FORMULAS COVPRI SI NG CALCI UM MAGNESI UM ZI NC, AND VI TAM N D3 FOR THE
PREVENTI ON AND AMELI ORATI ON OF OSTEOPORCSI S [0001] This application clains
benefit oWOWN®/09PM8VI si onal Application No. 61/023, 997, PCrhiBzhodersoexr y 28,
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i ncreased

FIELD OF THE INVENTION

[0003] This invention relates to compositions for the
prevention and treatment of osteoporosis. The present invention
20 provides formulas of elemental compositions encompassing acetate
salts of calcium, magnesium and zinc along with vitamin Ds. The
acetate salts can be extracted from natural sources such as

pearls, coral, and oyster or compounded using synthetic materials.

25 BACKGROUND OF THE INVENTION
[0004] Calcium is the major element in bones. Over 99% of the
body’s calcium resides in bones. Rpproximately 80-90% of bone

mineral content is comprised of calcium and phosphorus. Adequate
30 intake of calcium from the diet is necessary for bone growth and
maintenance. Osteoporosis 1s a disease caused by a significant
loss of bone mass which 1leads to increased susceptibility to
fracture. This condition often occurs in women age 35 or above.
More frequently, it occurs in postmenopausal women (Ilich and

35 Kerstetter, 2000; Ilich et al., 2003).

[0005] Dietary supplementation with calcium was thought to be
the prime factor in the maintenance of bone health in the past 50
years (Seelig et al., 2004). However, the benefit of increased

40 calcium consumption has not been clearly demonstrated for bone



cal ci um consunption has not been clearly denonstrated for bonehealth.
I nstead, high calciumintake nay be |linked to higher incidence of
car di ovaswolaey/ds®ease (Seelig et al ., 2004) . IncreasedTnBak9/edso42
cardi ovascul ar di sease was al so attributed to a continued increase in
calciumto magnesiumratio (Ca/Mj) in the diet. The ratio of Ca/ My
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est rogenidedfei @ity over@hel wes t*he leftfoeetd /6f cal ci um suppl enentation (Riis
et al., 1987), all showed that cal ciumhad a significantly beneficial
effect. &0008 In elderly wonen, it was shown that there was a significant
rel ati on§PPPebet iBEHShore S et el L idéisict y (BWDE Sandisevekal ceifereqrrs
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cal cium nmmgnesiu zinc and vitamin C (Ilich et al. , 2003) . [0009] In

the earl 99?@%505,(15%?% daPerdm i moalée reachetth hréwHivghest & 5681 rytm
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mai nly due to the increase_in _cal ciumintake, ngg a chagge in n?gnesi um
re’e d ‘CHuk
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requi red,, an ssti mte Lover, than, previ oysly estifgted: [0010] In one
clinical "trial, 43 earl'y postnenopausal  women
[0007] In the 12 studies that excluded women who were within 5
years of menopause, a period when estrogen deficiency overwhelms
the effect of calcium supplementation (Riis et al., 1987), all

20 showed that calcium had a significantly beneficial effect.

[0008] In elderly women, it was shown that there was a
significant relationship between bone mineral density (BMD) and
several critical nutritional parameters: caloric intake provided
25 by macronutrients, protein, calcium, magnesium, zinc and vitamin

C (Ilich et al., 2003).

[0009] In the early 2000s, daily calcium intake reached a new
high of 2,500 mg (Seelig et al., 2004). It should be noted that
30 the increase in Ca/Mg is mainly due to the increase in calcium
intake, not a change 1in magnesium. The daily requirement of
calcium was recently re-evaluated (Hunt and Johnson, 2007). It
was found that an average intake of 749 mg of calcium is required,
an estimate lower than previously estimated.
35
[0010] In one clinical trial, 43 early postmenopausal women
were randomly assigned to one of the treatment groups:

percutaneous estradiol, oral calcium (2000 mg/day) or placebo.



were random y assigned to one of the treatnent groups: percutaneous
estradiol, oral calcium (2000 ng/day) or placebo.Bone mneral content in
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not be surprising because the average calcium intake was 659 mg
and magnesium was 241 mg. These values were lower than that of

RDA of 1000 and 310 mg, respectively.

20 [0012] Physical activity was associated with increase in
vertebral bone mineral density (Kanders et al., 1988). When
activity was removed, vertebral bone mineral density was
dependent on calcium intake. However, when calcium intake
exceeded 800 to 1000 mg/day vertebral bone mineral density was

25 not dependent on calcium intake in the absence of exercise. Bone
mineral density reached a plateau when calcium intake was 800 to
1000 mg/day with no additional benefit accruing to the additional
consumption of calcium. Such a ceiling effect of calcium was
also observed by Celotti and Bignamini (1999). They reported

30 that calcium supplementation is important for maintaining bone
health. However, excessive amount of calcium may be useless and
it could cause hypercalciuria and kidney stones. Supplementation

with a small amount of magnesium was suggested.

35 [0013] Mutlu et al. (2007) showed that magnesium and zinc
levels are the lowest 1in postmenopausal women with osteoporosis
as compared to postmenopausal women with osteopenia, or

postmenopausal women with normal bone density. Calcium



with a small anount of magnesi um was suggested. [0013] Mutlu et al. (2007)

showed t hat magnesi um and zinc levels are the | owest in postnenopausal
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prerrenopausal wonen. |ron and rmagnesi um were significant predictors of
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women respectively by multiple regression analysis.

[0015] A study emphasizing the benefit of magnesium on
postmenopausal women found that a Mg/Ca ratio of 1.2/1 was more
20 effective than that of a ratio of 0.4/1 (Abraham and Grewal,
1990). The study used 500 mg of calcium in the form of calcium
citrate and 200 mg of magnesium in the form of magnesium oxide
for the 0.4/1 group and 600 mg of magnesium in the form of
magnesium oxide in the 1.2/1 group. The study showed that women
25 on the 1.2/1 diet for 6 to 12 months had an average of 11%
increase in bone mineral density, whereas, the other group had a

non-significant increase of 0.7%.

[0016] Magnesium supplementation (250 mg/day) 1n young women
30 has been shown to have no effects on calcium resorption (Basso et
al., 2000). This study was a short term study. Therefore, the

validity of the results is yet to be confirmed.

[0017] Ilich (2000) wrote, *“Osteoporosis is a complex, multi-
35 factorial condition characterized by reduced bone mass and
impaired micro-architectural structure, leading to an increased
susceptibility to fractures. Although most of the bone strength

(including bone mass and quality) is genetically determined, many



al ., 2000). This study was a short term study. Therefore, the validity of
the results is yet to be confirmed. [0017] Ilich (2000) wrote,

" Ost eoporweizsowvmsmsconpl ex, multifactorial condition chacaaBmoy/mEsdsdy
reduced bone mass and inpaired mcro-architectural structure, leading to an
i ncreased susceptibility to fractures. Al though nost of the bone strength
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envi ronmgptal nddfi@ 136yl €, wiand heredity; haelp s tenubdesstand theuaiiy
conplexity of the devel opnent of osteoporosis and subsequent fractures.
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di fiber enfia st ages ofimphte. &achondt rheatti s dinseussedysepar atigkyraboneyver
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with genBtFEe%hd %Jrﬁﬁ‘%r@ﬁ]ﬁentfé‘lc’:?ééforg Shout W' dot 158 H&qr8eteal: Thette
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singl e of S& PO of Nt TiCERCE P h° bald R T?‘H?e'fgt[ 18] "AFthoudh® bBiéheal t h
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that, i ”dEPP%ﬁJneca socfarg%'s?%‘%mﬁ'fer.eﬁgbﬁeﬁﬁ&%n@pﬂ ty fIomcal %'eggkﬁ%ﬂ‘?!
el enent s such as magnesi um phosphorus, zinc, copper, etc. are also

inportanhowever the fact that many nutrients are co-dependent and

simultaneocusly interact with genetic and environmental factors

should not be neglected. The complexity of the interactions 1is

probably the reason why there are controversial or inconsistent

20 findings regarding the contribution of a single or a group of

nutrients in bone health.”

[0018] Although bone health 1is dependent on a variety of
factors, there is enough evidence to show that, in the area of
25 glemental requirements, apart from calcium, other elements such
as magnesium, phosphorus, zinc, copper, etc. are also important

for maintaining or improving bone health.

[0019] Despite the wvalues cited 1in the Recommended Daily
30 Allowance (RDA), Allowable 1Intake (AI) or Recommended Daily
Intake (RDI) for elemental intake, there was not much attention
praid to the form of elements consumed. It is not clear whether
calcium salts can be used interchangeably. It is understandable
that not all <calcium salts are created alike; there are
35 differences in solubility and absorption. If there are
differences in biocavailability, absorbability of elements from

salts should be measured more accurately.



for maintaining or inproving bone health. [0019] Despite the values cited
in the Recomrended Daily All owance (RDA), Allowable Intake (Al) or
Recomendwd 2bavdoy79Bnt ake (RDI) for el emental intake, thecemasy/nads2ruch
attention paid to the formof elenenté consuned. It is not clear whether
calciumsalts can be used interchangeably. It is understandable that not

al | cal croo2spl t shase crpaled abikendcherecar-edi bherepees.d nasekubibity
and absorgti on. |If there are differences in hioavailabilit absorbability
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cal ciumsalt, ciumchloride in the stomac ances cal cium
absor pt i oalhast beehl ¢eisted. iThethesuktomghonedvwhhah cahbhopeear bahaten

absor pti 9PshS,Mol, | Rl uenced y.gastri enacid(BesLidn.el alnar 19842 iun
[ 0021] The bioavailability of cal cium carbonate, D-calciumlactate,

L- cal ci ufRrTaetat®e FPEEsCer isheldt dalfidiverctRas PFodRrattbcbeciadépendent of
thegsal tes sol ubidds)y (Tsugawa et al ., 1995). This study used a nethod
whi ch was different fromthat of the balance study. It neasured changes in
the pituitary thyroid hornmone (PTH), etc. instead of actual cal cium

absor pti poppo2ccurrate eoppasi 505 10ft ycalogi uanbtoavai daidrty, cannet 1 eun

achi evedlusi ng an in ir,lecft nmet hod such as PTH. 022] Heanelo/l (%001
repor t edt#hat " Fates UFi nary eRcPeti ORSTor tHrde GrarkEted®Eaf 2Pt t°
pr oduct sbé rram!ielb@mb}emi oiﬂjnﬁmerta'tee_,scamﬁapapib/at(edugak@i gm ear ponate) and
maoet ed ol cLUmel Lrate), Were hdentigal , LRING SR AR 1ARCTr cne
balance study. It measured changes in the pituitary thyroid
hormone (PTH), etc. instead of actual <calcium absorption.
Accurate comparison of calcium bicavailability cannot be achieved
using an indirect method such as PTH.
20
[0022] Heaney (2001) reported that rates of urinary excretion
for three marketed calcium products (marketed calcium carbonate,
encapsulated calcium carbonate and marketed calcium citrate) were
identical. Using Ca“®’ as a tracer, fractional absorption values
25 of calcium carbonate and calcium citrate were found to be
insignificantly different from each other at a low dose (300 mg
calcium); however, calcium absorption from calcium carbonate was
slightly but significantly better than calcium citrate (Heaney et
al., 1999).
30
[0023] Magnesium absorption from 10 organic and inorganic salts
was tested in rats (Coudray et al., 2005). The biocavailability
0of magnesium ranged from 50 to 66%. Magnesium gluconate provided
the highest wvalue. Solubility of these salts in the small and
35 large intestine and cecum was measured. Solubility of these
salts 1is actually quite high at the proximal section of the
intestine; it dropped off very quickly as pH increased along the

intestinal tract. Differences in these magnesium salts’



of cal cium carbonate and calciumcitrate were found to be insignificantly
different fromeach other at a | ow dose (300 ng cal cium ; however, cal cium
absor pt i omof2o@mesmci um car bonate was slightly but signipCirapzid/yosbex t er
than calciumcitrate (Heaney et al., 1999) . [0023] Magnesi um absorption
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gl uconate provi ded the highest value. Solubility of these salts in the
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that not all calciumsalts have the sanme bioavailability. Bioavailability
of cal ci Whf ¥scorisst €5r&2hi Yher3Y Han® that of cal ci um carbonate and cal ci um

chloride (Tsugawa et al., 1999) . The bioavailability was nmeasured using
45Ca. So ility of these salts under different pH conditions was also
toaour calORbobe] DRFBAVS: 1L 19D (CALEN tim SCEEa & Vs FiGact odlae NG 45Ca
(Cai et ahat 2004) .alConpafeduto €altci umaascorbhat esad oavaialvahilbbt yiof .

. . R 0
CaH%Iunlggggggfag%¥if%ygqg I%%H%H%m|9¥§£oégg%é) is higher than that of
calcium carbonate and calcium chloride (Tsugawa et al., 1999).
The biocavailability was measured using “°Ca. Solubility of these

salts under different pH conditicns was also measured.

20 [0026] Bicavailability of calcium acetate was measured using
“Ca  (Cai et al., 2004) . Compared to calcium ascorbate,
bicavailability of calcium acetate was significantly lower (70%
vs. 45% at 25 mg calcium load). A kinetic model comprising 8
compartments was used to fit the plasma calcium vs. time data.

25 The difference between bicavailability of calcium ascorbate and
bicavailability of calcium acetate was attributed to a difference
via a saturable process. It is also reasoned that the scolubility
0of calcium acetate may be reduced in the 1intestine because
calcium from the acetate salt may precipitate phosphate or

30 chloride ions in the intestine. Therefore, it 1is not surprising
that the biocavailability of calcium acetate is not different from

that of calcium chloride and calcium phosphate.

[0027] Ten mg of zinc per day is the recommended intake (Record
35 et al., 1985). The recommended daily allowance of zinc was 6 mg
(Smith et al., 1983). The authors warned that recommended daily

allowance should not be confused with that of recommended daily

intake.



vs. 45% at 25 ng calciumload) . A kinetic nodel conprising 8 conpartnents
was used to fit the plasma calciumvs. tinme data. The difference between
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was attributed to a difference via a 8aturable process. It is also reasoned
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ions in the jntestjne. Therefore, is not sur$r| Si n%o?rﬁ at the
r

bi oavai | 3B | thtyl%fdocg&I Sruriacet ate k?Uénaﬁ?c?t (GFFf BF efrt - 1 Phat of cal ci um
chl ori de and cal CI um phosphate. [0027] Ten ng of zinc per day is the

reconmen ta ecord et al 1985) he recomended dai Ly all owance
of i ne Ml g SHELFT et 07 T1383) T The S0t noPe v Het AT FLEbRHended
dai by al ls@m@lmmrﬁ:l’nmdn@rﬁetinlgecamnﬁuusedm&wmésidmat fncr, eeanmendededabgyn

| ntake -%Q&’zﬁle&%, or pt-j,gn Qﬁcg%s”éf[té‘a( %gb%sedh%%”ﬁbho' '8 e% hien $Pf'| Lg

i s dose depen mans (Lee pa en
in 1999 fod ahealrenglem df emagyesiuppl epeht veonpeiviery cll td ubpo ma@nesl”lwn

zinc, etg,,{ Ek&?”@&ﬂ@fhr@”% BUONO, 1l 99D)pon } e .range el Gakel U&UEQQCM 1000

to 2500 ng and the range of nmagnesi um used was between 5 0 to 150 . The
sal t foracdl Breme $ e alumSarBondtee Tie fuanmt |Wl@ﬁ/e@alaéﬁuﬁhl§ﬁﬁrent

magnesi up-ysedhand et YReRf : sl tis.amRl-aved, ar g didfernent of hapht heun
present invention. Furthernore, the calciumto nagnesi umratios are high

(6.7 to 5135 coifpdtied t& théor éﬁgé deSER 1 BRY G5 {1 & A9PeAEFBRIPFB030]
Mei gant ands Strengat:i oh2004) filed a U.S. patent citing the a conposition
whi ch consists of calciumand a vitamn D m xture The patent descri bes
preparation of galenic formulations of calciumand vitam n D using
conbl nat {0030 pf exepphentsy themeker e20tohe tiinest ofuthe presentciting
apald catlgn shar g5, 09 ool aneund, o L0, the apAld.eation, of Mei.gant, and
mixture The patent describes preparation of galenic formulations
of calcium and vitamin D using combinations of excipients;
therefore, the thrust of the present application shares no common
ground with the application of Meigant and Stenger (2004).
20
[0031] Hendricks (2004) was awarded a patent on a dietary
supplement containing calcium and phosphorus. Vitamins including
vitamin D could also be included in the supplement. Hendricks
emphasized the effects of phosphorus, and perhaps vitamin D,
25 vitamin B¢ and vitamin Bis. The present application, however,

does not include phosphorus.

[0032] Mazer et al. (1997) was granted a patent on a calcium
supplement in solid form which contains calcium glycerophosphate,
30 vitamin D and wvitamin C. Again, the present invention does not

contain calcium salt of this kind.

[0033] In another patent, the synthesis of dicalcium citrate-
lactate was described by mixing stoichiometric mixtures of
35 citrate and lactate salts to produce the calcium salt (Walsdorf

et al., 1991).



[ 0031] Hendricks (2004) was awarded a patent on a dietary suppl enent

cont ai ni ng cal ci um and phosphorus. Vitamns including vitamn D could al so
be i ncl udead 2009/w@8suppl enent. Hendri cks enphasi zed t he pefTfiBTNS0@H42
phosphorus, and perhaps vitamn D, vbdtamn B6 and vitanmin Bi2 . The
present application, however, does not include phosphorus. [0032] Mazer et

al . (199d03aRs granhed anpateMnsOn & Lalsgi Wrsuprlenenyien %gbb@emﬁm
whi ch contains cal cium %[e%cerophos hate, vitam.n D and vitann 1 a| n

the present i mPeKti oR®d GETEIRAEATA calci utSAPES BT CHHi | naa fh I n
anot her patestyadde tsyntdiesies nof(rdiscak cicumiabtnat ebactat € was ﬂ@tscraﬂ&ed by
m xi ng st0|ch| onetric mxtures of ci rate an(% lLactate.salts ta produce t he

cal ci um Sarts (aif$d6rf et al ., 119913 5F 00347 "Rt tiithar Y ahd" Fohnssn ( 006)
desﬁgnedclaodasceilcs.mploer,rent aﬁdr bene heaf¢hrednsisttiaquplefstm csocnystat] i ne

cal ci ”m vacﬁqaet' te, Profain st yﬁ:‘%%ﬁ' Lagen) ’1cph9§i§? #émté at, , gnd

ot her t also contains vitam from chol erol, and a
preferr e@lozom%ﬂdmcastcaﬁ | A téetr, linsg ufiFavemeouknoadert m@ner@lf*e hesehass ¢

i ngredi epts,, the £omPOsiiiQn £an féHoﬂbel dchyde wankous, Oébfv‘rof“ Qﬁ’{@fﬁs
known to occur in bone, vitamn C, and gI ucosami ne sulfate, all of which

have beehRa¢f aPfed oahE@ benBfiei APnefiektls oht 1He growk e aPBC R ndehance

of 1heal t hyiboneinA et had fory, bheneli i ngdhverrkonenbeakt hyi AVQhveSone
adm nistering a daily reginmen of the diet ary suppl ement . [Q035] There is

anot her @3ty vitPERT KeAnd Wi AEPEPT StppPerEht!  of SdbHEh Conprisi RgSvitanin A
, beta-cangpestesntni acin, riboflavin, pantothenic acid, pyridoxne,

cyanocobal am n, biotin, para-am nobenzoi ¢ aci d, inosi t ol , choline, vitamn
C, vitamn D, vitamn E, vitamn K, boron, calcium chrom um copper,

i odi ne, (0035] naghestums ranganraesejaim) yboenun sedeniuararzi Bopahdmnent

15 for women comprising vitamin A, beta-carotene, niacin,
riboflavin, pantothenic acid, pyridoxine, cyanocobalamin, biotin,
para-aminobenzoic acid, inositol, choline, wvitamin C, wvitamin D,
vitamin E, vitamin K, boron, calcium, chromium, copper, iodine,
iron, magnesium, manganese, molybdenum, selenium, zinc and

20 bioflavonoid. For women up to 40 years of age, iron is included.
For women over 40 vyears of age, iron 1is optionally included
(Sultenfuss, 1996). Ca/Mg ratio is 1000-1500/400-600.

[0036] A dietary supplement for supplementing dietary needs of
25 women and preventing or reducing life stage associated health
risks during each of their principal adult 1life stages (pre-
perimenopausal, perimenopasue and menopause, Or post-menopause)
consisting of an extensive 1list of minerals and vitamins was
described in a patent (Jackson and Blumberg, 1997). This list of
30 nutrients was derived from various sources and there were no data
to support individual claims. Although there were specific
amounts of elements cited for osteoporosis support, the forms of
salt were not specified. If different forms of elements such as
carbonate, oxide, acetate, etc. were used, the performance of
35 these nutrients could be drastically different because their

bicavailability varies.



bi of | avonoi d. For wonen up to 40 years of age, iron is included. For wonen
over 40 years of age, iron is optionally included (Sultenfuss, 1996). Ca/ My
rati o i s wOQ0eldOBE400- 600. [ 0036] A dietary suppl ement pConBzUORpIsesEent i Ng
di etary needs of wonen and preventingloor reducing |life stage associ ated
heal th risks during each of their principal adult life stages (prepe p

menopaus b3 PEr i MERAPaAsStE: A ITERQRAUBE:n Orf RASINMERAPALSR)i BONSESt t1ng Of
an extensive list of mnerals and vitam ns was described in a patent
(JacksonSande B uiberP LgGAL t R - ThTS"$TStr St Tudt!ri éRt'S RS 8EFi g]"e\%l F7Bm
vari ous sedrcesiandreherevavengonagadatail 0o suppoetminds vitdual frebat bdnal

Al t hough_t here re.s e%jfi% ampunts of elenents cited Hpr osteggorosis
alp%un that reac Ft'S he sSystemic gircula IZL_F)H . S or mfaln naﬁace
support, e forns of salt were hot specified. di fferent fornms o

el erent sosuchnashedrdonateesr oxs gdent Bcletaetegenetc arpereqused] . t Meeper foF mance

of these i ent oul. stically.differen , hei .
bioavail% ?%%t;Hvngeg?ﬁﬁg%ﬁﬁgﬁuéﬁ' Fféﬁg?o%%ﬁgs ﬁggﬁ%ggguggge%ﬁcgé i um as
t he el eneatvéor PYore EarehtsHowever, Hot Hidadalawl wbsoairée ibhe saheiand

their relaliye bigavalabi Lbby.gdeterni nespithe fragtignah amount. thate,
reaches the systemc circulation. A s for nmaintenance of bone health, other

essent i afY et eMEtS dive FEHRATEA STher WS HIRES i 1V HHREIPBt efstures Ds
suggest i agathatpat epthalmbp Nt ract iionshet ueen-shese £l ementiscexkst. idhe

i npact on absorption, calciumutilization and consequently, bone health has
not beenPsy3t eietSédl | fePAvESt i (AIRS. BRFEHEF nor €S vitHifiThs 2¥uchchée T8 and

K2 have beeavd nmpluicatadnenteal ehum absosptiwn antricRcueasad pihopeynmer al
density gBM? s qgmever, %he '9&@#?'%%ibet n bkgaégklgbleeebenents such
as calcit 3G UM And°Z e T L WEH Vi kM ne shas ot “BEER PVGSPPATRd. The
conpl i cated ehw¥iroprendbintedthimegastriait espiaal ta actiopleyrst a dom natt rol e
'”1%eter5%@é$ x&ﬂ%%?Q%%rP%BE%££X¢PIi§'e%%“t%1ehgﬁ9§ft'C%%arpa%%EESPgrﬁnd
anions may play asignificant role 1n altering e

cations and anions may play a significant role in altering the

solubility of an elemental salt in the gastrointestinal tract

(GIT) . The 1importance of these factors in determining the

bicavailability of elements has never been thoroughly addressed.

20 In this invention, a calcium supplement, comprising optimum
amounts of acetate salts of calcium, magnesium and =zinc, and
vitamin Ds, 1s described. The daily dosage of calcium 1is
significantly lower than that of regular calcium supplement.

This product was designed using in vitro and in vivo models which

25 are key to determining elemental balance.

BRIEF SUMMARY OF THE INVENTION

[0038] The present invention provides a dietary supplement
30 comprising acetate salts of calcium, magnesium, zinc and vitamin
Ds. This preparation is highly soluble in water, gastric and
intestinal fluids. It is also shown that elemental absorpticon is
high and the calcium dosage required for bone health maintenance
is approximately a quarter to a third of that of the conventional

35 calcium dose.



solubility of an elenental salt in the gastrointestinal tract (G T) . The
i nportance of these factors in determning the bioavailability of el enents
has neverwbeem/mbmsoughl y addressed. In this invention, PATABLO)/ 00042

suppl ement, conprising opti num anount® of acetate salts of cal cium

magnesi um and zinc, and vitamn D3, is described. The daily dosage of

calciumis significant bgrThones drerRisaONODF! €88l @fcwasi um suppl enent .
Thi s product was designed using in vitro and in vivo nodels which are key

to deter PO3Hy eFéABRRall balakce. BRI EFESUMARYYER THES | RFENFTONTF0038] The
present Lavenii onediionades sardiiet ary supplermnt, ¢y icsiiRguacetategsat ts of
cal cium magnesium zinc and vitamn D3 . This preparation is highly

sol ubl e Phhatier FOgastic BRAIPAt estihafSTEli dEOUS i 8T al ¥o"SHAwWn" Ehat

el ement apaabsorpidcan iis highsangtddie calel uandesagertaquivned toeabose:

heal t h rrgi nteﬁaﬁnce IS ﬁggero imate:j}/ a quarter_to a third of tha% of the
convent i oRA" ¢l €' dose. DETATSE P O OF THE F GURES 00387 i gur e
1 shows the avemagegcumiati venheil ampuatived calci um retadnecht SAELIM ) in

rats receiving a.calciumifree digt aover a_four day period. The seven, groups
of ani ma lrsllr\[}\??ugschl%ar i Ci S&‘tlgéa?% thi's St uﬁ(flg%l/e‘fee&ngrresdusa??nesrlOtnﬁe W?le%t ment
f or mul at popsalsThen dosagetbrcakecibpm fercantédmbs sbhueach. gibapewasesB3ahy/ kg.

