effective anount” and "therapeutically effective amount” refer to the
quantity of active agent sufficient to yield a desired therapeutic response
wi t hout undue adverse side effects such as toxicity, irritation, or
allergic response. The specific "effective amount”™ will, obviously, vary

wi th such factors as the particular condition being treated, the physical
condition of the patient, 6 the type of animal being treated, the duration
of the t thedypreianinidhbeing traated, dic dnpatourof thettrepingms filye natinfe of ngncprremtdhdripy
specific fornul ati ons enpl oyed and the structure of the conpounds or its
deri vat i geany),land the pecifis fornulutiofdenvloyedund theasudenrest thd\esnpainds erdlsl v
effective if it resulted in one or nore of the followng: (a) the

prevent i g&ivafived, mahizichss, hirhabah GRulddcdefleHinsRplRicaliPBfbcting if it lBQuIc@%ET Sal or

stabilization of a calciuminbal ance-related di sorder. The opti mum effective
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routine experinentation har naceut | cal conpositlions are I qu

| yophi |'i ed or d f.or nu d include dilu ) of vari ous
buffer c %vr?fsa?%r%abmz?ﬁ? alc“é% éﬁ%ﬂ %‘8“-&@ H?P%%ér tli? Od]g]g‘ th%t rengt h,
additives su n or, atin to,.preve bsorption to surfaces

det er genf®° Wﬁé( P -ords ﬂén Medouley salts),

sol ubi l'i zi ng agents (e.qg., glycerol pol yet hyl ene glycerol) anti - oxi dants
(e.g., asxnsamestatien.d, sodlunlnetabisulfite), preservatives (e.g.

Thi mer osal , benzyl alcohol, par abens), bul ki ng substances or tonicity

nmodi fiers ( e. Bharmadeatita) semposiions tuel guids ov lophilized dratierwise dded feomylations such
as pol yethylene glycol to the protein, conplexation with netal ions, or

i ncor por add ia¢ludd ditdeatsdvatdabuifat on@ht @Ip!, TrisdCl, 6estAt, Shosphetey HEL indrisnief

pol ymeri c conpounds such as polylactic acid, poldgl ycollc aci d, hydrogels,

etc, or s ARbM, AddAPRR FBch as AR %e?dtﬁ&% pre%r&%éo%ﬁtmﬂb |s@Rdek, atete ents (e.g.,
mul tilamel | ar vesi cl es, erythrocy ghosts, or spheroplasts uch
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of in vivo reléase, I'n vVivo clearanc of sust ai ned
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(e.g., Thimerosal, benzyl alcohol, parabens), bulking substances or tonicity modifiers (e.g.,
lactose, mannitol), covalent attachment of polymers such as polyethylene glycol to the protein,
complexation with metal ions, or incorporation of the material into or onto particulate
preparations of polymeric compounds such as polylactic acid, polglycolic acid, hydrogels, etc, or
ontb liposomes, microemulsions, micelles, milamellar or multilamellar vesicles, erythrocyte
ghosts, or spheroplasts. Such compositions will influence the physical state, solubility, stability,
rate of in vivo release, and rate of in vivo clearancé. Controlled or sustained release compositions
include formulation in lipophilic depots (e.g., fatty acids, waxes, oils).

Also encompassed by the invention are methods of administering particulate
compositions coated with polymers (e.g., poloxamers or poloxamines). Other embodiments of
the compositions incorporate particulate forms protective coatings, protease inhibitors or
permeation enhancers for various routes of administration, including parenteral, pulmonary,
nasal and oral. In certain embodiments, the pharmaceutical composition is administered

parenterally, paracancerally, transmucosally, transdermally, intramuscularly, intravencusly,
7



Al so enconpassed by the invention are nethods of adm nistering particul ate
conpositions coated with polyners (e.g., poloxaners or poloxam nes). O her
enbodi ments of the conpositions incorporate particulate forns protective
coatings, protease inhibitors or perneation enhancers for various routes of
adm ni stration, including parenteral, pulnmonary, nasal and oral. In certain
enbodi nents, the pharmaceutical conposition is adm nistered parenterally,
par acanciatradermally, sehestencously, injraptritomealyeintraydnyrjcularty; intnasranially by ,

i ntravenously, 7 intradermally, subcutaneously, intraperitonealy,

I nt r avenintratombealllyy, intracranially or intratunorally. Further, as used
herein "pharnaceutically acceptable carriers” are well known to those

skilled in t @ikl asidd hBfil Rarnidbut RISy 40EptAHIETtArAekst fre vl Idimad
preferably 0.05M phosphate buffer or 0.9% saline. Additionally, such

phar maceytiidaah the ae%am&me?b&%&u«{ he® fishitd®, bmfe‘ﬂmgy& Rre?éralﬂ D BNESRShate

sol utions, suspensions, and e sions. Exanpl es on- aqueous solvents are
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i njectabl'e organic esters suc gqueous carrierstinclude
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solution, Ringer's dextrose, dextrose and sodiumchloride, |actated

