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Magnesium oxide hydrate-containing products and uses thereof

Abstract

A composition including & hydrate form of megnesium oxide, denoted

B3 MgO-{Hz0}n, st & cancentration ranglng from 1 1o 100 weight

percant {wik), where n is any value from 0.1 10 2, The composhlon
mey further Include MgQ 81 & cencentration ranging from 0o 99 wik

#la concentration ranging from 0 to 99 wi, and Mg, ata
concantration ranging from 0 1o 99 wi.
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RELATED APPLICATIONS

This appiication clalms the beneflt of US
Provisional Patent Applicatlon Mo, US 617826736
fized on 23 May 2013 . The disclosure of this prior
spplication is considered part of and is
1 by raf Inthe

> of this
applicstion.
FIELD AND BACKGROUND OF THE INVENTION
Tha present lventlon refates to the fletd of

1y d and more p bant
not axclusively, 1o novel magnesium (Mg}
peod hod of samea

and uses thereal 8 megnesium supplementa
with enhanced bloavsitabllity in humana.
Magnesium I3 a netural element widely diffused in
Tving eig pacially In whetain
the largest concentration therecl occurs |n bones.
The participation of magnesium lons In the human
body has b inmast of
carbohydrates, lipids, nucleic acids, and In protein
metabolism.
Magrasium |3 the tourth mast sbundam catlon in
the human body and plays en essentlal
physicteglcel role in mary of its functions, This
role s achlevad through two Impariant properties
of tha ablliry 10 f ek with
Important intracellviar anlonic-ligands, aspeciatly
ATP, and Its ability 1o compete with calchum for
binding altes on proleins and membranes, By
pating with calcium for Binding
sltes ahd by g calcl q by
2 helps 1o
malntain & low rasting intracellular free calelum
lon concentration which ia Important in many
eallular functiona. The etectrical praparties of
and thait p illty eh fath
ara also affectad by magnaskem.
gnesium, being 1 of the
bisod plasma snd 3 ezlclum sntagonist, takes part
In th el l chanlzm and kx vital
for the action of 8 number of enzymes.
Magnes|um balanca In organism s tlghtly
«controfied by the dynamic sction of intestinal

ging from 0 1o 98 wi%, or Mg{OHh
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1.

A composition comprising a hydrate form of
magnesium oxlde, denotad as Mgd-(H:O)n, at &
concentratlon rangling frem 1 o 100 weight
parcent (wik), whare nis sny value from 0.1 10
z

2. The composltion according to claim 1,
comprising:

8. Magnesium oxlde hydrate Mgl
(HaO)n, at @ concentration rsnging
from 1 o 100 wt%, wherein n in any
walue fram 0,1 te 2, and MgD at &
concentretion ranging from O 1o 99
Wiy, o

b. Magneslum oxicte hydraie Mg0-
(Hy0)n, 5t & concentration ranging
fram 1 to 100 wi's, wharein n o any
value from 0.1 to 2, and MQ(OH): 81 8
concentration ranglng fram 0 10 9%
wik; of

£ Magnesium oxlde hydrate MgD-
{H:0)n, &1 & concentration ranging
from 1 to 100 wi%, wherein nis any
valua from 0.1 to Z and Mg({OH}z a1 8
concentration ranging from 0 10 99
Wi, and MgO, at a concentration
ranging from 0 to 93 wik,

3, The composition of clalm 1 of claim 2.
whereln n ranges from 0.3 te 1.

4 Tha composition of any one of claima 1,
2 ot 3, wharein & concentration of sald
MgO-{H:0)n Is aeleciad from the group
Inctuding: ot leaat 10 wi, &t laast 20
wi, sl lenst 30 wi, at laaat 40 wi, st
Inast 50 wi%, at laast 60 w1, ot laast 70
wi or at least B0 wit % of & total waght
of the compasition.
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Magnesium-containing products and uses thereof

Abstract

& composhilon Including s hydrate form of magnesium oxide, denoted
83 Mg (H:0]n, 8t » concentration ranging from 1 1o 100 welght

parcent {wl %), whaere n I8 any valua from 0.1 1o 2 The composition '
ey further Include MgD at a conceniration ranging from 0 (o 99 W %; ]
g fiom 0 ta 99 wA %; or Mg(OH);

or Mg{OH),, ot & L
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FIELD AND BACKGROUND OF THE INVENTION
{D002] The present Inventlon relates 1o the field of
upp | products, and more p
not exclusively, 10 novel magneskum (Mg)
Ing products, method of preparing same
3 theraol I

burt
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{0003} Magnesium Iz a natural alament widely diffused in
Bving org o y In whereln
the larges! eoncentration thereof occurs in bones.
Tha partieipation of magnasium lons in the human

body has been in moat of
carbohydrates, ipids, nuclelc scids, and In protein
matabollam.

[0004] Magnesium 1s the fourth mest abundant catlon In
tha h body and plays lal
dogical ralel yof ita This
tolels J through twa lmp propert
of magnesium; the sbility 1o form cheistes with
Imporiant intraceliufar anlonicdigands, especially
ATP, and Ity abllity to compete with calctum for
Binding slies on protains and Mambranas. By
competing with calcium for membrane binding
shies and by stimulating calclun sequastration by
lasrrl halps o
malnialn a low resting Intracallular fras 2adzium
lon concentration which b mpartant In many
callules funciiona. The slectricsl properties of
b and their p
atw slso affacted by magnasium,
nons) grasium, baing a normal of tha
bisad plasma and a calcium antagonist, takes part
in the muscla contraction mechanlsm and ia vial
fior the action of & number of enzymes.
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Claims (19)

1. A composition compriaing & hydrate form of
masgresiym oxlde, dencled a3 Mg0.(HyO)n, ot &
concentration ranglng from 1 1o 100 welght percent wt
%), where s any velue from 0.1 to 2.

2. The compaaition according to clalm 1,
risl drate foim of mag oxide
aelacted from the gieup including:

2 Magnasium oxlde hydrate MgQ.(HyQ)n, at
» concentration ranging from 1to 100wt %,
wherein n in Bny value from 0.7 to 2, snd
MQO &t a concentratlen ranging feom 0 ta 99
wi% or

b. Magnasium oxlde hydrate MgD.{(H:D)n, =t
# concentration ranging from 110 100wt %,
whetein nin any value from 0.1 1o 2 8nd Mg
{QOH]3, a1 & coneentration ranging from 010
9% wt X or

£. Magnesium oxide hydrate Mgo.{H:0), ot
2 concentration reaging from 1 to 100 wi %,
whereinn |3 any value from 0.1 10 2, and Mg
(OH)zat & concentration ranging fram 0 te 99
wit %, and MO, 1 & congentration ranging
from 0o 99 Wik,

3. The compasition of claim 3, wheeeln n ranges
from0.3to 1.

& The compasition of clalm 1, wherein a
coneentration of sald MGO.{(H;0)n |3 selacied
from the group Including! st least 10wt %, at
lgast 20 wt %, ot lanst 30 wt %, o1 leest 40 wi %,
ot loast 50 wi %, ot lenst 60 wi %, ot loast 70 wi
% or et least B0 wi % of & total welght of the
‘compasitlon.

5. The composition of claim 1, baing In a form of
& plurality of particlas.
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MAGNESIUM-CONTAINING PRODUCTS AND
USES THEREOF

RELATED APPLICATIONS

[0001] This application claims the benefit of US Provi-
sional Patent Application No. US 61/826,736 filed on 23 May
2013, The d;sclu-su.rt of I.hn prnor ﬂppll,c-ﬂll}ll is considered
part of and is incory in the discl e of
this application.

FIELD AND BACKGROUND OF THE
INVENTION

[0002] The present invention relates to the field of supple-
mental products, and mnrepemculnrly, but not exclusively, to
novel ium (Mg) pmduclu. melhud of pre-
paring same and uses th fas

with enhanced bioavailability in humans.
[0003]  Magnesium is a natural element widely diffused in
living organisms, especially in mammals, wherein the largest
concentration thereof occurs in bones. The participation of
magnesium ions in the human body has been established i

Nov. 27,2014

truble Magnesium, 20-25% is reabsorbed by the proximal
tube, 50-60% in the loop of Henle, and 5% in terminal seg-
ments, while the der (5-200%) is 1 in the urine.
Magnesium is excreted from the gastrointestinal tract at a rate
of approximately 2 mEqg/day. Further significant loss of mog-
nesium can be caused by drugs such as amphotericin B,
cisplatin, digoxin, pentamidine, gentamicin, and loop diuret-
ics via renal wasling of magnesium in the renal tubule.
[0009] The daily magnesium requirement for humans
ranges from 5 to 10 mg/per kg body weight, and is normally
supplied through the food, particularly vegetables. Hlowever,
as the magnesium food content in the Westem world is con-
sustently mducang, magnesium deficiency, or hypomagne-
hasb a prevalent condition. While the average
daily intake of at the b g of the 20th cen-
tury was 410 mg, today it is only 200-300 mg. This is attrib-
uted to the processed nature of the contemporary diel (Seelig
and RosanofT, 2003).
[0010] The current daily Recommended Dictary Allow-
ances for magnesium is 420 mg/day for males and 320
my‘day for females ahm'e 31 years, wilh an additional 300

in
most reactions of carbohydrates, lipids, nucleic acids, and in
protein metabolism.

[0004]  Magnesium is the fourth most abundant cation in the
human body and plays an essential physiological role in many
of its functions. This role is achieved through two important
properties of magnesium; the ability to form chelates with

y during pregr ical growth. Surveys show
thul n rubctnrm.al numl:-ern['udu]u in the United States fail 10
consume recommended daily amounts of magnesium.
Dictary surveys show that the average intake in many western
countries is less than the RDA (Saris et al., 2000). In & popu-
lation-based study of 30-year old lsmelis, about 60% had
magnesium deficiency (Shechter, 2010; Seelig, 1964; Cen-

important i llular anionic-ligands, cspecially ATP, and  ters for Disease Control and Prevention, 1994).

its ability 1o compete with calcium for binding sites on pro-  [0011] Magnesium h 15is ial for many intra-
teins and b By competing with calcium for mem- llular pr and depends on the balance of iniestinal
brane binding sites and by stimul b wn and renal “tion Hyp ia may arisc
by sarmplamrnlc reticulum, nugneuum hclps (o maintaina  from 1 various disorders. A nw[me-smm deﬁcleu-y or hypn
low resting intracellular fi ) ion which in, is i

is important in many cellular functions. The electrical prop-
erties of membrunes and their permeability characteristics are
also affected by magnesium.

[0005]  Magnesium, being a normal component of the blood
plasma and a calcium antagonist, takes part in the muscle
contraction mechanism and is vital for the action of a number
of enzymes, Mugnesium bal in vrganism is tightly con-
trolled by the dynamic action of intestinal absorption,
exchange with bone, and renal excretion.

[0006] Magnesium is 1 1 be distribuled in the
body as follows: 53% in the bone, 27% in muscle, 19% insoft
lissue, 0.5% in erythrocytes, and 0.3% in serum. Of the serum

in the elderly with wmnnry a.rlcry discase (C AI)) anda"nr
those with chronic heart failure. Hypomagnesemia is oflen
associated with increased incidence of diabetes mellits,
metabolic syndrome, montality rate from coronary artery dis-
case (CAD) and all cause.