Each ani pgploLeceiyed, ks ms ofy eCeeeli, odaih¥s AALABLS,4NafthegCabdrareltm
group received a suspension, Ile animals in the other groups received a
sol uti onfomhdl el éneht afa kbiiosit-i%6n Magse2318%Cdl €+ any D1 001296 Magnesd um

and 0. 33% zincodri A, 57624 % UM LD . Magneshumand, D). 38%eZhpeafor A 4
and 11.5% Cal ci um 5. 64%5\/2{2ne5| umand 0.57% Zinc for A5 . The dosage of

vi tanmi n B3V o &:1 W’ <Al % CPO6ABT: Fi gure 2 shows the average
cumul ati ve net amount of magnesiumretained (S.E.M) in rats receiving
cahei um foegodi eFigure 2 shows the average cumulative net amount of

magnesium retained (*S.E.M.) in rats receiving calcium free diet
over a four day period. The seven groups of animals which
participated in this study were named after the treatment
formulations. The dosage of calcium for animals in each group
20 was 53 mg/kg. Fach animal received 1 mL of treatment daily.
Animals in the Caltrate™ group received a suspension, while
animals in the other groups received a solution. Calcium acetate
(CaACE) contained 23.3% Calcium. The elemental composition was
23.3% Calcium, 0.0012% Magnesium and 0.33% zinc for 241, 7.51%
25 Calcium, 7.5% Magnesium and 0.38% Zinc for A4 and 11.5% Calcium,
5.64% Magnesium and 0.57% Zinc for A5. The dosage of vitamin Dsj

was 0.8 IU/mg calcium.

[0041] Figure 3 shows the average cumulative net amount of zinc
30 retained (xS.E.M.) 1in rats receiving calcium free diet over a
four day period. The seven groups of animals which participated
in this study were named after the treatment formulations. The
dosage of calcium for animals in each group was 53 mg/kg. Each
animal received 1 mL o©of treatment daily. Animals 1in the
35 Caltrate™ group received a suspension, while animals in the other
groups received a solution. Calcium acetate (CaACE) contained
23.3% Calcium. The elemental composition was 23.3% Calcium,
0.0012% Magnesium and 0.33% zinc for Al, 7.51% Calcium, 7.5%

Magnesium and 0.38% Zinc for 24 and 11.5% Calcium, 5.64%



over a four day period. The seven groups of aninmals which participated in
this study were naned after the treatnment fornmul ati ons. The dosage of

cal ci um fwo 2800098198 i n each group was 53 ng/ kg. Each anipcaliBzoewerseed 1 ni
of treatnment daily. Animals in the Cal2trate(tn) group received a
suspension, while animals in the other groups received a solution. Calcium
acet at e (LgACE)unc oMl nesh 23z 3% Cabei um Thee ehepest abr compasiti 0N Was

23. 3% Cah;:%u{r}}/ 0. 0012% Magnesi um and 0.33% znt for A, 7.51% Calcium 7.5%
Magnesi unt and” 0'B8% 2t ™ for A 4 and 11.5% Cal ci um 5. 64% Magnesi um and
0.57% Znc for A5 . The dosage of vitamn D3 was 0.8 U ng cal cium [0041]

Figure 3 shoys the averade, sumilative net ampunt of, zne fetained (S, & M) m
rats recelvVidy cArSPHm free 't et over sS85 Siir day ger’i 0d:9"The “Seve groups
of ani maksnahi(ch partigi patedemn thbs study awertthenasredl aft ehet hectteattrent

formul atjons.  The.dosage of .calciumfor anjimals .in eac roup.was 53 ng/ kg.
Each ani g]fl?%cgﬁ\l/g f%% lg%&?r gat?raeln Hdai %ﬁ:e Aﬁﬁ%rs i%ﬁe%teﬁle Cal'trat & tm
group reegeined acausipearsited, iwhithe samitmeElys ithet hecobhewegeoupsed egéiaed a
sol uti on,, Cal i ym.acetat e, ( CAAGR) - cantained, 23, 3% Gal cjim,  The: el egent al
conposi t | on Was 23. 3% F‘(L:llﬁum 0. 0012% I\/hgn%si%m.a% 0. 330%rzm:l§or APKg

7. 51% Cakeflunyr qusoavadie SidmiandEacB89s Zral fisrceA vadand M1 0594 Cak enemy

: P1wl! iMaPd 70 a ate edd i u n n,:

5. 64%vhgnesi Pm angd; . 54 % i NG J 0F 2 AD-at Fhey d0ga0e Of i Mdd ami R,Pp3n¥as, 0. 8

| U mg cal cium [0042] Figure 4 shows the plasnma calcium(A) , hagnesium (B)
and zi nc"{E)e| everslsahpl E8Sf PORTF aPECBPS t RECBRBCGS 2t KELPFeal nehtl pErT od
while regeiwitg a(cakcium teeeatiet. Deven groupsu®f ani meés paehbetpat ed
in this study;.the g\{oups re named aftﬁ[%ghe t r eat ment fornu%gtions. The

dosage of BRYTH UM of*Santral’s G €dln dr a8 283 iy kg Each™ ani flc

recei vedfdr mk1of 7t seAtCENti W@l [Y..5%ANAks iont hedCal Bsat e{fe) f@r oup secei ved
a_guspensi o, while, anismals 0 Lhe of N8ty 9rayes feeetyech slution. .
of vitamin D; was 0.8 IU/mg calcium.

[0043] Figure 5 shows the average cumulative net amount of
20 calcium retained (xS.E.M.) 1in rats receiving normal diet over a
four day period. The five groups of animals which participated
in this study were named after the treatment formulations. The
dosage of calcium for animals in each group was 53 mg/kg. Each
animal received 1 mL of treatment daily. Animals 1in the
25 Caltrate™ group received a suspension, while animals in the other
groups received a solution. Calcium acetate (CaACE) contained
23.3% Calcium. The elemental composition was 23.3% Calcium,
0.0012% Magnesium and 0.33% =zinc for Al, 7.51% Calcium, 7.5%
Magnesium and 0.38% Zinc for A4 and 11.5% Calcium, 5.64%

30 Magnesium and 0.57% Zinc for AS5.

[0044] Figure 6 shows the average cumulative net amount of
magnesium retained (£S.E.M.) in rats receiving normal calcium
35 diet, as described on Table 34, over a four day period. The five
groups of animals which participated in this study were named
after the <treatment formulations. The dosage of calcium for
animals in each group was 53 mg/kg. Each animal received 1 mL of

treatment daily. Animals in the Caltrate™ group received a



acetate (CaACE) contained 23.3% Cal cium The el enental conposition was
23.3% Cal cium 0.0012% Magnesi um and 0.33% zinc for A, 7.51% Calcium 7.5%
Magnesi urwerzdosins®so Zi nc for A 4 and 11.5% Cal ci um 5. 62¢aMagoesisam and
0.57% Zinc for A5 . The dosage of vit@mn D3 was 0.8 11U ng cal cium [0043]
Figure 5 shows the average cunul ati ve net anmount of cal ciumretained

(S. E. M) shfpddd Sof, ea@iiviengnngs nal i diele ovaeragfeuss daydqiefdiod. sthecfove

groups o ni mal s whi ch rticipated.in this_study were naped after the
DT oot menk™ For ol 575 TG oA s Ao e Cumtt oraiiiel o T h. EAEHSGFbhp was
53 ny/ kgcomacdi @ininmatas exeidvedall dtumof Ot.10eatkrentgdasiym And el 33+ nzihe
Caltrateftm , r°'7'P5{o/?‘c’§%11"ceidum‘% S}J.%F%e%al(g%gi'vm' ggdaa!.%lﬁsalér@%gogﬁowef groups

recei ved a sofluti on. ci'um’acetat e cont ai hed |6 U™ The
el efrent al 1 cohposlidivon waé 4231390 <Cal i wmd 0..0032% Maghresizum and 0. 33% zi nc
for Al, 7.51% Cal cium 7.5% Magnesi um and 0.38% Zinc for A 4 and 11.5%

Cal cium 5.64% Magnesi um and 0.57% Zinc for A5 . [0044] Figure 6 shows the
average €04kt i Fagnee Ansueits cfharegeesoancretdihEte (SEaMoyninofagsnc

recei ving E‘Qﬁ@d cakcum di et Pfcsdﬁﬁgé'%?@ﬂq n,Jahl e %_%’lcgﬁﬁr A drour , day
peri od. The ive groups of animals ich participated in this study were
named af €esctheed reatmEnte fob-mivatr onstoufheladosge odf- cahei Giave ofr awpsmal s

i nijgach group; wass 53 9/ kG.rcEaeP.abh mel fecei vt Ji-cOhahbgakbrent dally.
Animals in the Caltrate(tm group received asuspension, while animals in
t he ot heFr g gUPE r e@EMV et @S0l ut Tioh. ACaREs uRt acetat e CRACE EHhtsai Hed

23. 3% Cakgtwmyr e & emntal/xeQnpostt i o mes 2hea3%EaliCimimo 0003256 nt
Magnesi um and 0.33% zinc for A, 7. 51% Calcium 7.5% Magnesi um and. 0. 38%
Zi nc for 9A 4 and 117845 Cal'citly & 64% MWagndsitm 5%%eb7%g%2isﬁépf58?l%’ .
[ 0045] Fwgure #Inshows iheta¥epagercumulipti vecaetca@anmpurtblotizhncceetanmed

(S E.M) mrats rg@'#ng normal c Ic'g die as _descri hed on.Tabl e 34,

ové a f%ﬁ?t%%§ D ?% -)Th%o?F%%p%fou% P%o Ea101um. Phe elementa§
composition was 23.3% Calcium, 0.0012% Magnesium and 0.33% zinc
for Al, 7.51% Calcium, 7.5% Magnesium and 0.38% Zinc for A4 and

11.5% Calcium, 5.64% Magnesium and 0.57% Zinc for AS5.

20 [0046] Figure 8 shows the average plasma calcium (A), magnesium
(B) and zinc (C) levels sampled from rats on Day 5, the end of
the treatment period, while receiving normal calcium diet. Blood
samples were taken 1.5 hours after the last treatment. The five
groups of animals which participated 1in this study were named

25 after the <treatment formulations. The dosage of calcium for
animals in each group was 53 mg/kg. Each animal received 1 mL of
treatment daily. Animals in the Caltrate™ group received a
suspension, while animals in the other groups received a solution.
Calcium acetate (CaACE) contained 23.3% Calcium. The elemental

30 composition was 23.3% Calcium, 0.0012% Magnesium and 0.33% zinc
for A1, 7.51% Calcium, 7.5% Magnesium and 0.38% Zinc for A4 and

11.5% Calcium, 5.64% Magnesium and 0.57% Zinc for A5.

[0047] Figure 9 shows the average cumulative net amount of
35 calcium retained (£S.E.M.) in rats receiving calcium free diet
plus a daily consumed dose of calcium over a four day period.
There were three groups of animals participated in this study.

Each animal received treatment once a day. The average dosage of



of animals which participated mthis study were naned after the treatnent
formul ati ons. The dosage of calciumfor animals in each group was 53 ng/kg.
Each ani meib 20@oms798d 1 ni of treatnent daily. Aninmals mpChmaBfad/oosaie(tm
group received a suspension, while ani4nmals in the other groups received a
solution. Calciumacetate (CaACE) contained 23.3% Cal cium The el enental
conposi t EONc Was 2&» 3% &l @ﬁéﬁﬁm&.to%%%pwa@eeﬁzemn@ndgodag’:% ZhACmd 08 A,
751%CaIC|unt S%Ma neS| mand 8% inc fO([) %g Ij:lé 5%Ca ciu

5. 64% Maghes? unand néi 1“8Fmﬂ ’[Z%M%] Hou rTé‘ s Wﬂé Aver age
pl asma cah¢i Mn AYup Jﬂ@@ﬂﬁ&d,lm (cB)lcﬁﬁhdl Zirpe @Cetl evebse saapl edhd rom cbﬂt S on
Day 5 , thee f thet t ment riod Wml recei.vi ng .nar aIc
diet. Bl ood sgpnep esatv\?ere akeh Sl.gg onulrsstearfeter theeaﬁhasr% breea??r%e %Ch e f| ve
groups ofrawd nat syamaigehapdr bineipated timéattmestssutiwtm erararediafiteerede
treatnment for e.,.of um i mal.s i : p was
55 g1 ko Each oot Tl T resel Vol Lot P {7 st mont dai Ty Al ml BT LR

Cal trat efe®) 2 grdtipCa eciéivved é)OéL@epé@@giﬂ@ﬁlUmhﬁP@ anfdal siia the dtherngroups
received;a soladi QR Cal, @M%‘Wé‘(ﬁ@é&t&n (a%%tA@E)ﬂ%OE‘i@& ned 23, 3% Cal ci um The
el emental conposition was 23.3% Cal ci um 0.0012% Magnesi um and 0. 33% zi nc
for Al, 7.51% Cal cium 7.5% Magnesi um and 0 38% Zinc for A4 and 11.5%

Calioi um 50§06 Mpggaskumeansh Oy 7% & ke f @he AZumul 8044 Hegurandhrshows the
average cunul ative net amount of cal ciumretained (S.EM) in rats

recei vi ng2eat chtim F9ted "dfet - BisMa) dal | 2 ednsiifed [dgs €90 LER| EFatn oVt a

four daycpegi edaalher @ oneielihtieeegdio@URs 10fi vanidls Pardhei fay egdetNod hi s
study. Each animal received treatpnent once a day. The average dosage

of cal ci URITET E5th FRESE nEATUGT ofip RASTB2S RY kyf HRECAn hab S s nobRe D |
group reEetNesh andlorml icatict var thett (chakl e aé)/ Witid eaw%ﬂagendo%g@r@ﬂp

d | f d t_.(Tabl N Di
wad o F AL bt T Shch. WErBET1of TRETD T s By “Ghdage Nt BhE nt' of

treat nentheomutgmummedl et eloenial calcium diet (Table 34), while Al
and AbS group received a calcium free diet (Table 34). One mL of
distilled water (DI) was administered to each member of the DI

group by gavage and one mL of treatment solution was administered

20 to the other group members by gavage. The elemental composition
was 23.3% Calcium, 0.0012% Magnesium and 0.33% zinc for Al, and

11.5% Calcium, 5.64% Magnesium and 0.57% Zinc for AS5.

[0049] Figure 11 shows the average cumulative net amount of
25 zinc retained (xS.E.M.) 1in rats receiving a calcium free diet
plus a daily consumed dose of calcium over a four day period.
There were three groups of animals participated in this study.

Each animal received treatment once a day. The average dosage of

calcium for each treatment group was 625 mg/kg/day. Animals in
30 the DI group received a normal calcium diet (Table 34), while Al
and A5 group received a calcium free diet (Table 34). One mL of

distilled water (DI) was administered to each member of the DI
group by gavage and one mL of treatment solution was administered
to the other group members by gavage. The elemental composition

35 was 23.3% Calcium, 0.0012% Magnesium and 0.33% zinc for Al, and
11.5% Calcium, 5.64% Magnesium and 0.57% Zinc for AS5.



to the other group nenbers by gavage. The el emental conposition was 23.3%
Cal cium 0.0012% Magnesi um and 0.33% zinc for A, and 11.5% Cal cium 5.64%
Magnesi urwerdosnsnso Zi nc for A5 . [0048] Figure 10 showscaxaBroageosvie

cumul ati ve net ampbunt of magnesiumretsained (S.E.M) in rats receiving
calciumfree diet plus a daily consuned dose of cal ciumover a four day
period. These) “ereghbeea20roups Oc'fheanﬂaf@én% pastdcipated, i Raghési et udy) Each
ani mal received treatnent once The average dosage of cal cium for
each treatfeht grdup 1\%@8253%9‘%/% TANFaFsTRh e B IFNGr bR B ved a
nor mal cabei s hete (CEaRli€id4) cavbihe f\:ée aihdetA5r@r @Uploﬁfﬂl@@| vetdia gat€i um
free diet (TaEIe 34)T. One nL of distilled wate S 1 was admnlstCﬁredto
each nmenBer C8f W8 DTFEGY o‘dﬁr%ytaﬁeﬁg%r%%soﬁ r?‘E Bf -t r BAt entPSoiUt ton was
adnioni st ened soutihe otthen gioinelnendesisrdey gavagesntThened ementagl.  The
conposi tion was . %Cal iu 012% Magnes nd 33% zi nc_for and
11. 5% Cafcium %ﬁ gntgsFlTr%can% 01?%»7% |ﬁc reaac,&}oen(% [%]691@1 Fi gureﬂll
shows th@qa}vwcm}e cubnird i veimethamdintgmwfurz i mecqioteal nredn¢Sn&l Meplehumat s
recei ving; 2 cabobum §1pe g ele Ps-a.0abl y, 6opSURG; dose, Obcal ghumover
four day period ere were three gr oups animals participated in this
study. Edeht anTarale redei vag We@ﬁnﬁﬁﬁtéhb@i awf’@jfa%ff (THe avver ageidoshgecof

cahgi um £oregachndeat ras%ntthgr ®up \é\@ﬁ 68 gyé days A mRl S+l Rrthendhd
group received a normal cal cium |et ab 34), while Al and A5 group
recei vedSaleal ¢ U T r&dlidieiterrablte 4P otere ﬁEOBP @P@P?FF eldY WaterIt Dl )
was adm nhst enedlet 0= eacbmpeabero0f wihie2D. ks graupiby, g@vagmsan@ha@ﬂ@smmof
treat ment sol u% on was adm nistered to the ot her group nmenbers %ﬁﬂgava ge.
The el eneht al - coApsSiti dh was 232 %% €at ¢f uhf %1%125/0 YnESTUnT D133
zinc foroAb7s achdlka%6Gal ci um 5. 64% Magnesi um and 0. 57% Zinc for A5

.[q 50] Figure 12 shows the plasma calcium (A) , magnesium (B) and zinc (O
| evél s sanpled fromrats at the end of the treatnent period while receiving
cal cium {oe®lldi eFigndealAoinalthdaicbyydoses record of 15 groups of rats

which received individual elemental treatments. The treatment
groups were named after their respective treatments. All animals

received a normal calcium diet (Table 34) ad Iibitum and a once a

20 day dose of treatment containing 53 mg/kg of calcium.
Formulations containing  Caltrate™  were administered  as
suspensions; whereas the others solutions. The elemental

composition was 23.3% Calcium, 0.0012% Magnesium and 0.33% zinc
for A1, 7.51% Calcium, 7.5% Magnesium and 0.38% Zinc for A4d and
25 11.5% Calcium, 5.64% Magnesium and 0.57% Zinc for A5. The dosages
of wvitamin D3 and wvitamin K, were 0.8 IU/mg calcium and 12.75

IU/kg/day, respectively. Bisphosphonate was given as alendronate

and the dosage is: 14 Ug/kg/2-week.

30 [0052] Figure 14 shows trabecular BMD of Distal Femur Averaged
from 3 pQCT Slices. *: significantly different from OVX-control
(p<0.05). Fifteen groups of rats which received individual
elemental treatments. The treatment groups were named after
their respective treatments. 211 animals received a normal

35 calcium diet (Table 34) ad 1ibitum and a once a day dose of
treatment containing 53 mg/kg of calcium. Formulations
containing Caltrate™ were administered as suspensions; whereas

the others solutions. The elemental composition was 23.3% Calcium,



of calcium There were three groups of animals participated in this study.
Each animal received treatnent once a day. The average dosage of cal cium
for each woeatwmstsgr oup was 625 ng/ kg/ day. Ani mal s m t ire TDB200gDEHOLR
received a normal calciumdiet (Tablet634), while Al and A5 group received
a calciumfree diet (Table 34) . One nL of distilled water (D) was

adm ni stered11® sagheserhernaf ot@@/Dﬂlrgf Oﬂ@rbmgavagﬂ@an@amm of 5%

treatment sol ution s ad istered to oth 0 ers g ge.
The el emATarS o dett | Baohds: S5 S ciim 05004 0ok MaqueLti and. Bt 6956

zi nc forvMahpesindn 14And% Cat€i umc Sf@A%fvang@ dosands 0057% Zentn f 05 Abd .
[0051] Fi ur e, 13 |, s the bod S record 15 gL oups | f ats i

recei ved ?n%mw du%ﬁ eweerr?ent%lé?r];%tnﬁ%nt %a‘?ﬁ‘h treéa 18 g%oupg%mg?da%hned
aft ér the*ESEPGECE‘SlpEEdIYI veBia;EéaistmteAMasangmadﬂs laeceihﬁedir@na@ﬁrraﬂndcatlmeia um
diet (Table 34). ad libit once a day dose of treatnent containing 53
mg/ kg of “R&FEF uri’ Flélr Hﬁ(gg{ n&° %alb'nt aining Caltrate(tm) were adninistered as
suspensi ons; whereas the others solutions. The el emental conposition was

23. 3% Ca 0 0012% nes um and 33% zin for 51% Cal 7.5%
Magnesi umgﬁg}o gé&uﬂenc or SRS ant A4 BYCal QGE%Oﬂ?&ﬁﬁgaﬁ Jraphd
0.57% Zi neef@ged%froﬂhe dagages afesvi t ant ns%naﬂdca/mttl@m i Keemre Or8nl U ng
caI ium | IU/k d re tivel Bi sphosph nat was given a

al éndr ong\?g aonrbtrt% %élg@ll s: %ﬁ% 7Kg /%mwé)ek 0P [ Ot il\é\%aregfﬁeé}ﬁ

t r abecul and BMDIwfl B@mhtﬁemremragﬁd ffhentBe ntSIgrcczeJ@s Were named

significaptly diff er gttjpecrcﬁl%%%%%ﬁ%tr{t@ (RFD- Q@r%alf'rfec%%egr QURS. i, rats

whi ch recerved in el e reat nents e treatnent groups were
named af tekctiymei dl@*@sﬁé@bﬂve 3t eardrentBIt Al | 2andi mal sngecei ved alator naf

cal ci um dj gt (Jabl ecéééala}%!g' bi g 4m ﬁ&?’k opee a day,gose of LhGal M.
cont aining 53 ng/ kg of cal ¢i'um Fornul ati ons
containing Caltrate™ were administered as suspensions; whereas

the others solutions. The elemental composition was 23.3% Calcium,
0.0012% Magnesium and 0.33% zinc for Al, 7.51% Calcium, 7.5%
Magnesium and 0.38% Zinc for A4 and 11.5% Calcium, 5.64%
Magnesium and 0.57% Zinc for A5. The dosages of vitamin D; and
20 vitamin K, were 0.8 IU/mg calcium and 12.75 IU/kg/day,

respectively. Bisphosphonate was given as alendronate and the

dosage is: 14 pg/kg/2-week.

25



containing Caltrate(tn) were adm ni stered as suspensi ons; whereas the

ot hers solutions. The el enental conposition was 23.3% Cal ci um 0. 0012%
Magnesi urwearedosnsBso zi nc for A, 7.51% Cal ci um 7. 5% MagoeaBrooy/ensd420. 38%
zZinc for A4 and 11.5% Cal ci um 5. 64%7Magnesi um and 0.57% Zinc for A5 . The
dosages of vitamn D 3 and vitamn K2 were 0.8 U ng cal ciumand 12.75

| U kg/ day, respecti vebpyraBi.gphosgdonatones ¢urernasn@igndr onat e and t he
dosage is: 14 ny/kg/ 2-week . [0053] Figure 15 shows trabecul ar BMD of

Proxi mal Tibia Averaged from3 pQCT Slices. : significantly different from
OVX-cont tob54P<Op@EinitEbhd een groups of rats which received individual

el enmental treatnents. The treatnent groups were naned after their
respective treatnments. Al animals received a normal calciumdiet (Table
34) sad | [ poisHm angigapacEa &ay; Qi iffed @aLMRNbERDE R BENY @BudUbK s Of
calcium Fornul ations containing Caltrate(t were adm ni stered as

suspensi BARStaREG &4 behabspReed ayl mseshdy Fhe BP@vrent al conposition was
23. 3% Cal cium 0.0012% Magnesi um and 0.33% zinc for A, 7.51% Calcium 7.5%
Magnesi um and 0.38% Zinc for A 4 and 11.5% Cal ci um 5. 64% Magnesi um and
0.57% Zi he03er A5BioFweitrlsbldwy ofisyvidefihadD8s ante vidtariandk2xhene 0Of 821 U/ ny
cal cium an [da ivel .Bl,sphosphonat e was gi ven as

al endron%%}gségnndg %€§g§§233e¥¥§£&§§@%ﬁr\§§f %‘téggk DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0054] Definitions: [0055] "Bioavailable" is defined as the
ability ru r t e rhed a 0056]
" Bi oavai fg%?ﬁjty%h%s pgggigﬁgdﬁgg&f gorﬁja?%)%% gxtae%p%?%gegﬁbtgpgﬁggg%/% chi ng
syst eni caefrTid fdldw. Of008T7T1The TrESEAIUT, n¥enti and delsamiibed:a suppl enent
conprising acetate salts of cal cium magnesium zinc and vitamn D3 .