Ri nger ' sPrapdene slgel.golysthyiane glyeal seastablerils sech asobive aid. and dnjgctahieiomatie ent
repl eni shers, electrolyte replenishers such as those based on Ringer's
dext r os ecsteahaiich heethyladeate. Phgusons cariiaregchidel wateh elcohdlali/aquecys solwfiond,so be
present, such as, for exanple, antimcrobials, antioxidants, collating
agents, éemdsibnoarseseasions ehldidgesalitecant] bofféredinediasust ai ned rel ease
conpositions adm nistrable according to the invention include fornulation

in I'ipophili pageppilsvehRled indhddetsydiaml cHiorid¥eoteon, Ridgdy's dédt®ee, @8xmysehended by
the invention are particul ate conpositions coated with polynmers (e.qg.

pol oxameg.y; chl&?deoié?meﬁﬁ)i%&@ And B REPAAGeR B DEEAeS AcRAL HAGhe fudbect ed

agai nst tissue-spetific receptors,
replenishers, electrolyte replenishers 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 like.

Controlled or sustained release compositions administrable according to the invention
‘illlclude formulation in lipophilic depots (e.g. fatty acids, waxes, oils). Also comprehended by
the invention are particulate compositions coated with polymers (e.g. poloxamers or
poloxamines) and the compound coupled to antibodies directed against tissue-specific receptors,
ligands or antigens or coupled to ligands of tissue-specific receptors.

Other embodiments of the compositions administered according to the invention
incorporate particulate forms, protective coatings, protease inhibiiors or permeation enhancers
for various routes of administration, including parenteral, pulmonary, nasal, opthalmic, and oral.

Compounds modified by the covalent attachment of water-soluble polymers such as
polyethylene glycol, copolymers of polyethylene glycol and polypropylene glycol,
carboxymethyl cellulose, dextran, polyvinyl alcohol, polyvinylpyrrolidone or polyproline are

known to exhibit substantially longer half-lives in blood following infravenous injection than do
8



| i gands or antigens or coupled to |ligands of tissue-specific receptors.

O her enbodi nents of the conpositions adm nistered according to the

i nvention incorporate particulate forms, protective coatings, protease

i nhi bitors or perneation enhancers for various routes of admnistration,

i ncl udi ng parenteral, pulnonary, nasal, opthal mc, and oral. Conpounds
nodi fi ed by the coval ent attachnment of water-soluble polyners such as

pol yet hyl ene gl ycql, copolyners of polyethylene glycol and pol ypropyl ene

gl ycol , ~ the£prespordingyrmedified gampoundse Suel modifishians mAy aitodneretse the

pol yvi nyl pyrrol idone or polyproline are known to exhibit substantially

| onger hedmipqupd’a solubilityl in ggudous sadwiangeliminateaggrogationngnhendedhe piyaivaipd 8 t he
correspondi ng unnodi fi ed conpounds. Such nodifications may al so i ncrease the
conpoundtienscdl stabillityt of thecapomad.sand graatly exmincecthe Mmmat@zeapfty agdtdacivityefitience

t he physical and chemical stability of the conpound, and greatly reduce the
| MTuNogepirpdid AR a FEAR hY Hésire@T HiliEbio fifity Sy Be h@itVeli bylle desired in
vivo biological activity may be achieved by the admnistration of such

pol ymer - canReunthATHA ot BaScdnifRUhEMdudts Mss frBqleRMEEr HA8ES: doR@ M Wit the

unnodi fi ed conmpound. In yet another nethod according to the invention, a

phar maceu1 iuﬁﬁllto &g&r@&ﬁ?&dnan can be delivered in a controlled rel ease system
For exanple ﬂe agent may be adm nistered using intravenous infusion, an

i mpl ant abl e nmotic .pu transderpmal patch | posones, or ather .nodes of
i i st at it o Y8 segE g apFEfiee AR iRt ialy s peaBeaReqt poSih R an 2
enbodi nent, polyneric materials can be used. In yet another enbodinent, a
control | aﬂlvfe@rl@ag gondxpdled Frleage system. Jfos exnple the aeniiopy be admimstaredisiigeut i ¢
target, i.e., the prostate, thus requiring only a fraction of the systemc
dose. Thintgrenonminéusiang an innlagiaieesmemicpympcorpsiemahpejolo dipasamesnes other  can
further include a pharnmaceutically acceptable carrier, and can be in solid
or | i qui thoflerafiadmiutistation.alnl e smbpdimtet, 8 pump apybleased. dalahethsr; enstaldiméntns,
suspensions, elixirs, syrups, beverages, emnulsions, gels, creans,

polymeric materials can be used. In yet another embodiment, a controlled release system can be

placed in proximity to the therapeutic target, i.e., the prdstate, thus requiring only a fraction of
the systemic dose.