[0012] Hypomags is also iated 10
muscle excitability as well as convulsions, 1o psychiatnic
disturbances, and to calcium and/or potassium abnormalities.
[0013] Diminished of mag in blood serum
contributes to the development of hypercalcemia, spasm of
arterioles, and the occurrence of muscular convulsions and
trophic disorders and thus plays an essential role in the patho-

wnesium, 33% is protein-bound, 12% is plexed to
unjons, and 55% is in the free ionized form. Total magnesium
stores in the body average 24 grams (2000 mFEq) elemental
magnesium, and a normal serum concentration is in the range
of 1.7-2.5 mp/dL (1.4-2.1 mLg/L).
[0007] Mg is transported 1o the differcat body compart-
ments in the blood plasma, either as free ionized Mg, bound to
relatively small (ultraliltrable) complexes (e.g. citrate) or
bound 1o proteins (albumin, globulin), which are not ultrafil-
trable. The concentration of Mg in serum is kept relatively
constant. [Towever, it has been shown that there is no apparent
correlation between serum and tissue magnesium levels, with
exception of bone and interstitial fluid, and therefore serum
nts do not accurately reflect the
tof ium p in the body.
[0008] Mngnesmm excretion is the main pathway for regu-
lating Mg levels in the blood. About 70-80% of plasma Mg
(ultrafiltrable Mg) is fliered in the kidney. OF this ultrafil-

genesis of changes of the blood Mlow and trophic disorders.
[0014] Magnesium deficiency can occur in babies from
birth, when the mother was already depleted of her own
magnesium reserves, or when the baby is pmrly supplied
with magnesium, and/or undergoes high mugmmum ]ow:s
from his or her ¢ ism. When enc linan adol
adult or aged perso.n, a magnesium deficiency can be also
ascribed o gcncrnlly ﬁlrc!lmg conditions, chronic intoxica-
tion ordi to plion, to aleohol or drugs abuse, as
well as to hormone pathologies that cause magnesium losses
for long time periods. A magnesium deficiency referable o a
poor supply can be also due to, e g, growth, pregnancy, breast
feeding, anorexia, vomiting, overload of calcium, of vitamin
D, of phosphorus, of alkalizing products, or excessive intake
ufallmcnlnry fiber, low caloric dicts, alcoholism, ¢tc. A mag-
v referable to defects in mags metabo-
lism can be due 1o, e.g., stress or is, nervous disord
or endocnine-metabolic disorders.
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[0015) In mddition to conditions or disorders caused by
magnesium deficiency, magnesium supplements have been
shcm‘mo hnwuthempeuhcel]’ect in mnn}rmhwmndulunlw
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[0021] When odministered orally, ium was shown
mhcnhswbu.lpnmnnlymlheumall intestine in the ileum and
jejumm. and the degree of ahsnrplmn hnn bcen shown to

' for !
sin, leg crnrnps. cerebral pally. de'pmsnon. mhmn cnndm-
vascular d:sease« ischemic heant d

depend upon the of mag, dy p inthe
dietand theamount of i Imini 1. As indicaled

mins,  hyp d  hyper
strokes, cerebrovasculur diseases, usleupomm alcuhol with-
drnwal. preterm labor, fuligue, renl stoncs, kidncy, stones,
headache, migraine, altitude ﬂclmeu, premensirual syn-
drome, fibromyalgia, ! insulin resi
bronchuspasms, hyperlipidemia, mitral valve prolapse, neo-
natal encephalopathy, and disbetes mellitus,
[0016]  Magacsi 1 ion has been shawn to
improve myocardial metabolism, 10 inhibit calcium secumu-
lation and myocardinl cell desth; to improve vascular tone,
peripheral vasculor resistanco, ond allerload and cardine oul-
put, o reduce cardine anhythmias and to improve lipid
metabolism.
[0047] A mognesium deficiency or excess in an organism
cannot be quantified os an absolute volue, a3 the magnesium
lovelin theblocd is not related mththepmmcemmml‘mﬂm
posit sites, as di d hereinabove, Generally speaking,

by radioactive Mg studics, obsorption beginu approxi-
mately ) hour sfter oral intnke, plntesus after 2-5 hours, and
then declines. Afler 6 hours My obsorption is about 80%
complete.

[o022) Studles hove shown that morgnmc msnesmm wlts
may have n b ilobility ey to

salls, depending on the preparati (Flm?am!(“mbot 2001).
It has further been shown that magnesium salts are converted
to magnesium chloride in the stomach (Seelig, 1989). Non-
absorbed megnesium {not uptaken by cells), due to high oral
loads or incfficient ahmfplion, m cause a number of side

effects, inchiding . 1, and upset
stomach.
[0023] Currently g prod-

vets for oral administration mclude. for ammple. mugnellum
oxide, mognesium carbonote, mgncslmn hydmxide nagne-
smrn itrale mag i laculc. mag:

and ,,_- ium sulfate. 1 nously

the means fordetectmgthemnwuumbodymmmu Tud
the detection of blood levels of mgunmm, in ﬂm pnhem
plosma or in tru:mtrm(www [}
disorder in magnesium metabolism and are, nurnwll:r. the

administered magnesium includes, for example, mognesium
sulfate. It is 10 be noted that oral sdministretion of scidie
mgnmmn salts, which generte relatively strorg acids in the

starting pomtfor o set of further specific tests); the d
of magnesium icvels in the urine (which givos a measure of
the climination of magnesium via vrine, and is normnlly
nnucnnted wilh protein mlal:u, lmns the Mg/uren rutio in the
urine g ); the gnesium Jovels in the
spinal I‘lmd the d-:tmmn of erythrocytic magnesium (wluch

h (e.g., ium chloride and magnesium sullote)
is limitod by lhc tolmb!c amount that can be teken, since it
can cause non-tolerable acidity in 1he stomach.

[0024] Tn order for Mg-cuntaining product to be thernpeu-
tically cffective, it should be able to release a form of ionized
magnesium which can be uptaken into the cells to perform its

shows the amount of Mg contained in the bone when
erythropoiesis occurs uod allows, therefore, an indirect med-

! functi As noted herei , the level of serum
gnesium does not ily correlate o levels ol eellular
i and therefore the identification of an effective

|.1llnr3|r expk)rallm'l a3 concers magnesium ); the detection of
lear magnetic resonance with
”Mg (whlch evid any modifications in the subcell

distribution of magnesium and in the different chemical-
physical structurcs); and, the detection of magnesium con-
fets in the patient’s bones. muscles or any other tissue or
organ of inlerest.

[0018] In view of the widesprend recognition of the
involvement of magnesium in a variety of disorders and con-
ditions, and the increased neoed in mognesium supplementa-
tion, magnesium-contnining products became a highly rec-
onumended standard of care.

[0019] Herein throughoul, io the context of mngnesmm-
containing products, magnesium supplements,

Mg supplementation should be determined by its cellular
uplake. Since magnesium hos no specific target tissue, its
bioavailability cannot be assessed dircctly. Thercfore, other
such as » sbsorption, and urinary excre-
tion are used as & for oral bivavailability.
Intravenously administered rnagmmm is considered to be
100% bivavailable.
|0025] Beveral independent studies have been performed in
onder to evaluate the absorption of different forms of crally
edministered magnesium supplements, However, conllicting
data regarding the ab ion rates of ium as a func-
tion of the supplement formulation are found in the ar.

[0026] Magnesivm oxide les were better absorbed

formulations and/or magnesium therapy, the term
sium” refers to Mg*? ions, cither in 2 form of free ions in a salt
or in a form of o complex.

[0020] Cum:nﬂy a\uulablc Mgwnummg pmduu.ls that are

aimed at are fi d mainly
formtrnvencusoromlmlmlmnmmn Anomlmuleol’admin
i I is more ¢ ly the safest and Jeast

4

i yus administration must bo per-
founad by n henlth care worker, and has addilionally sparked
some a3 to possible elevation of serum levels of
magnesium 10 the toxic range. However, the decreased
absorption nssociated with ol administration poses a sig-
nificant obstcle io administration (The Merck Manual Home
Health Handbook, 2009, Chapter 10).

_-aspamnc HCL iablets as measured by
unm m(eru.ion of mmmmm, while plasma magnesium
levels (Muhlbaucr et al., 1991). Magae-
sium oxide preparation unpnwed serum mognesivm in those
with low basal serum Ievels, but notin lhusc with noran"hlgh

serum levels, in a study of i tion in subj
given mngnmm-mnchnd dists follawed by either xungne
sium oxide or phate plus oxide (Altura clal,,

1994). The mpmunty of I magnesium oxide absorption over
magnesium glycerophosphate was observed in patients with
shortened small bowel-induced malabsorption {Ross et al.,
2001). Another study showed that Mg0 was significantly less
well absorbed than 8 comparoble amovm of Mg citrole os
measured by uninary excretion four hours post lond { Lindberg
ctal., 1990). In anuther study, MuO showed increased urinary
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excretion ag compared with o comparable amount of MgCl,,
Mg lactate, and Mg sspanate (Firoz and Grabey, 2001), How-
ever, inother studies (Schuette et al., 1993 and Schuette et al.,

1994) there was no significant difference observed b
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LY

1 was a bination of difle ial th 1
annlyau (DTA) and quenching experiments. The quenching
expcnmws are more reliably interpreted than in other stud-

uptekes of MgO us compared with Mg diglycinnte.

[0027]  Yetanother siudy compared the delivery of MgAcin
gelatin copsules to magaesium chloride in enteric-coated cop-
sules. The Jower absorption of the enteric-coated capsules
was ttributed to the 3-5 hour exposure necesenry to fully
relase the le's , which reduced the small bowe]
abmpuvcam towhich the Mg is exposed (Fine et 2)., 1991)
[0028] Onestudy on livestock mponoduwwu particle size
of the MgO affects its absorption, a p which could
explain the conflicting results about MgO obsorption (Xin et
ol, 1989),

[0029]  Severnl menus have been devised to overcome the
poor ahsorption of MgO. Efforts were made to wilize small
MgO porticles, yet, are hindered by the tendency of the mog-
nesium oxide pnnxleu 1o strongly agglomerate. Resulting
ugglomeriten require a high shear force for re-pulverization
at the time of incorporation into absorbable preparations, and
thus adversely aifect other ingredients in any planned prepa-
tions,

[0030] The present inventor discovered that a special form
of magnesium oxide is useful to overcome not only lhc pmh-
lems of agglomeration bul also provide enh

ies ¢ 1 cause diffusive mlgrmlon of
pericluse and [1,0 1o » different gions of the experi
charge. This separation facilitoles quenching of periclase in
experiments outside the brucite stability field. In the quench-
ing experiments, sumples were brought 10 the desired pres-
sure lmd mpemlurc, held there for 30 l.'I'III'IIIlI.‘.S, and then
d by shutting off i power, B d Ant
FIG. 2p an lly d i ‘phuse
for the ddlych'auon of brucite determm:sd hy differential lher-
mzl analysis (circles), and g s (sq
and additionally pﬂ:scnung an interface in which mugncmum
hydroxide and magnesium oxide were stable (open squares),
and temperatures a1 which both brucite und pericluse were
stable (haif-shaded squares)).
[0038] Addiional experiments and data from Yamaoka et
oi., 1970; [rving et al,, 1977; Kanzaki, 1991; and Leinenwe-
ber et al., 1991, have shown similar results (sce, Johnson and
Walker, 1993).
[0039] Dall and Tuylor (1961) heve stndied the dehydrotion
process of brucite to periclase using X-roys measurements
and found that this process involves a formation of spincl-like
intermediate, which gave “extra™ reflections, and was
btoined when a pure brucite crystal was heated in nir 1o B00*

ability of magnesium,
10031] Masnesiumouide also knownu the mineral peri-
clase, con be fk iby at from

magnesium carbonate (Liu ot al, 1997), by thermat decom-

positionofmagnesium chloride (Jostet al. 1997), or by dehy-

dration of magnesium hydroxide.

[0032] “The dehyd of magnesium hydroxide (also

referred to in lhe art a3 brucite), o o 1o form magnesium

oxidend waler has boen studied extensively in the art (Meyer

and Yang, 1962; Bames and Fmst, 1963; Amnovich and New-

lon, 1996; L'vov et al., 1998).

|l]033] It has been shows that this reaction oecurs under

1 oondllnns (seu, {or mmmple

d Art

Schramke cf al.. 1982; and I & Backgr
FIGi. 1, further discussed hereinbelow).