[0058] In one enbodi nent of the conposition, there exists a weight ratio of
cal ci um {80¥&hnedirum™t oMBedinat4: af Fopeexiiplosition, there exists a

15 weight ratio of calcium to magnesium of 0.5:1 to 4:1 For example,
the composition of the present invention may comprise 220 mg of
calcium and between 55 mg to 440 mg of magnesium. In a preferred

embodiment of the composition, there exists a weight ratio of

calcium to magnesium of 1:1 to 2:1. In another embodiment, the
20 composition of the present invention comprises a weight ratio of
zinc to calcium ranging from about 0.05:1 to about 0.2:1. In a

preferred embodiment, the compocsition of the present invention
comprises a weight ratio of zinc to calcium ranging from about
0.05:1 to about 0.1:1.

25
[0059] In another embodiment of the composition, there exists

40 to 1200 IU of vitamin D3 per 220 mg of calcium.

[0060] In another embodiment, the daily dose of the elements to
30 be administered to an adult human patient comprises the following:
50 to 500 mg of calcium, 400 to 1200 IU of vitamin D3, and 5 to
40 mg of zinc. In another embodiment, such a daily dose may be
administered only once daily or fractional portions of the daily
dose can be administered in separate allotments throughout the
35 day. In another embodiment, an amount of the composition making
up the daily dose can be dissolved in water or fruit Jjuice for

consumption. In another embodiment, an amount of the composition



t he conposition of the present invention may conprise 220 ng of cal ci um and
between 55 ng to 440 ng of magnesium In a preferred enbodi nent of the
conposi t iwo,2009esMsexi sts a weight ratio of calciumto magnBxiownsed2 1:1 to
2:1. In another enbodi ment, the conpositi on of the present invention
conprises a weight ratio of zinc to calciumranging fromabout 0.05:1 to
about 0. 26dprdday prefer red iegbod Medt , dthe ceposid | amcebstiher poesemt

i nvention_ conprises a wei ght Eatio of zinc to cal cium.ran igg from about
0.05: 1 { 67AHOUT" 0.8 1° FOOSST T "Wt A&t ‘fbodi " B The CoRpBST H o,

t here exisist4thdlo p200idU of wiHeamiai B3 pese 22@nngoof esatgswimtdd0060d | n

anot her enbodi nent,. t.he daily, dose.of the el.enents to _be admnistered to an
20Ul £ hUTBR DT Aot et e FEITOW ot RO 500 Ty or. LALET Ury® 400
to 5200 ¢ukofe\daidm woB8, ianddbitist4deng of zinc. In anot her enbodi nent,
such a daily dose may be adm nistered only once daily or fractiona

portions of the daily dose can be adm nistered in separate allotnents

t hroughol®0éhk daye | wranether lerbodioent 2lan appentdef the voOPpwsi téon

meking up; {he; daily dose-can ber digsalopedkhsvwal er Qi ffdi b ubgenfor,
consunption. In anothér enbodi ment, an anount of the conpositionconprising

t he enti FemefaiyUosbeneyf e ehcapStlratséGrand ddifi nicsteped- 1o affadulht
human patiesdnc | manotiher @mhadientor adinagti onal peEt kepoginthe, daidy
dose can be encapsul ated and adm nistered in separate allotnents throughout
the day GRtFRPStHE erfidhe d4F1 Y4858 i sPalfi APSt BFedf FOOE1IT™TRE" présent
ihnventi oao@é_sgdl}@mﬂétdﬁ%da t_rmtahofﬂm@fn %dﬁ;ﬂ.at iz_rmg_asxcrf@_tf@rmeﬁf cOB8bLeOPenosi S :c n
umans or._aninmals, conprising the step of administering.the conpositjon o
The pr ekt PHBRT T O & HaE Sor L AnAaFe SPH BRe SnBadF neAr Sopngai Ly
conposi t doge conpirisesrbdt weea Infindro RO tng of cal cium per daily dose
ad snistered to a human adult. In a preferred enbodi nent, the conposition
conmprises 110 ng to 220 ng of cal cium per daily

[0062] The present invention also provides a method of
increasing bone mineral density in humans or animals, comprising
the step of administering the composition of the present
invention to humans or animals. In one embodiment, the
20 composition comprises between 50 to 500 mg of calcium per daily
dose administered to a human adult. In a preferred embodiment,
the composition comprises 110 mg to 220 of calcium per daily dose

administered to a human adult.

25 [0063] The present invention provides a composition comprising
an 1initial composition of at least 22.75 percent calcium by
weight extracted from calcium containing or synthetic calcium
acetate-containing sources, wherein said initial compcesition is
fortified with magnesium and zinc to provide a final composition

30 of at least 4 percent by weight of calcium, at least 5 percent by
weight of magnesium, at least 0.2 percent by weight of zinc, and

at least 400 IU of wvitamin Ds.

[0064] The present invention provides a composition comprising
35 an 1initial composition of at least 22.75 percent calcium by
weight extracted from calcium containing or synthetic calcium
acetate-containing sources, wherein said initial compocsition is

fortified with magnesium and zinc to provide a final composition



dose admi nistered to a human adult. [0062] The present invention also

provi des a nethod of increasing bone mneral density in humans or aninmals,
conpri si nyotzh@/ws®mp of admi nistering the conposition of PCliaBpoEsENi2
invention to humans or animals. In on® enbodi nent, the conposition
conprises between 50 to 500 ng of calciumper daily dose adm nistered to a
human adyttat | Teasiprebertedt epbod mpiH ot be1eonppsit | O a0mPhisesnd 1Py g to
220 of cal ci um%ﬁr dai Isy, dose adm nj sbe ed to a rhlgzman ,agult. FOOGS] qu{ue
present I'AVERTti On HrOViTded" a®tonposit P oh ROMpH sithg “&nSthi Of af *eonpdsiti on
of at |eastl@2s754@eroenit caltcinim by wed ghiteexir adteeddlrammcabatdiming

cont ai ni ng%essyanrteheteia% cs:al gi um acet at. e- cont §i ngt%:)rs urces, wherein said
initial conpositi on-1s flOftI Fed with magnesi um and zinc t'o provide a final
conposition of at |east 4 percent by weight of calcium at |east 5 percent
by wei gh g [ | e 2P t . hy [We| ' a

| east 408)0%?][;? g?lt%at#pne%%l.t [%g\éeﬂou%ﬁee%?o:\gedne% |%\€%n?%g§£%%%€?cn es&hge%
conposi t Fon momprdigitng sanni hive i &dricorfpesietiron ofliat | east 22. 75 percent

cal ci um by wei ght extracted from cal ci um containing or synthetic cal cium
acet at e-contai ning sources, wherein said initial conposition is fortified
with nmagh@8¢eim addezitiesed tpr ovide i@nf | piad vic®poset | 6ABPOatt 1@Hst wAeHer cent
by 1wei ghtnof, cal ciumy ahel eash & peraent Ry wei ght of magnesium at | east
0.2 percent by weight of zinc, and at least 400 IU of vitamn D 3 and
wherein the cal cium containing sources are pearls, corals, oysters, or
natural poes7] [ 0863] The-guasentni;BMensh on Previndes fof- conpagbbi onsnmhere
the magnesiumis in the formof acetate salt. 0066%, The present invention
provi desCPBrT CorMfosi tiFoAs twher €° tHe Al Uls TPnt WS $ o' m Gt Yacetate satt.

[ 0067] Thee pr esesknt nveiiveon iphovifles Hear conpoisidd onso€onpongbBgt donei ght

raH%O Ofcg£££q§ggé(% g% 8%%'%2%5@ é%f%aacggm4t%'magnesium of 1:1 to 2:1.

[0068] The present invention provides for compositions
comprising a weight ratio of zinc to calcium ranging from 0.05:1
to 0.20:1. In a preferred embodiment, the present invention
20 further provides for compositions comprising a weight ratic of

calcium to magnesium of 0.05:1 to 0.1:1.

[0069] The present invention provides for compositions
comprising 5-40 mg of zinc per daily dose to be administered to a

25 human adult.

[0070] The present invention provides for compositions
comprising 400 to 1200 IU of wvitamin D; per daily dose to be

administered to a human adult.

30
[0071] The present invention provides for compositions wherein
the composition comprises 50 to 500 mg of calcium and 25 to 500
mg of magnesium per daily dose to be administered to a human
adult. In a preferred embodiment, the present invention also
35 provides for compositions wherein the composition comprises 100

to 300 mg of calcium and 50 to 150 mg of magnesium per daily dose

to be administered to a human adult.



The present invention further provides for conpositions conprising a weight
ratio of calciumto magnesiumof 1:1 to 2:1. [0068] The present invention
provi des woro@onpmsi ti ons conprising a weight ratio of 2cmaBtooy/ceEhe um
ranging fromO0.05:1 to 0.20:1. In a Moeferred enbodi nent, the present
invention further provides for conpositions conprising a weight ratio of

cal ci um teoTRONesheMueE s8n05:idveRt Dol Eirox[lQ%9]fthecomp%%@@&ohgvanéf@ﬂn
provides for conpositions conp r|S| 2|nc er daily d to be
adni ni st BFed° Y Hufain CagHF ¢ e‘[’ 00 F%H&Oﬁgégeﬁ 5?&%% BFngggsm? or
conposi t boNSa TOIMH iBirng@a400 €6s4200 HeUa@lfleltLtsamé\d[BQ pemudainl yadose to be
adm nistered to a human adult. [0071] The present invention provides for

conpositions wherein the conposition conprises 50 to 500 ng of cal ci um and
25 o 500003 pf magneskcammpetndant yordoseotigidie mdnmqungloernedohs ahbuaan
adult. | prefer ng, .t r I.A ion ,al rovi des,for
conp05|t?%%% mhe?e%%g%ﬁgbggﬁggs%%?oﬁségng?f%%gliégﬂ% %&%lﬁ% %Fg‘ ?@lun1and
50 to 150shghofthrgredicanmpearidaidtye .dose to be adm ni stered to a human
adult.[0072] The present invention provides for conpositions wherein the
conposition conprises 400 to 1200 IU of vitam n D3 per 220 ng of cal cium
per dail y0@t%k t Ghbe adwisanst erledengianhumanvadeart. fPo073] Thetipresent

i nygnti on, providgs; for é%&ﬂ%%%i%bo@%mw@%&g'st%bge898P8§i§'9@ cORprd ses nore
bi oavai | abl e cal cium per unit wei ght than cal ci um carbonate. [0074] The

present Phvehtion PHEVilGesIf ofNa nmethidd of atteviatiaigrer preverfrhgSc

SYNpt OB Ofp OSIHECRES @Sl Sakh hURNS O ANkARLS, conprising the step of
adm nistering the recited conpositions to said hunmans or aninals. [0075]

The present invention provides for a method of preventing or alleviating
synpt ons [0 755t eqper 0Hr$ skAthumaRen®ion provides for a method of

15 preventing or alleviating symptoms of osteoporosis in humans or
animals wherein the composition comprises between 50 to 500 mg of
calcium per daily dose to be administered to a human adult. In a
preferred embodiment, the composition comprises between 100 to
300 mg of calcium per daily dose to be administered to a human

20 adult.

[0076] The present invention provides for a method of
increasing bone mineral density in humans or animals, comprising
the step of administering the recited compositions to said humans

25 or animals.

[0077] The present invention provides for a method of
increasing bone mineral density in humans or animals, wherein the
composition comprises between 50 to 500 mg of calcium per daily
30 dose to be administered to a human adult. In a preferred
embodiment, the composition comprises between 100 to 300 mg of

calcium per daily dose to be administered to a human adult.

[0078] The present invention provides for the use of any of the
35 compositions recited to prevent or alleviate symptoms of

osteoporosis.



animal s wherein the conposition conprises between 5 0 to 500 ng of cal cium
per daily dose to be adm nistered to a human adult. In a preferred

enbodi nernwo 20690988 POSi tion conprises between 100 to 30@cmgBmvY/c@Eh€ um per
daily dose to be adm nistered to a hwtan adult. [0076] The present
invention provides for a nethod of increasing bone mneral density in
humans oroeneal sheCpPBELSE Nohitdie ishep-of iadsl abstietd N he ka¢i bedtne
conpositions to said hunans or aninals.,£0077 The present invention

pr ovi desCPBrCH et iod TG iAtr e&8i ng* bBhe™ i net P ' Walvsi 1 i WShGRBAEC B S

ani mal s, wbes et niidhe oaeBposi bh dfognpdss @sthetneen 5O 30w Q0 ofgcafccah ci um
per daily dose to be adm nistered to a human adult. In_a preferre
enbodine%?f fﬁﬁjébn§8§?tﬂ5h %8np??@ﬁ§f ter%gen 100" t 8"460 ﬁﬁﬁgf'caggidﬁ1per
dai by doseefeorirel acmbariisteerted tioe acdpest @dul tcof@07A8]s T were@selft0 to
ot 098" R 885 LOF s hhepuseanly anyoof Lhepcompshilons.d ool t2dnlfen -
prevent or alfeviate synptons of 0Steoporosis . e present 1 nvention
provi desafert t he use of any of the conpositions recited to alleviate
synptonms of osteoporosis wherein the conposition conprises between 5 0 to
500 ng of calciumper daily dose to be adm nistered to a human adult. In a
pref err e80@%Pbdi FBARt PTEheN T ohpoitiocon Pesipre8eSohdteersel0d 867300 Hee of
caligi um perpdaid i dosect echer admnister %@n%od@ng'yff}?ﬂ adul't. [0080] The
present invention provides for the use of any of the conpositions recited
to increase bone density. [0081] The present invention provides for the use
of any ofobd&e) compespiteast recidid o pk-aGEgasesbonadensl by, awhepei and he
conposition conprises between 50 to 500 ng of calcium per daily dose to be
admi ni st 8PP0 @ HumaCaldtift .t n L FEREr r B enbdditrent, HETELRPOSTEi on
conpri sesohed seeironl Mbripr 1308 mgt@ten 50 to 500 mg of calcium per daily

15 dose to be administered to a human adult. In a preferred
embodiment, the composition comprises between 100 to 300 mg of

calcium per daily dose to be administered to a human adult.

[0082] This invention provides for the wuse of any of the
20 compositions recited to facilitate dietary calcium and magnesium

absorption.

[0083] This invention provides for the wuse of any of the

compounds recited to facilitate dietary calcium and magnesium
25 absorption, wherein the composition comprises between 50 to 500
mg of calcium. In a preferred embodiment, the composition
comprises between 100 to 300 mg of calcium per daily dose to be

administered to a human adult.

30 [0084] The invention being generally described, will be more
readily understood by reference toc the following examples which
are included merely for purposes of illustration of certain
aspects and embodiments of the present invention, and are not
intended to limit the invention.

35

EXAMPLE 1

Formulations of Pearl Extracts




cal cium per daily dose to be adm nistered to a human adult. [0082] This

i nvention provides for the use of any of the conpositions recited to
facilitatwodo@im@siscal ci um and nmagnesi um absorption . [ @083B200HpEs0anvent i on
provi des for the use of any of the capounds recited to facilitate dietary
cal cium and nmagnesi um absor ption, wherein the conposition conprises between
5 0 to 50008®) of rcaruMeilitatprefer et modbeRtapt ey CORPOShEERNed
conpri ses between 100 to 300 ng of calciumper daily dose to be,

admi ni st 8FePY of PHURh Hddt't 21F0684] FhesT eGS0 Sbéitfig Pyener aFfy t°
descri bed, swé | pdevamr ¢or eadiiby wasier stroaedpbydeef 5 enceddo ihhe fhokteme ng
exanpl es ich are included rely for purposes. illustration of certain
aspect s %%258ﬁ868§%%nF§86PmtE§18Fé§8n€“ﬁH5éﬁPi&H%Ra&&Eﬁ%E%inaW%ﬁ%md%% to
i m5t t hecenivenbeon, BXAMRLE chlForumdeatti ons afpPear | t Exttachsi0085] £ & pear |
extract p by. tj.ng. .t. n thad r . Li d Li.
Briefly,$%2%$%§ géigbufyg%%gégﬁgglg%sR?g%béﬁ%ggﬁa@% €§%%§EE%%E£¥nTh%ﬁ%omder
i s soakediknure mMad uriel tofreslattudated cspdi apedthl diiedersoliptitenew rhcltitrat ed
amount of., aCEt G aGi4. Eiectirical AeurLent, i 5,.anpliedka o hhgsmxtyLe, for
several days. After dilution with water and magnetization, the mxture was
filteredSapelPretipi tatEdaithe pgréeci pitt &lemepirehPraseal ciuntheetsateaCl s
drigd andsrgadye fiefs GansyAPLi on as a dietary supplenent. A detailed |ist of
el enents present in the extract is presented in Table 1 : TABLE 1 Content
of Pear|l Extract [0086] This extract, A, is fortified with acetate salts
of magnesiumto provide Ca/ My ratiosrae015/1 (A6), 1/1 (A4) and 2/ 1 (A5

The maj or el enental content of the pearl extract and its
Content of Pearl Extract

Element Quantity, ppm
Calcium 233,000
Magnesium 253
Zinc 3281
Potassium 1650
Manganese 1170
Sodium 680
Strontium 158
Molybdenum 55.4
Silicon 38.0
Selenium 27.9
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[0086] This extract, Al, is fortified with acetate salts of
magnesium to provide Ca/Mg ratios of 0.5/1 (A6), 1/1 (24) and 2/1
(A5). The major elemental content of the pearl extract and its

fortified mixtures are listed on Table 2:

20



fortified mxtures are listed on Table 2 : TABLE 2 The Content of Each

El enent
For mul a

in Each Forrmula (n=3) The content of three elenents in each formnul
GaO(200909898( % Zn (% No. Label ed Label ed Label edTDB2089/0050€d

Determ ned a Determ ned content cont&st content Al 23.30+1.26 23.4 0

. 0253+0.

0013 0.0012** * 0.3280.03 0.330 A 4 7.650.62 7.51 7.56+0.32 7.50

a

0.372+0 .029 0.375 A 5 11.5+0.34 1lrzsfe.21+0. 04 5.64 0.556+0.044 0.565 A

6 4.580.
nmeansS. D.

descri bed_in this pyannlp can_also hp u:pd to extract nﬂltlplp acetate

09 4.50 8.290.15 8.99 0.2560.012 0.225 Data are expressed as
al n- hoGke ¢pptent focfngﬁchnElemtmrngéqlppEopggla 2% et hod

salts of
oysters
6 could
cal ci um

cal ci um rragnesi unitenderzemc of ridmenat erealk s sourcésisuelr as coral s,
Aocneraal  m nes,Caetgc) The corrposl tll%l”l Qt for mJI as A, A4 {hrough
al §9 be atn Y ". R O—apPp A3
magnesi uﬁ?%ﬁﬁdl%dnc co@éﬁWLED?teS@jrrﬁﬁl i t:ynt@f-lt -Cal @F*’tﬁﬁmtfrﬁdArtwnfgllttal

Gastric
measur e

and,l nt esbi nal.; Jyi ce isOQSS] thes.Qbpect iveof«ihi g, §£8U6'yoawas § Q30
and conpar e the solubility of acetate formulas and Caltrate(t

o st 11 CANG &1 {1 6al i nieatingl ] ui Cectini ¢ by Sates b0 |

artific

Phar macppoeisa) . [10089].3ArtifiicBal gastrydocof | ui d swas prepaneth .bys di ssolyi I
2.0 g of q{jfl umchj g tdg9| n 1, QOL of d§9+oop5 zed vgager coptékpd ng, 7. 0, r§125of
Concent [ h\lr‘ll" Of‘ H Or: C ac: o pYe I | I f‘l Q : nf DC"‘I I’\Q } L1l \ADC hr epar eu
di ssol vi ng ﬁ,ag 0.0 presﬁe §§ meSpoét assium phosphate (KH2HPO4) in 1.0 L of
de-ioni zed water cont aining 77 nL of 0.2 N
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[0087] Besides Pearl, the method described in this example can
also be wused to extract multiple acetate salts of calcium,
magnesium and zinc from natural sources such as corals, oysters,
mineral mines, etc. The composition of formulas Al, A4 through
A6 could also be achieved by mixing appropriate amounts of

acetates salts of calcium, magnesium and zinc.

EXAMPLE 2

Solubility of Calcium In Artificial Gastric and Intestinal Juice

[0088] The objective of this study was to measure and compare
the solubility of acetate formulas and Caltrate™ in artificial
gastric and artificial intestinal juice (United States

Pharmacopoeia).

[0089] Artificial gastric fluid was prepared by dissolving 2.0
g of sodium chloride in 1.0 L of de-ionized water containing 7.0
mL of concentrated hydrochloric acid. Artificial intestinal fluid
was prepared by dissoclving 6.8 g of monobasic potassium phosphate
(KH;HPO,) in 1.0 L of de—-ionized water containing 77 mL of 0.2 N

sodium hydroxide.

[0090] Excess amount of each formula was added to a
predetermined volume of artificial gastric or intestinal Jjuice.
The mixture was stirred at 37 °C for an hour. An aliquot of the

saturated solution was sampled and diluted before measurement.



sodi um hydroxi de. [0090] Excess anount of each fornula was added to a
predeterm ned volune of artificial gastric or intestinal juice. The m xture
was stirrwao 2a49/®83799C for an hour. An aliguot of the satecatBziogodsaid on was
sanpl ed and dil uted before nmeasurenent. [ 0091] The solubility of calciumin
the four fornmulas in an artificial gastric (pH =1 ) and intestinal fluid
(pH =7) ‘ﬂ@@91?5t@ﬁeus§d]91]:ﬁlﬁ'@§/hféﬁ d@é/p&ﬁﬂedlrﬁ or;héCI%u@ES f(drra@tl@tsl viel Yan
Coupl ed Pl aspm Em ssi on Spectroneter) é %’[I ma 4300D\/) :
Two com@?‘&?%%cﬁnp‘ﬂ%%t“&u {PRt 6(tT) amd caFcP h?%]ceFéPéd fe al’so"test ed

i n paral testddrucionpar In&ﬁjhodThiévl’e&SpéﬁSfaf EI(SH’}EIVEB i mntabltev3dly [60824d
Corrpared rate(t . thes I|t IC|u cet

appr oxi mai‘e?y A@ 1%es AT g écrmm arH} 3: g gas?‘%rlfn%: jg%pcémgnéBQ%D%bO

ti més hi @h@rcmm&ﬂtﬁiaar tsiaﬁnmieal CﬂlEJsaueﬁﬁl alpaiu cglciThe sseitabil | tyreof at he
pear| extract, A, 11§l %rm)?&!&é’aﬁaéo‘%f um aget ?‘%gul£§ si. | a1 50 fhat of
cal ci um acetate in e art|f| cial gastric juice and Intestinal juice
(p>0.05) TabThed sol ubility of calciumacetate is pH dependent; it is |ower
inthe artificial intestinal fluid when conpared to the artificial gastric
juice. Magnesium has a tendency to |lower the solubility of calcium Wen
the rati 60092ca/ Mgreaceeases, thetsarebr | i tyeof schebektkact OHlecFeasdan A5 >
A 40> A §cet£€é/erltshela§§§@xﬁ§atéﬂ}e lheast ; 5ol uml%hg@arhneMH@cgrEQEﬂyL@l i's

-12 tinmes nore soluble in artificial gastric juice and 8,500 tinmes nore
sol ubl e PRASEFT fi &4t i mEst i4fal®Y%i deERan htlﬁ&?fof ipal that eerhyjficial

Ther ef or ent &t i kg Cgbié@t e(mie sehubility off aced ateasal tekisheul d nof be
an issue in GT fluids. g%Thesolubllltyp file of magnesiumsalts is
very si nF?%E’“t%“t%é‘tos&lec&P Fullt( Fapteta) .29 i éralt® 4Petafé §arts™bf

magnesi uarat £cdi ghl ythml abt ef i dively @E@tﬂDdejSlﬁ)be|€Eld niatd¢sdircilal jgaséric
jUh%e th?8>8fééflcﬁ%£ He%tingy éylca101um acetate is pH dependent; it
is lower in the artificial intestinal fluid when compared to the

artificial gastric juice. Magnesium has a tendency to lower the

solubility of calcium. When the ratio of Ca/Mg decreases, the
solubility of the extract decreases, A5 > A4 > A6, Nevertheless,
20 A6, the least soluble pearl extract formula, is ~12 times more

soluble in artificial gastric juice and 8,500 times more soluble
in artificial intestinal juice than that of Caltrate™. Therefore,
unlike Caltrate™, solubility of acetate salts should not be an
issue in GIT fluids.
25
[0093] The solubility profile of magnesium =salts i1s very
similar to that of calcium (Table 4). In general, acetate salts
of magnesium are highly soluble. They are more soluble in
artificial gastric juice than artificial intestinal juice. The
30 solubility of magnesium salt in Caltrate™ is low. The solubility
of magnesium in Caltrate™ is also higher in artificial gastric

juice.