The pharmaceutical preparation can comprise aequorin alone, or can further inciude a
pharmaceutically acceptable carrier, and can be in solid or liguid form such as tablets, powders,
capsules, pellets, solutions, suspensions, elixirs, syrups, beverages, emulsions, gels, creams,
ophthalmic formulations, or suppositories, including rectal and urethral suppositories.
Pharmaceuticaily acceptable carriers also include gums, starches, sugars, cellulosic materials,
and mixtures thereof. The pharmaceutical preparation containing aequorin can be administered
to a patient by, for example, subcutaneous implantaﬁc;n of a pellet. In a further embodiment, a
pellet provides for controlled release of aesquorin over a period of time. The preparation can also
be administered by intravenous, intra-arterial, or intramuscular injection of a liquid preparation
oral administration of a liquid or solid preparation, or by topical application. Administration can
also be accomplished by use of a rectal suppository or a urethral suppository.

The pharmaceutical preparations administrable by the invention can be prepared by

known dissolving, mixing, granulating, or tablet-forming processes. For oral administration,
9



ophthal m c fornul ati ons, or suppositories, including rectal and urethral
suppositories. Pharmaceutically acceptable carriers also include guns,
starches, sugars, cellulosic materials, and m xtures thereof. The

phar maceuti cal preparation containing aequorin can be adm nistered to a
patient by, for exanple, subcutaneous inplantation of a pellet. In a further
enbodi nent, a pellet provides for controlled rel ease of aequorin over a
peri od o&equbrimor ifdEhypivlogaaly-taderaed dedvasioes sneh ackuits)iesters; Bidoxtiges] aidrtha/Blreous,
intra-arterial, or intranmuscular injection of a liquid preparation oral

admi ni st grRinhiRed With addiiietsicdst@haryTbr HisRiridae, lidhaiR veBitleh)stibilbietsabr iagp! i cat i on.
Adm ni stration can also be acconplished by use of a rectal suppository or a

ur et hr al g SMRROSIE QhVertedb§ RH $thd s Bito RERBR BHhOFe? a@HRigHaBbS, AIEasLY the
i nvention can be prepared by known dissolving, mxing, granulating, or

t abl et - f ' al: 1 i ' b its

physi of oaPeky PoeFRas i b on tiiin WAL At Weohalle BEAAOMRORE, 102 o
the like, are mxe ith additives custLo r thi rpose, such as

veni ol esExsiel b Hlidh infr SERules B GoRisah LT it Blost PR AR By BB

net hods into suitable forns for adm nistration, such as tablets, coated

t abl et s, SofEStarch n combmation yuth birdersyrlas 2cagipcamstarch, gAMb fisigiegspting
solutions. Exanples of suitable inert vehicles are conventional tabl et
bases suggrnissutines comustarehy polatostarelr, algime aeidor avithiadulrinent sugh pdsteaictagidgirnder s
such as acacia, cornstarch, gelatin, with disintegrating agents such as
cor nst ar olagngsiragtearge.ar ch, alginic acid, or with a lubricant such as stearic
acid or magnhesium stearate. Exanples of suitable oily vehicles or solvents

are veget abl eEQmpleN oTRhitabild SilySuehitlcadr selvenld R¥eEgetible danfrhal loils buehras Of | .
Preparations can be effected both as dry and as wet granules. For

parent er A Sh St fishli@Poil SPREALERE QbFbe &ifdcfed bBRPMSIry bl 4Pt oRInhRk. FQ'

i ntramuscul ar 1njection), the anti-androgen conpounds or their

physi ol og] igl ' |, ; N-OXd des, and
the Ii keg%:?@lul(% nver%{égioﬁﬁf%%{é{a}s%&%‘t1?%%@@%3%%%%&%%? D%ﬁlﬁlg@rﬁlgﬂﬂ%ﬂ?&flo *desired
e e oS R Y B Sl ol Shted B aBYERRREas L oA

N-oxides, and the like are converted into a solution, suspension, or expulsion, if desired with the
substances custc;mary and suitable for this purpose, for example, solubilizers or other auxiliaries.
Examples are sterile liquids such as water and oils, with or without the addition of a surfactant
and other pharmaceutically acceptable adjuvants. Illustrative oils are those of petroleum, animal,
vegetable, or synthetic origin, for example, peanut oil, soybean oil, or mineral oil. In general,
water, saline, aqueous dextrose and related sugar solutions, and glycols such as propylene
glycols or polyethylene glycol are preferred liquid carriers, particularly for injectable solutions.
The preparation of pharmaceutical compositions which contain an active component is
well understood in the art. Such compositions may be prepared as aerosols delivered to the
nasopharynx or as injectables, either as liquid solutions or suspensions; however, solid forms
suitable for solution in, or suspension in, liquid prior to injection can also be prepared. The
preparation can also be emulsified. The active therapeutic ingredient is often mixed with
excipients which are pharmaceutically acceptable and compatible with the active ingredient.