C. for 45 minutes. Ball and Taylor have suggested that during
the formation of periclase, donor and occeptor regions are
developed in the brucite crystal, and thut the reaction pro-
ceeds not by loss of hydroxyl jons, but rather by gein of
cations and loss of protons. The formed cations migrate into
the donor regions, and their hydroxyl ions provide oll the
vxygen for the water that is formed, as shown in Background
Ar FIG. 3. Boll and ‘Taylor have assumed that the formed
spinel-like i has a molecular formula ofMp,OH
2 which ds to o le of water to which 3
lecules of MgO are complexed to form a kind of hydrate.
{0040]  Ahdjoudj end Minut (1998) degeribe ab initio peri-
odiec Hartree-Fock calculations of water molecules on MgO
and teach that the water molecule does not disseciate on MO
and is edsorbed parsllel to the surface, with the main interac-

[003d] Schrambe et al. (1982) used & method of i
volume changes of encnpmlnu:d saniples during the expen-
ion of the brucile-periclase equilibrium, in order to
avoid qumchmg pmblcm.s Ilw results agree with data
obtained from th hniques, as reflected in
Buctgmund Ar FIG. 1. Notably, the curve for the dehydra-
tion of brucile and the curve for the hydration of periclase do
not demonstrate the same values.
10035]  Meyer and Yang (1962) reported that the debydra-
tion curve ohmntd by lempemure quenching and the hydra-
tivn curve obtained by p hing are about 40° C.
apunt ul €} P d that the diflerence
between the 2 curves is duetoﬂm fcnnatum of an interme-
diate phase, p g to a distorted periclase which
rpidly rehydrales during quenching,
[0035] Bomes and Ernst {1963) investigated the brucite
periclase equilibrium st pressures up to 2 kbar using cotd-seal
hydrothermal pressure vessls with water s the pressure
medium. In their study, they developed two procedures to
avoid confusing the effects of 2 back reoction during the
quench,
[0037} Johnson and Walker (1993) determined nccurately
the brucite dohydration equilibrivm from 1 to 15 GPa. The

tion ing Lthe My from the surfuce and the p-orbital
electron pair of the water.

[0041] Means for providing magnesium to the human body
asa s‘upplcmem have been proposced in the ant. Despite the
ability of existing magnesium supplements to incrense muy-

nesium Jevels o some exlent, lhm is o considerable ned for

an improved mag, 12 P able to
cohance the vptake of magnesium in 1 The f i
invention sotisfies these needs due to enhanced bi ilobility

of a specific hydrate form of magnesinm oxide, end provides
manijfestative health benefits as well.

SUMMARY OF THE [NVENTION

[0042] The present invention, in some embodiments
thereof, relates o the field of lupplemenlal products, and
more icularly, but not excl ly, te novel
(Mg)wmmmg products, processes of preparing same and
uses thereof as magnesium supplements to provide enhanced
hmmuabilhy of magnesium in humans. In particular, the
ion relates to position including a hydrate
form of magnesium oxide, denoted ns MgO.(H,0)n, a1 o
concentration renging from | 10 100 weight percent (wt %),
where n is any value from 0.1 to 2. The inventor discovered
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that a special form of magnesium oxide is useful to overcome

nu! only the problems of agglnmmlion bul also to provide
i bi ilability of mag,

[0043] According to prefemed embodiments of the §
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invention, there is provided » pharmaccutical

[0052] In the drowi
[0053] FIG. I(Buckgmundhrl lak,;u l'lum Schramke etal,
(1%2 supra)) p ts BN exper ly ined phose
onl:o" iration of brucite, wherein filled figures
position G from brucite lo periclose, and empty

and 8 method for preventing mognesium deficiency in the
humans and non-humans, the method comprising orally
administcring & therapeutically cfiective amount of the phar-
maceulical composition which comprises an effective
amount of  special hydrate form of magnesium oxide, which
isd 1 herein as ium oxide hy MgO.(H,0)n,
extracted from the Dead Sca (1sracl).

[0044] The present invention also relates to the use of o
magnesium oxide hydrate of the form MgO.(H,0)n, where
n=0.1102,in lbc manufecture of a magnesium mplcmem
[0045) A % 1o some embod of the i

the magnesium oxide- -lype compositien is selected from the
group consisting of MgO, Mg(OH), and MgO.(H,0)m,
whercmnuanyvnluc&umo Ite2.

[0046] A g W other embodiments of the i ion,

the thuapeutn:ul]y effective amount i equivalent to an
of'el gnesium thet renges from 50 mg/day

10 2000 wg/dy.

[0047) A 1g 10 some embodi of the i ion,

the plnmmocuucnl composition is 2 unit dosage form com-
position furoral administering and is formulated as a sachets,
pills, caplers, capsules, tablets, chewing gums end any othor
chewable oamposmon. dragee-cores or discrele (e.g,, sepa-
mel y packaged) units of powder, grunules, or suspensions or

in water or non-aq media,
[0048] Turiber pmvided inthe preseny mm:on. there is o
pharmaceutical composiltion ch izod o8 copable of gen-

crnuns frec magnesium ions from at least 50% of ils magm-
sium content under physiological conditions of a h

ﬁmm represent the transition fmm penclasc to brrcite, and
circles t data de i Schramke et al.
(1982, supra, denoted “this study™), triangles represent data
determined by Bames and Emst (1963; supra) and squarcs
represent data determined by [rving et al. (1977; supra). The
shaded area represents the extrapolotion from the end- -points
of the 8.1 kbar bracket of this study, The solid line is the
extrapolated equilibrium curve from the starting-point at 8.0
kbkar and 800° C.
[0054) FIG. 2 (Background Art taken from Johnson und
Walker, 1993 (supra))p ts an experi ity determined
phose dusram I'cn' the dchydmmn of brucite wllen:m clmll."i
ined by differential 1t
nqmm rcprelent data determined using quenching tech-
niques open squarce indicate an interfece in which magne-
slllm hydmnide and magnesium oxide were stable, half-
t tetap ul which both brucite
end, periclase were stable, and the plus signs are a theoretical
phase boundary caleulated using molecular dynamics.
10055} FIG. 3 (Bsckground Art laken from Ball and Taylor
(1961; supru)) p o scl ion of the
aocq;turanddnnor n-gnons, showmg the mi gration of ions in
tions and the expulsion of water from the donor
N:slun. during the trans formation ufbmc:le to periclase.
[0055] FIG. 4 pmsom an optica) image a!‘ acrystel of a
ion He 10 sonwe
embodiments of the pmcn: invention,
[0057] FIGS. SA-C present images of a dissolulion assay
testing  dissoltion of various magnesium-containing

stomach during o time pernxl thal is equivalent to a retention
time of the compesition in a human stomach,
[004%] 1n other embodi the i provides a
mognesium oxide-type mmpomuon and a method of admin-
istering of 1o subject is
deseribed herein, Such a mothod may numpme ol admin-
istering (o the subject at least one unit dosage providing
efficient amount af a magnesium oxide-type composition
suflicient fo enl bivuvailability of ium [ Mg™],.
[0050] In sume embodiments, the present invention pro-
vides a method of determining & coneentration of magnesium
ta produce 5 physmluglcal :El'u:l 1o some embadiments, the
d ofter [nslms in bio-

ples. F1Q, SA shows the experimental setup, with a MgO/
Mg0O. (I1,0)n-contnining sample al e center flnsk. I‘IGS 5B
and 5C show the

citrole
Lo B 'r

DETAILED DESCRIPTION OF THE INVENTION

[0058] Before explaining at least one embodiment of the
invention in detail, it is o be understood that the invention is

not ily limited inits appl tothe delails set forth
in the following description or 1ll'ndl>yl|u=" p!
The invention is capable of vari ives tothe embodi-

ments or of being practiced or l:‘lrned out in various woys,

[0059] In o search for an effective mag.lmlum source that
can be efficiently used orally us o mugnesium-conlaining
i1 was uncovered thal mognesium oxide salts,

logical fMujds sclu:wd ﬂ'om blood. s¢rum and In
related embodiments, mnomlon of mlrncellulnr magne-
sivm [Mg*), is 1 with in subling lial cells
through X-ray dispersion.

BRIEF DESCRIFTION OF THE FIGURES

[0053] Some embodiments of the invention are herein
described, by way of le only, with refe 1o the
aecompanying tlmwings With specifie reference now o the
drawings in detail, it is stressed that the paniculars shown are

e s from the Dead Sea (Israel), exhibit improved pharmaco-
logical effocts, particularly in terms of cellular uptake (intra-
cellularabsorption) and, thus, l:'lhlhllll supl:mr putlbnmmm,
ns pared 1o other I ]
supplements,
0060} More pasticularly, it was uncovered that products
comawng umque muglwum oxide salts from lhe Dead Sen
and y enhanced
generation of Mg** ions, under acidic uondmom In parallel,
lt was discovered thal oral administration of products con-

by way of example and for purposes of ill ive di

of embodiments of the invention. In this regard, the descrip-
tion taken with the drswings makes apparcnt to those skilled
inthe art how embodiments of the invention may be practiced.
']'hc drawmss are illustrative and are 0ol necessarily drawn lo

these specific magnesium oxide salts results in
elevated lovels of intracellular magnesium [Mg?*],. which
were not observed when other mngue:ium-conminins prod-
ucte were used.

[0061]  Ierein throughout, the expression “Mg-containing
product”™ encompasses any composition, farmulation, unit
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dossge form, and the like, which comprises o magnesivm
form that is capable of releasing Mg *? jons.

[0062]  In the broadest scope of the invention, the magne-
A L3 E— Al erl 1 |Il.‘|'l:in . a
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MgO are complexed to 3 molecules of water, and, when taken
5 o crystal, mesns thet the MgO and waler molecules in the
crystal structure are arranged in & structure composed of

F
1

ydrate form of mag oxide, preferbly from the Dead
Sen, Withoul being bound 1o theory, t wag bypothesized by the
invenlor, with reference to mognesium salis from tho Dead
Sea, that the extreme climatic conditions of this region have
&n impact on the formation of such o unique and specific form
of Mognesium oxide which exhibits X-ray powder patterns
characteristic of a hydrate form of MgO (scc, Bell and Tayler,
1961, supra). This hydrate form of ium oxide is a fine,
slightly gray powder, Acconding 1o preferred embodiments,
this magnesium oxide hydrate is taken, as is, from the Dead
Sea and used in an unprocessed form. While such o hyd:

b of 2 MgO molecules and 3 water molecules,
[0074) Whenn is lower than one, MgO. (H,O)n is o hydrate
form of magnesium oxide in which several MgO molecules
arc: complexed 1o onc water molecule, and, when lokon 25 a
crystal, means that means that the MgQ and water molecules
in the crystal structure are arranged in a structure composed of
1 of | MgC molecules and a respective lower
number of water molecules.
[0075]  As non-limiting examples, when n is 0.66, il means
that 2 water molecules are complexed to 3 MgQO molecules
and when n js 0.33, it means that one water molecule is

compaund can be manufactured in synthetic form for use in
the pharmaceutical compositions of the present invention, it is
much more cosily o prepare in this fashion.