[0094] The solubility profile of zinc salts is also similar to
35 that of magnesium and calcium, except the magnitude of difference
between salt forms and environmental conditions is less drastic

(Table b5).



solubility of magnesiumsalt in Caltrate(tm is low The solubility of

magnesium m Caltrate TMis al so hi gher

inartificial

gastric juice

[ 0094]

The sol ubwbi2bg/qsoBi | € of zinc salts is also simlar toPrclaB2$/oosagnesi um
and cal cium except the magni tude of 2 fference between salt forns and

envi ronnent al

conditions is less drastic (Table 5 )

Solubility of Calciumin Artificialpagstrsc And Inte stina

Data are expressed as_ MeanS. D.
Artificial €aturated $elpbiddtynefsCahgiungin ArsdficialGasixifs |

TABLE 4 Saturated Sol ubilit

. TABLE 3 Saturated
Fluid (n=3)

nesium Il n

y. of

magnesi um Formul a No. GastriZEnteshipalnFdaidnin=2) uid (g/L) (g/L) A
0.130.006 0.130.04 A2 O11OC A 0.1010.03 A3 0.120.04 0.090.01 A 4 40.782. 46
26.571.81*** A5 24.972.95 19.032. 73*** A6 49.302.61 38. 6714.33*** Cal ci um

Acetate 0.50

. 07 0.420. 10 4

il Tral e(ddhurBedd GoldblillYUo b ddatanar e

as nmeanS. D.
gastric fl uid

.

N=3Formdfa: P <
TabNe. 5 Satu

I

. 0Bdstanrpared W t

h sohtddtlihty A1mitthe 4
ated Sal/ubility O Zinc |feg/Atificial

Fl uid And | nt

estindll Fluid batuﬂétéﬁr%dﬂublll y of @ﬂ [¢+6.29
A4 33.60+1. 9.90+2.14
A5 53.9718.34 45.50¢7.24
26 19.87+3.11 20.90+2.36
Calcium 77.73+8.13 68.43+2.55
Acetate
Caltrate™ 1.70+0.24 0.00246+0.00015

Data are expressed as Mean+S.D.

TABLE 4

expressed
rtificial
Gastric

Saturated Solubility Of Magnesium In Artificial Gastric Fluid And

10

15

Intestinal Fluid

Formula No.

Saturated solubility of magnesium

Gastric fluid

Intestinal fluid

(g/L)
Al 0.13+0.006 0.13x0.04
A2 0.11+0.01 0.10+x0.03
A3 0.12+0.04 0.09+0.01
A4 40.78+2 .46 26.57£1.81**x*
AL 24.97£2.95 19.03+£2.73**x*
Ab 49.30x2.061 38.6714.33***
Calcium Acetate 0.50+0.07 0.42+0.10
Caltrate™ 0.17+0.17 0.09+0.02
Data are expressed as meantsS.D. (n=3).

**%*%:P <0.001 compared with soclubility in the artificial gastric fluid.

Table 5

Saturated Solubility Of Zinc In Artificial Gastric Fluid And

20

Intestinal Fluid

Formula No.

Saturated solubility of zinc

Gastric fluid

Intestinal fluid (g/L)

(g/L)
Al 1.04+0.16 0.76x0.07%*
A2 3.7220.68 2.14+0.14*
A3 3.25%0.19 2.3120.08**
A4 2.22+20.17 1.19+0.11***
AD 2.64+0.38 1.64+x0.07*
Ab 1.54+0.13 1.07x0.11**
Calcium Acetate 0.60x0.17 0.53x0.14
Caltrate™ 0.33+0.10 0.23+0.08
Data are expressed as mean*S.D. (n=3).

*:P<0.05, **:pP<0.01,

gastric fluid.

***:P<0.001 compared with the solubility in artificial



Formula No. Gastric fluid Intestinal fluid (g/L) (g/L) Al 1.040.16
0.760.07* A2 3.720.68 2.140.14* A3 3.250.19 2.310.08** A 4 2.220.17 1.190
.11 A5 2.§0D2009aB5H86410. 07* A6 1.5410.13 1.0710.11** CalpcruBobg/edsaix
0.6010.17 0.5310.14 Caltrate(tm 0.336.10 0.230.08 Data are expressed as
meanS. D. (n=3) . *:P<0.05, **:P<0.01, ***:P<0.001 conpared with the
solubility in artificial gastrl c fleurghplXANPLE 3 Effects OF pH On The
Solubility O CalciumlIn Different Fornul ations £0095] The gastrointesti nal
tract is a C(E#iﬁeﬂ:snpﬁan RcThe Slubiditw-Pfofateiym In BLFERYEREI d alter
the solubility of elenments includpggngdbi€idd nagnesi um and zinc;
subsequently, their rate of absorptrton and bfoavailability. Exanples 3 - 5
hi ghl i ght sonme of the physiol ogical factors which have been postulated to

have a sw@géhcarﬂqel %troQHtEB€1§QiUQk£&Eylgf aelgme%q $Pgd.8r M REre
solubility, e response of four test formnulas A 5 and

Cal trat eft®) cand'elfici Om acstare 8, anibhs?2 gﬁﬁrcz}ﬁeon%ojt%&tll&ryé dF esent

[ ][]f abund@fm@@erwb Gﬂidh@*ﬁ@ \@?scwgl ua{a@@eﬁhga9|65]nd lnzgﬂ%sf @&%@Bh@e?ﬁbﬁ f
effects o anging from1 to the solubility of three enrents 0
our pearteThr iE o oA RAP T AB aREEAG o d e daRb bt &1 * pRtatieLes 9
(Caltrate(@mjgmdsamsyrﬁmethe of_mmun@g(leanmmm atejciCa PACE) wese
LMgot L 2Bpeta R L8N Rlevap adliel BCL ST R, 20PT BRYTALE 2UPHANS (O BPetic
eleménts. In terms of solubility, the response of four test

formulas (Al, 24, A5 and A6), Caltrate™ and calcium acetate to pH,
anions and cations that are present 1in abundance in GIT fluids
was evaluated.
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[0096] In this example, the effects of pH (ranging from 1 to 9)
on the solubility of three elements of four pearl formulas (Al,
A4, A5 and RA6), a commercial product (Caltrate™) and a synthetic
compound (Calcium Acetate, Ca ACE) were investigated. Solution

20 pH was adjusted using appropriate amounts of acetic acid (AcOH),
nitric acid (HNO3) or ammonium hydroxide (NH,O0H). Saturated
solutions were prepared by dissolving each preparation in a
solution with a final pH value ranging from 1 to 9. The resultant
mixture was incubated in a water bath at 37°C for one hour. Each

25 sample was then filtered (with or without centrifugation)
immediately, and the filtrate was diluted to an appropriate
concentration for elemental analysis. The concentration of
calcium, magnesium, and zinc was measured using ICP-OES. The
results are shown 1in Tables 6-8. Statistical analysis was

30 performed using one-way ANOVA and P value was set at 0.05.

[0097] Throughout the pH range tested, both Al and calcium
acetate showed significantly higher calcium content in solution
than the other preparations. Caltrate™ had the lowest calcium

35 content (p<0.05). Al and calcium acetate have the highest
solubility at pH 1 (Table ©6).



nitric acid (HNG3) or ammoni um hydroxi de (NH4OH) . Saturated sol utions were
prepared by dissolving each preparation in a solution wwth a final pH val ue
rangi ng fworedy/we799 . The resultant m xture was i ncubat edTiiR209/0@&0€r bat h
at 3 70C for one hour. Each sanple way then filtered (with or w thout
centrif ugation) inmmediately, and the filtrate was diluted to an

appropri @b@g@pnceﬂatghagmn fiors el.emepgat i analersicst The concentshathen of

cal ci um nesi um and zinc was neasured using |CP-CES. The results are
shown i ncar%l HES Y 85O8EAE PRt EAF 5ﬁ§i<y§r§e%asmpetr?fd%e%f uSPhgP ohe=¥nal® ANOVA
and P vahberaass seteatedd Ofor [@@B?ﬂat‘aﬂ“,oug@mﬁuﬂ h@c@hﬁtl’eartg&jtﬁs,t edmdilot h A
| and cal ci um acet sho i.gni fi antl cal ciu ni ent

sol uti on“thafi’the>o %elre pE\LrI]\:g affa { nds(i1 raete(etcrr) ﬁlaglhfehgo o%\eg t%a?m um
conbent (pseO5)n iA Iscandical ¢Taimeacht. ate have the highest solubility at pH
1 (Table 6 ) .[0098] Magnesium has a negative effect on the content of
calciumin solution; the rank order in ternms of solubility is A5>A4>A6.
Except f06P0Z2 tratteftay ]y caltbeumrapettat ef andnAl ,imhbchuaien norersbbudf e at
pH 1 . piLpas,s etfhf ecztmgncw@e&o'lqpl&lfffxérgktﬁegﬂﬁéimcm %%'5%%9531“@)‘3' © 7
) . [0099] Simlarly, the amobunt of zinc in solution correlated well wt

the zinc(€dmtent)in ditf erdat TOMURatiomes CABRALSALIIAS LRI Tabl eV8}Ue$:or

al I of ourn agetate frorsmylas LestetacH Makhuesghighesithan & wene asgociated
wi th higher solubility than that at pH 2 ang . [00100] pH nay becone an

i ssue foPfcal&Um-absorption when Caltrate(t n) is adm ni stered because
intestinal pH values are higher than 6 . Under this condition, the

sol ubi |'i t¥ 6: cal cium carbonate in Caltrate(tm is reall | ow.. These
results &PRLC¥hsiPSt eftY Wit oFRat 2t eported ot TaBITE 8™, %6 °8al B Tim

Sol ubi l'i ty1€edde™ | niDi fdderienttpredolwddons (Mnsedt)nal pH values are

15 higher than 6. Under this condition, the solubility of calcium
carbonate in Caltrate™ 1is really low. These results are

consistent with that reported on Table 3.

TABLE 6
20 Calcium Solubility (g/L) In Different pH Solutions (N = 3)

pH Caltrate™ Ca ACE Al A4 A5 AB

1 4.60% 0.28 99.0+19.2 101 £12.9 376+25 48.7 £2.1 23.3£3.2
2 4.04 +0.23 61.3+£0.97 64.61 5.1 294 +21 435153 22.6 + 0.54
3 0.507 +0.10 75.7 +4.8 714 +22.2 38.0+4.7 48.6 +0.98 19.5+25
4 0.237 £0.03 854 +57 75.3+3.4 385129 48.3+0.82 20.8+ 0.98
5 0.240 £ 0.06 75.6 £55 654 +11.8 39.3+44 474 + 8.6 24.7+2.5
6 0.317£0.10 76.0£5.9 83.8+12.7 412+1.3 523+ 5.0 19.3+2.7
7 0.133 £ 0.05 80.0£3.5 84.2+ 16.8 346 +3.3 49.5 + 8.1 20.6+3.8
8 0.160 £ 0.03 71.2+1.6 78.3+£13.0 30.0+3.8 55.3+79 19.8+2.0
9 0.227 £ 0.13 74.5+ 6.8 84.8+8.2 35.8+3.5 50.2+1.5 19.6 +4.2




pH Caltrate(tm Ca ACE A 1 A A5 A6 1 4.60 0 28 99 019.2 10 1 12.9 37 6
2.548.7 2.1 23.3 3. 22 4.04 0.236 1.3 0.9764.65 .129.4 2.1 43.5
5.3 22. 6 w0.26¢b/85B8507 0.1 0 75.7 4.8 7 1 4 22.2 38 @CTABY04805642 0. 98 19
5 2.540.237 0.0385.4 5.7 75.3 8.4 38.5 2.9 48.3 0.82 20.8 0.98 5
0.240 0.06 75.6 5.5 65.4 11.8 39. 3 4.4 47.4 8.6 24.7 2.5 6 0.31 7
0.1 0 76.0 59838 12.7 4 1.2 1mgha 3 5.0 19.3 2.7 7 0 .133 0.05
80.0 3.5 Redbu Sd1bildtd 4%/5.) 8n lp20edrent Bu8SB1ul Hns 0(r03= B8)1.2 1.6
78.3 13.0 Tg() debd/ 2.09 0.2Z7 0.T 3 7456.8 384.8 8.2
35.8 35 H0.2 1.5 19.6 4. 2TABLCE 7 agnesi um Sof ubi 11 Ty (oo n

Di f f er e pRH-pHESEA onsca(”.*.cE: 3y pHGattrate T CaACE- A ML AS- A6 0197 0
0 15 0 p27| 0097k2D19) DPF +02015 8473@9P15 4 8IBFDB4.8GB7 23P277A/744 Y1TGES5682 622 2
2 égg 33 20 361&) +3@00 6@3&)1403 el 33801@ .+006s 290:3911?7 22 2024 22)@2(02201742 334574 1380 9219
34 100 g l§333+Q)09(9 §Q13+]O%35 3545003031301032%3'+%265 éol %681‘5%&%169[ 733
0 248 31*158'F 98D 84 1H° 0 B'FF 01500 *FHADHE. 1%733Tﬁ?diz 38453516552 817
24. 367 | & 901G AHB1353.5007 0092 6 0137 £2@12 0 034100 H2.8173 2436076216, BF-¥53 17.2040

35. 747 | k. [381024.0997 0.4f5 $b.okd 3404774 0440/ 30 FH.A7 09Bs (24006 dB1A46Q4.4%.00350 0. 153
8- %? 33-7(1)9309’3 %(J)og%z%&)? os§ 15%;)533% 09583 3013734 §|80 9%77+§31290@69834+373234 ; ggg
0. 045 o £6p %Y L8 §4§?73"°4"’i 16@/15Z§0§657 131d’§%+%§t‘841?dg536+38”é% ?Aé@é“é"‘% nc
Sol ubi | L%y 0§9714)0.006y D3 #0:0dht pPI1EEGINRHIG ans3Y4AS £7.89) 431804351.45p at3¢-4TPN6EE6 ACE

AL A4 A5 A6 1 0.007 O 006 0.030 0.010 1.283 0.220 1.980 O0.256 2.637
.143 1 440 0 14 0 2 0.003 0 006 0.013 _0.006 0.793 0.093 1.457 0 032
.220 0.204 1 143 0 025 3 0.000 O OBABHE0E7 0.006 0.843 0.31 5 1.593
216 2.103 0. EdancnSgivbibimwna(ayly dmgDiffepent pH Solwtdens) (137 3 092

0
2
0
1. 867
0
1
0

N. 078 2 383 0. 071 0933 00325 0003 00060017 0 0060993
.1 95 lp|—9 30 cddatbB®4 2. 780acH. 305 1 450 O 19 A 6 0 000 A0 000 O G20 0| 000
B0 PRI R T S ST 0 Tl DS LA Oedd B 20
2 | 0.003+0.006  0.013 +0.006 1.457 +0.032  2.220 £ 0.204 1.143 £0.025
3 0.000 = 0.000 0.017 £ 0.006 0.843 £0.315 1.593 £0.216 2.103+£0.134 0.817 £ 0.064
4 | 0.000+0.000  0.017 +0.006 1.137 £ 0.092 1.867 £ 0.078 2.383 £ 0.071 0.933 +0.032
5 0.003 = 0.006 0.017 £ 0.006 0.993 +0.195 1.930 £0.164 2.790 £0.305 1.250 £ 0.193
6 | 0.000+0000  0.020 +0.000 1.227 +0.133 2.063 +0.059 2.837£0.135  0.870+0.096
7 0.007 £0.012 0.023 + 0.006 1.237 £0.223 1.770 £0.132 2.493 £0.372 0.990 £ 0.157
8 | 0.003+0006  0.027 +0.012 1.180 £ 0.180 1.787 + 0.306 2.903+0.300  0.940+0.082
9 0.007 £ 0.006 0.027 + 0.006 1.260 * 0.087 1.970 £ 0.364 2.7563+0.133 0.917 +£0.152
10
EXAMPLE 4
Effects of Anions On The Solubility Of Calcium, Magnesium and
Zinc In The Test Preparations
15 [00101] In this example, the effects of Dbicarbonate and
phosphate (HCO:~™ and PO04°7) on the solubility of calcium,
magnesium, and zinc were studied at pH Furthermore, the
effects of chloride on the absorption of these three elements at
eH 1 and pH 7 were also studied. The procedures described in
20 Example 3 for pH adjustment and solubility measurements were used.
ICP-0ES was used to guantify calcium, magnesium and zinc.

Statistical analysis was performed using one-way ANOVA and the

level of significance was set at p<0.05.



8 0003 0 006 0 027 0 012 1 180 O 180 1 787 0O 306 2 903 0 300 0 940 O
082 9 0.007 0O 006 0.027 0.006 1.260 0.087 1.970 0.364 2.753 0.133 0
917 0 15vDd 26MAIVPIOE 4 Effects of Anions On The Sol ubi | i tgT@B208HDES0LEM
Magnesi um and Zinc In The Test Preparztions [00101] In this exanple, the
effects of bicarbonate and phosphate (HCO3 ~ and PO4 3 ) on the solubility
of cal ci aMcHRghRR BFrednd Zt N Vere studied at pH 7 . Furthernore, the
effects of chloride on the absorption of these three el enents at pH 1 and
pH 7 were aI so studi ed. The procedures described in Exanple 3 for
Dl st meROOHTE] SPGBEF Pyl eMsuraiors "ot o lised! o1 G CESWas asell t b
quantifyreas Cld@ﬁﬁlﬁ&lﬂeﬁllﬁmclandtl'lzdm?ofStta:Ieic sttcal c arakysbamwas per f oraed
usi ng one-way ANOVA _and .t evel of significance was set at p<0, 05, A .

Gl 0% QoS Rt s MR a0 Botoore TabT es Lt RS PBatiEs SBr CERTOYY de
effects af phﬂdlumThnesgmmdmtlaom anchert hedt 1 tofa ttele zatcudfﬂcl envapDEREt | N

t he stomp Ior| e has t t ff O|UI

cal cium nggngéll um gLnd “Zine ra éécl)| t rgt Z??rﬁﬁ eh rﬁ( eiLbI ? iﬂgw%\t

Cl concentsathonhodheOO. nvihe h‘@}g@hmblmalgtn)@sgfmcahdl tzpmwagotthblhl@memS. The
maxi mum [ Y, e, I o Lons of 5
0 nM andp%ggﬁéd ug:@r Zé;@egf)?\%gﬁ%g@h&% | uct uat@gﬁ%‘%gf@?aqcba'u%ggﬁagﬁgg%g 1 and
zi A€ sol Ube¢| ﬁycwfet#ﬁfrﬁ net Fﬁlgjrlrlmrt heagieet dte fot nalati 6Asubehl el uare

acetate, nAhinf i A218Nd1HA Bcer st Gniddncant sdikt ergnces, %Fc%t%ft%e“Ath@!l ned at
t he highest C concentration (p<0.05 TABLE 9 The Effect of

Concent r&pi 6ASORFhe SoTidiliceRy O TESFENGRT (GFE) AGteD qu(‘iraelﬁltechﬁ'trm‘F%?l ons

At pH 1 TABLE A Q 1FhecEEEeetaofoC(p<Coneentration On The Solubility O

Magnesi um

15

TABLE 9

The Effect of Cl” Concentration On The Solubility Of Calcium (g/L)

In Different Formulations At pH 1

Cl”_Conc. Caltrate™ Ca ACE A1 A4 A5 A6

0mM 4.597 £0.276 | 98.950 +19.224 | 101.353 +12.947 | 37.637 +2.509 | 48.670+2.102 | 23.337 £3.162
50 mM 8.160 £0.497 | 80.857 £+10.277 | 73.950+0.987 | 29.950+6.933 | 42.413£12931 | 22.290 £ 4.543
100 mM 7.333£1.572 | 71.060£1.660 | 85.627 £14.191 | 30.023+4.042 | 43.853+2264 | 24.690 £0.746
120 mM 8.157+1.210 | 76.453£6.196 | 83.967 +0.479 | 36.883+1.966 | 50.283+2977 | 24.850£1.077
150 mM 5883+1.416 | 73.353£1.037 | 87.340+3.166 | 39.657 £4.659 | 44.443+5495 | 24.647 £0.775
180 mM 9.073£0.325 | 80.977 +12.440 | 88593 +5579 | 41.710+2.836 | 50.343+1.392 | 26.067 £ 1.891
200 mM 12123 +1.178 | 77.257 +12.364 | 97.840 +12.364 | 42.313+6.119 | 63.027 +3.406 | 29.387 * 4.062

20 TABLE 10
The Effect of Cl” Concentration On The Solubility Of Magnesium

(g/L) In Different Formulations At pH 1

ClI” Conc. Caltrate™ Ca ACE A1 A4 A5 A6

0mM 0.197 £0.015 0.527 £0.121 0.173£0.015 34.697 + 4.836 23.927 +1.747 41.797 + 5.622
50 mM 0.357 £0.471 0.440 £0.075 0.133 £0.006 31.420 £6.649 | 20.547 £6.525 | 45.827 +6.006
100 mM 0.113 £0.012 0.380 +0.020 0.157 £0.012 35.853 +4.215 | 22.697 + 1.231 46.900 + 4.117
120 mM 0.243 £0.163 0.420 +0.036 0.140 £0.017 33.363+2542 | 23.333+3.312 | 48.827 +4.095
150 mM 0.220 £0.132 0.403 £0.012 0.163 £0.015 36.037 £4.510 | 21.967+1.260 | 45.653 +2.449
180 mM 0.227 £0.134 0.420 +0.040 0.160 *0.020 38.117 £3.356 | 24.210£0.698 | 46.070 +3.290
200 mM 0.207 £0.074 0.427 £0.080 0.163 £ 0.006 43.203+4.646 | 29.410+0.115 | 81.437 +4.319

25




(g/L) In Different Formulati ons At pH 1TABLE 1 1 The Effect of C ~
Concentration On The Solubility O Zinc (g/L) In Different Formu | ations At
pH 1 B . wWbl2o0omde79kf fects at pH 7 [00103] At pH 7 , theprswliBliod/nisg40f
calciumin Caltrate is dramatically |3®wer than that at pH 1 in the presence
of chloride (Conpare values in Tables 9 and 12) . As chloride concentration
i ncreased, the solubility of calciupbsheGadtrate(tm increased. The pH and

chloride effects are not _pronounced for the acetate fornul ations.
general , EBeiBfifeshlef fh LondantraFips PR Fhe Sofubidity; 98 Zm%(ﬁ/rls)f i ons

bet ween 50 to 100 nM [ﬁmﬁﬂffﬂﬁ‘?ﬁﬂfqmﬂ‘ﬁﬁﬁnﬁfm?mﬁw]l de, pH has |ess of
an effect on gnesium solubility (conpare values between Tables 10 and

13). I p_gegeral| tdeeBollubideip¢sy of nagnesi ym ata4pH 71is abightlly l4wer for
al | formubasy and oobveooddl|or p.ede= &fif ecti2pssopt| prenoaiced.26§7001465] 1430 £ dao
presence efmvchl jordadetooehe e@f udiod | t yp.oof=ozienc -390 Cadi¢ [ atee(stzapesat pid7 70.i1g
| ess t hanotval f |of 0. 13¢raP26gqt He7 10.RET pnpdroe 09l | uesssphet Reen 2BP :and |14)298 £0.025
Howevel, ®ht di foRrErEACe 1 310A0XS3pr ondirFeeRd |i n1-Bhelt- QT et &*& HP81ul a¥s=THer e

is a tend&hey foro2ZitRe'qol uBP Iy | t d-3F%ErEase’ WP th'%t he 2%HcEPélge OFCeHI*bri de

concentraf?®h. MBXFRIATCZI Nne186IHD| | i't'%7 208! r|eattrétMt | 1Z20°HUPL hI of- 118 Rhen
Cal t r abelPWM wals 090058t 0 0. 128£0.049 | o 141340487 £ 2250+ 0.288 |  347s+0.248 | ; 2083 +0.112

Z
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solubility occurred when chloride concentration reached 200 nM TABLE 12 The

Ef fect of @&.~chbocedd rEfficytsOatTha ol ubility OF CalciumlIn Different
Formul ations At pH 7 TABLE 13 The Effect of C Concentration On The
Solubility OF MagnesiumlIn Different Fornulations At pH 7 TABLE 14 The

Ef fect otoflofpneentgat ihon @ The1 S0t ubid i by Fading | On caltrate™ is

dramatically lower than that at pH 1 in the presence of chloride

10 (Compare values in Tables 9 and 12). As chloride concentration
increased, the solubility of calcium in Caltrate™ increased. The
pH and chloride effects are not pronounced for the acetate
formulations. In general, maximum calcium solubility is reached
at chloride concentrations between 50 to 100 mM.

15
[00104] 1In the presence of chloride, pH has less of an effect on
magnesium solubility (compare values between Tables 10 and 13).
In general, the solubility of magnesium at pH 7 is slightly lower
for all formulas and the chloride effect is not pronounced.