Suitable excipients are, for example, water, saline, dextrose, glycerol, ethanol, or the like or any
10



Exanples are sterile liquids such as water and oils, with or without the
addition of a surfactant and other pharmaceutically acceptabl e adjuvants.
Illustrative oils are those of petroleum aninmal, vegetable, or synthetic
origin, for exanple, peanut oil, soybean oil, or mneral oil. In general,
wat er, saline, aqueous dextrose and rel ated sugar solutions, and glycols
such as propylene glycols or polyethylene glycol are preferred |liquid

carri er sgorfsindtionuthaedfy I additiay, detcakipesifed ¢thicontsin niiher fhepnd o dueiliasf
pharmaceutical conpositions which contain an active conponent is well

under st ogghsiafices RchPstwett@ibcdt eaRIRDRiglasBRS PHPdLREnD bERA WHicREnRRESGR! S
delivered to the nasopharynx or as injectables, erther as liquid solutions

or SUSpeQﬁ‘écﬂQédeFJ‘&’tﬁé/%ﬁve?@r&ﬂenftPr”B suitable for solution in, or

suspension in, liquid priorto injection can also be prepared. The

preparation c 0, | sified he.ackive therapeutic ingredient is
often m xed V\Aﬂ‘ﬁ ﬁgﬁ‘%f o g?ﬁ%gﬁ\/&?’l i?ﬁﬂ%l%sgﬁ%@lﬁﬁ %B?S?ﬂé(gqo Synelzi%%ﬁep abl e and
conpatible with,.t acti i ngredient. Sujtable i pi.ent r f.or

exanpl e, pﬁggp@ﬁﬂﬁgﬂiﬁfiaﬁ@pt%@g&aﬂg ,S'g) gtica ?F&F@%‘(bﬁe gar‘tsewi“‘f"i tﬁ%a%n? any 10
conbi nation. thereof. In addition, the conposition can contain mnor anounts
of auxi | pdgdifjon salis, ehagheare fosmed with ipgsganinepidssualnes, &reyrmpledgErellonsPhuf f eri ng
agents whi ch enhance the effectiveness of the active ingredient. An active
conponenphasphorisacidsy anshelt erganie acidy dsacetimpyalics tagaricasmandslicy aud the tke. Salts
pharmaceutically acceptable salt forns, Pharmaceutically acceptable salts

i ncl ude fdmmed éonh thafde tdrboxyb glotiss cantalso ibe detveddrone thoygahit basssrsgeinase forci ds such
as, for exanple, hydrochloric, or phosphoric acids, or such organic acids

as acet i gxanfpléllsbdiumt pothsdiunt amfOAERN, icElciua)dr thgc hydé@eidssddrdSsuch Fgamid bhdeam t he

free carboxyl groups can also be derived frominorganic bases such as, for
e S DR R O S e b S 20
1 60, P B8 R iy S RAGE T LA 0 B o
1S PhYs R sedtonn ar s Physeiogioaly-toferated Sertvativel avd prbpared and aphed s
solutions, suspensions, or emulsions in a physiologically acceptable diluent with or without a
phanna}ceuﬁcal carrier. |
In another method according to the invention, the active compound can be delivered in a
vesicle, in particular a liposome (see Langer, Science 249:1527-1533 (1990); Treat et al., in
Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.),
Liss, N.Y., pp. 353-365 (1989)).
For use in medicine, the salts of aequorin may be pharmaceutically acceptable salts.
Other salts may, however, be useful in the preparation of the compounds according to the
invention or of their pharmaceutically acceptable salts. Suitable pharmaceutically acceptable
salts of the compounds include acid addition salts which may, for example, be formed by mixing
a solution of aequorin with a solution of a pharmaceutically acceptable acid such as hydrochloric
acid, sulphuric acid, methanesulphonic acid, fumaric acid, maleic acid, succinic acid, acetic acid,

benzoic acid, oxalic acid, citric acid, tartaric acid, carbonic acid or phosphoric acid.
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sol utions, suspensions, or emulsions in a physiologically acceptable diluent
with or without a pharmaceutical carrier. In another nethod according to
the invention, the active conpound can be delivered in a vesicle, in
particular a |iposone (see Langer, Science 249:1527-1533 (1990); Treat et
al., in Liposones in the Therapy of Infectious D sease and Cancer,
Lopez-Berestein and Fidler (eds.), Liss, NY., pp. 353-365 (1989)). For use
i n medi ci ne, Intdditiahteeqedfrinee@atadting composhienpbaciteddetdic aal e arovifetdinthe sal t s.
O her salts may, however, be useful in the preparation of the conpounds
accor di Nirin@f hiaceutitaPEithft3itRhs Where AeduoriR padvems teldnealof ¥r AdeaRbaRkslisR t S.
Sui tabl e pharnaceutically acceptable "salts of the conpounds include acid

addi ti onygahk aelmﬁmcﬁréﬁmwﬁalﬁﬁémﬁtsd di6rdbRr TRSePY "HhgdcBstica §O! Ut i on of