||]l'li,'!]‘ According to the studics discussed in the Back-

g and ized in FIGS. 1 and
2, o hydmte form of ium oxide could be obtained by

plexed 1o 3 MgO molecul
[0076) 1n some embodiments, n ranges from 0.3 to §, and
can be, for cxample, 0.3, 033, 0.4, 0.5, 0.66, 0.75,08 or 1.
tHowever, n values of 1.2, 1.33, 1.5, 1.66, 1.75, 1.8, 2 are also
contemplated,
[0077] Herein throughout, MgO is also referred to herein
Interch Rl s H

those skilled in the art. The FIGS. 1 and 2 demonstrate that the
brucite &5 periclase trangition involves three possible phases:
mognesivm oxide (MgO; periclase), waler, and magnesium
bydroxide (Mg(OH),; brucile). The curve expresses (e con.
ditions ot which the magnesium hydroxide rel the water
(H;0) molecule, and thus represents the point where a
hydrate fonn of magnesium oxide hydrate mny be
formed (prios to the formation ol separate phases of MgO and
walcr),
{0084] Thus, according 1o an aspect of some embodiments
of the present invention there is provided & composition
which comprises:
[0065] MgO, ntaconcentration ronging from 0 to 99 weight
percent (wt %);
[0066] Mg(OIl),, ot & concentration ranging from O to 99
wi %; and
[0067] MgO.(11,0)n, at a concentrution ranging from 1 to
100 w1 %, wherein n is any value from 0.1 w 2,
10068]  Thedisclosed composi priscs ahyd
form af magnesium oxide, which is denoted herein as MgO.
(11,00, The phrases “hydrate form of magnesium oxide™and
“o mugncsium oxide hydrate”, and any olher diversion of
these phrases, are used herein interchangeably with respoct to
MgO.(H,0)n.
[0069] MgO.(H;O)n encompasses a form of magnesium
oxide which is in o complex with water molecule or mol-
ccules, ut the indieated stoichiometric ratio (MgO:H,0=1:n).
[0070) Without being bound by any particular theory as 1o
the specific nature of this complexation, one or more water
lecules are d 10 be adsorbed to tle surface of one or
more maguesivm oxide molecules via electrostatic forces,
{0071]  Thus, forexample, when n equals 1, MgO.(H,O)a is
a hydrole form of iwm oxide, ing that one
molecule ofMyO is complexed 1o one molecule of water, and,
when taken as a crystal, means that each molecule of MgO in
the crysia) interncts with one waler molocule.
{0072} When n equals 2, MgO.(H,0)n is a dihydrale form
of megnesium oxide, meaning that one molecule of Mg0 is
complexed to two molecules of water, and, when taken as a
crysinl, means that each molecule of MgO in the crystal
interucts with {two waler molecules.
[0073)  When n equals, for example, 1.5, MgO.(11,0)n is 2
hydruie form of magnesium oxide, in which 2 molecules of

ton thus

geably 1 oxide or periclase, and refers
1o a non-hydrated formof magnesivin oxide, unless otherwise
indicated.
[0078] Ilerein throughout, Mg(OH), is also referred 10
herein interchangeably as magnesium hydroxide, magnesium
dihydroxide and brucite.
[0079] The compasition disclosed herein comprises ot least
I weight percent (w1 %) of MgO.(H,Cja.
[0080) In some embodiments, the composilion comprises
MgQ.(H,O)n 2t o concentration in the range of at least 10wt
% to at least 95 wt % of a total weight of the composition.
[0081} In some cmbodiments, the composition consists of
MgQ.({H,0)n, such that its concentration is 100 wt % and the
concentration of MgO and Mg(O11), is .
[00&2] Insome embodi the posilion comprises o
mixture of MgO.(H,0)n, at any of the concentrations
described herein, and one or both of MgO and Mg(OH),.
[0083] In somo embodiments, the composition comprises
from 10 1o 90 wi % oneor both of MgO and Mg(OH),, and the
balance is Mg0.(H,0)n.
[0084] In some embodi the compositi pri
from 20-B0 wi % one or both of MO and Mg(OH),, ond the
balance is MgO.(11,0)n.
[0085)  In some embodiments, the composilion comprises
from 30-70 wt % one or bath of MgO and Mg(OH),, and the
balance is MgO.(11,0)n.
[0086) In some embodiments, the composition comprises
from 40-60 wt % one or both of MgO and Mg(Ol1),. and the
balance is MgO.(H,0)n.
[0087] In some embodiments, the compaosition comprises
50 wt % of one or bath of MgO and Mg(O11),, and 50 wt %
MgO.(H,0)n.
[0088] Insome embodiments, the compaosition is in s pow-
der form, which comprises o plurality of particles.
[oogy] i , thep have an avernge
size that is from about 0.5 mm 1o about 1.5 mm.
[0090] Insome embodimends, at least 50%, oral least 60%,
or at least 70%, of the particles have a size of from about 0.2
mm to about 0.6 mm (30-60 mesh).
[0091) In some embediments, the composition is charec-
terized by a surface area of from about 30 m*gram to about 40
m¥/gram, or from abou 32 m*/gram 1o sbout 38 m*/gram, or
from about 34 m*/gram to sbout 36 m*/gram, or con be equal

In some embod =,
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w nlaoul 35 m'.fgram In some embodiments, the surfoce anen
ivd
|0092] In some embodimenis, the composition is a free-
Nowing powder, ch ized by a bulk density lower than 1
5ramr‘m] (X 0f 0.90 gram/ml).

[0093] Tn particulor embodiments of the inventicn, the
composition further may comprise at leasl one additionsl
ingredient selected from the group consisting of (a) waler
soluble vitamins, and (b) fat soluble vitamins.

[0094] Acconding (0 an aspect of sume embodiments, Lhe
composition comprises a therapeutic of Vitamin B,.
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dosege can be chosen by the individual physician in view of
the patient's condition (see e.g., Fingl and Woodbury, 1975).
[0105] In some embodimenis, the plnrmncculicni compo-
sition is ft lated for oral admini

[0106] Compositions for oral administration include pow-
ders or granules, capsules or tablets, suspensions or solutions
in water or non-aqueous media, sachets, pills, caplets. Thick-
cners, diluents, Navorings, dispersing aids, emulsifiers or
binders may be desirable.

[0107] The amount of 8 composition to be administered
will, oi caurse, be dependent on the subject being trested, the

[0095} 1n other embodiments of the v, the
compasition comprises therapeutic amounts of Vitamin E end
Vitamin D.
[0096) Various processes known to those skilled in the an
¢an be used to prepare the composition 23 described herein,
Exemplary processes are described in Example 1 in the
Examples section that follows.
(4997} ‘Ihe compositian as described herein is character-
ized by improved pharmacological features and, thus, can be
odvantegeously formulated into a pharmaceutical composi-
lion.
[0098] Accarding 1o an aspect of some embodiments of the
present invention, there is provided o pharmaceutical compo-
sition which comprises the composition as described herein.
[0099]  As used herein, a “pharmaccutical composition™ or
“m.er.licalllc.nl" refers to o preparation ufune or more of the
or itions isi or more com-
pomsdsasdd.'swlhﬁd bmin wﬁhml-nrcbcmiulcumpunmu
such as phor ically table and suitable corriers and
excipients,
|0100] The purpose of a pharmaceutical composition is 10
facilitate administration of a compound or & composition
camprizing two or more compounds, as described herein, to a
subject,
[0101] The term “active ingredient” refers 1o a compound,
or & compaosition comprising iwo or more compounds, as
described herein, which is sccountable for a biological effect.
[0102)  The terms “physiologically acceptable carricr™ and
“pharmaceutically occeptable carrer” which may be inter-
changeably uscd refer to a carrier or a diluent that does not
cause significan! irritation to an arganism and does not abro-
gate the biological activity and properties of the administered
composition.
10103}  Herein the fenn “excipicnl” refers 1o an inert sub-
stance added (o a pharmaceutical composition to funher
facilitote administration nf &n octive ingredient. Exomples,
without limitation, of include calcium carb
caleium phospbalc various sugars and types of starch, cellu-
lose derivatives, gelalin, vegetable oils and polyethylene gly-
cols,
[0104] Techniques for fonmulation and administration of
active mp,mdmnls are well known in the art. Phamaceutical
mpositions forusein | with the p

y of the affliction, the monner of administration, the
Judgment of the pmcnbmg p!rysn:lm. elc.
[0108] The ph P n may further com-
prise additional pharmaceutically active or inactive agents.
Such agents can be, for example, vilamins, hormaones, preser-
vatives, growth factors, anti-microbial sgents, anti-inflamma-
tory agenis.
[0109] In some cmbodi phar
sition is ft lated as A unit d
tration,
[0110] As used herein and in the art, the phuase "dosage
form" describes a finnl physical form an active ingredient for
consumption by a subject. The phmse "unit doyege form™
describes physically discrete units, cach unit containing &
pmdctcnnmod quannry of the actlvc ingredient, herein the
itivn, calculated W produce the desived
thmpcmm cfﬁ:ci, opﬁonnlly in mncimmn with ot least one
carrier,

] compo-
ge form for oml adminis-

tional nctive or non-nwu ngeats or combination thereof, as
described herein,
[0111] In some embodi the phar L
sition disclosod herein is formulated, for cmnple, 2 snchc(s
pills, caplets, capsulu 1ablets, chewing gums and any other
chewable composilion, dragee-cores or discrete (e.g., sepa-
ralely packoged) units of powder, gr . O suspensions or
solitions in waler or non-aqueous media
[0112)  Pharmucological preparations for orl use can be
made by grinding the ns disclosed hercin,
upliuna]ly while ush:,g a solid excipient, and processing, the
composition or mixture of granules, after ndding suitable
auxiliaries if desired, 1o obtain tablets or dragee cores.
[0113] Drugee cores are pruwded with suilable contings.
For this purpose, lutions moy be used
whu:h | may opﬁomlly mntain gum arghic, tale, polyvinyl
1 gel, polyethylene plycol, silicon diox-
u!e titanium dlo:mle lacquer solutions and suitable organic
solvents or solvent mixturcs, Dyestuffs or pigments may be
added to the tablets or dragee coatings for identification orto
b ize different binations of active doses.
|0914] Pharmoceuticel compositinns, which can be used
arally, include push-fit capsules made of HPMC or gelatin as
well as soft, senled capsules made of 1IPMC or gelntin and a
plasticizer, such as glycerol or sorbitol, The push-fit capsules

l.hus moy be formulated in a conventional muuw. opnonnlly.
but not nmnmlly, usmg one Or more j

may in the active ingredients in admixture with fller
such as laclose, or silicon dmxl.de binders such ns sl-nn:hci.

acceplable carricrs comprising uxclpjcm: and auxiliarics,
which facilitate processing of the compounds or composi-
tions into preparations which can be used pharmaceutically,
Proper formulatien is dependent upon the rome of adminis-
tration chosen. The dosage may vary depending upon the
dossge form employed and the route of admini uti-

lubri such as talc or magn te and, op 1l

stabilizers. In soft w;lsulcs, he active mgrudlcul may he
dissolved or suspended in suitable liquids, such as fonty oils,
liquid parnffin, or liquid polyethylene glycols. In addition,
stabilizers may be added. Optionally, formulations for oral
admmm:nlmn further include 8 pmlu:uve coating, aimed at

lized. The exset fomulation, route of administration and

g or slowing lation of the p
vion in the Gl 1mct.