20
[00105] TIn the presence of chloride, the solubility of zinc in
Caltrate™ at pH 7 is less than half of that at pH 1 (compare
values between 11 and 14). However, this difference is not
pronounced in the acetate formulas. There is a tendency for zinc

25 solubility to increase with the increase of chloride
concentration. Maximum zinc solubility is reached at 120 mM
chloride when Caltrate™ was evaluated. For the acetate formulas,
maximum zinc solubility occurred when chloride concentration
reached 200 mM.
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Different Fornulations At pH 7 C . Bicarbonate Effects at pH 7 [ 00106]
The solubility of calciumin Caltrate increased with the increase of

bi car bonawe 2e0@noetsr ati on (Tabl e 15) However, the oppesiruB200g0dsoae for
calcium acetate. The solubility was r¥#duced at | east 40% The reduction for
all the pearl extract fornulas was |ess, approximtely 20 to 25% [ 00107]
The solubility of magnesiumin Calttagettid i ncreased with bicarbonate

concentration (Table 16). Bicarbonate effect was mninmal for the acetate
f or mul as INenBfA8Ft TAE Ch) GRpceptragion On The-Splp o t he

presence of bicarbonat e PihfgrentyFormulakionside RHITbility was reached at
70 MM [For_cal ci umm‘p'ra'rp, the trend is sinilar to that of Caltrate(tn).
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decbeased in all acetate formul ations. Mxi mumreduction (up to 40% was
observed in fornmulas containing higher percentage of magnesium (A4, A5 and

AB) .

t he change of calciumsolubility i sTABEESIHnificant.
sol ubi | | Thedetfect; af ﬁ.'pﬂ@@%:@tion On The Solubility Of Magnesium In
Different Formulations At pH 7

Consi dering the range of phosphate concentration tested,

10, 000-fold,
[ 00110] Magnesi um

10
CI_Conc. | Caltrate™[g/l] | Ca ACE [g/L] A1 [g/L] A4 [g/L] A5 [g/L] A6 [g/L]
OmM | 0093+0006 | 0460+0035| 0.153+0.015 | 30.197+2.818 | 21677 %3.127 36.983 £7.234
50mM | 0.280+0.202 | 0.503 +0.031 0.140 £0.020 | 43.190+2792 | 29.203 + 1.107 56.003 + 3.989
100mM | 02800149 | 04800017 | 0143+0006 | 45253+6.350 | 30.917£6.111 52,953 + 14.721
120mM | 0.110+0026 | 03900030 | 01470012 | 31.983%3.302 19.333 £ 2.217 42.463 £1.448
150mM | 02270096 | 1.750+2382 | 0.167+0015| 29.087+0.957 19.383 + 1.482 42,643 +0.446
180mM | 02530129 | 04300046 | 0.167+0006 | 32.633+2.372 19.733 + 2.149 36.160 + 10.009
200mM | 0.283+0.107 | 04270065 | 0.203+0.025 | 32.923+0.802 | 23.067 +2.175 47.133 £ 1.598
TABLE 14
The Effect of Cl° Concentration On The Solubility Of Zinc In
15 Different Formulations At pH 7
CI” Conc. | Caltrate™ [g/L] Ca ACE [g/L] A1 g/l A4 [g/L] A5 [g/L] A6 [g/L]
0 mM 0.007 £ 0.012 0.023 + 0.006 1.237 +0.223 1.770 +0.132 2.493 +0.372 0.990 +0.157
50 mM 0.113 £ 0.006 0.180 + 0.089 0.997 £0.195 2.057 £0.189 3.177 £0.289 1.457 +0.244
100 mM 0.140 £ 0.026 0.213 £ 0.102 0.903 +0.280 2.413 £0.144 3.063 £0.287 1.540 +0.380
120 mM 0.050 £ 0.017 0.167 +0.202 0.760 £0.118 1.573 +0.146 1.997 + 0.254 1.110 £0.036
150 mM 0.087 £ 0.025 0.177 £ 0.085 0.987 £0.110 2.030 £0.615 2.010 £0.165 1.177 £0.072
180 mM 0.093 £ 0.015 0.143 + 0.071 0.780 £ 0.151 1.637 +0.127 2.090 +0.167 1.077 £0.163
200 mM 0.093 £ 0.012 0.160 + 0.079 1.117 +0.202 1.663 + 0.078 1.643 +1.217 1.303 + 0.060
C. Bicarbonate Effects at pH 7.
20 [00106] The solubility of calcium in Caltrate™ increased with

25

the increase of bicarbonate concentration
the opposite
reduced at least 40%.

formulas was less,

is true for calcium acetate.

approximately 20 to 25%.

(Table 15).

However,

The solubility was

The reduction for all the pearl extract



concentration increased (Table 19).
for the magnesiumin Caltrate(tm. For the other fornulas, the nmaxi num
reduct i orwoasospPprexi mately 50% Again, the effect of plrosphzesosees not
that significant considering the rang2 of concentration tested. [00111]
Anmong the three el enents, phosphates have the nost intense effect on the

sol ubi I'i tyond7xi RE( }Z@@hglzmy oA hadrdgmihas iwere catf eet edcteatbe sane
ext ent and t he maxi num reduction was ap I‘Oél mately 70% Considering the

range of “phoSpHERtE concert rati'oh t 653 agar n, Hi&erretes it irosphat es
wer e notmihatasig fiheaatet IABLE A8 THIe Ef fect of PO4 3-~ Concentration On
The Solubility OF CalciumIn Dfferent Formulations At pH 7TABLE 1 9 The

The reduction (80% is nost significant

Ef fect of Pq 43~-
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Concentration On The Solubility O‘ Magnesium I n Di fferent
Gonoeniseat iion Ome The

5\ F fects of

Pr epar at renshedl | atEf T@ctld. of F Na+cadtcipi Bde0@122] tﬂihetefefl@ctts efmNaar to

concentraf i on S?”ctaﬁ%rﬁw%”“b' ! 'Btﬁéa‘%ﬁoohgﬁet hree &l gmaﬂtt%l' N dhe fouly ene
formul ations (Al 4, A5, and Caltrate an were I nvestigated at
gastric E%Pl(bl-ﬂtﬁt)raa?ﬁid Fonpase nal pH (pH=7), respectively. Tables 21 and 22

shgy the results tested at pH 1

The Effect of HCOs

No significant effects of Na+

TABLE 15
Concentration On The Solubility Of Calcium In

Different Formulations At pH 7

HCO3” Caltrate™
Conc. [g/L] Ca ACE [g/L] Al [gl] Ad g/l A5 [g/L] A6 [giL]
omM | 0.133 £0.051 80.017 +3.505 | 84.170+16.834 | 34.640 +3.268 | 49.497 +8.097 20.627 +3.821
50mM | 0217 £0.214 50.243 +3.312 72030 +7.103 | 36.007 £+3.807 | 42577 +0.779 21.737 +1.255
70mM | 0.213 £0.098 62.090 + 8.524 709334812 | 334205263 | 42.130%4.734 22343 +0.847
100 mM | 0.380 +0.075 56.367 +9.062 | 83640+10870 | 34997 +6.049 | 46167 +4546 | 25260 +10.191
120 mM | 0.440 +0.167 46.023 +2.463 67.010 + 3.767 31.060 £2.23 | 46.973+2.919 20.817 +1.664
150 mM | 0.433 £0.120 70.637 + 3.622 65617 1475 | 30.410+2.888 | 41.567 +4.620 19.163 + 1.568
180 mM | 0.930 +1.290 46.847 +2.741 £5270+1781 | 28680 +1.362 | 38073 +3.465 18.870 + 1.679
15
TABLE 16
The Effect of HCO; Concentration On The Solubility Of Magnesium
In Different Formulations At pH 7
20
HCO3™
Conc. Caltrate™ [g/L] Ca ACE [g/L] Al [g/L] A4 [g/L] A5 [g/L] A6 [g/L]
omM | 0.093 *0.006 0.460 £0.035 | 0.153 £0.015 30197 £2818 | 21677 +3127 | 36.983 +7.234
50mM | 0.090 + 0.035 0.297 +0.055 | 0.190 # 0.056 34600 +4638 | 20427 +1272 | 48.140 +1.653
70mM | 0.093 £0.012 0.347 £0.031 | 0.160 £0.000 32.057 +4.407 | 22.000 +0.141 42.767 +0.460
100mM | 0.22320.111 0.343+0.101 | 0.167 £0.065 41580 £12.984 | 26.393+4.720 | 43.883 +1.288
120mM |  0.220 + 0.069 0.303+0015 | 0.483 0551 30960 +2164 | 22877 +1.082 | 46.990 +5278
150 mM | 0.227 £0.072 0.410£0.061 | 0.150£0.017 28.950 $2.262 18.850 £ 2.169 | 42.877 £7.608
180 mM |  0.240 + 0.095 0.293+0.049 | 0.163 £0.015 30.787 +1.021 19.607 +1.529 |  36.957 +0.839
TABLE 17
The Effect of HCO; Concentration On The Solubility Of Zinc In
25 Different Formulations At pH 7
HCO3~
Conc. Caltrate™ [g/L] Ca ACE [g/L] A1[g/L] A4 [g/L] A5 [g/L] A6 [g/L]
0 mM 0.007 +£0.012 0.023 +0.006 1.237 £0.223 1.770 £0.132 2.493 +0.372 0.990 +0.157
50 mM 0.057 £0.015 0.050 +0.010 0.953 £ 0.101 1.663 + 0.205 2.010%0.142 1.260 £ 0.017
70 mM 0.070 +0.020 0.100 £ 0.061 0.990 % 0.082 1.560 +0.236 2.237 + 0.099 1.147 £0.081
100 mM 0.070 £0.017 0.157 £ 0.055 1.190 £0.101 2.067 £ 0.654 2.660 + 0.442 1.193 +0.023
120 mM 0.093 +0.025 0.210 £ 0.096 0.907 +0.042 1513 £0.127 2.290 +0.115 1.317 £0.182
150 mM 0.087 £ 0.021 0.137 £0.083 0.863 % 0.081 1.427 £0.059 1.887 +0.144 1.237 £+ 0.235
180 mM 0.070 £0.017 0.160 +0.078 0.933 +0.072 1.517 +0.119 1.997 +0.157 1.023 +0.042




concentration on cal ciumand magnesi um solubility of all fornulations were
observed. Solubility of zinc in Caltrate(tm and cal ci um acetate, which
cont ai nedwona@asmeunt s of Zn, increased significantly WwcrhBzm/nososease in
sodi um concentrations; however, no siynificant differences were obtai ned
for all the acetate fornmulations (Table 23) . TABLE 2 1 Effect O
Concentration O Na On The Solubility O Calcium O Each Fornmula At pH 1
Na+ Sol ubi |Effedts oF ohuBbh&esd o M) Caltratq(tm CaACE Al A4 A5 A6 O
4 597 0 276 98 950 19 224 101 353 12 947 37 637 2 509 48 670 2 102 23
337 3 162 5 5 447+2 061 84 800 13 912 72 233 1 501 36 467+5 173 46 100+0
721 22 0@@otod) 328040n4t840na e O%Sﬁﬁll%%aﬂ 3FFB805000 18221401038, 4
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067 6 8i3cBdaH3B the06D152i7138y 3722801 0B00dcdtr£H9%A0@n5 B60 20742 79
233 15 964 84 900 11 609.39 100 5 696 48 733 g 968 25 067 0 153 Data
are expr e85y Hs Hans D ROVSE at PEEFEAT" di'tPer€hcal® i n &R e
concent r avromsad eedne@lazfrmhgal ngmm;teaiaeonag@es:tfedna]'gatﬁam E&4f,ect5 Chnd
Concentr on On_ The Sol |I|t For At pH 1
Na+ Sol U%H i ty% maerrﬁans uﬁlll? gf%? ne ( p%a% ratongfngéi ggi\g N5 A6 0O
19700 015000(5@7f<(1d112$h@ t738n@e 045 B4 BN 4088612&392178 npt7z$'zlg41111<7’®17t5 622
0 223 0 006 O 700 O 183 0 283 0 040 36 400 4 854 24 467 1361 39 933 1343
10 1037 1 109 0 483 0 115 0 3 17 0 050 38 967 5 745 23 900 1800 49 100 3
305 50 0[@0¥10h 8B89nesEP® O 34bulPi P37 O OGBLr385s7d3 12909 2RheeFhale 055
45 500 2024380, 1087 ;:1264:0580:,0 084, 0 960 L 031:35 083y, 3,628,237 767
3 700 50 900 7 375 10 577 0 525 0 497 0 025 0 2& 36 000 5 629 2
1 267 2 3201 4klcg i@Bl the magnesium in Caltrate the other

15 formulas,

For
the maximum reduction was approximately 50%. Again,
the effect of phosphates was not that significant considering the

range of concentration tested.

[00111]

20 intense

most

All

Among the three elements, phosphates have the

(Table 20).
and the

effect on the solubility of =zinc

affected to the maximum

70%.

formulas were same extent

reduction was approximately Considering the range of

phosphate concentration tested, again, the effects of phosphates

were not that significant.
25

TABLE 18
The Effect of Pof' Concentration On The Solubility Of Calcium In
Different Formulations At pH 7

g%c Caitrate™ [g/L] |  Ga ACE [g/L] A1 [g/L] Ad [g/L] A5 [g/L] A6 [g/L]
0.01mM | 0.587 +0.200 77517 +6.084 | 84.270 £9.511 34950 £6.725 | 47.823+3.080 | 22.287 +2.539
1mM | 05100252 | 68.220+19.638 | 56.450 £9.879 | 30.923=10.060 | 42.363+3.572 | 23.530 +0.159
10mM | 0.430 £ 0.046 78.417 +7.046 | 64.697 +9.058 25703 +£7.033 | 41.287+3.584 | 21.687 £1.156
100 mM | 0.453 £ 0.158 64.770 £ 1.548 | 58.607 £ 9.415 25.000 £3.181 | 34.650 +6.972 | 15.437 £2.428
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Data are expressed as neanS D No statistical differences in all Na4
concentrations tested for all fornulations testedTABLE 23 A Effect O
Concent r avoanos@dstda+ On The Solubility OF Zinc OF Each Pommeiomy/bisopH 1 Na+
Solubility of zinc (g/L) Cone (mV) Caldtrate(tm CaACE A 1 A4 A5 A6 0007
+0006 0030 +00 10 1283 +0220 1980 0256 2637 0143 1440 +0 140 0087 0006 O
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Caltrate™ [g/L]
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Ca ACE [g/L]

fa¥al
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A1 [g/L]

0
9
2 n
oZ OUU
Ad [g/L]

L J.\.)O =N
A5 [g/L]

£[UU

U UZO
A6 [glL]

25

0.01 mM
1mM
10 mM
100 mM

0.117 £0.042
0.100 + 0.044
0.070 £0.010
0.033 £0.015

0.190 £ 0.070
0.197 £0.110
0.180 £ 0.089
0.053 +£0.023

1.193 £ 0.097
0.780 £ 0.151
0.767 £ 0.137

1.950 £0.040
1.800 +0.394
0.937 £0.253

0.527 +0.119

0.623 +0.087

2.750 £0.135
1.993 +0.093
1.740 £0.173
1.013 £0.345

1.470 £0.154
1.380 +0.079
1.023 £ 0.060
0.510 +0.131

Effects of Cations On The Solubility Of Calcium,

EXAMPLE

5

Magnesium and

Zinc In The Test Preparations

A. Effects of Na® at pH 1

[00112]

the three elements in the four formulations

The effects of Na©

Caltrate and CaACE were

intestinal pH

results

concentration
formulations were observed.
calcium acetate,
significantly with an increase in sodium concentrations;

all the

no

formulations

(
tested

on

pH=T),

at pH

calcium

investigated at gastric pH

respectively.

1. No

and

Tables

significant

magnesium

A4, AL,

21 and 22
effects

solubility

Solubility of zinc in Caltrate™

which contained trace amounts of Zzn,

significant differences

(Table 23).

were

obtained for

(pH=1)

concentration on the solubility of

(AL,

and A6),
and
the
Na”
all

show
of
of
and
increased
however,

acetate



170 72 333 15467 7 1 433 0551 37 567 10473 43 133 +4876 25 867 +3 175 Data
are expre ssed as neanX .D No st at st cal d f fer ences n al | Na +
concent rwetoenmmstsested for all fornmul at ons testedTABCEIBDoKoBGHiect O
Concentration O Na+ On The Solubilit3% O Magnesium O Each Forrmula At pH 7
Solubility of magnesium (g/L) Na+ Cone (mV) Caltrate’ CaACE A1 A4 A5 A6 O
093 0 006 0 527 0 121 0 173 0 015 34aBPE zh 836 23 927 1747 4 1 797 5 622 10
0 740 +0 165 0 110 0 010 35 300 3 579,19 500 1769 75 167 +34 360 50 0 427
+0 081 0 1BBEertOf §ongentrnagien OFf ifg) On The SolyhylitwrOf Galdiuwm A o 066
0 157 0 006 33 267 3 889 20Each Formuka &t g@y 1 3 329 140 0 497 +0 099 0
157 0 021 28 867 2 255 20 567 2 610 5 1 000 6 963 170 Q0 530 +0 036 0 167 0
021 45 633n41097 2 1 600 2 476 53 500 [VuEBY Par&/-are expre ssed a s neanX

. D. TABLE°Z&A Ef f este™ Concester ati on &F Na+ On Ahe Solubhd ity OF Ainc O
Each FormulTa At pH 7 solublllt of zinc %g Na+ Cone %ﬁg%_caltrate CaACE
Al A A5 As o0 OB7 ?)27612 96956 226 01612 Y78 1980 567 637°76°1%43
1440 0 140 10 0 213 102 600 0 040 1453 0 185 1543 0 2 15 2 337 1351 50
0 280 0 118°0 963 ﬁ”?%‘t‘i‘ 176680?)*‘??6 2%231*7‘ B 79816870 H6b £ 0?2838 129
0 707 0 107 1243 0 2 11 1 790 0 087 1667 275 140 0320 0 165 0.690 0 137
1 113 0 144°1 770*U°058° 164%°0° 402 17D°D* ‘zsﬁ% 0400 67°736°°F 679 773%6°6°397

1933 0 838 1577 0465402907[(??'ta aq6g+9e?)§l reBSSGe-g 3. S I’T'Eeg. 1877D 4%03 §f4£2e02t5§¥670f023|1<+ at
pH 1 [0011iT Theré 15 a tenaenéy or ¥He* §51f ubily ? ¢i'um to1'néfease

w t h an I nCSI(;ease ISQSO 98£}4?SS|89.[IQ7L9&0COQQ& 8@£| 0970&3 ql%!ig 55.733 £5.372  30.600 £1.709

100 5.360 £0.742 79.233 £ 15.964 84.900 £ 11.609 39.100 £5.696 48.733 £3.968 25.067 £0.153

5 Data are expressed as meantS.D. No statistical differences in all Na* concentrations tested for all formulations tested.

Table 22
Effect Of Concentration Of Na' On The Solubility Of Magnesium Of
Each Formula At pH 1

10
Nax+ Solubility of magnesium (g/L)
Conc.(mM
(m) Caltrate™ CaACE A1 A4 A5 A6

0 0.197 £0.015 0.527 £0.121 0.173 £0.015 34.697 +4.836 23.927 £1.747 41.797 £ 5.622
5 0.223 £ 0.006 0.700 £0.183 0.283 £ 0.040 36.400 + 4.854 24.467 £ 1.361 39.933 £ 1.343
10 1.037 +1.109 0.483 £0.115 0.317 £0.050 38.967 £ 5.745 23.900 * 1.800 49.100 % 3.305
50 0.807 £ 0.889 0.620 £0.115 0.237 £0.031 35.733 £1.909 22.667 £ 2.055 45500 £ 2.211
80 1.087 +1.264 0.580 +£0.061 0.960 £ 1.031 35.033 £3.625 27.767 £ 3.700 50.900 = 7.375
100 0577 £0.525 0.497 £0.025 0.223 £0.032 36.000 *+ 5.629 21.267 £2.120 46.233 = 1.401

Data are expressed as meanzS.D.
No statistical differences in all Na* concentrations tested for all formulations tested.



27) . However, nost of the differences are not statistically different
(p<0. 05) In A5, the calciumsolubility increased by nore than 50% this

di ff er encwoi2eoiogmsfi cant (p<0.05) .[00115] Magnesi um selcwhB2uod/yosps0fi | es
show a simlar trend (Table 28) to thwt of calcium The nost pronounced was
that nmeasured for Caltrate(tn), a three-fold increase (p<0.05) This trend
was not significant for all the aceigmie fprnulas. [00116] Zinc solubility
tended toai BErESS OMJIhcRALBELSRSEE ING PO} A WH1eBRTIEDY ! 6f | Bihd Tabl e 29)
The npst Pronounced I NCTEaSEpdah POEMIERY WL NE ZzIinc Tn Caltrate(tm. A
simlar trend was observed for calcrum acet ate The trend was insignificant
for the pearT—extract formulas (p>U 05) Solu[’:fﬁ\ 64 A Effect O Concentration

CIK"'O]Jmm,%OlUUII.LMN all 1 K Cal
m—{g/ L)} Cone ¢H

Cal ~ OF o o b f
WICbAIC HA O I_abll UT T1 [} I"'\ tot I l.y (6]

pll L IA\T DUT
calciu

950 + 192240101 35%3071:29¢k7 370.883:0.02609 A8s At 2 10 :435633 263 :564 214403000 0
403 78 933 1320 7 1 833 9 338 34 033 1739 35 833 5314 24 067 1474 5 3 607 O
540 7 1 033513 07%.08R3 0883 3 hr:cd6s 9670.6ho 105 47 1538Q 05272 22 D03 177%3:4016
497 3 381 158 333 40 624 83 733 14 093 40 467 7823 66 567 2 1 033 30 867 10
262 15 6 87% 0 956.116:0D15667 b7 51388 920.8dHeh.0dd 793674 022086 2080031296063 1.3830.61651
26 667 0473 20 3 567 0 501 100 800 38 11 103 333 15 822 42 633 4674 103 567
64 463 29 390 3 7Sk«Datoss ar eosexqriee Sseth2d: 7areanXerRDoIABLE 228 oA4Ef fi.ect 0.6
Concentration O K+ On The Solubility O Magnesium O Each Fornula At pH 1
K+ Sol ubi | i oy of megnesteum (gpiloi@one qaMo.2Cal t ratogok1y) CamCk2A 11.A4:A55 A6
0 0 197 0015 0 527 0 121 0 173 0015 34 697 4 836 23 927 1747 4 1 797 5622 2
0223 0087 010<693 0 @8&0(0@03 0@32&0345 93309177+106882 1 1@@304800 249 :POG 12499 8630490
0419 0 4%

B. Effects of Na® at pH 7

[00113] Tables 24-26 show the effects of sodium ion at pH 7. Na'
10 has no significant effects on c¢alcium, magnesium and zinc
solubility in general. It is interesting to note that all three
elements in Caltrate™ could be not detected in the presence of
Na®™ at pH 7.
15 TABLE 24

Effect Of Concentration Of Na® On The Solubility Of Calcium Of
Each Formula At pH 7

Nas Solubility of calcium (g/L)

Cone.(mM) Caltrate™ CaACE A1 Ad A5 A6
0 01330051 98.950+19.224 101.353412.947  37.637£2500 48670 £2.102  23.337 £3.162
10 83.300 426,460  67.433£4.460  37.433+4822 43800 £4.703  39.367 £ 16.110

50 69.000 £1.015 99.333 +21.548 35.533 £0.814 48.367 +4.359 23.833 £2.219
100 71.467 £10.891 71.433 £1.193 36.867 £3.139 46.267 +1.380 24.567 £4.104
140 83.067 £ 6.596 68.900 +7.400 32.300 £1.153 47.200 +£6.023 25.633 £3.754

170

72.333 £15.467

71.433 £0.551

37.567 £10.473

43.133 +4.876

25.867 £3.175

Data are expressed as meantS.D.

20

No statistical differences in all Na® concentrations tested for all formulations tested.