' ' a pharmaceutically acceptable aci'd such as

aequorin wth a solution of _ ! _ _
hydr ochl q{ug?ceuﬂ%go?lgbgé@&urfo? th%(inllugpogmog?ﬁggée#zﬂé?@dﬁ elf%Q 'tcg?z g{o:dgﬁgfé :&a@ﬁéglg tric

| &
mal ei ¢ acl sSucci n cid’ Tacet C ac

acid, tar | ¢..aci r boni.c ;aci.d .or phasphoric acid. 11 | dditi.on,
aequor | ngttc%#‘?f"gftﬁ‘f]h htC%ﬁﬁ%@F‘ilF%ﬁ‘gal @B?ﬁ%éﬂaﬁ‘g?@ﬁﬁvmnﬂg&/ﬁ %?ﬁ%&g?} %n the
formof nutraceutical conpositions where aequorin prevents the onset of or
reduces BFease. b RITaEYtica) GMBAIINAP R B De PEREH THHERHAIRIAR CRUHE PBb o

di sorders. The term "nutraceutical,” or ° nutraceutical conposition", for

t he pur peeseerimbiccpiding toplepreseobinvenion ae frpactive ingrediend dr, ialtemuptively, maydurther of a
food item that offers nedical health benefits, including prevention and/or
t r eat men¢omyrisedh admbeure Avithudictayaupplendntcinoioding vitaminacoveendiymgs, idindrhle, pr esent
i nvention may contain only aequorin according to the present invention as

an act i VRerbd) @méfd R afd thedike SWhidhi supFleMent TRy dibt byl ilereasigOl® EdtfldntakdlofRB4T Xt ur e
with dietary supplenents including vitamns, co-enzynes, mnerals, herbs,

am no acgfigtagdied the like which supplenment the diet by increasing the total
i ntake of that substance. Therefore, the present invention provides nethods

of providing 'Pﬁbtrétﬁ&,eﬁ% b?e%nt%ﬁa&r} ﬁrohﬂe@lnemods of providing nutraceutical benefits to a

patient comprising the step of administering to the patient a nutraceutical composition containing
aequorin. Such compositions generally include an “nutraceutically-acceptable carrier” which, as
referred to herein, is any carrier suitable for oral delivery including the aforementioned
pharmaceuﬁcaﬂy-acceptab]e carriers suitable for the oral route. In certain embod{iments,
nutraceutical compositions according to the invention comprise dietary supplements which,

defined on a functional basis, include immune boosting agents, anti-inflammatory agents, anti-

oxidant agents, anti-viral agents, or mixtures. thereof.

Immune boosters and/or anti-viral agents are useful for accelerating wound-healing and
. improved immune fuﬁction; and they include extracts from the coneflowers, or herbs of the
genus Echinacea, extracts from herbs of the genus Sambuca, and Goldenseal extracts. Herbs of
the genus Astragalus are also effective immune boosters in either their natural or processed
forms. Astragalus stimulates development into of stem cells in the marrow and lymph tissue
active immune cells. Zinc and its bioactive salts, such as zinc gluconate and zinc acetate, also

act as immune boosters in the treatment of the common cold.
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patient conprising the step of admnistering to the patient a nutraceuti cal
conposition containing aequorin. Such conpositions generally include an
"nutraceutically-acceptable carrier” which, as referred to herein, is any
carrier suitable for oral delivery including the aforenentioned
pharmaceutical |l y-acceptable carriers suitable for the oral route. In certain
enbodi nents, nutraceutical conpositions according to the invention conprise
di etary suppl Amtiotidanthinclinde the @biured,dulfiar-contdiniag aninalacidadiicin, wideh adetoi nMmune
boosti ng agents, anti-inflanmatory agents, anti- oxidant agents, anti-viral
agents, @icrdibethe e8] oftahBi6xXi0dnt chaVies tn HOBROE! Hefbd @ Bérbalndxtradh,[saéh #QRflics are
useful for accelerating wound-healing and inproved i mmune function; and

they i nClypelh BittafrAfhidin,fkOMsd EcHPORIHORMBAS, TR cAhRARS, Ald thd)Extra0ER¥ Rerbs
Echi nacea, extracts from herbs of the genus Sanbuca, and Gol densea