& B ¥
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10115]  Composition unil dosage forms nccording to the
f bodi may, if desired, be presented in a pack
ocdispenser device, such as on FDA {the U8, Food and Drug
Administration) approved kit, which may contsin ane or
more unit dosoge forms containing the composition as dis-
closed herein, The pack or disy dovi y, for pl
comprise metal or plastic foil, such as, but not limited 10 a
blister pack. The pack or dispenser device may be eccompa-
nicd by instructions for administralion. The pock may also be
panied by a notice ialed with the container in a
farm prescribed by o governmental agency regulating the
metnufacture, use or sale of pharmaceuticals, which notice is
reflective of appruval by the ngency of the form of the com-
positions for human administzation. Such notice, for
ple, moy be of labeling app by the U.S. Food and
Drug Administration for prescription drugs or of anapproved
product insen.
10118)  Unit dosoge forms prising the posi as
disclosed herein can be prepared, placed in an inte
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herein, are packaged in packaging ial and identified for
use a3 magnesium supplements, and/or in the treatment of a
subject in need of magnesi ppl

[0127}) A pharmsceutical composition oral dosage form
releases an active ingredient or agent in the stomach (from
where the agent can be absorbed vfler passing into the intes-
tines) until the end of the gostric retention time, provided that

the dosage form is capableof conti lensing an active
egent over such a period of time.
[0128] H , 1115 to be app d that the time during

which the active ngent is absarbed into the body may be
longer than the gastric retention time, ns absorption of the
agent into the body may continue for a significant tlime period
when the dosage form (or the remuining portion of the dosage
form) is in the intestines, The duration of the time period
during which absorption occurs after the dosage form has
exited the stomach will depend on various factors, such as the
length of Lhe “absorption window™ and the specd ot which

contuiner, and labeled for use as mognesium supplement, o8
described in further detail herein below,
oy A ling 10 some embaodi the unit dusagy

pass through the intestines.
|P129] When a ph ical composition according 10
the present embodiments is orally administered, it relenses

form is identificd (c.g., in the ab
for administration) for use once ar twice per day, optionally
once per day.

10118]  According to some embodi the unit d
form is identified (e.g., in the obovementioned instructions
for administration) for usc such that a daily dose consists of
one or two units of the unit dosage form, ond optionslly one
unil of the unit dosage form.

[0119]  According to some embodi the upit dosage
form is identified (2.2, in the abovementioned instructions
for administration) for usc before bed time.

1120)  In some embodiments, the unit dosage form com-
prises an of the position as described herein
which is equivalent to an amount of elemental mognesium of
from about 50 mg to about 2000 mg, or from about 50 mgto
about 10X mg, or from about 50 mg to about 800 mg, or from
about 100 mg to about 800 mg, or from about 300 (o 800 mg
or from nbout 400 10 600 mg, or is obout 520 mg. Any
imtermediate value within the indicated ranges is

plated.

10321} Herein, the term “cquivalent to an amount of
elemental magnesivm™ refers to the amount of muterial (by
weight) which is contributed by the magnesi 1

free magnesium ions in the slomach.

[0130] By “free mognesium ions™ it is meant Mg?* ions
which are not complexed or otherwise bound 1o another moi-
ety (as in the case of, for example, magnesium citrate or
MgO).

[0131]  Ttis assumed that under conditions of a human stom-
ach, the free magnesinm jons are generated by conversion of
the administered magnesium salt into n magnesium chloride

aalt, which is completely dissolved in the ag environ-
ment and thus g the free magnesium ions.
[0132]  In some embodiments, the ph | compo-

sition unit dosage form as described herein is characterized as
pableofy ing free ium ions under physiologi-

cal conditinns of a hu. h, inan which is at

lcast 50%, at least 60%, at least 70%, at least 8085, or at least

90%, and even 100% of its mogpesium content.

[0133) In some embodiments, generation of magnesium

ions in the stomach is effected during o time period that is

equivalent to a retention time of the pharmaceutical compo-

sition in a human stomach.

[0134) In some embodiments, such a time period ranges

from 30 minutes (0.5 hour) 10 6 hours,

[0135) The capability of an exemplary pharmaceutical

alone, excluding any other element in the compasition,
[0122] In a particul, bodiment, the unit dosage form
comprises Vitamin B, in an amount of from 2 1o 30 mg, more
prefernbly from 5 10 10 mg, and most preferably of 10 mg,
10123] A unit dosage form of the composition according o
present particular embodiments further comprises Vitamin
12, in an amount of from 400 to 4000 14, in other words from
10 to 100 pg, more preferably from 400 10 1000 U (10 -25

ngl

[0124]  In a further particular embodiment, the unit d
form comprises Vitomin E in un amount of from 1010 200 mg,
more preferably from 20 to 100 my, and most preferably 50

mg.

10125]  Optionally, a unit dosage form is designed 5o as 1o
facilitate division of o unit dosage form into two half-unit
dosage forms. For example, 2 pill, tublet or caplet may be
seored 80 a3 to be readily broken in half.

[0126]  In some embodi the ph, jcal comp:
sition described herein, or the unit dosage forms described

pusition fing to some embod of the p
invention to dissolve in an acidic aqueous solution und
thereby generate free magnesium ions has been demonsirated
(see Exampie 2 in the Examples sectien the follows).

[0136) In some embodi a phar H posi
tion unit dosage form as described herein is characterized o5
generating free tmagnesium ions in an which is least

50%, ot least 60%, at least 70%, or at least R0%, of is mag-
nesium content, when dissolved in an acidic nqueous solution
for 45 minutes at roem temperature,

[0137] In some embodiments, the acidic aqueous solution
is a 0.1 N HCI solution that is oquivalent 10 the acidity of a
stomach.

[0138) Some embodiments of the present invention are,
therefore, based on the findings that compositions that came
prise magnesium oxide and/or o hydmte form of magnesium
oxide as described hercin and/or mognesium hydroxide,
including pk tical compositi ining or con-
sisting of such posit are cl ized by a high
dissotution rate and level in an aqueous solution, in which free
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ions are rel ‘Mlhnmbmngboundbyany
purllclllar theory, itis suggcstu.l that the high dissolution rate
and leve] of such compositions attributes 10 the high level of
magnesium cellular uptake, which can be represented as the
value [Mg?*}i, which results from orally sdministering mag-
nesium oxide-type salt-containing compositions as described
herein.

[0139) Aoourdingio on aspect ol’sol'm: embodiments of the

ian, there is provided a pharmaceutical compo-
sition unit dnsage form for ora) administration, which com-
prises a magnesium oxide-type salt, iuhdmg MgO andfor
Mg(OH), and/or MgO.(H,0)n, wherein n is any valua from
0.1 to 2, as described herein,
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[0151] The therp lly elfective and
depend on the age, weight and health condition of I.hcsubjﬂ:t
{0152] For cxample, generally healthy subjoects typically
require a therapeutieally effeetive amount of elemental mag-
nesivm that ranges from 5 mg/'kg body/day to 10 mg/kg
body/day. Such on amount is sccountable for maintaining o
desired magnesium level andfor 1o prevent magnesium defi-
ciency or hypamagnesaemin,

[0153} This amount can be clevated in generally healthy
subjects that experience extensive physical eflorts, for
exmmnple, by cxercising sport.

[0154] This amount can be elevated in generally healthy
subjects that are under medication, as dewiled herein.

[0140] Insome gmbodlmmls, such a composition is char- |0155] This amount can further be elevated in genemlly
aclerized as capable of gy g free ium ions from healthy subjects who were diagnosed as suffering from mag-
at least 50% af its magnesi underpll‘,"‘,' 1 ium deficiency, as detailed herein.

conditions of 2 human stomach, ns described herein. 0156} This can be ¢l 1 in subjects wha suffer
[0141]  In some embodi such a ition is char-  from a condition which is coused by magnesium deficicacy.
acterized as capable of g ing free ions from  which Y nudfcrwhlch istrentnble
at least 50% of § lll lmsn«ium content when dissolved in an by an el 1 level of gncsium, as detailed herein.
acidicaq asdescribed hercin, for 45 minuiesat  [0157]  In some embodi drni ing is effected

room lempemature.

[0142] In some of these embodiments, the mnpuium
oxide-type sall comprises MgQ. In some embodiments, it
comprises a mkmofMgOmdMgD.(H,O]n.udmibod
hetein, In some embodi of MgO
and Mg(OH),. In mmc:mbodamcuts. it compnma mn(l.l.w

once daily, however, can be effected from once up to 4 times
a day.

of MgO, Mg(Ol), and MgO.(H,0)u. In

it comprises solely MgO.(H,O)n.

[0143) Prefernbly, the composition has a BET surface area

ranging from 30 m¥gram 1o 40 m%/gram.

[0144]  In some of these embodiments, one or more of the

pharmaceutical composition wnit dosage form(s) are pack-

oged in v packaging material and identified for use s o mog-

:l:i:m supplement mlfar in the treatment of o subject in
of mag

[0145]  Furtber nu:ordmg 1o embodiments of the pmmt

[0158] Dy “magnesium dcﬂcwncy" reference is made 1o

serun level, T level andfor

hone magucslum level.

1']59] In eny of the aspects described hervin, magnesium
ion refers to maintaining a desired mognesi

level andfor o p gnesium deficiency or hypemag-

nesuemia.

[0160) In any of the aspects deserbed herein, treating o

bject in need of ium supplementation refers o treat -

ing subjects who expericnce extensive physical efforts, os

descnbad hcrem, who take medlcmmns lhat typically cause

ficicncy, who are d I s suflering from

magmnum dcl’ic)cncy, uncll"ursuﬂ'cr I'rom a condition wlnch
ls caused by mag, i

invention, there is provided o usc of a p
described hertin in the manufocture of s mognesium supp]o-
ment, which con optionally be used as 8 medicament for
treating a subject in need of magnesium supplementation.
[0146) Furher ling 10 embodi of the p
invention, there is provided a composifion or o plumncatli-
cel composition as deseribed herein, which is identified for
use asa magnesium supplement, and/or i3 identified for use in
the treatiment of o subject in need of mognesium supplemen-
tation.
[0147)  Further ding o some embodiments of the
present invention, there is provided & magnesium supplement
which comprises any of the compositivns and pharmaceutical
compagitions as described hercin,
[0148]  Further gecording to some embodiments of the
ion, there is provid ‘anﬂhodufuea‘lmgn
suhjem in need of T ion, which is
effected by administering to the subjoct & th ically

ficiency and/or which 1s treatable by un elevated level of
m.ngnenuru, s detailed hervin,
[0]6]] Exemplary subjects who can benefit from megne-
sium supplementation are those suffering ﬁ'om any onc or
more of hypomagn y artery d (CAD),
chrunic heart fajlure, dinbetes mellllus, metabolic syndmme,
an abnormal muscle excitobility, 8 convulsive disorder, 8 psy-
chiatric disturbance, s calcium andjor potassivm abnormlity,
ic intoxicati Icoholism, drug abuse, renal wasting,
slress, DOUrOGis, 8 nervous d.lsou.ler. an cndncnnc-mmbullc
disordez, ition, lamy leg
cramps, cerebral palsy, depmsslon, nslhm.n a cardiovascular
discose, an ischemic heart disense, cardiac arrhythmias,
on, pmﬁnnnc)f-lmluocd hypmcnsmn. sl.mlu.,
preterm labor, fotigue, renal s:om. k;dney stones, beadache,
migreine, ahtitude sickness, premensirual syndrome, (ibro-
myalpa, muiclc weakness, insulin resistance, broncho-

effective amount of any of the comp sitions of the rh
ceutical composilions described herein,

[0149]  In some embodiments, the method is effected by
orally sdministering the composition or pharmaceutical com-
position.

[0150]  In some embodi the therapeutically effective
amount is such that is equivalent to from 50 to 2000 mg of
elemental mugnesium per day.

p ia, mitral valve prolapse, and nconatal
muphnk:pnl.hy.
[0162] Exemplary subjects who may benefit from magne-
sium supplementation are human beings of any nge or con-
dition, including fetuses, babies, adolescents, adalis, clderly
subjects, nursing and/or pregnant mothers, and healthy and/or
sick patients.
[0163) 11 is expected that, during the lifc of & patent matur-
ing from this application, many relevant additional conditions
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whichare nssociated with magnesium deficiency or which are
by ium supplementation will be identificd
andlhcscopeof ditions is intended 1o include any and all
of newly identitied conditions a prioni.
[0164]  As uscd herein the term “aboul” refers 1o £10%.
[0165] The terms “comprises™, “comprising™, “includes”,
“including”, “having™ and their conjugates mean “inchiding
but not timiled o™,
!0]66] The term “consisting of” means "including and lim-
ted 0™,
[0167] Theterm “consisting essentially o means tha the
composition, method or structure may include additional
ingredients, steps and/or parts, but only if the additional
ingredicnls, steps andor pnrl: do not mnt:nally alier the basic
and navel ch ics of the clai position, method
or structure,
[0168) As used herein, the singular form “a™, “on” ond
“the™ include plurl refereaces unless the context clearly
dictates otherwise. For example, the term “n compound® or
“at least one compound™ may include a plurality of com-
pounds, including mixmures thereof,
[0169] Throughout this applicati embodi
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the context of vorious embodiments are not 10 be considered
ial Ik of thuse embodi unless the cobuodi-
ment is :mpemuw without those elements.
[DI'M] Vamus embodjmmts and ospects of the present
defined b asclaimed in the cloims
section bcluw find expmmmlal support in the following
non-limiting examples.