10 0 703 0846 0 820 +0 193 0270 0 130 38 733 +5 552 30 067 8429 55 400 18
187 15 0 730 0912 0 687 0 2 15 0327 0 185 4 1 467 8 6 17 3 1 067 4050 54
800 3897 w0 20060508764 0 650 0 020 0883 1 140 52 067 2 869 1BMHOTBZ0R4 208 54
233 14 632 Data are expressed a s nea’S .D. TABLE 29 A Effect O
Concentration O K+ On The Solubility O Zinc O Each Fornmula At pH 1 K+
Solubility of zinc (g/L) Cone (nV) Gaptkabeg(tm CaACE A1 A4 A5 A6 0 0 007
0 006 0 @38£Beld Cod 2hd2htPat8R Of 2nf &n biHe Gohhdild4l Of IMiyredl D0 015
0 077 0 006 0607 U 108 1377 U Bdéh PormilaoRE paog U 122 5 U 1/3 0 035 0 240
0 075 0 790 0 147 1297 0 169 27593 U 8ZT 1143 0Z78 10 0 203 0 058 0 357 O

111 1127014216300 1852373 0 OWWQQ
1060 060Q. dQ5aw0—520 2 963 0 300 1630 W EIYE "R h7 0 015 0 293 0 093 1100

0 140 2 500 0 236 GaB) 3 15%cR540 1424 Data ar®® expre s&ed a s rré%mS D C
. K+ Effects at pH 7 [00117] There was a tendency for the solubilit

cal ciumto Pncreas@W%th A 1T?d?1easé17|3ﬁ°?i6t a%‘@?ﬁﬁf??on%f’é’?ft“é"tﬁ o’ °ho ?ver
the difference is not si gnlfl cant, p>0.05 (Table 30) . No cal cium coul d be
det ected i n'°preparations LPs7|4911j”€§aI t PECERUR) . *POOEE8] SiVi'EP oBServat®P ons
to that of calciumwere obtained for the solubility of magnesium and zinc
(p>0.05) inrCall formul ascotff&iYfng atécat’e s§3|9%3§563Pab?3é%°+3§2732)5216Nb4852
measur abl e nmagnesi um and zi nc was reported for preparations using
Caltrate(tmj® TABLE-30 Ef f&¢t*00f¢ Coft@nttat i HRETOPSR+ OFFRESSoUBT I8y O
Cal cium O Each Forrmula At pH 7 k+ The solubility of calcium (g/L) Cone
(mMV) Caltrdte(tm Ca ACE A497#R4%A5 AG760@13320052288 BB £2§92241.00469853 12
947 37 637 2509 48 670 2 102 23 337 3 162

170 0.530 +£0.036 0.167 £ 0.021 45633 £11.097 21.600 + 2.476 53.500 * 3.650
5 Data are expressed as mean*S.D.
TABLE 26
A Effect Of Concentration Of Na' On The Solubility Of Zinc Of
10 Each Formula At pH 7

solubility of zinc (g/L)
Na+ Conc.(mM)

Caltrate™ CaACE Ad A4 A5 A6
0 0007 +0.012  0030+0010 128340220 1980+0256 2637+0.143 1.440+0.140
10 021340102 06000040 1453£0185 1.543+0215 2337 £1.351
50 --- 0.280+0.118 0.963 £ 0.280 1.700+0.779 2.317 £0.798 1.687 + 0.466
100 029340129 07070107 124340211 1.790+£0.087 1667 +0.275
140 --- 0.320 £ 0.165 0.690 £0.137 1.113+0.144 1.770 £ 0.056 1.643 + 0.402
170 022340102 0730+0079 2230£0397 1.933+0838 1577 £0.529

Data are expressed as meantS.D.

C. Effects of K" at pH 1

15
[00114] There 1is a tendency for the solubility of calcium to
increase with an increase 1in potassium ion concentration (Table
27) . However, most of the differences are not statistically
different (p<0.05). In A5, the calcium solubility increased by

20 more than 50%; this difference is significant (p<0.05).



10 - 144 000 14731 66 800 1539 32 100 0361 64 033 8892 17 100 0 173 50 -
174 467 79 146 68 533 3259 33 933 2515 64 867 17244 19 033 +3630 100 - 156
333 64 3680880%08798356 30 500 3672 82 000 35 508 20 667 pr23aB200¢/005042130 033
32 461 60 400 25 999 56 767 32 771 688400 7100 42 000 18340 170 - 134 567
55 048 126 133 72 997 68 433 29 905 64 800 26 352 30 900 149 12 Data are
expres segoBsse@RSnebiuMo si1diiisttcabrdriiésersienees n Akl 1K+ consent r
at ons t ested fg aII formul _at ons tested . TABLE 31 Effect O
Concent r &t %01 OF ° K+ t6n TFifd Sof ubPIFEY™ O NEGN &% Stm KBRS SFor 't at A2 ¢ pH 7
The sol u;laéaémyecpff@ague&ltuaté@“/ L)a GDHiheee(—lfMldcaiIﬁdfraia&(d MpLaACE A 1TA4s A5 A6
0 0093 +g006d0527 + %2 1. g173 +0 8%@ g 7 481@36 t23 27 +1747 4 1 797 5622
10 - 0767°%0" 189" dF40°#861632"0 “9B7° %2136 48860 3158 50 - 1027
058% 0347 0316 33 533 2084 3 1 867 8 151 48 200 1253 100 - 0807 +0278 0183

+0047 34 6 2955.14 08, 17+0303. 3

833 34 25863335&@331%25%%%5%9%% 59%(1)% ?‘? 148 gei%%e el %‘g g%]g% E %2 32(80

5 13 3 1p31338$251®7cca’1¢£n9®@t30r1685a@h¢ azar e Bxpressedranomeans. DhchNease
statistigal doflenencesohneabl Jpcconceniratians testedfor, Alleng yas
formul ati ons tested . TABLE 32 A Elg fect O Concentration O The

Sol ubi | i pyseSFveH NEOIOF CERE hUTFoP AEit At ot pH'T K#eThewss| &bisﬂgﬂyfb@afzﬁ nEo¥ g/ L)
Cong (MM Caldsal ik CanChad ds ApAR O8G0 0 007 0 012 0 030 0 010 1 283
0 220 1 980 0 256 2 637 0 14 440 014010 - 0293 01100 727 O
064 1 173 0 163 3 243 0 725 1 090 0 070 50 - 0 627 0 4 37 1 140 O 036
1 447 0 135 3 127 0 720 1 247 0 045 100 - 0 257 0 110 1 197 O 068 1
587 0 106 3 4 17 1 252 1 460 O %£g£%40 - 0387 0 186 0 827 0 506 2 583

0 755 2 747 1 432 2 607 1 301
A Effect Of Concentration Of K' On The Solubility Of Calcium Of
15 Each Formula At pH 1
K* Solubility of calcium (g/L)
Conc.(mM) Caltrate™ CaACE A A4 A5 AG

0

2

5

10

15

20

4.597 £0.276

4.300 £0.403

3.607 £0.540

6.497 + 3.381

6.877 £0.956

3.567 +0.501

98.950 +19.224

78.933 + 1.320

71.033 £13.079

158.333 £ 40.624

161.667 £46.918

100.800 = 3.811

101.353 £12.947

71.833 +£9.338

73.733 +£3.412

83.733 £ 14.093

92.167 £ 14.793

103.333 £ 15.822

37.637 £2.509

34.033 £1.739

36.967 £1.159

40.467 £ 7.823

41.867 £7.019

42.633 £4.674

48670 £2.102

35.833 £5.314

47500 £5.272

66.567 £21.033

63.333 + 7.651

103.567 £ 64.463

23.337 £3.162

24.067 £1.474

23.500 £1.778

30.867 £10.262

26.667 £0.473

29.300 £ 3.751

Data are expressed as mean*S.D.



170 - 0 287 0 142 1 223 0 541 2 437 06 18 2 873 0 771 1 720 0 624
Data are expressed as neanS.D. TABLE 33 Concentration O lons In Human
Gastric ANO2bewmstosnal Fl ui ds Concentration of ion (mV) pconB20ogvo@Boenach /
Gastric Fluida In Intestine / Intesti3al Fluid Na+ 0-100(0-80) (155) K+
0-10(0-15) (70-150) H1 -140 (20-120) (pH7 7 - 8 2 ) O 100-170(120-160)
(30 - 90) Phosphate ions Up to 100ta&kiEO g8 (70-130) 'Values were cited from
The Di gegf E¥@edYSdLM BN 244306845R) on ThE ¥ widiSLilty bEaﬁK?ﬁésﬂ‘ﬁﬁ e+€i t ed
from The "Vedr cal’ PhyST OT 00y ( lHaleh PéemdlsRd)pH 1 . based on the solubrlity
o f sodium phosphate. EXAMPLE™ Tn Vivo Evaluation of Calcium Magnesium

And Zi nc mmmﬁﬂmmmo

eval uate tpeXeff fects of dietary condfiPBREANd 107 mul ations on cal cium

nmagnesi um and 'zl nc fsrefice. A CaAT5 et ary ACondi ti dis [ 001263 Two di 8 s. one
with normal cal ci umsang§ he, oL Del i Sy 68l G, Ed; €8s WBE L, USRA §08, JsQ?z
studies. The nutrient conposition of the diets are listed on Table 34:
TABLE 34 Conposi ti e ZosNor 68tk = Ml ol dbod FbRE€ 1.1 Elo1 s + 4 DAL egm@hsmgand
Met hods [ 00121] Mal e Sprague-Dawl ey rats (about 6-7 weeks) , with an
initial weight between220gotn:260(g,omerma aneorb e dizvizgethod ntxwod Afsbeer ent
treatnent groups. Al the rats were housed in

10 0.703 £ 0.846 0.820£0.193 02700130 38.733£5.552 30.067 +8.429 55.400 = 18.187
15 0.730 £0.912 0.687 £0.215  0.327+0.185 41.467 £8.617 31.067 +4.050 54.800 % 3.897
20 0.660 £ 0.764 0.650 £0.020  0.883:1.140 52.067 £2.859 55.733+34.208 54.233 £ 14.632
5 Data are expressed as meanz=S.D.
TABLE 29
A Effect Of Concentration Of K' On The Solubility Of Zinc Of
10 Each Formula At pH 1
Ke+ Solubility of zinc (g/L)
Conc.(mM) Caltrate™ CaACE Al A4 A5 A6

0 0.007 £0.006  0.030 +£0.010 12830220 1.980+0.256 26370143  1.440%0.140
2 0.053£0.015  0.077 £0.006 0.607 £0.108  1.377£0.221 1.937£0.591 1.360£0.122
5 0.173£0.035  0.240 £0.075 0.790 £0.147  1.297£0.169 2.593£0.821 1.14320.278
10 0.203£0.058  0.357 £0.111 11270142  1.630+0.185 23730658 1.627+0.225
15 0.193 £0.023 1.307 £1.199 1.060£0.600  1.953+0.590 29630309 1.6300.161
20 0.167 £0.015  0.293 £ 0.093 1.100£0.140  2.500£0.236 5450 +3.159 2540 = 1.424

Data are expressed as mean*S.D.

C. K' Effects at pH 7

15
[00117] There was a tendency for the solubility of calcium to
increase with an increase in potassium concentration, however,
the difference is not significant, p>0.05 (Table 30). No calcium
could be detected in preparations using Caltrate™

20

[00118] Similar observations to that of calcium were obtained

for the solubility of magnesium and zinc (p>0.05) in all formulas



i ndi vi dual netabolic cages in a tenperature-controlled room Each rat
received free access to the normal diet (Table 34) before the experinent
began. Bowb 20ewayst9sand cal cium free diets (Table 34) wereTuBEdI/HIF04hi S Set
of studies. De-ionized water was prowoded ad libitum Al the rats were

wei ghed before treatnent . C . Treatnents [00122] There were two set of
studi es perforied; &etaner gRLtdi etawng cal-gioym fyeendifiraplia @aghestudy,
there were_seven treatnentgro Thi rt five animls Werenz;andorﬂy

a0si gned"t® GHE APt AEPCT GRTNENt GrOURET CAFt PAt el (r L0 ICHeGI um Acet ate ((Ca
ACE), Al, A4, A5, A4 plus vitamin D3 and A5 plus vitamin D3 (n =5 per
group) . Rats participated in the n ]aé ﬁ]et study received normal diet ad
l'i bitum throughout. Rats participatéed n e group of calciumfree diet
recei ved Ebeecil of WGondeae rh6ndn a0f | K'hoOh Urhe tsulubid itiyvef deybeiei arfe and

t hroughout treatnent. |In bot RaghuByrminaEs, pani7mal S recei ved one dose a day
for five days. Contents of calcium magnesium and zinc in individual

fornul atiion and 1Tn each diet were defermHed.dsigng T CP-OES. Values of

dosage and, mawﬁkﬁmmm—jvﬁhe—m—mﬁ—ah@m—m—amt al

rate

bal ance. —AVGF&QG—d&I—H—EF&H—FH%&KE—G—L&%—H—Hm—W%—&m—&Hd%MS
625, 155 andol1l0 nyhkghday, sespeecisi vel.sss+bair| y7 el erenteadro gosages? are2 53. 14
ng/ kg for calcium 0.38 to 55 ng/kg/day for nagnesiumand 0.017 to 2.5

ng/ kg/ day fo® zinc. Vitam m4BB147306 Shgg? KifPtafe 10%2.3651 24935488 day? +HE=QO, 025
ng ), was added to each dosage Qre aration prior to adm nistration. The
vehi cl e for Preparing each'G6¥é W4 6%53?0?? eé“g\‘?\%ftzéi’s 541’??&‘(:%31‘16%9‘???3(36?9 on of
calciumin aI I dosage prepay ations was

.333 £ 64.361 68600 r‘@500+362 820 0+3550 667+2363
preparation Was admi ni st er &4 70 gavage . hf erems %a‘f dosage and

di et consunpiy on vere, reCO'%éE!%Q g?z!sl yeo453+2sg§§”3%|7<9 QQH %z%&@r\oo H%Bbdrhéﬁg and

Anal ysis [00123] Animals were housed individually in a nmetabolic cage
170 134.567 £55.048 126.133 £ 72.997 68.433 + 29.905 64.800 + 26.352 30.900 * 14.912

Data are expressed as meantS.D.
No statistical differences in all K" concentrations tested for all formulations

10 tested.
TABLE 31
Effect Of Concentration Of K' On The Solubility Of Magnesium Of

15 Each Formula At pH 7

Ka The solubility of magnesium (g/L)

Cone.(mM) Caltrate™ CaACE Al A4 A5 A6

0 0.093 +0.006 0527 £0.121 0.173+0.015 34697+4836 23927 +1.747  41.797 +5622

10 0.767 £0.189 0.140 £0.010 32.033+2.829 30.967 +£2.136  46.800  3.158

50 1.027 £0.587 0.347 £0.316 3353312084 31.867 £8.151  48.200 £ 1.253

100 0.807 £0.278 0.183 £0.047 34.067+3.465 39.233£16.350 54.000  2.955

140 0817 £0.303 0.160 +0.035 57.833+34.279 3283345541 90.467 * 42518

170 0.760 £0.310 0.230 £0.062 64.200 £26.513 31.333£12.507 61.900 £ 30.685

Data are expressed as mean*S.D.
No statistical differences in all K' concentrations tested for all formulations
tested.

20



five days before the study. Food consunption was eval uated daily. Uine and
feces were collected daily for four days and the content of cal cium

magnesi urweandosziosm®swas determ ned. On Day 5 , each ani neCTABZ®)O@EU42 t S
treatnment. Each ani mal was anestheti z8d shortly before peak bl ood
collection wwth a hepa p nized syringe via cardiac puncture. |Inmediately
after bl ood collection, the ani nal rawse t3pen sacrificed with an over dose of

i sof | our ang gfzael BE0Gsh SaEY A iWaS ogeRt ohf teedsgiudO0G v PR 2LinE0OH
tenperature; prasna was nhar VestROreRfufd Ate @l - 20 OC Until anal ysis.
Uine was collected fromthe™metabol i sm cage and vol une neasured daily; it

was d|Iuted—mrrh—de—TUnTzed—mHrerT—fqHEgEﬁgégE&%ﬁﬂezLégggidffigzigLfg at

-20 OC until X M?l ed.

Each sanple was wei §i&Ed and dﬁﬁ@%tedu5|%g a mxture of fhree volfine of
nitric acid ao”d 0”%869%&99 Qf 309%51%h| 9%’39029' q 80 ngeevzeag%c? f.am af . drd ed

feces, 10 nL of acid mxture was ad sanpl e was |gested for t hree

days. The volyme of the di ggsteq, 1%6‘”9](2‘? YRS MeAsYISd And. an ai lfitipt, of the

di gest was stored at -20 OC until ana ysis. The content of calcium

magnesi um and, zi nc m pl asm,, { €665 and,ufj.ne were, detecmnad ushng,l CP- OES.
[00124] Daily cal ci um bal ance was cal I'cul at ed usi ng equatlon 1 : Ca Bal ance

= total Ca '?bgake (dose a“d o9LALRLY @9@5@2 155320%” £1£4 2%“ UIsh N, CA

excreted in ces (1) Wile, percentage o l'ance was term ned using

equatl on 2 . 14%) Ca bal ance - ?7 Q%Ganﬁg7+0;0£ OtZ%A?H—@ESI @%%)4321096/9-(12%1

Cunul at ed cal ci um bal ance and 9% cunul at ed net cal ¢l um bal ance” wer e

cal culated ugng equations (L) a0 (2. expenly .bhe sumgf,dai by jppake and
excretion was used for cal cdlati on. ance for nagneS|un1and Zl nc was
al s§ cal cul ared tskmrgetheaconmep?l of equations (1) and (2). Cunul ated

el ement al bal ance and % cunul ated net el enental bal ance were calculated in

a simlar fashion as descri bed above.
TABLE 33

Concentration Of Ions In Human Gastric And Intestinal Fluids

10
Concentration of ion (mM)
lons In Stomach / Gastric Fluid® In Intestine / Intestinal Fluid®
Na* 0 - 100 (0 —80) (155)
K* 0-10(0—-15) (70 — 150)
H* 1-140 (20 — 120) (pH 7.7 -8.2)
cr 100 — 170 (120 — 160) (30 —90)
Phosphate ions Up to 100**
HCO3 (70 — 130)
*Values were cited from The Digestive System (ISBN 0443062455). The values in brackets
were cited from The Medical Physiology (ISBN 0781719364).
** based on the solubility of sodium phosphate.
15
EXAMPLE 6
In Vivo Evaluation of Calcium, Magnesium And Zinc Balance
[00119] The objectives of the balance studies were to evaluate
20 the effects of dietary conditions and formulations on calcium,

magnesium and zinc balance.



I n general
excretion.

of el enerwal20daloamse.

, urinary excretion accounted for

f ecal
E .

Ther ef or e,

Statistical

| ess than 5% of fecal
excretion practically determ nes the quantity
Anal ysi s [00125] ACh/BE®WDISS4MET €

anal yzed usi ng two-way ANOVA. P<0. 05 42as considered to be significantly

different.

The data are presented as nean

tables and biondMs.coneseeshsvely. F .
Tabl e 35 shows the body wei ght of

S.D
Resul ts :

. and nmean

S.E.M.
Calciumfree diet [00126]
rats during the study. Stools from study

in

ani mal s were s_of_t and this observation c_oul d be related to | ow el enent al
i nt ake. tG@Pﬁd] cirgat c@ﬂe@c@nt§nér%ﬁhhh%o¢m%_tl anth dosagen gy nbavg ralso; gaused

the lack of weight gain for this set of aninmals.

TABLE 35 Body Wi

ght O

Rats | n Bath U eat®it GG WIH CAE urhiFr e %S¢ n=5) THreabheht e Body
wei ght oforgdsit(ihn PrrovpeDayeds Daye 2 iBaya3cbayad1Hays 5 Caltrate(tm 184 6

7 7 178 6

15 4~

9 9 177 2

8 8 179 2

A1l190 4 11 9 187 6 10 9 168s¥e 3£ 9%+ 184 2 13 2r

13 7 175 4 14 2 194 8 9 3% 193 4 11 9%
188 0 12 2% Ca ACE 202 4 9 3 196 8 10 9 185 6 14 O* 186 6 11 3% 182 8

+ 182 4 13

5%*+ 183 2 14 0* AbmbB4i0iod20f Nokfnal ADAd8641d8dmOrrde @hs# 184 2 5 6%*#
185 4 6 0%$*4S# 182 4 9 2** A5 207 6 11 9%*+s 200 O 5 2%+ 198 6 4 5r+s
204 2 4 4% (r) 199 8 6 45+ nBdnat Vit D 204 8 [EdiAST#5% 195 6 8] 3$+% 196
4 7 7+a% | 20dt@in, 5% 0$s% 196 82480 28+ A5 + Vit D[ 19.0
Fat, % 4.5 (ether extract) 10.0
6.0 (acid hydrolysis)
Cholesterol, ppm 101 48
Fiber, % 5.3 5.4
Carbohydrates, % 21.5 (starch) 60.6
0.2 (Glucose)
0.2 (Fructose)
3.4 (Sucrose)
0.6 (Lactose)
Potassium, % 1.20 0.62
Sodium, % 0.40 0.27
Chlorine, % 0.70 0.27
Calcium, % 0.95 0.0
Magnesium, % 0.25 0.07
Zinc, % 0.011 0.0031
Iron, ppm 290 60
Manganese, ppm 110 65
Copper, ppm 17 23.9
Vitamin K, ppmnm 3.2 10.4
Riboflavin, ppm 12 20.0
Pyridoxine, ppm 8.0 16.5
10
B. Materials and Methods
[00121] Male Sprague-Dawley rats (about 6-7 weeks), with an
initial weight between 220g to 250g, were randomly divided into
15 different treatment groups. All the rats were housed 1in
individual metabolic cages 1in a temperature-controlled room.
Each rat received free access to the normal diet (Table 34)
before the experiment began. Both normal and calcium free diets
(Table 34) were used in this set of studies. De-ionized water
20 was provided ad 1ibitum. All the rats were weighed Dbefore
treatment.
C. Treatments
25 [00122] There were two set of studies performed: a. normal diet

and calcium free diet.

In each study,

there were seven treatment



$: P<O0 05, conpared with Caltrate; *:P<0.05, conmpared with Ca ACE; +:P<0.01,
conpared with Al; & P<0.05, conpared with A4; % P<0.001, conpared wth AS;
#: P<O 00lwocompas®md with A4 + Vit D ; @ P<0.05, conpare@CmiBimodoGo#. Vit D .
[00127] The addition of nagnesium andt3zinc to a formul a pronotes the
retention of calcium A, a conposition with mniscule anounts of magnesi um
and zi anr&?ESs aI lrevet v cal ¢é Lﬁﬂfﬂ’nﬁil%nﬁnﬂe@@ e&z&’@n\;\g@bé@hﬁg&)e,d \ﬁ/@eb]g:@sOf hene
retention of ca C|um|s Si i cantl en t eratloo

| hor oaselr SHTB (RBJUSS § HE Lt i 1A e b 0% (Cratt & 36)° " Mot gher
pr oportima of4 npgmsirwamﬁucm aadt hat ppuesentamnin A, (does5npbrpgﬁdup)e nor e
changes calciumyretenti.on (49;)\% Tatil dle@) - FErom t he cgl Ci um yeter ention

st andpoi %?ts ?arthlfrated 21 t&\ ratio’is optuldﬁalrecﬁ)ﬁi 8foﬁlﬁae a%dl ion

of Wi tamad DBbmwm easr@slgbahm uratet eatriconipagad fircantd wrickpgurecdlandn Tabl e

36) . a 62% when ,vi d A5
(Table 3 ?ég%ﬁ% Ved a@?\g&ﬂ% - errc?ee age é! chtlDﬁnm\gl%%rﬁq?% Jc]i‘geat ed
Wth El edent a[besgppl mntshwm@lﬂec‘er@ﬂmr@al ci im Freed Ditetdy nsbopes,

group) Treatpent Quaul aki ve nep,p grcdenagge ©f calgium (YW HQupbay 1cDay 2
Day 3 Day 4 23 8 15 O* Caltrate(tm 22 3 16 8 -2 27 40 0 0 734 35 7 Ca
ACE 30 Babciuy JG@EsEEM5and 88iny gt Lpdizgdpald7iGrnygtAonaand2gngeads 5 20

8 135 0 d7c2 wdie AR BinlE ésnél ﬁcp—"&:ﬂ* Ggléesl&f 25 a%_;% %n& i A, 36 4
24 1* 46 8 19 5* 48 7 18 4 4 19 1s* A5 46 22 3% 10 9* 47 9
14 8$* 5en§akqu$EeA@e¢%y{e@)for the calculation of elemental balance

Average daily dietary intake of calcium, magnesium and zinc was
625, 155 and 10 mg/kg/day, respectively. Daily elemental dosages
are 53.14 mg/kg for calcium, 0.38 to 55 mg/kg/day for magnesium
15 and 0.017 to 2.5 mg/kg/day for zinc. Vitamin D;, 1.06 ug/kg/day
(42.512 1IU/kg/day; 1IU=0.025 nug), was added to each dosage
preparation prior to administration. The vehicle for preparing
each dose was de-ionized water. The concentration of calcium in
all dosage preparations was 15.94 mg/mL. One mL of each
20 preparation was administered by gavage. Body weight, elemental

dosage and diet consumption were recorded daily.
D. Sample Collection, Handling and Analysis

25 [00123] Animals were housed individually in a metabolic cage
five days before the study. Food consumption was evaluated daily.
Urine and feces were collected daily for four days and the
content of calcium, magnesium and zinc was determined. On Day 5,
each animal received its treatment. Each animal was anesthetized

30 shortly before peak blood collection with a heparinized syringe
via cardiac puncture. Immediately after blood collection, the
animal was then sacrificed with an over dose of isoflourane.
Each blood sample was centrifuged at 1900 rpm at room temperature;
plasma was harvested and stored at -20 °C until analysis. Urine

35 was collected from the metabolism cage and volume measured daily;
it was diluted with de-ionized water, filtered and an aliguot was
stored at -20 °C wuntil analysis. Daily fecal output was

collected and lyophilized. Each sample was weighed and digested



43 7 19 2* 52 7 118* 59 2 76%*+ 62 0 5 2%*+ A5 +Vit D $: P<0.05, conpared
with Caltrate; *:P<0.05, conpared with Ca ACE;, +:P<0.05, conpared with Al;
#. P< 0. O5wocompes®d with A 4 + Vit D. [00129] Magnesi urcappmay/sosie be
required in order to maintain nmagnesi«#4m bal ance (Table 37) . Formul as
(Caltrate(tm, CaACE and Al) that have m niscul e anounts of nagnesium
caused auBelg|ossiafutmgreshude(Fbguhe @f antk rfiablLi37)knd bQ@lseluﬁr@eof

addi tion_of tamn D3. has no significant _effect qn the r%tentlo

magnesi URTT e Tumd atd ve” Met Sperteft dhe °5f IraghedifGitdi d Ondt™ ¢ n@‘éld
signifi clamhyreathaasr addean reEded wasnpadded st ailedtandfAr SthFeguaey 2. angk Tabl e
37) . TABL 7 Cu atlve t Percetanc Va ium ILn RtsTea Wth
El ement aYE%‘l’JppI efnrllalcn NI%e RS@@FW ng a%aT%?su%elgfeedD %t “(ndb° J;éjer%g?%up)
Cumil at i ¥egaet pescesruca@el oft na@ﬁeﬁmnmm%l Treatpent. gr G DayntlerDayol Day

3 Day 4 e( 1 1 5 37
T e R el g L e Rl S b 48+
-67 9 3@eBermred 5519 I8P40EH4 4 24 6 66 5 8 7r + 68 1 6 4%*+ 65 8 5
9%*+ 60 9 4 7%$*4 A4 23 7 46 3%* 37 6 37 1$*+ 4 1 1 34 2%*+ 39 6 33 3r
+ A5 46 3 27 5%*+ 49 3 18 8%*4 49 3 15 3% ++ 48 9 15 5r + A + Vit D 16
0 20 0$t09B24] pPajlygealopig bpZaggeqway oaloglgredamsing pApE$iExQL 05,
conpared with Caltrate; *:P<0.05, conpared with Ca ACE; +:P<0. 05,

Ca Balance = total Ca 1intake (dose and dietary intake) - Ca

excreted in urine- Ca excreted in feces (L)

While, percentage of Ca balance was determined using eguation 2:

15
% Ca balance = Ca balance / (total Ca intake) x 100% (2)
Cumulated calcium balance and % cumulated net calcium balance
were calculated using equations (1) and (2), except, the sum of

20 daily intake and excretion was used for calculation. The balance
for magnesium and zinc was also calculated using the concept of
equations (1) and (2). Cumulated elemental balance and %
cumulated net elemental balance were calculated in a similar
fashion as described above.