I
T ort hoPthe s R URARE A0AMY Sl AUPRERGCEL L, By RGuEcost er
d I i nt f.stem.cells in.th d | h ti 1 i
col I s. " zrneeslty aPengY SiiRomt ety TefRahabOth sl e pieiBlicheslSi "

acetate, also ,act as_i ne boosters in the_treatnent of, the conpon cold.
12 Ant i ofiHa ARSI GES (HErephar plivesas PRpxIdagH di u)ﬁamaﬁb%ggek et thec n,
which acts to increase the |evel of antioxidant enzynes in the blood. Herbs
or her babicflevenpidsgnaydiedn pepiectiag vitemin Q\ﬁpmwan@lamrthggmm i This makes Mo
effective antioxidants. The catechins, and the extracts of herbs such as

gr een t eaitawintGionasvgridasad ivaitabledbrusslbydhetddyct i ve anti oxi dants. Extracts of
t he genus Astragal us al so show antioxi dant activity. The biofl avonoi ds,
such as quercetin, hesperidin, rutin, and m xtures thereof, are also
effective as Bidflavonoiidsseh aslduercptin amralso eéfoetivieahtlinflammatofy dgents, dad eddydeonoi ds
may be in protecting vitamn C fromoxidation in the body. This makes nore
vitam n GgedQs sadiCia Y ifivétivel coryaiitionl| Anfi-Rifladmeatdly hehRl f9glemeBis@hd avpnoi ds
such as quercetin are also effective anti-inflammtory agents, and nay be

used as _sflhhdlod mp SRR bt o AP Piis bPASTLs RS Lisd BE bR IRy

suppl enents a

agents in the inventive composition. These include bromolain, a proteolytic enzyme found in
pineapple; teas and extracts of stinging nettle; turmeric, extracts of turmeric, or curcumin, a

yellow pigment isolated from turmeric.

Another supplement which may be used in the present invention is ginger, derived from
herbs of the genus Zingiber. This has been found to possess cardiotonic activity due to
éompounds such as gingerol and the related compound shogaol as well as providing benefits in
the treatment of dizziness, and vestibular disorders. Ginger is also effective in the treatment of

nausea and other stomach disorders.

Supplements which assist in rebuilding soft tissue structures, particularly in rebuilding
cartilage, are useful in compositions for treating the pain of arthritis and other joint disorders.
Glucosamine, glucosamine sulfate, chondroitin, and chondroitin sulfate are particularly useful

for this purpose. Chondroitin may be derived from a variety of sources, such as Elk Velvet
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i nfl ammat ory conpounds derived fromplants or herbs may al so be used as
anti-inflanmatory agents in the inventive conposition. These include

bronol ain, a proteolytic enzyne found in pineapple; teas and extracts of
stinging nettle; turmeric, extracts of turmeric, or curcumn, a Yyellow

pi gnent isolated fromturneric. Another supplenment which may be used in the
present invention is ginger, derived from herbs of the genus Zi ngiber. This
has been found to possess cardiotonic activity due to conpounds such as

gi nger ol Aatler. Magine bpidiceniplsaes, omagh 3 Fttyaoid campleatd, aad figh ol andialsg kbewrtdlies in
the treatnment of dizziness, and vestibular disorders. Gnger is also

ef f ect i vasdful it kreating painmssuciabdd wittaardenrisand ot her st omach di sorders.

Suppl enment s which assist in rebuilding soft tissue structures, particularly
in rebuilding cartilage, are useful in conpositions for treating the pain
of arthritis Suplephdnesrusgil i trehtif@ndiRiifie heddaches iviude Eeveefewans @ikghe bilubd. at e,
chondroitin, and chondroitin sulfate are particularly useful for this

pur pose. THORRM Riivd MefbaknPR BRIrfowEs tHelseuRerpaic 18dtdneParthendlde Swhish/mhibs  El K
Vel vet 13 Antler. Marine |lipid conplexes, ohega 3 fatty acid conpl exes, and

fish oil ﬂ%rsgcﬁﬁ?ﬁgo%%ggb%%ﬁmdﬁﬁ% chfde 5ﬁﬁ%ﬁ%e%g%3mgbﬁ@ﬁl&%\@5&

arthritis. Supp In treating magrail

feverfew a j ila .. The. pain active i.ngredient i.n feverf is the
sesqui t o7 plils TAYBral 3 Rhin AT TRk o RbY 1A% Gl b3,
prost agl andi.ns which. in tur,n cause pain through vasospastjc activity in the
Dl ood v Seblis S Glivep e ateR raby As P A Brgaips bperens e
oil, owwing to its platelet- stabilizing and antivasospastic actions, may
al so be b@féﬁwg"ic‘rfﬂz?’%&lﬁ? ptyist iy irgptmentelZeigranes by wiabilizing apetgsigr dupiovidBa al so
assists in treatnment of mgraines by stabilizing arteries and inproving
bl ood ci blafl siréwationAl t hough sone of the suppl enents |isted above have been
described as to their pharnacol ogi cal effects, other supplenents may al so
be utilized in the present invention and
Although some of the supplements listed above have been described as to their
pharmacological effects, other supplements may also be utilized in the present invention and