EXAMPLES

[0173] Reference is now made 1o the following examples,
which, together with the above descriptions, illustrate some
embodiments of the invention in o non-limiting feshion.

Example 1

MgO.(L,0)n-containing Formulation

[0176] Charncterization:

[0177] A homogenous and stable grunular powder cuntain-
tng MgO.(H,O)n as co-product of high pure MgO, extracted
from the Dead Sea, and Mg(OH), obtained from ICL Indus-
trin] Products {Beer-Shevs Isroel ), with typical melting point,

of this inveation may be preseated in nmnge format, It should
be understood that the description in range format is mesely
for convenicnee and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accard-
ingly, the description of 0 range should be vonsidered to have
specifically disclosed all the possible submnges as well as
individual numerical values within that range. For example,
description of a range such s from 1 te & should be consid-
ered (o have specilically disclosed subranges such as from 1
to 3, from 1 to 4, from | to 5, from 2 to 4, from 2 to 6, from 3
1o 6 etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6, This applies regardless of the
breadth of the range.

[0170] Whenever s numerical range is :nnlu:aled herein, itis
meant to include any cited I (fractional or i 1)
within the indicated range. The phnm "nangmg’mnps
between™ o first indicate number and a sccond indicate num-
ber and “ranging/ranges from™ a first indicate number “10™ a
second indicate number are used herein interchangeably and
are meant o inchede the first and second indicated numbers
and all the fractional and integrul numerals therebetwoen.,
[0171]  As used herein the term “mek

1" refers to

particle size, andd analytical specilications, is atilized for for-
iy tescribed

L i Y
g 8 s

herein,

10178] One such 1 ik
der exhibits the following characteristics:

[0179] DPurity of about 96.4%;

[0180] Loss e ignition of sbout 31.0%;

[0181] Bulk density of about 0.90 granm/ml.;
[0182] Residual amount of non-Mg impurities of about
0.7%:

[0183] BET surface area of about 35 m*/gram; and

[0184] A particle size dlstnbulmn. as determined by Laser
Diffraction Methed, and is exp g0 ASTME
11-70 (1995) smu.lml, us Dollows:

[0185] ASTM+30 mesh (0.595 mm)-8.0-20.0%

[0186] ASTM-30 +60 mesh (0.595-0.250 mm)-60.0-70.
0%

[0187)
0%

[0188)
[0189)

'8 pow-

ASTM-60 +100 mesh (0.250-0.149 mm}-5.0-25.

ASTM=100 mesh (0.149 mm)=1.0-8.0%
As shown herein, the particles vary in size but

means, techniques and procedures for sccomplishing a swen
task including, but not limited to, those manners, means,
techniques and procedures eu.her known to, of readily devel-
oped from known eans, tech i ques and proce-
dures by practitioners of the chnm:cal , pharmacological, bio-
logical, biochemical and medical arts.

[0172]  As used herein, the term “treating™ includes abro-
gating, substantially inhibiting, slowing or reversing the pro-
gression of a condition, substantially ameliorating clinical or
acsthetical symploms of s condition or substnnualiylm:vem

ing the app of ¢linical or ymp ofa
condition.
[0173] 1t is apprecinted that certain f of the inven-

tion, which are, for clarity, described in the context of separate
afnhodimeuts, may also be provided in combination in a
single embodiment, Conversely, various features of the
invention, which are, for brevity, described in the contexiofla
singleembodlmcm may ulso be provided separately or in any

or a8 suilable in any other described
embodiment of the invention, Certain features described in

ady, (i B[ le size of 70% of the granules}of

[0190] FIG. 4 presents a representative photograph of a
gronular magnesium-contuining particle, showing it has a
while gray color.

[0191] Formulution:

[0192] An oral unit<losage form containing magnesium
oxide hydrate of the presenl invention is preparcd by com-
pacting a powder as described herein, optionally mixed with
additicnal active and non-active ingredients, into 1ablets.
[0193] Inanexemplary procedure, talslelampmpared by
direct compaction (baich size of 200 kg) using an 8-simtion
Rm Piccola tahlet machine formatted with 11 mm round,
hes, 1o a target tablet weight of 1000

mg23%.

[0194] Thus, a granular compesition containing Mg.(11,0)
n, optionally mixed with Mg(OH), and/or MgO (900 mg),
Microcrystalline ccllulose (200 mg), Copovidone (50 mg)
and Craspovidone (0.0-20 mg) wos blended in o low-shear
mixer for five minutes. Colloidal silicon dioxide (5 mg) and
opticnally Magnesium sicaralc (5 mg) were then added and
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the resulting mixture wos blended for an additional twe min-
utes. The final blend was passed through a 0.8 mm sicve and
the obiained powder was compacted into ablete using the
:ﬁcola press, as described herein, ot an applied force of 20-22

{0195]  Coated tablets are prepared by applying an enteric
coaling, using nooepulh!c polymers like Budmgjl L-30 D-35,

propyl meth hihalate (HPMCP), cellu-
losc acctate phthalate nndAcr}rl.-Bﬂ-m to achieve 5% weight
gain of the coating.
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by a mechuslcnl agtuﬂnr Afler 45 minutes, the quantity of
was d by titration with sodivm
hydroxide (0.2 mol-dm™).
[0210] The results are presented in Table 1 below and show
that the capsules cootoining magnesium oxide and/or 3
hydrate thereof e:dnhllnd the highest solubility of all types
tesied, both ise, a5 the p of mag;
{relative to tbe amount of the clcmcmnl magnesium in the

[0196] Tn on exemplary process, toblets were film-coated le) and on an absol le (of the quantity of dissolved
using an O'Ilara LabCoat 11X side-vented g 2 )
TABLE 1}
Percent of
Quaniity of Magoesiun  Amount of
which - Magnesivm
dissolved measired perunit  Magnesium  Type ol Company
{mg) by Asssy {mg]  Source encaprulstion  Name
323 iM% %0 Powdered Caprule, MNaveh
MgO andior 625 myg Phasma
» hydemte
form thereol”
158 63% 250 Magnesiyny  Caprule Solgar XXX
Citrate
44 45% 8.6  Magnesium Chewable Dinzporal
Citrate Tablet

firted with 2 15" coating pan and & Schlick ABC two-fluid
spray nozzle, The general process conditions used were as
follows:
0197}
[0198)
[0199]
[0200]
[0201]
[0202)
[0203)
{0204]

‘loblet charge (kg) 2.0;

Solids in coating suspension 12.5% wiw;
Target weight gain 3% wiw;

[nlet air temperatune 60° C.;

Pan speed 15 pm;

Inlet oir volume 255 m*h~';

Atomizing oir pressure 1.3 bar;

Pattern mir pressure 2.3 bar;

10205] Spray ratc 15 g.min™",

[0206] Aliematively, a granulor composition, conlaining
Mg.(H,0)n, optionally mixed with Mg(OH), and/or MgO
(900 mg), is funnulalﬂd into HPMCoor Gelal:m Capnulea (&g "
Ho. 00), using silicon divxide o5 an exci in

up 1o § mg per | gram composition (per 1 capsule). Ophon'
ally, s composition is formulated to contain at Jcast 50 mg of
Vitamin E, ot least 10 mg of Vitamin B, and preferably 400 1U
of Vilumin D,.

Example 2

[0207] Dissolution Tests

[0208] The solubility of magnesium-containing capsules
was tested in an assay performed according to USP specifi-
cations. In this assay, the solubility of o variety of magne-
sium-containing samples was tesied as a function of the mag-
nesium solt/complex used and the type of the formulation,
[0209] A round-bottomed flask containing 100 ml 0.1 N

hydrochlorie acid (HCI), which is the equivalem o utnmach
acidity, was heated to 37° C. A tested

[0211] Optical images of the tested solutions are shiown in
FIGS. 5A-C. FIG. SA shows the experimental setup; a mag-
nesium sample can be seen in the center Mask. The clear
solution is indicative of wmplelcdlswl‘ulmn. FiG. 5B shm'rs
o closc-up of the Scolgar
citrate. F1G. 5C shows a clnswp of Dmspml chewable
inblets, containing magnesium cirote.
10212] ‘The examples sct forth above arc given to provide
those of akill in the art with disclosure and description of how
to make and use various cmbodiments of the methods dis-
closed hercin, and is not intended to limit the scope of the
invention.
{0213} A composition andfor method described herein may
be useful for purposes described herein, such as maintaining
and/or improving in humans the health conditions related 1
magnesium deficiency.
|0214] Alihough the invention has been described in con-
junction with specific embodiments thereol, it is evident that
many altcmatives, modifications and variations will be appar-
ent to those gkilled in the art. Accordingly, it is intended to
b all such al , modifications and varintions
that fall within the spirit and broad scope of the appended
claims.
[0215] All publications, patents and patent applications
mentioned in this specification are herein incomparated in
their entirety by reference into the specification, 1o the same
cxtent as ifeach individual publication, patent or patent nppli-
cation was specifically and individually indicated to be incor-
porated herein by reference. In addition, citation or identifi-
cmmofnuy ference in this opplication shall not be

ias an ilablc as

that such refc is
pncn' art to the present invention. To the extent that section

sample was then placed inside the flask and stirred o1 75 rpm

Jings are used, they should not be 1ns
ily limiting,.
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[0216] The scope of the inveniion is to be interpreted in
sccordunce with the substance defined in the following
claims.
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1. A compasition comprising a hydrate form of magnesium
oxide, denoted as MgO.(H,O)n, a1 a concentration ranging
from 1 to 100 weight percent (wt %), where a is any value
from 0.1 1w 2,
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2. The composition according to claim 1, comprising &
hydrute form of magnesium oxide selected from the group
including:

0. Magnesium oxide hydrate MgO.(H,O)n, a1 a concentra-
tion rmnging from 1 to 100 w1 %, wherein n in any value
from 0.1 to 2, and MyO a1 a concentration ranging from
01w 99 wi %; or

b. Mognesium oxide hydmie MgO.(H,O)n, at a concentru-
tivn renging from 1 1o 100 wi %, wherein n in any value
from 0.1 to 2, and Mg(OH},, at a concentration mnging
from 0 to 99 wt %; or

¢. Mugnesiun oxide hydrate MgO.(11,0)n, ot a concenlra-
tion ranging from 1 to 100 wi %, wherein n is any value
from 0.1 to 2, and Mg({OH), at a concenltration ranging
from 0 to 99 wi %, and MgO, et a concentralion ranging
from @ to 99 wt %,

3. The eamposition of claim 1, wherein n ranges from 0.3

wl.

4, The composition of claim 3, wherein o concentration of
aaid MgO.(H;O)n is eclected from the group including: at
least 10wt %, at lcast 20 wi %5, at least 30 w1 %, ol least 40wt
%, ot Jeast SO wi %, ut least 60 wi %, at lepst 70 wi % or ut least
80 wi % of a total weight of the compusition.

5. The composition of claim 1, being in o form of a plurality
af particles.

6, The composition of ¢laim 1, having o BET surface area
ranging from 30 m*/gram 10 40 m*/gram.