25
In general, urinary excretion accounted for less than 5% of fecal
excretion. Therefore, fecal excretion practically determines the
gquantity of elemental balance.

30 E. Statistical Analysis

[00125] A1l results were analyzed using two-way ANOVA. P<0.05

was considered to be significantly different. The data are
presented as mean * S.D. and mean ¥ S.E.M. in tables and figures,

35 respectively.



conpared with Al. [00131] The retention of zinc is highly variable; it is
particularly true with fornmulas such as Caltrate(tm, calciumacetate and A
| that cowmbabey/msTat e anount of zinc (Table 38) . The resuBmogbeEso42show

t hat zinc bal ance becane negative whets the amount of zinc is |low [00132]
The addition of zinc to fornulas such as A 4 and A5 did not significantly
i nprove gi ged@ltancealtabhera& .qide additi on of nmagnesiumto the fornul as
may have caused zinc bal ance to stay negative (Figure 3 ) . [00133]

However, the addition of vitamin D3 to A 4 and A5 made zi nc bal ance
positiver¢bizsr e T3pnandsTabher38)ne b-BId@ M@E@htaﬁﬁer@éfs WdramgntB3 epu@ync is
clearly denonstrated in this set of st udlé EOO 34% Fi gure 4 shows gl asna

el ement aP*prof i 1768 &ft6Y 8achPtT eqtiferic "TREM et e rs"laﬁrjnofll Eaht

di f Ber eneem@ém etwerbafdeimeeltamrentnabk bl eaIrﬁmnﬁJSLc'EABltEefie&eﬁtlﬁufﬁcbm vehdNet
Percentage O Zine. Jn Rats Treat ‘398%"'%9 12 ajt upp! efent, f 0in Ceor

Recei vi ng 1l T u mEree Diet (an 57per group reatent CUnulPdti veé neJE

per cent ageiofseti it gmouplBPay 1 Day 2 Day 3 Day 4 Caltrate(tm -50 6 50 O
-387 238-369 264-395 237 Ca ACE-107 1 855 -777 590 -657
66 7 -50 5 46 4 10 1 8 7 -0 348 22 2s 422 73 A1-279 64-610
38 85 -55 3 29 3s -58 3 24 5% -3BABLE 25 9% A4 -8 05 45 3% 9 737 39 5r s
9 96 40 Bgiw Weight 2 R&Es Abn Fach Tseathént 4Grqup ¥WEERFTAlBigmFrdd 1%*s 54

2 11 2*s AA + Vit D Diet (n=5)
Treatment Body weight of rats (g)
group Day 1 Day 2 Day 3 Day 4 Day 5
Caltrate™ 184.6 £ 7.7 178.6 £9.9 177.2£88 179.2 £13.7 175.4 £14.2
$ $ $
Ca ACE 5024 +9.3 194.8 +9.3 196.8 4 10.9 1934 +11.9 1880 +12.2
. s .
A 190.4 +11.9 185.6 £ 14.0 1876 4109 1866 +11.3 182.8 + 15.4
A 188.4 + 12.9%~ 184.2 + 13.2%* 184.0 4 12.7 182.4 £13.5%" 183.2 £ 14.0°
A5 187.8 + 8.8%* 184.0 + 6.0%* 184.2 +5.6%* 185.4 +6.05%# 182.4 +9.2*
Ad 4 Vit D 207.6 + 11.9%% 200.0 +5.2% 198.6 + 455 204.2 + 4.4%€@ 199.8 + 6.4%%
A5 4 Vit D 204.8 + 14.4%+8% 195.6 + 8.3%% 196.4 + 7.78% 201.0 + 5.0%% 196.8 £ 8.2%

$5:P<0.05, compared with Caltrate; *:P<0.05, compared with Ca ACE; +:P<0.01,
compared with Al; &:P<0.05, compared with 2A4; %:P<0.001, compared with A5;
15 #:P<0.001, compared with A4 4+ Vit D; @:P<0.05, compared with A5 + Vit D.

[00127] The addition of magnesium and zinc to a formula promotes
the retention of calcium. Al, a composition with miniscule
amounts of magnesium and zinc, has a lower calcium retention (17%,
20 Table 36); whereas the retention of calcium is significantly
higher when the ratio of Ca/Mg was increased to 2/1 (A5), the
calcium retention is 49% (Table 36). A higher proportion of

magnesium, such as that present in A4, does not produce more

changes in calcium retention (49%, Table 36). From the calcium
25 retention standpoint, it appears a 2/1 Ca/Mg ratio is cptimal.

[00128] The addition of wvitamin D:; increases calcium retention
significantly (Figure 1 and Table 36). Calcium retention
increased to 62% when vitamin Ds; was added to AL (Table 36).

30



22 8 17 9* 358 17 8* 42 9 12 9* 44 6 10 1*a A5 + Vit D $: P<0. 05,
conpared with Caltrate; *:P<0.05, conpared with Ca ACE, & P<O0.05, conpared
with A 4 vw0.200aest98s: Normal diet [00135] Rats that rececvas2ooenosed2 di et
gai ned wei ght (Table 39) . Elemental 4¢reatnments have no significant effect
on weight gain (p>0.05) . TABLE 39 Body Weight O Rats Receiving Normal

Cal cium Di et (n=5) Body weight of tgéss (¥ Treatnent group Day 1 Day 2 Day
3 Day 4 Daycumfialtiikat Re22Befcert £5232 82123i6m 283 Mhts3 TRedddabwifh9 243 8 5
1 Ca ACE 24ZmBntdl JSubbldhentd Whild Redeivimplalcitm PredDibt a=8 A 1 230

O4 5 23378 804564&)1444&)%%%@%1&) 35 2328 7 72386 51
23852 592390 512458 49 10 3 243 0 13 9 245 4 13 6 245
4 1342486 144 Data s S D {00136 cpatte
cal ci um r &80 O3 3

. > i Da

bal ance i sdepéhdent upofi®élEhent al treatwents, despit:@od he factotshaisst he
anount of cal ci um adm ni stered was approxi mately 10% of the animal's daily
dietary intalke (-130 tosadedBG1.org of calwssumsper day)sssthics observat.iono
strongly suggests that dietary calcium present in the | east absorbable
carbonate ferm was enh¥nééd by el enengaidsst r eat nentos:15khe treat merdzwi t h
Caltrate(tm has mnimal effect. It is not surprisi ng because Caltrate(tm
contai ns onky cal ci um c&PBohat e. Thet¥d&fment wi ti' AB*has the fbst’”

pronounced effect (Figure 5 and Tabl e 40)3 .. TABLE 40 . .
A5 36.4 +24.1 46.8 +19.5 48.7 +18.4 486 £19.1
. . N N
A4 4 Vit D 46.6 +22.3 50.3+109 47.9+148 508 +11.2
. . o o
A5 + Vit D 43.7 £19.2 52.7+118 592+76 620+52

$:P<0.05, compared with Caltrate; *:P<0.05, compared with Ca ACE; +:P<0.05,
compared with Al; #:P< 0.05, compared with A4 + Vit D.

[00129] Magnesium appears to be required in order to maintain
10 magnesium balance (Table 37). Formulas (Caltrate™, CaACE and Al)
that have miniscule amounts of magnesium caused a net loss of

magnesium (Figure 2 and Table 37).

[00130] The addition of vitamin D; has no significant effect on
15 the retention of magnesium. The cumulative net percentage of
magnesium did not change significantly after vitamin D:; was added

to A4 and AL (Figure 2 and Table 37).



Cumul ative Net Percentage O CalciumlIn Rats Treated Wth El enent al

Suppl enments Wil e Receiving Nornmal Diet (n=5 per group) Treatnent

Cunul at i weornets/qemsent age of cal cium (% group Day 1 DayCz/iBzwo/BosDey 4
Caltrate(tm) -6 9 246 173 752 473 100 175 10 2 Ca ACE 14 4 24 0
26 9 90303 4931873 30314 335$492 388%A1392 2733
1306 219 A4 19 3 + 12 6 23 7 9rdpEd 37 96227 73521 217r s 49

0O 19 86 A5 48 9 20 4 45 3 22 7 $:P<0. 05, ared Wi th Caltrate;
*: P<0. 05, LumdatdyenNeh ?grqem:ag@ ueinMa ne i Rafis Freagedoiaely] Aver age
di etary i tSEENEE- : hbe Re dchye Eﬁ@#rm%f@l—é 35 ny

Magnesi um bal ance for all study QW p05| tive (Fl gure 6 and Tabl e 41)
This observation is consistent with the observation obtained from aninals
receivi ng a%%Iﬂm um free diet, which contisd eeeceviae y mhanssug@ant ity of nagnesi um
(Tabl es Ra41) Theosal cium free @yet study showed that nmagnesi um
i nt ake was requi red for Pos| tive magnesi um bal ance gTab e 37) . The
presence of"¥fagnesi um i EFH%““eI enent 4f°°F8F%ul as di'd hot ' si gni fi CRAEFY al ter
nmagnesi um bal ance (Table However, the day to day trend showed that
ani mal s tr&4t%ed with ac<37t2a“t1 % or mul ad(EFACE, A, KU RAd A5 vs PO2
Caltrate(tm,) has consigtenddy hi ghereyaeisg*percent age gg nmagnesi ym TABLE 41
cunul ati ve Net Percent age O MagnhesiumIn Rats Treated Wth E emanfa
Suppl emsntsA%/\hl | e Receiaisng*Nor mal Deget:s(t=5 per geeups+ Net acceomisati ve
per cent age of magnesium (% Treatnment group

A5 23.7 +46. 3% 37.6 £37.1%" 41.1 £34.2% 30.6 +33.3%*
A4 4 VitD 46.3 = 27.5%+ 49.3 + 18.8%* 49.3 £ 15.3%+ 48.9 + 155%™+
A5 4 Vit D 16.0 £20.0% 23.9 +21.5%" 28.9+ 17.9%* 27.2 +23.05*

5:P<0.05, compared with Caltrate; *:P<0.05, compared with Ca ACE; +:P<0.05,
compared with Al.

[00131] The retention of =zinc is highly wvariable; it 1is
10 particularly true with formulas such as Caltrate™, calcium
acetate and Al that contain minute amount of zinc (Table 38).
The results also show that zinc balance became negative when the

amount of zinc is low.

15 [00132] The addition of =zinc to formulas such as A4 and A5 did
not significantly improve zinc balance (Table 38). The addition
of magnesium to the formulas may have caused zinc balance to stay

negative (Figure 3).

20 [00133] However, the addition of wvitamin Dz to A4 and A5 made
zinc balance positive (Figure 3 and Table 38). The importance of

vitamin D3 on zinc is clearly demonstrated in this set of study.

[00134] Figure 4 shows plasma elemental profiles after each
25 treatment. There were no significant differences observed after

elemental treatments.



Day 1 Day 2 Day 3 Day 4 -2 82 19 6L 23 3 + 8 1' Caltrate ' 27 3 10 0 24 6
+ 6 916 7+ 17 2 Ca ACE29 938343 25377+ 27117 +117 A144 1
+30 7 38 WO 28®/®5B81 5 17 0 28 2 + 9 1* A4 34 0 7 8 3@CB1BH020BB40 + 4 4
A5 489 25348 9 + 20 9 50 6 +20 14848 6 2 1 0 $: P<O . 05, conpared
with Caltrate ; % : <0 . 05, conpared with A5 [00138] There were no
statistical differences anong el enmexgd 3geatnents in terns of zinc bal ance

(Figure 7 andudabi®€iv?)Net PaecaHBsge tor Hind T6 adEkNTstsred wiith el enent al
formil as wasmBRtADT Sugpldhest @ Whil SCREGEIVANY CadkY uh'FAKE Didt @s=5n0t ed

that the addrtron of a hign quantgéy FFodppgnesium tended to TOower Zinc
bal ance, a trend observed with A reatnent (Figure 7 and Table 42) . This

obser
(Tabl e 38) "gols00139}1
zi nc M S—P6 H abh-e : WarS—a IeYs
wi t hout vitame™ D3 (Fi guressod and 8 ,ssTablses 3 8 amd:de) Thi ssappar ent
di screpancy nay be due to the quantity of total zinc intake and/or the rate
at whi ch zicaecenas consumed:ssH enment al-77cemsunpt i on,-6sakearg Wi t h otdsers4
nutrients, occurred thrqy_ﬂgyt t he fggngg&period EQL?Q may |ast up to 12
hours; whereds el enental "treatnents were @gi ven as a Ho! us. ~ Concent¥sat i on
and ratio of nutrients presented to the intestinal wall_ may have a huge
di fference between bol u§"%&di ni strat i®oh*AAd di et ary2cdisunpt i on®ThRese
di fferences could account for the difference in zinc balance . [00140]

. & . 5& . $'& $
Figure 8 shows plasma cdtednirati on Of’ *Cafci um 996403 8.76 £ 40.1
$*& $& $*& &
A4 + Vit D 27.2 +40.7 43.7 +18.8 51.2+151 542+11.2
" " " "
A5 . Vit D 22.8+179 358+17.8 429 +129 44.6 £10.1

5:P<0.05, compared with Caltrate; *:P<0.05, compared with Ca ACE; &:P<0.05,
compared with A4

10 G. Results: Normal diet

[00135] Rats that received normal diet gained weight (Table 39).

Elemental treatments have no significant effect on weight gain

(p>0.05).
15
TABLE 39
Body Weight Of Rats Receiving Normal Calcium Diet (n=5)
Body weight of rats (g)
Treatment group
Day 1 Day 2 Day 3 Day 4 Day 5
Caltrate™ 228.8+46 232.8+256 233.8+3.5 243689 243851
CaACE 242074 237.0+125 239.2+ 13.9 238.6 +13.9 244.0 £12.8
A1l 230.0+4.5 233.8+8.0 238.2+6.1 2446 7.2 244635
A4 234877 238.6 £5.1 238.2+59 239.0 £5.1 2458 4.9
A5 239.6 £ 10.3 243.0 £13.9 2454 +£136 2454 +£13.4 248.6 £ 14.4
Data are expressed as mean*S.D.
20

[00136] The pattern of calcium retention appears to be similar
to that obtained from rats that received calcium free diet

(compare Tables 36 and 40); suggesting calcium balance 1is



magnesi um and zinc after individual elenental treatnents. Therewere no
statistical differences in the concentration of these elenents in plasm
after el enenb@lossT8at nents (P>0.05) . TABLE 42 Cunul ati wveThB200®ersoent age O
zZinc In Rats Treated Wth El enmental S9ppl enments While Receiving Nornmal Diet
(n=5 per group) Cunul ative net percentage of zinc (% Treatment group Day 1
Day 2 Da&eﬁeﬂi&é/ntél @p&? eﬁélmg%afialttf@dte[(etdﬂs 2HHphte INB raldt 2c3k Ochd 8 27
5 16 0% Ca % 1 4 4 26 6. 11 @6#&& 50f8 26 8 46
3 20 4 %%Oui“t 188 917 ‘%wnioaé% %hs@er@éj 3%aﬁ4 PFpRprIfaze 5 0fas g 7 2
1 9 52 6an2mdl 7s 5%i8y 2i2t0rd ﬂn@ﬂﬁ23~ﬂ3%)EéOl@S,m@OﬂmaﬁﬂduwmtbeASd&y)

Resul ts: Ca|CIngg¥(%% 9 %%gg t Dal|§ g@@sgggg qﬁs o%a cﬁcku”‘%99%41] The
objectlve o? this s g éval'a el efent al Pance “when t d%lly

i nt ake oincem@llHﬂsUnm@ﬁesbahian@aabqnaumaiomepla@@dewhadtaﬂ éyerfaiental
Lreatment s.. AL S, rhecelyed.do:i o MaLeLmad,Jd btumae DL Yeter gfoup),
were fed normal calciumdiet. Anina stltutlng their y cal cl um

i nt ake bysA Tofr $%¥pEM§%@9fe@eéapéﬁun¢¢¥¥ﬁﬁﬁﬁ et .caitdigsappatent cehat Ut he

gavage proegdure. di dnpot -have.an £ffiecis ond he body e ght,uef-ctiheranifal s

(Table 43) . El emental treatnents, however, induced a significant reduction
in body WeigmtS STABCETaBle 40).
10
TABLE 40

Cumulative Net Percentage Of Calcium In Rats Treated With
Elemental Supplements While Receiving Normal Diet (n=5 per

group)
15
Treatment Cumulative net percentage of calcium (%)
group Day 1 Day 2 Day 3 Day 4
Caltrate™ -6.9+246 173475 21.3+10.0 175+102
Ca ACE 14.4%24.0 26.9+90 303+49 31.873£3.0
Al 31.4£335° 49.2+38.8° 39.2 4273 31.306 +21.9
A4 19.3+126 23.7 9.4 262 +96 227473
A5 521£2177 49.019.8° 48.9 +20.4 4534227
5:P<0.05, compared with Caltrate; *:P<0.05, compared with Ca ACE; &:P<0.05,
compared with A4
[00137] Average dietary intake of magnesium by the study animals
20 was approximately 35 mg. Magnesium balance for all study groups
was positive (Figure 6 and Table 41). This observation 1is
consistent with the observation obtained from animals receiving
calcium free diet, which contained very low gquantity of magnesium
(Tables 37 and 41). The calcium free diet study showed that
25 magnesium intake was required for positive magnesium balance
(Table 37). The presence of magnesium in the elemental formulas
did not significantly alter magnesium balance (Table 41).

However, the day to day trend showed that animals treated with
acetate formulas (CaACE, Al, A4 and AL vs. Caltratemﬁ has

30 consistently higher net percentage of magnesium.



Body Weight OF Rats Receiving CalciumFree Diet And Daily Consuned Doses O
Cal ci um (n=4) Treatnent Body weight of rats (g) group Day 1 Day2 Day3 Day4
Day5 D Wioenosa®8798 2 50 207 0 3 9 209 0 8 7 209 5 @Ccy¥1BRM69/Bosol 7 A 1
198 0911835 7 7 178 3 8 1 180 &0 10 2 186 0 8 0 A5 194 0 8 2 182 3
711798 721790 7 7 18 1 5 6 8Note: There is no statistical
significant difference between A |Irgmck 415 . There is statistical

di f f er encec @i eANbt aPEr Edntdye oF. BEdhesdid DR Theataldwiin

(p<0. 001) ."eh BR A1 B 18Rkt sWWhil1E hﬁeé&s;adgs NeRhalNelet I (HEF R MOr mal  and
calciumfree dret studies, nagnesiq ) & m nor _ertect 1n ennanct ng
calgiumretention (Figure 9 and TabTe . The adm nistration of a soluble
formof carcium calciumacetate, S0 flFa ¥ SMRgRGRd, cal ci um bal ance
(Figure Qeaarq-dgra'uabl e—&A—)—'F&bJ—e—ArA—aﬂml—&Hﬂfe—Ne{—Pe%eeﬁ{—age—ef—e&I—e%n
Rat S A - Day, red )& BV . . _ 4 .
Free Di et c{alpaﬁw per group8)2+T9reéat ment Ne$+ea.1écurrul at|é4e3+p@(; cent age ZQE £a (9
group Day 1 Day 2 Day 3 Day 4 D Water 2 87 54 389 765724354152
46 3 14 7*3% 7 8 9% 3W®rd7213* 42 7 F 1% Al 54 9 +4]@2 {* 56 7 10,3%(r) 50 4
7 5% 47 4 8 A5 *:P<0. 05, when conpar ed’with D : B20. 05m when conpar ed
to Al [00143] ConS| stent . W7th the calciumfree d| et study descrl bed above,
magnesi um was required to maintain a'positi ve magn@sTiim bal ance *{Fi'glre 10
and Tabl e 45). Table 45,Quu! ative Net Percentage Of Magnesium In Rats
Treated Wth* A Daily Consuned Dose OF**€alEi um Wi | &Récei vi ng CaPeftfn Free

A

A5 489+253 489 +20.9 50.6 £20.1 48.6 +£21.0

$:P<0.05, compared with Caltrate; %P:<0.05, compared with A5

[00138] There were no statistical differences among elemental

treatments in terms of zinc balance (Figure 7 and Table 42). The
10 guantity of zinc administered via elemental formulas was no more
than 30% of the daily dietary intake. It was noted that the

addition of a high qgquantity of magnesium tended to lower zinc
balance, a trend observed with A4 treatment (Figure 7 and Table
42). This observation is similar to that observed in the calcium

15 free diet study (Table 38).

[00139] Contrary to the calcium free diet study (Table 38), =zinc
balance was positive in this study (Table 42). This was achieved
without wvitamin Ds; (Figures 4 and 8, Tables 38 and 42). This
20 apparent discrepancy may be due to the quantity of total =zinc
intake and/or the rate at which =zinc was consumed. Elemental
consumption, along with other nutrients, occurred throughout the
feeding period which may last up to 12 hours; whereas elemental
treatments were given as a bolus. Concentration and ratio of
25 nutrients presented to the intestinal wall may have a huge
difference between bolus administration and dietary consumption.
These differences could account for the difference in zinc

balance.

30 [00140] Figure 8 shows plasma concentration of calcium,

magnesium and zinc after individual elemental treatments. There



Diet (n=4 per group) Treatnment Net accunul ative percentage of My (% group
Day 1 Day 2 Day 3 Day 4 D Water -32 2 12 4 -17 0 10 4 -7 9 10 0 -2 59 10
4 Al -75 W020090957987 6 27 7 -6 54 19 4 3 6 18 0 A5 18 ¥crasivg/n)sodd 4 8
6(r) 7052 448 4 ::P<0.05 when canpared with DI; @ P<0.05m when
conpared to A | [00144] Despite a higher amount of zinc administered with
A5, zincybedanee svas isikgnibii camttkychover ihhathd hatn@dnd:he ibnl At engsoUp,
provi di ng further, support tEjft hi gh cal ¢ci um and %ngem u Soncentrati on in
the i nt eStTRE Could *HavE2dr sted"Si%c &b§aFPETon. (H &1& e 11 and Table
46) . The amounts of zinc adm nistered between the DI Water and A | groups
were simlar. Hovvever, simlar toD{. 012 A5, zinc bal ance was

S|g|f|cantI¥I8r/etr i{lg %Ers:gL‘ t.rc Ewlgdfg)may

suggesti ng A O CORCERT

interfere Bielcatak ﬂf’?&sﬁi’ﬂgﬁ—a

concentrations of calcium magnesi each el enent al

tr eat nent No_statistical differences were fmmd Ln 'r hpcp pr nfl | es (D>ﬂ 05)

. TABLE 46, QimdlAt i : , y
Consuned Dose O Calci umEWﬁ e Recei VIEPWJZ Cal Ci um Fr @%SD et (n= 4 9914 qr oup)

Net accunulgtive percentagesof Zn (%Zg‘g[pgt ment grQup,.Day 1 Day.2 .Day 3 Day
4 D Water -26 5 37 7 - 108 229 -4 45 17 3 -180 12 2 -67 3 16 3*
-69 5 7 3*%,288 5 6 2*27A:160"42 9 25,,9.23 7 16 25 .Rs39 09 19,3(r) -63 2
16 2* A5 -45 1 118*

%
A1 26.6£11.2 50.8 + 26.8 46.3+£20.4 38.7 + 188
% %
Ad 17.7+103 24.9£63 27.6%7.2 276 £5.0
AS 54.7 £21.9 52,6 £21.7 538210 51.2£230

%:P<0.05, compared with Ab

10
H. Results: Calcium Free Diet with Daily Consumed Doses of

Calcium

[00141] The objective of this study was to evaluate elemental
15 balance when the daily intake of calcium, magnesium and zinc was
replaced with elemental treatments. Animals, received de-ionized
water ad libitum (DI Water group), were fed normal calcium diet.
Animals, substituting their daily calcium intake by Al or A5,
were fed calcium free diet. It 1is apparent that the gavage
20 procedure did not have an effect on the body weight of the
animals (Table 43). Elemental treatments, however, induced a

significant reduction in body weight.