their effects are well documented in the scientific literature,
1. -EXAMPLES

Example 1. Aequorin is taken up by hippocampal neurons. In a set of preliminary
studies, aequorin was bilaterally injected directly into the hippocampus of 3 different adult rats.
The rats were returned to their home cages for at least 24 hrs after which they were anesthetized
and their brains removed, sectioned and stained for aequorin using a monoclonal anti-aequorin
antibody. The primary antibody was then visualized using a secondary antibody conjugated to
Alexa Fluor 594. Figure 1 shows an example of aequorin-labeled hippocampal neurons using
conventional fluorescence microscopy. The left panel is a photomicrograph of the hippocampus
showing the location of the cannula tip in the CAl region. The white rectangle indicates the
location of the two aequorin labeled CA3 pyramidal neurons shown in the right panel. The data
illustrate that direct infusion of aequorin into the hippocampus (left panel) results in labeling of
pyramidal neurons in CA1 and CA3. Aequorin (6% w/v) was dissolved in calcium-free aCSF in
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their effects are well docunented in the scientific literature. I11I.
EXAMPLES Exanpl e 1. Aequorin is taken up by hippocanpal neurons. In a set of
prelimnary studies, aequorin was bilaterally injected directly into the

hi ppocanpus of 3 different adult rats. The rats were returned to their hone
cages for at least 24 hrs after which they were anesthetized and their

brai ns renoved, sectioned and stai ned for aequorin using a nonocl onal

ant i - aequierpresencrof BRoDMSO he golution wassiowlydnfyctedh&ate hé ml&ﬂiﬁ),lditdcﬂy thteiteng a
secondary anti body conjugated to Alexa Fluor 594. Figure 1 shows an exanpl e

of aequomhippetanipek esinfia pRALRFRAD (M6lUMORS i Tengde)cAfMEImpIStain JfitheiaRstk@NCce
m croscopy. The Ieft panel i's a photom crograph of the hippocanpus show ng

the | oca%mhﬁqkﬁﬁu&é@éﬁd&ﬁe& inp1dcR fSBottA! mﬁqﬂio%reﬂaealwnhteﬁmﬁﬁ%@ﬁﬂi e

i ndi cates the ocation of the two aequorin |'abel ed CA3 pyr am dal neur ons

shown in 1 HIQE P

aequori na% ﬁc ggAc?é us %?E%Odﬁéén %?&H@{Pﬂe %@F Te? pyram dal
neur ons rin (6% w.v ved i,n. c umfree aCSF
o 1a g gé}éﬁ%ﬂémcﬁ%a%@ﬁ% i r%@%g?%ﬁq%wﬂfnﬁﬁ S Hrate -
41/mn) directly into t poca as r e punp. (v 1 L per
i de) Aﬁ?ﬁ&lpneavvfﬁ«ﬁtthraﬁgw s s g i Rt LA %ﬂed n
pl ace for about 1 min prior to rem)val An exanpl e of tvvo

aequor i nihegkentate gy CA3 pyrani dal neurons is shown in the right panel (40X
objective). The data clearly denonstrate the delivery of aequorin directly
into the brain and also that the aequorin spreads throughout the

hi ppocamBuermplad. Efecthefnegutwenonpelbieathfoliavisg isohe@hi., CA3, and the dentate

gyrus. Exanple 2. Effects of aequorin on cell death follow ng ischem a. An

experi ment wadAnerperingit oes cdrtied cutes invesigate thechehefitalfithe cafcidrh @inddgpiretainbi ndi ng
protein aequorin on ischema. Aequorin (49 was dissolved in calciumfree