7. A pharmncentical composition comprising the magne-
sium-containing, composition of claim 2.

8. The pharmaceulical composition of claim 7 further com-
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pmmu(wl%), whmenuangfvn]ue&umﬂl to 2; and a
\ camprising a hydrate form of
nmgnclmm oxide scfmod fmm the group including:

d, Mngnerlum oxide hydrate MgO.{11,0)n, i a concentra-
tion mnging from 1 to 100 wi %, wherein nin any value
from 0.1 to 2, and MgQ ot a concentration ranging from
010 59 Wi %; or

¢, Mognesium oxide hydrate MgO.(H;O)n, ata concentea-
tion mnging from 1 to 100 wi %, wherein n in any value
from 0.1 to 2, and Mg(OH),, a1 a concentration renging
from O 1o 99 wt %; or

{. Magnesium oxide hydrate MgO.(H,0)n, ot o concentra-
tion ranging from 1 to 100 wt %, wherein n is any value
from 0.1 10 2, and Mg{OH), sl a concentralion ranging
from 010 99 wi %, and MgO, st & concentration rmnging
from 0 to 99 wt %.

15. The method of claim 14, wherein said therapeutically
effective amount is oquivalent to from 50 to 2000 mg of
elemental magnesium per day.

16. The use ofd'le composmon ofclaim 1 in the preparation
of a phar jon for the of a con-
dmonnrdmondcr aclectod from the group consisting of hypo-
magnesacmia, coronary artery disease (CAD), chronic hearl
foilvre, disbetes mellitus, metabolic syndrome, an abnormal

1 i lisorder, & psychiatric dis-

bility, a Isive di s
turbance, a calcium andfor potassium abnormality, a chronic
intoxication, alcoholism, drug abuse, renal westing, stress,
NEUrosis, 8 NETvous dmrdcr. an cnduc‘nm-mmbnlic disor-

prising et least one additiona) active agent and a ph
tically acceptable carrier.

der, malautrition, pation, [ psia, leg ps,
e 1 PI'.S]‘, - y il v a A 1 A5
an ischemi hean 1 , cardioc arrhytt hypcm:nsiun.
irduced h simke, n b

ks & WE

9. The pharmaceutienl composition of claim 7 wherein the
ot least onc additiona) agent is selected from the group includ-
ing Vitamin D, Vitamin B, and Vitamin E.

10. The pharmoceutical composition of claim 7, being
formulated us & unit dusnge form for ol administrtion,
wherein an amount of clemental magnesium in said unit
dasage form renges from 50 mg w0 2000 mg.

11. The pharmaceutical composition of claim 10, being
charncterized as copoble of genemting free magnesium ions
from ol Jeast 50% of suid composition under physiological
conditions of n human slnmtc‘h

12. The ph position of claim 10, being
chamcterized as geacrating free magnesium ions from at least
50% of said compusition when dissolved inan acidic squeous

jon for 45 minutcs sl rom temy

13, The use of a comws:ucm according to claim 2 in the
prep of 2 | composition for uge in the
[ t of & '; in need of mognesium supplementn-

livn,

14. A method of treafing » subject in need of magnesium
supplemeniation, the method comprising administering to the
subject a therapeutically effective amount of a composition
selected from the group consisting of: A composition com-
prising a hydrute form of magnesium oxide, denoted os MyO.
{H;Om, ot a concenlration ranging from 1 1o 100 weight

Jcoho! withdrawal, preterm labor,
fntmue. reas] stones, klrlnqr stom:s, headache, migraine, alli-
tude gi ua) gy fibromynlgia, muscle
weakness, insulin resistance, branchospasms, hyperlipi-
demia, mm-nl valve prulnpse. ond seonstal encephalopathy.

17. A ilhon unit dosage form for
oral ndmmulrntmn |ln: wmnusumn comprising a magne-
sium salt selected from the group consisting of magnesium
oxide hydrate MgO.(11,0)n, wherein n is any value from 0.1
10 2, MgO und Mg(OH),. the composition being charscier-
ized as capable of g ing, froc magnesium ions from at
least $0% of its magnesium coment under physiclogical con-
ditions of & human stomach.

18. The pharmaceutical composition of claim 17, wherein
said magnesium salt is in an emount equivalent to an amount
of ¢lemental magnesium that ranges from 50 my to 2000 mg.

19. A pharmaceutical composition unit dosage form for
oral administration, the composition comprising a magne-
sium saht selected from the group consisting of megnesium
oxide hydrte Mg0.(11,0)n, wherein n is any vahue from 0 1
102, MgO ond Mg(QH), and is being t 1as
of g g free magnesium ions from at least 80% ofits
magnesium cnmcm when dissolved in an acidic aqueous
solution for 45 minutes st room lemperature.

LI I
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Why Magnox is the Most Superior Magnesium Supplement Available

Why do we need a Magnesium supplement?

Magnesium is the fourth most abundant mineral in the body and is essential to good health.
Approximately 50% of our total body magnesium is found in our bones. The other half is found
predominantly inside the cells of our body tissues and organs. Only 1% of magnesium is found in our
blood, but the body works very hard to keep our blood levels of magnesium constant,’ therefore a
blocd tests are a good indication of the averallstatus of magnesium in our bodies at any given time
(e.g. - whether an individual is suffering from hypo or hypermagnesemia).

Magnesium is needed for more than 300 biochemical reactions in the body. It helps maintain
normal muscle and nerve function, keeps heart rhythm steady, supports a healthy immune system,
and keeps bones strong. Magnesium also helps regulate blood sugar levels, promotes normal blood
pressure, and is known to be involved in energy metabolism and protein synthesis.”? Scientists are
currently investigating the role of magnesium in preventing and managing disorders such as
hypertension, cardiovascular disease, and diabetes. Dietary magnesium is absorbed by the small
intestines. Magnesium is excreted through the kidneys. *>* :

Large epidemiclogic surveys show that most people in Western culture do not consume enough
dietary magnesium. This magnesium deficiency contributes to an elevated risk for a number of
diseases. According to a 1999-2000 NHANES study (National Health and Nutrition Examination
Survey)®, 68% of Americans consumed less than the U.S. recommended daily allowance for
magnesium. In addition, the study demonstrated that adults who were deficient in dietary magnesium
were about 1.5 times more likely to have elevated inflammation markers than adults who consumed
the recommended amount. Adults over were twice as likely to have increased systemic inflammation,
which can contribute to chronic diseases such as heart disease, diabetes, and certain cancers. Other
epidemiologic trials indicate that a diet high in magnesium can even lower blood pressure’®.

Signs of magnesium deficiency (How do | know if | am magnesium deficient?) [1,3-4).

Early signs of magnesium deficiency include the following:
e Fatigue
Weakness
Abnormal heart rhythm
Coronary spasms {(which may by asymptomatic or cause chest pain)
Migraine
Hot flashes
Muscle contractions and cramps
Numbness
Tingling
Osteoporosis
Personality changes - Seizures {sudden changes in behaviors caused by excessive electrical
activity in the brain}

*. & 8 @ * @
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Loss of appetite
Constipation
Back pain
Nausea
Vomiting

Severe magnesium deficiency can also result in low levels of potassium in the blood
(hypokalemia), which can lead to conditions such as muscle weakness, aches and cramps™®’. In
addition, Magnesium deficiency can exacerbate existing medical conditions such as high blood
pressure, high bad cholesterol, diabetes and osteoporosis®.

Magnesium Absorption Route

Magnesium is absorbed primarily in the distal small intestine, and healthy people absorb
approximately 30% to 40% of the magnesium they ingest (Knochel, 1991; White et al., 1992).%° Since
magnesium is predominately an intracellular cation (a positive charged ion), thus, the effectiveness of
any oral magnesium supplement is assessed by its solubility and rate of uptake frem the small intestine
into the bloodstream, and by its transformation into a free ion that absorbs into the cells of the tissues
through a certain pathways in cell membranes(Sim. 1.). Allif this is a complicated way of saying that a
magnesium supplement has to be able to be absorbed by the cells of the body in order to be beneficial
to the health of the individual taking it. Magnesium levels in the body are regulated by the kidneys.
When magnesium levels in the blood are high, the kidneys will rapidly excrete the surplus. When
magnesium intake is low, renal excretion drops to prevent the loss of magnesium (White et al,, 15)5‘!2}.9

Simulation 1: Only free ion (Mg"*)of magnesium can penetrate cell membrane.

Sim. 1. Putative transport mechanisms regulating intracellular free Mg2+ concentration ([Mg2+]i) in vascular smooth
muscle cells (VSMC). Mg2+ influx and efflux are modulated through the Na+/Mg2+ exchanger and via the Cal+/Mg2+
exchanger.




Body Magnesium Tests

A routine blood panel in a hospital or doctor's office often includes a serum magnesium level.
Unfortunately, since the vast majority of magnesium in the body is not in the bloodstream, but in the
cells and the fluid surrounding the cells, serum magnesium tests, do not provide an adequate
indication of the status of magnesium in the body. Our body has an incredible ability to keep a
balanced blood-magnesium level at all times, and our blood is the last storage area of magnesium in
the body. Therefore, by the time a hospital test can detect a magnesium deficiency in the blood, it’s
likely already both severe and dangerous- with up to 99% of the body's magnesium having already
been depleted. Hospitals and doctors' offices often check a magnesium level when a patient has
certain medical conditions, such as heart or kidney problems. When blood tests come back nermal,
doctors often assume the patient in question has sufficient magnesium and the inquiry with regards to
magnesium ends there. However, blood testsjonly,detectithe:most severesand:dangerousimagnesiim
deficiencies, and are therefore not a reliable indicator of a problem **,

Intracellular Levels are the only Clinically Significant Measures of Magnesium Levels.

In order to circumvent the shert-comings of blood serum level tests with regards to magnesium
deficiency diagnosis, a 'Sublingual epithelial cell' magnesium test was developed. This test has been
shown to be a valuable tool in the hunt for meaningful magnesium measurements. It is recognized by
the medical literature, the FDA and health insurance companies in the US. (Citation) One study
compared the intracellular levels of magnesium in cells from the heart wall and cells under the tongue,
and found that the levels were equivalent. Even more significantly, this study revealed that low
magnesium levels from the sublingual epithelial cell scrapings were an indicator that patients would

have abnormal heart arrhythmias after major heart surgery, even when their serum levels were within
normai ranges,

Different Intracellular Absorption Rates of Various Magnesium Salts

Magnox was developed in 2010 by Naveh-Pharma and was patented in 2011. It consists of a
special granular magnesium oxide combined with a water molecule (H,0) to create a more bio-
available form of magnesium - Magnesium Oxide Monohydrate. We employed a revolutionary
pharmaceutical technique to create this new compound, which has a high dissolution rate, and a
superior mechanism of absorption in the body over magnesium oxide or hydroxide.

Customer feedback has been overwhelmingly positive, demonstrating the immediate beneficial
effect of Magnox on muscle cramps (especially those experienced nocturnaily), restless legs and
vitality. In the personal experience of countless patients, as demonstrated by testimonials, Magnox is
more effective than conventionally employed magnesium citrate in treating these conditions.

Inorganic Magnesium formulations are more Readily Absorbed than Organic formulations:
Professor Michael Schechter, renowned cardiologist and expert in magnesium research at

Sackler Faculty of Medicine, Tel Aviv University, and Director, Clinical Research Unit, Leviev Heart
Center, Chaim Sheba Medical Center, Tel Hashomer, Israel., authored a theory to explain the superior
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intracellular absorption rate of Magnox. His hypothesis was subsequently reinforced by a cross-over
comparisen trial conducted by Schechter and Saad®’. All oral formulations of magnesium supplements
are not created equal. Absorption rates and bio-availability of preparations vary, as do concomitant
side effects. Magnesium preparations consist of a magnesium atom and a ligand, which is an ion or
molecule, that binds to a central magnesium atom. The ligand can be organic or inerganic. Inorganic
ligands include Chloride, Sulfate, Oxide, and, in our case, Oxide Monohydrate, Organic ligands are
usually natural amino acids {such as taurate, glycinate, aspartate, and orotate) or acid compositions
naturally occurring in the body (such as lactate, citrate, gluconate, etc.). It was conventionally (and
erroneously) believed that magnesium preparations containing organic ligands, and thus highly water-
soluble, were more bio-available, since the body would “recognize” the naturaily present ligands.

We at Naveh-Pharma opposed this conventional “wisdom,” based on the fact that most”organic
rIlgam.is tendlto forma. complex, mfc!iﬁﬁt"é,” in~whlch the. magneslum'lslsurrounded,bw he'llgand'
mulecules. These chelates are very stable;':and the body has.trouble-dlsmantling them.. Therefore}r

I r
therhudy is: lnefﬂcient atlreIeasIngc’magnesiumrlons‘fromorganic suspenslons in-order, to form free
magnesium Ions,,whlch'are~a Sorable’ intracelluIarlwiomanlclcgmplexes cannot.be absorbe{d’by,,the
magneslum.channe! info cell-membranes, ‘and | therefore. Femain'in the bloodstreamrand‘are
eventually excreted. 1

The rate of complexation of every magnesium salts is measured by a STABILITY CONSTANT,
defined by IUPAC™, The stability constant is inversely proportional to the intracellular absorption rate.

The higher the stability constant, the lower intracellular absorption is, Table 1 provides the
various stability constant rates of the different magnesium salts. For example, Magnesium Citrate has a
stability constant of 2.8.

Why previous surveys that concluded that organic magnesium salts are more bicavailable than
inorganic salts are false?

In a trial that examined the bicavailability of magnesium oxide versus magnesium citrate
{Lindberg et. AL)", scientists concluded that Mg.citrate is more bioavailable than Mg.oxide . The
conclusion derived from the finding that, a greater amount of magnesium citrate than magnesium
oxide was found to be present in the urine, Although magnesium oxide is insoluble in water, it is highly
soluble in stomach acid, where it turns to magnesium chloride, ionic form of magnesium that is readily
absorbed by the cells. Therefore, in the Lindberg trial, because the oxide was well absorbed and
present more abundantly inside the cells, only a small amount was excreted through the kidneys. In
contrast, the magnesium citrate was found in larger quantities in the urine because as a complex it
could not cross the magnesium channels and reach the kidneys, which have no ability to dismantle it
either and therefore send the complex to the bladder and out of the body.

This means that the Conclusion of the Lindberg Clinical Trial (and Many Other Similar Trials
Measuring Serum or Urine Magnesium) should be reversed!
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A close-reading of Lindberg's abstract reveals the scientific fallacy {(marked ):

J Am Coll Nuir. 1990 Feb;9(1):48-55.
Magnesium bioavailability from magnesium citrate and magneslum oxide.
Lindberg JS, Zobitz MM, Poindexter JR, Pak CY.

Abstract

This study compared magnesium oxide and magnesium citrate with respect to in vitro solubility and in vivo
gastrointestinal absorbability. The solubility of 25 mmol magnesium citrate and magnesium oxide was
examined in vitro in solutions containing varying amounts of hydrochloric acid (0-24.2 mEq) in 300 ml
distilled water intended to mimic achlorhydric to peak acid secretory states. Magnesium oxide was virtually
insoluble in water and only 43% seluble in simulated peak acid sccretion (24.2 mEqg hydrochloric acid/300
ml). Magnesium citrate had high solubility even in water (55%) and was substantially more soluble than
magnesium oxide in all states of acid secretion. Re-precipitation of magnesium citrate and magnesium oxide
did not occur when the filtrates from the solubllny studies were titrated 1o pH 6 and 7 to stimulale pancreatic
bicarbonate secretion. Qgp_ "'B'“w Yo Terofmagn cu:'s’ﬂ},.ff‘ ¢ a5y c_d:nplexed as~solublc bl magresiumycitrated
whereas}magn nesium complexauamwmpjjpresent Al Lhe'tmagnes uny; 1; defsystem Magnesium absorption
from the two magnesium salts was measured in vivo in normal volunteers by assessing the rise in urinary
magnesium following oral magnesium load. The increment in urinary magnesium following magnesium
citrate load {25 mmol) was significantly higher than that obtained from magnesium oxide load {during 4 hours
post-load, 0.22 vs 0.006 mg/mg creatinine, p less than 0.05; during second 2 hours post-load, 0.035 vs 0.008
mg/mg creatinine, p less than 0.05). Thus, magnesium citrate was more soluble and bioavailable than
magnesium oxide,

Our thesis is simple :

Most magnesium salt supplements sold worldwide are composed of organic salts.
Only an intracellular magnesium test, provides an accurate indication of body magnesium
levels.

¢ To date, most conventional clinical trials measuring magnesium absorption and efficacy have
been based on serum or urine magnesium tests.

* Organic magnesium salts, tend to form complexes that cannot enter the cells and cannot be
absorbed in the body, therefore are excreted and useless to the body.

s Considering that only 30-40% of magnesium supplements are absorbed into the serum and
most of it are un-absorbable complexes, the intracellular absorption and the efficacy of organic

magnesium salts is low.

Conclusion;

e Organic magnesium supplements are ineffective to replenish magnesium in the body.
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Schechter and His Team proved this Theory Correct with their Cross-Over Comparison Trial

The following excerpt from Schechter’s study’’ demonstrates why Magnox is more readily
absorbed by the body than organic magnesium supplements:

Magnox Vs. Magnesium Citrate . Schechter et. Al. Magnesium Research 2012; March: 1-12

We investigated the impact of supplemental oral magnesium citrate versus magnesium oxide on
intracellular magnesium levels ((Mg2+1i) and platelet function in healthy subjects with no apparent heart
disease. In a randomized, prospective, double-blind, crossover study, 41 (20 women) healthy volunteers [mean
age 5318 (range 31-75) years] received either magnesium oxide monohydrate tablets (520 mg/day of
elemental magnesium) or magnesium citrate tablets (295.8 mg/day of elemental magnesium) for one month
{phase 1), followed by a four-weck wash-out period, and then crossover treatment for one month (phase 2).
[Mg2+]i was assessed from sublingual cells through x-ray dispersion (normal values 37.924.0 mEq/L), serum
magnesium levels, platelet aggregation, and quality-of-life questionnaires were assessed before and after each
phase. Oral magnesium oxide, rather than magnesium citrate, significantly increased [Mg2+]i (34.413 versus
36.312 mEq/L, p<0.001 and 34.7+2 versus 35.4+2 mEq/L., p=0.097; respectively), reduced total cholesterol
(201237 versus 186327 mg/dL, p=0.016 and 187+28 versus 187+25 mg/dL, p=0.978; respectively) and low-
density lipoprotein (LDL) cholesterol {12822 versus 120425 mg/dL., p=0.042 and 120%23 versus
121422 mg/dL, p=0.622; respectively). Noteworthy is that both treatments significantly
reduced epinephrine-induced platelet aggregation (78.9216% versus 71.7£23%, p=0.013 and 81.3+15% versus
73.3%23%, p=0.036; respectively). | Thg_s;goralhnagmsmm:ondg'frea’ﬁnent “significanly,improyedr(Me2+]1)
totaland! DL, cholesterol-compered; wnhjmggnesmm citrate, while both treatments similarly inhibited platelet
aggregation in healthy subjects with no apparent heart discase.

Teachings of the Schechter et al, Trial:

* To the best of our knowledge, that is the aniy clinical trial to date that tested intracetlular
absorption of magnesium, rather than blood or urine rates,

+ It was a cross over™ trial (in which every patient was administered both Magnox and
magnesium citrate).

e Statistical processing by Power Calculation** reinforces the findings™®,

* Magnox was found to be 2.7 times more readily absorbed into the cells than magnesium
citrate.

* Magnox reduced LDL {bad) Cholesterol and HsCRP (marker for inflammation in the body that is
linked to atherosclerosis and heart disease ), while Citrate was not effective at reducing either.

* Bothtreatments inhibited platelet aggregation (since both supplements are absorbed into the

bloodstream).
*
CROSS QVER In B ortibkaver tHal, pirticipants are randomby assigned to w saquence of .« In i design there are For exampie, B trial was conductad I patients with asthma to
COMPAre [A38r SCugunclung with & sham ['placebo’) . Patients either (o recee far Pt weks [Airst period) and then a placebe for five weeks (second period), or & pleccbo for the

Next period snd Lhen scupundiure for the second. mm-mnmmmwnummnmm’ for assezyment of the efect of treatrent and control within efch pAtIEnL. In & eriss sver Sesign we
wmumnmmnrwmﬂummmmmumh.mummmmmwuumw
*
'wncmunoumpwmu ’ daaicn, wcutation, b kaa high o oo low. H sample sizs |s oo kow, the
wpmant Wi okatio ki g, o b Pkl gl .
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The Schechter Trial Revolutionizes Scientific Thinking about Magnesium Absorption

In sum, the Schechter trial published March 2012,is about to change the perception of
magnesium absorption and its effect on the human body, Conventional wisdom about organic versus
inorganic magnesium supplements is incorrect. Yes, it has been clinically proven that organic
compounds are soluble and very well absorbed into the bloodstream as a complex, but they are
excreted without any beneficial effect on the health. These organic magnesium complexes have
minimal intracellular absorption and thus minimal efficacy!

In conclusion - taking organic magnesium salts such as magnesium citrate, magnesium aspartate,
magnesium taurate, magnesium orotate, magnesium glycinate or magnesium lactate, is worthless!
Magnox is a more effective method of promoting healthy magnesium levels in the body.

STABILITY CONSTANTS OF VARIOUS MAGNESIUM COMPLEXES

from Chapher § - Sequestrants in Foods, by Thomas E. Furta, in CRC Mandbook of Food AddRives, 2nd aa, 1972 latest revision October 26, 7006

Complex LIGAND Stability constant
Magnesium oxide monohydrate Oxide and water 0
Magnesium citrate Citric acid 2.80
Magnesium glutamate Glutamic acid 1.9
Magnesium_glycinate Glycine 3.45
Magnesium lactate Lactic acid 0.93
Magnesium maleate Malic acid 2.24
Magnesium orotate Orotic_acid 5.34
Magnesium aspartate Aspartic acid 2.43
Table-1

Better compliance - One More Benefit of Magnox — meets 100% of magnesium RDA .

One capsule of Magnox, provides all of the RDA {recommended daily allowance) of magnesium,
The weight of the magnesium in Magnesium Oxide Monohydrate is 42% {see Figure- 1), whereas in
organic magnesium formulations it is 16% (for citrate) or less for other compounds. Therefore, one
capsule of Magnox provides all the magnesium you need, as opposed to 2-10 capsules of organic
compounds. Simplify your life and your routine by taking Magnox!

| Figure 1: @ Percant Magneshum coreent of orat supplemenes |
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“An analysis of current evidence in the literature suggests that Echinacea has a
benefit in decreasing the incidence and duration of the common cold; however, large-
scale randomized prospective studies controlling for variables such as species, quality
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of preparation and dose of Echinacea, method of cold induction, and objectivity of
study endpoints evaluated are needed before Echinacea for the prevention or
treatment of the common cold can become standard practice”.
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“The present study suggests that an herbal extart preparation containing Echinacea,
Propolis, and vitamin C is beneficial for the prevention of respiratory tract infections
in children. However, considering that this is the first trail conducted in young
children, conclusions must be made with caution. Additional studies are needed in
larger samples to confirm our findings and te rule out potential adverse effects in
general or specific populations at risk, such as allergic children or those receiving
cotherapy or having different morbidities, before the preparation can be
recommended for routine clinical use”.
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