sk e MRt b
DMSO (dunethyl sulfoxide). T'wo to three hours later, a rat was anesthetized with isoflurane and
sacrificed by decapitation. Four hundred micron thick brain slices were prepared using a
temperature-controlled Vibratome. Slices were immediately placed into oxygenated (95%
02/5% COy) artificial cerebrospinal fluid (aCSF) of the following composition (in mM): 124
NaCl, 2.8 KCl, 2 MgSOj, 2 NaH,POy4, 2 CaCl,, 26 NaHCO;, 0.4 sodium ascorbate, 10 D-
glucose, pH 7.4, ~30 °C). After a 1 hr recovery, slices were subjected to a 5 min ischemic
episode. Ischemia was induced by replacing the glucose with fructose and replacing the oxygen
with nitrogen. Following the 5 min ischemic challenge, slices were returned to normal
oxygenated aCSF containing 0.04% trypan blue and incubated in the trypan blue aCSF for 30
min. The trypan blue exclusion method (healthy cells exclude trypan blue whereas dead or
dying cells will take up the trypan blue and thus appear blue) is commonly used for evaluating
cell death in cell culture or brain slices. After incubating in trypan blue, the sections were
removed and placed in fixative overnight followed by 3 hr incubation in 30% sucrose. The 400

um thick slices were then sectioned to a thickness of ~40 pm using a cryostat, mounted onto

gelatin-coated slides and coverslipped. Referring to Fig. 2, it is apparent that there are more
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sacrificed by decapitation. Four hundred mcron thick brain slices were
prepared using a tenperature-controlled Vibratone. Slices were immedi ately
pl aced into oxygenated (95% 02/5% CQ2) artificial cerebrospinal fluid
(aCSF) of the follow ng conmposition (in MM: 124 NaC, 2.8 KCl1, 2 MgS™4, 2
NaHZPO4, 2 Cad 2, 26 NaHCO3, 0.4 sodium ascorbate, 10 D- glucose, pH 7.4,
-30 C). After a 1 hr recovery, slices were subjected to a 5 mn ischemc

epi sode. triypanitdwd shaineis(dead) neadnbin the@inaol (upper pendal) netatise tonhe heduorin (lower and
replacing the oxygen wth nitrogen. Following the 5 mn ischem c challenge,
slices wgml)rmgtmemﬁdmm. (. Beshow ¥ bgremaphed teGfanannibet of tghad bAkYohtaypan bl ue
and incubated in the trypan blue aCSF for 30 mn. The trypan bl ue excl usion

met hod ( gad)deMroahfté ifhemitd eTHid Spaimbl Uem¥eaRad tat 87¢tBh of £84LBEN Sigdchis Wi | |
take up the trypan blue and thus appear blue) is comonly used for

eval uati gﬁ@}'ﬁ I g i L€ After incubating in
trypan b?ﬁ%?h%ﬁﬁ(gose ti %@m@%@%ﬁi@@%ﬁ%@ée hﬁﬁﬁlfti xative overni ght
foll owed by 3. hr _incubati in 30% sucrase, The, 40 thi ck .sl.i,ces..were
then secti onell lﬁI@dgrsf%lﬁ%@?sexwp%aﬁﬁgqoﬁﬂn?tscqvggqe&rﬂﬂ%ﬁrﬁtf%rdh%%ta Vo
gelatin-coated slid and.coverslipped. Referrin o Fl.g..2, it |§.apparent
that t hePBPAzes oRead tw%'aﬁm&ri%féﬁ&w REARep B gt Herspb Rl b oemsied st f o
(upper panel) relative to the aequorin (lower panel) injected neurons. Fig.
3 shows Remens skilladin the artigad prsde beinslvded withip thaswiritand suedsy of thisrgrlicaliend)
neurons after ischem a. This experinent denonstrates that injection of
aequor i n agt scepe ofthe appendeddaiisp ddipahieasionso pétents, and patept applcationcited derest an
ischemic insult. It is understood that the exanpl es and enbodi nents

descri bedrelhefedy incarpdrdted by teffeierice i theie entiretyfosaibpuepdggs.and t hat vari ous

nodi fications or changes in light thereof will be suggested to persons
skilled in the art and are to be included within the spirit and purvi ew of
this application and scope of the appended clainms. Al publications,
patents, and patent applications cited herein are hereby incorporated by
reference in their entirety for all purposes. 16
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VWhat is clainmed is: 1. Use of aequorin in the manufacture of a nedi canment

for preventing or alleviating a synptomor disorder associated with cal cium
i mbal ance. 2. The use according to claimb5, wherein the synptom or disorder
is related to neuronal excitability, nuscle contraction, nenbrane

per meaWihat tsyclaimedl is: di vi si on, hornone secretion or bone nineralization. 3.
The use according to claimb5, wherein the synptom or disorder is cell death
following ischema. 4. The use according to claim5, wherein an effective

amount  of agquor {J8e HfSacquoritid BE ftthlifRlure dffa medicament for preventing or alleviating

a symptom or disorder associated with calcium imbalance.
2. The use according to claim 5, wherein the symptom or disorder is related to
neuronal excitability, muscle contraction, membrane permeability, cell division,

hormone secretion or bone mineralization.

3. The use according to claim 5, wherein the symptom or disorder is cell death

following ischemia.

4. The use according to claim 5, wherein an effective amount of aequorin is a

nutraceutical.
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