TABLE 43
25 Body Weight Of Rats Receiving Calcium Free Diet And Daily
Consumed Doses Of Calcium (n=4)

Treatment Body weight of rats (g)

group Day 1 Day2 Day3 Day4 Day5
DI Water 200.8 £2.50 207.0£3.9 209.0 £8.7 2095199 2155+ 11.7
Al 198.0£ 9.1 183.5+7.7 178.3 £8.1 180.8 £ 10.2 186.0 £ 8.0

A5 194.0 £8.2 182.3 7.1 179872 179077 181.5+6.8




*: P<0. 05, when conpared with DI; @P<0.05, when conpared to A | EXAMPLE 7

[ 00146] The objectives of this study were to evaluate the effects of salt,
m neral owopo®/ms®e and vitam ns on the rate of bone | 0PETIIR2089005042

ovari ectom zed rat nodel. [00147] One2hundred 4 .5-nonth-old femal e
Sprague-Dawl ey rats were used and housed at the Laboratory Aninmal Services
Cent er atott henschiinesestbnisvigrsistgpinkatdongrdeng wattdan 22-shd |2p ghiterniight cycl e.
Free cage-nnpverentwascabbowedznwkidpaceess 0tio, tahe b-aordals eal oi wmopeh).et s
and tap water. Daily consunption of cal ciumwas approxi mately 140 ng,

Sy 2T tolbat LERQEORGLLN, AN MBS RQpar Lbcl paled I the Balanee.ny

st udi es. ari‘ectony , therenoval of ovaries fromthe female rats, was
per Por medabhpi et | fraes @ate®6- wonthesf agwnmistiint hieaexgephiopr ofeftflets ham
Contr0|-eLﬁ%Hé%Hg TQ%q%iﬂﬁek§e@€ﬁﬁ¥bﬂov¥Fi§h£eth@_%ﬁkﬁ recovered fromfhe
trauma of the surgery. The rats were randomly divided into different

t r eat ment9HrOUPS B Cortr of Frradups can®rEacht gfaupl 'Eont &7 hed'8i RCRaESS, Four
cal ci um §ogmH s {tAly, eManbSqadsh AGn aid 2Gakt 1at @(£d)o wele riapvestibgated in
the present study. The Caltrate(tm group served as an el enental treatnent
control. Al formulas were dissolved in distilled water, while Caltrate(tm
wagoi n suspension in distilled wateipidhm sol ution or suspension was given
to the ratcumlaidty veONed Pepksntige)D£agas cidherslotst Dirrdlakteionithas was

cal cul at el DASEERBuRe8DESE O AT QlumdWhife WEESWidly dATEuMl F¥e&anmi n D3

and vitammn RZ was IZ. /5 TU bgégaynég%gyzﬁm@to 800 TU /0 Kg nman/ day) and
1.71 ng/ kg/ day (equivalent to IZ0 mg /7 /0 Kg nan/day), respectively. Al

the t.rea dtS VETE VeI gl cU dal l S ﬁeQa: utmlula%ivIIpEe[rcEeEntac[eE;tCaE[(%%iEI E TECOTT E:.' The
rats in two dﬁﬁgfbl gr n the

equi val ent_volune of distiPPéd water iH¥Barallel. P the group®¥*with the
treat nent of QM&QhosphonaégE alendrongg%jgl4 ng/kghgqgeek) magmu@Lected

. 2
subcut aneously on the back of the
Al 46.3+14.7 377+89 37413 427+31
A5 549 +12. 7 56.7+10.3'®@ 504475 474180
15 *:P<0.05, when compared with DI; @:P<0.05m when compared to Al

[00143] Consistent with the calcium free diet study described
above, magnesium was required to maintain a positive magnesium

balance (Figure 10 and Table 45).

20
Table 45
Cumulative Net Percentage Of Magnhesium In Rats Treated With A
Daily Consumed Dose Of Calcium While Receiving Calcium Free
Diet (n=4 per group)
25
Treatment Net accumulative percentage of Mg (%)
group Day 1 Day 2 Day 3 Day 4
DI Water 322+12.4 -17.0+10.4 7.9 £10.0 259+10.4
A1 -75.9£50.0° -27.6%£27.7 6.54 +19.4 36+18.0
A5 18.3£127® 14.4 + 869 7052 4.4+84

*:P<0.05, when compared with DI; @:P<0.05m when compared to Al

[00144] Despite a higher amount of =zinc administered with A5,

zinc balance was significantly lower than that of the DI Water



rats once every two weeks. [00149] At the end of 8 weeks, the rats were
anest heti zed using isoflourane. Bl ood sanple was then taken via heart

punct ur e.woheowv@s®swer e t hen eut hani zed under anest hesi &ChoyBrOL/BS042

di sl ocation, and right hip, right femd and right tibia of each rat were
collected for analysis. Plasma was collected from bl ood sanples centrifuged
at 1500 grées, Lobrdviink asmaneencepbsat i ons: ofi galciwMunmagaeskyiesand zi nc
were neasured using |CP-CES [00150% Results sgﬂov%that pl asma, cal ci um
level s wWePeCTbt Bt stii'calty diffferehte f r'om tthat " %F t HE"SRARTESnt F bIC
(p>0. 05) zandrptherv.al uesgare all shdhiTaoner nad) | evelrse (90edd0s Ny/LL) zind I
plasme concentrations, of M were withip Lhe poraml jrande (4838, quil) .
signifi CARt 4 Frerency i magnesi um p FaShm “concent Tations was obSerVed
except ndewmavemxons ol Ll thouthsur gér 2p, hasna rfmeananval Meshlsglqenfuhantlﬁhat of
A4+Vi t < ) Y, o t .of,

Fats reathed he T al mortal CORcent e o At about 1 26 L 3" bl Aot
concent ratgonsodiitians ¢anadigracinal <ontrdriwas g1 ghhei clémq%tlﬁﬁgh@wt han
that of shameontrolrats.ands@hso 4he rats treated with As+vitamn D and
Ad+vitame Dtvitanm K (p<0.05) . [00151] Body weight changes for different
treatnment groups are shown in Figure 13 and Table 47. As expected, weight
gaiins ln[b@mQ\/XFrl@h@evven@ sgg&wél cantdn: oreatemdhanchhe e@rnalalé@urﬁ
(p<0.05) Table 47 Bo On The First Day And The Last Day O

Tr eat nent@F&5° 14 bay? ‘5% C@\ﬁ‘F?G_a@F@éM 33794 3&&%@%\@09%% 27824829423
A 1 33932t 37ls 34 Laldirrateeddd2 233832 AL tWD: 8404 Sr37i243% (P>0.05) .

TABLE 46
15 Cumulative Net Percentage Of Zinc In Rats Treated With A Daily
Consumed Dose Of Calcium While Receiving Calcium Free Diet
(n=4 per group)

Net accumulative percentage of Zn (%)
Treatment

group Day 1 Day 2 Day 3 Day 4
DI Water -26.5+37.7 1084229 -4.45+17.3 -1.80 £12.2
Al 4294259 -67.3 £ 16.3" $9.5+7.3" -58.516.2°
A5 237 £+16.2*@ 9.09 +19.3° 4515 118" 63.2+16.2*

*:P<0.05, when compared with DI; @:P<0.05, when compared to Al
20

EXAMPLE 7

[00146] The objectives of +this study were to evaluate the
effects of salt, mineral composition and vitamins on the rate of

25 bone loss in an ovariectomized rat model.

[00147] One hundred 4.5-month-old female Sprague-Dawley rats
were used and housed at the Laboratory Animal Services Center at
the Chinese University of Hong Kong with 12-h light-night cycle.
30 Free cage movement was allowed with access to the normal calcium
pellets and tap water. Daily consumption of <calcium was
approximately 140 mg, similar to that recorded in animals who

participated in the Dbalance studies. Ovariectomy (0OVX), the



A4+VD 33731 371 34 A5+VD 32226 34235 A6+VD 33729 371 39 A4+VD+K 32819 3639
A5+VD+K 29831 331 38 Catratq+VD+ K 27025 301 36 Bl S+Al1+VD 33620 35827 BI' S
A4 VD 3388020®70bsB8 Bl S+A5+VD 321 34 351 43 BI S+ Cal +VDr840880%6868 [ 00152]
The effects of test substances on bon® m neral density (BVMD) are shown on
Figures 15 and 16. Trabecul ar BVD of Distal Fenmur BMD val ues of groups Al,
AS+Vit DremBisrAbsVitabiesBirstMdt¥iet fdma1Bi stAITVida D whek BingtiCadit rat e+Vi t

D are signjificantly higher than. that of the OVX control (Figure 14),
Sugoest i BBLT HEod TIAERaRt 78, BHIT TMn RS SEE R don (e vl SOBFEPbns of
bone mass. The addition of vitam n K did not have any significant effect on
reduci ng te.of bone | os Sim.|ar servations were obtapned for the
ver age 0P EAAT oF s BEal ar TBE o "Bt oRhhal T Bras EXCREE-The! Vel e of

Cal tr at ettmmavas fhi ghe ersouglertyo bBooneastat vste calhyodil§f etientdep<On b,

Figure 1 ﬁgg;n ' ] i ot_ha signifi.cant .contribytion. The
treat rren?l\fmf? Al +{C/|It¥%l Iﬁ%?ﬁ%v%ggpgon%%]s;égﬁ?%lhi 0] eurpSBl\/%B%t %?ﬁcght aw#lggnur
and proxipatatidsl asissuggest i ngouthi s ¥orumul onmyl asaveérlan Zddv avit aged over t he

other el gngntal; fhormmd ag. Al though,; jthegaddi tiga of - hisphogphgpat e provi des
consistently better results, the difference, when conpared to AS+Vit D and
ot her el erehtale f ofAOPE, SSGFRYAFSAl 2N wasSHoRt &t ghf 7Rt (FPRYUTes 151 and

16) 0. [08d53}1dhe,BMD desditedofirAdiane1simsbhatrfowhhad ©f1 AR ce™ifad .
This is not surprising because Al animals were fed normal cal ci um di et

whi ch cohfafnEPASiYGhifi et FanBtnt2bf* mabiest UM [0 P54 “PREN VX" r 4TS nodel
used mthisestuslycigh draddd qperi tfor 8 weeks by gavages. The dose of all

formulas was calculated Dbased on a calcium dose of 53.14

mg/kg/day. Dose of vitamin D; and vitamin K; was 12.75 IU/kg/day
15 (egquivalent to 800 1IU/70 kg man/day) and 1.71 ug/kg/day

(equivalent to 120 ug/ 70 kg man/day), respectively. 2All the
treated rats were weighed daily and the mass data were recorded.
The rats in two control groups (sham control and normal control)
were given the equivalent volume of distilled water in parallel.

20 For the groups with the treatment of bisphosphonate, alendronate

(14 ug/kg/2-week) was injected subcutaneously on the back of the

rats once every two weeks.

[00149] At the end of 8 weeks, the rats were anesthetized using
25 iscoflourane. Blood sample was then taken via heart puncture. The
rats were then euthanized under anesthesia by neck dislocation,
and right hip, right femur and right tibia of each rat were
collected for analysis. Plasma was collected from blood samples
centrifuged at 1500 g for 15 min. Plasma concentrations of

30 calcium, magnesium, and zinc were measured using ICP-0OES.

[00150] Results show that plasma calcium levels were not

statistically different from that of the sham control (p>0.05)

and the wvalues are all within normal levels (90-110 mg/L). All
35 plasma concentrations of Mg were within the normal range (18-36
mg/L) . No significant difference in magnesium plasma

concentrations was observed except normal control (without



eval uati on of
because the v

maxi mum bendi ng force and failure energy after each treatnent
al ues obtained fromthe O/X control and that of the Sham were

i nsi gni f iwarbdwossiosf erent from each other (P>0.05) . EXARPUHBE2089/@3042m zati on
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shown tha&agi
deternin?ng B

a
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Fcichanees magheSLUAPTARR FHE2FART osIT PiFOT t afit 2
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i ssue that needs to be addressed is the variability in
cal cium and nagnesium salts. As shown in Table 3 , difference
ubility in artificial FAPtetthal fluid could amount to over

25,000 fol dpodhewtehit i S Faekvessy Shaibild e stNdabi 68ValdAidntl Y Of

calciumis

Day 1 Day 57

CONTROL-SHAM 317+14 344413

CONTROL-NO OVX 278424 294423

A1 339132 37134

Caltrate 317122 338132

A1+VD 34043 372+49

A4+VD 33731 37134

A54+VD 322426 342435

AB+VD 33729 37139

A4+VD+K 32819 363+9

A5+VD+K 298+31 33138

Catrate+VD+ K 270125 30136

BIS+A1+VD 33620 35827

BIS+A4+VD 338+14 37128

BIS+A5+VD 32134 35143

BIS+Cal+VD 34048 36858

15

[00152] The effects of test substances on bone mineral density
(BMD) are shown on Figures 15 and 16. Trabecular BMD of Distal
Femur BMD wvalues of groups Al, A5+Vit D, Bis+Al+Vit D, Bis+A4d+Vit
20 D, Bis+A5+Vit D and Bis+Caltrate+Vit D are significantly higher
than that of the 0VX control (Figure 14), suggesting these
treatments significantly slow down the rate of loss of bone mass.
The addition of vitamin K did not have any significant effect on
reducing the rate of bone loss. Similar observations were
25 obtained for the average values of trabecular BMD of Proximal

Tibia, except the value of Caltrate™ was high enough to become

statistically different (p<0.05, Figure 15). Again, vitamin K



generally considered to be uninportant, as it was denonstrated by several
research groups. However, the nunber of calciumsalts used was |limted. In
a study rwpantedstyy Hanzlik et al., the solubility of cacTimBzNg/m0sHIRE
intestine plays a significant role irs6the bioavailability of calcium Qur
animal results support the notion that cal ciumabsorption is highly
dependengii@nnbhe nsakt #ngr mighhe iduhtereneeibic bboavarhabilkiiyndet weetn
calciun1c§rbonate and . alciun1acetatf ﬁ$U|d ampunt to(f:fold. 00158
Interestingl ¥ th& SUOrGIwWCRSragRBst Um' 8 Ger v7'8i @Y &S e | t 24" range
of magnestoxind oavabl abi kuyyesangedthiomfbrOute Gé% HOQ158) Fheaonhye st udy
that evaluated.the effect, of calcium and_Ca/ rati o on.bone nsity in
boot menopiasal "Homin s SOTEAted By ABPaart dt a aval 1660y e
findi ng wasphdrathanatat | opodv C&FMy obniidtenwas sibghifrcamdsplbett erthdan
that. of C}{ fellreril-%e, mlﬂnEoﬂ%af@é{ Cﬂ&@ﬁ%g bnahgeoﬁgéﬂ:dyelmmrigg @Ermuir ,e
calciumsalt used was calciumcitrate and the nmagnesium salt used was
magnesi uRVeXiae . AlAce@rdirag o9t hel ddntter@tigresst he didavai-l ability of
calciumcitrate is 30% and it was not different fromthat of cal cium
carbonate (Heaney et al ., 1999) . The bioavailability of magnesi um oxi de
is 50% (EBeHIRY EteaPMD, roges)s .of fAlCcarrysiatidr vied ttktﬁtbé’fcé%cdl atedPusi ng

bi oavai | abl & doses ofuroak ei Hg BOChRINAES WMhat Bey&ad MEd aldr@ae Bk 0y egh by
Abraham and Grewal (1990) woul d have been 1/2. The Abraham and G ewal study

(1990) hasSestiabll K@d2tRat 2 ndgHesi WHATts A APBFt aht T3P evént i ng

ost eoporosis. However, there was no definitive ratio set for Ca/My. This
coul d be 0: . the dosage .of calcium b , the avai]ability of

i ndi vi dué&gf%‘hci &ﬁlesaqvt%;r%ﬁd%f?d.eitWéegctﬂél “Bh3orfbabl e dantt yPoF™tal ci um
and magnesalum t {00 G0 haumunelsethd shs fawdckehahdt het euts anccopphexeirntecipl ay

bet ween 9'%§tlrrHe B ! Y7 0 tamn B and nutritigpal status, on
el erment al~ bal'ance anpl es 06 ¢
that of the Sham were insignificantly different from each other

(P>0.05).

EXAMPLE 8

20 Optimization of Elemental Formula

[00155] The objective of this example is to design an elemental
formula which would provide an optimal mix of wvitamin Dz and
acetate salts of calcium, magnesium and zinc.

25
[00156] In the study reported by Seelig et al., a high Ca/Mg
ratio in a diet 1is associated with osteoporosis and unwanted
cardiovascular events. The high dietary calcium intake in the
last 50 years may be undesirable. Other investigators have shown

30 that dietary calcium intake may not be a significant factor in
determining bone density and therefore, ostecpcorosis in older men
and women. Magnesium has been identified to be an important
element in bone metabolism because it is essential for a number
of enzymes which are involved in bone metabolism. Furthermore,

35 when patients are diagnosed with osteoporosis, they invariably
have low serum levels of magnesium. In addition, when dietary
calcium 1is shown to improve bone density, magnesium is always

present in a significant quantity.



[ 00161] Factors such as pH, cation and ani on concentrations have different
i npacts on the solubility of calciumsalts (Exanples 3 to 5 ) . The

sol ubi | i twoabowms®sum m t he form of cal ci um car bonat e | CeABzEWRISY42 OW
under various experinental conditionsy?7 suggesting that the absorption of
calciumw |l be | ow because the salt is not soluble along the entire GT.
The solubility of calciumin the formof calciumacetate is high and it is
not affe%&ﬁ _g]iogni fi cantlg by, pH, cations and apions. Cations tend to

i ncr easelYYE2 Sl dBFI FEGSTbut “Hni dREE dhch &8s BF tht bdrfdtes °Tchforide &nd
phosphat eatendi din® r edeceneal-at uay sohpdiddrity? (dexanpl es 31t ofbupd. tidhice t he

concent rg%)i{@g%qgi cati 32? and.ani ons tested were wi thin ttle. Rg%ﬁﬁi ol oagi cal

£ SRR\ 9 B ;
range (Ta and'sithce There Hre CPBOSIhg Rt tect's coitri but &d b=

cat bons amsoarons,with itheantdasicpatedibhatct et ¢adeaciswm.acebvateewi | the emai n
in solutjon. n . 100 . Magnesi LS:sho t nh I

absorpti %ﬁggﬁ[idpbg %ge O{Exéiaerrlé%léj}% '?53. h%g]ﬁég%gﬁl ;e’?scg]og U%Q%ﬁdg%g%gg}%m
tend to dvadwitsdt zi ncAbal apees Theat nteersity tof tdve ianiteepkay i 5sdependent
on nutritipnal; stat us, ogowgiﬁp&%%f These,R0RkLeXnd JHLNREAYS: et weehs t he
three el ements can be nullified by the addition of vitamn D3 . .%00.163] It
has beensSkeiggest et ifatd dosager6rcealei ol asel FoYUiHe tpastr ds€adesids too
hi gl andihteshowdid be ik medi1to ZR0uRB. Shnceysal ciumoeoar Benat e i stide
nost comon form of cal ciumadm njstered, it is equivalent to 180 ny of
absor babf - &at TP &SSURFAGS A DAob HiYoaV4l PabBRY#+t §2 9 Bo-1 it &81afv™, 19984) .
The dai | yef@EHES}H Wonsequireenedtbd 3tk orgaand b i wglidsaloert rt0ed 55yt 0186
ng of bioavail abl e magnesi um assulgri%]a 5t to 6 0 % bjoav ilabiliiﬁl of
organi ¢ RGeSt uhr ay" %l . °005) V016%]°‘AsSuntAg-a"t hrge=T ol d
hi gher busavaiwhabilimiyedf cahciaumtacist atepostten conmpared itko «cal €1 um the

car onatg t ui.rement of calciumfromc

acetat e W%dﬁéﬁggkgﬁ%P)éahﬁﬁmQQﬂJ%ﬂkg%jmestlne plays a SLgnigicag%CkgP%
in the bicavailability of calcium. Our animal results support
the notion that calcium absorption is highly dependent on the
salt form. The difference in Dbiocavailabkility between calcium
carbcnate and calcium acetate could amcunt to 3-fold.

20
[00158] Interestingly, the story with magnesium is very similar.
The reported range of magnesium bicavailability ranged from 50 to

67%.

25 [00159] The only study that evaluated the effect of calcium and
Ca/Mg ratio on bone density in postmenopausal women was performed
by Abraham and Grewal (1990). The finding was that a ratio of
Ca/Mg of 1/1.2 was significantly better than that of 1/0.4. The
amount of calcium used in the study was 500 mg. The calcium salt

30 used was calcium citrate and the magnesium salt used was
magnesium oxide. According to the literature, the
biocavailability of <calcium c¢itrate 1s 30% and 1t was not
different from that of calcium carbonate (Heaney et al., 1999).
The bioavailability of magnesium oxide is 50% (Coudray et al.,

35 2005) . If Ca/Mg ratio was to be calculated using bicavailable
doses of calcium and magnesium, the Ca/Mg ratio employed by
Abraham and Grewal (1990) would have been 1/2. The Abraham and

Grewal study (1990) has established that magnesium is important



third of that reported by (Bo-Linn et al ., 1984) which is 250 ng of
calciumfromcal ciumacetate. [00165] In this invention, magnesi um was
found t o wohamowsmal ci um bal ance (Exanple 6 ) . Ther ef opel/1B009/8050€Ccessary
to have magnesiumin the forrmula. If 3850 ng of cal cium mthe form of
calciumacetate is admnistered, a Ca/My ratio of 2/1 and 1/1 woul d provide
125 gy and 23@veYtohigMagReshbumbsiespetbinielby, Hhiesewardsd #éanskaheciee 62. 5

to 125 of absorhabl e ma neS| m respecti vel assum ng .a 50%
b ooai | BBETT L o2t S8ReerTRE o N tafer b pale BT bt erdinas, of

redUCingchhfﬂmmﬁEbCﬁtHyMHaahOS®1ﬂmt@nofl&hdﬁm&dudﬂqq@&h&&mlSaaﬂd 16)d.c These
results are conS|s%_sor%%Eﬁethat o t ai ed in.the | ance study (Exanple 6).

CaImumcarb%»chlfal as represe f’éhlcalfef?n%n %FQK§Sluﬁ0m1any
siglificant inprovenent over OVX control when the Distal Fenur BMD was used

for conp??' na (%hgurgé%%_tg ng%Gﬂleéynggggapﬁgn sk@gmbl§<b§ngg§§pglal

for bone i on and e recomen owance I's
found t hhattweerc lvallance, i snadependent omhut viitpobhal st aands éEwambL@n@Q

However, s, P@sidd @eﬁeﬁ%a@%éﬂ&r@c&a@ﬁ%ﬁ%“%at!i‘eéi if vitamin D3 is
incorporated into the fornula. [00168] Vitam n has been reported to

i ncrease the absorption of caIC|un1fron1the gut; |t al so assists

di styri bugbenerf ¢akebum it bone; (MassenmAg 2004 coterakseibaundatdat
vitamin D3 is essential for calciumand zinc bal ance (Examp

r ecomrendett i1y ieake 08 466 £618b0lity q@u%@%ﬁiﬂﬁgéaﬁ§slﬁ@éﬁﬁ%%%%eﬁ into

the fortidi exh extracd . [B0L69) ity icx aksoctioundid hatheadfla;m stgrat t@nc Ofim AS
plus vitam n D3 inproved elﬁge talrgflance,of di et ar i um and. magnesi um
0

( Exanpl e“ & §ORathi's GB5erVa O SUEIgNi T c8HE el F88§1 Y7 fabl e
form of eaygtumrandhrEgnesi HBswEs: 1dmproavedl cThe Wﬂplﬂﬁﬁﬂkﬂﬂb@&abbattmé a

subject dofs not h%"es&”go‘i%h slgmentg in bis digt, the supp|erentation of a
| ow’dose"ot "t #& 4
calcium in the form of calcium acetate is high and it is not
affected significantly by pH, cations and anions. Cations tend
to increase its solubility, but anions, such as bicarbonates,
chloride and phosphate tend to reduce calcium solubility
20 (Examples 3 to 5). Since the concentrations of cations and
anions tested were within the physioclogical range (Table 33) and
since there are opposing effects contributed by cations and
anions, it is anticipated that that calcium acetate will remain
in solution along GIT.
25
[00162] Magnesium 1s shown to enhance calcium absorption and
balance (Example 6). Conversely, calcium and magnesium tend to
diminish zinc balance. The intensity of the interplay 1is
dependent on nutritional status of the animal. These complex

30 interplays between the three elements can be nullified by the

addition of vitamin Ds.

[00163] It has been suggested that dosage of calcium used for
the past decades is too high and it should be trimmed to 750 mg.
35 Since calcium carbonate 1s the most common form of calcium
administered, it 1is equivalent to 180 mg of absorbable calcium,
assuming a 24% bioavailability (Bo-Linn et al., 1984). The daily

magnesium requirement is 310 mg and it is equivalent to 155 to



formula plus that fromthe dietary source will provide adequate el enental
daily requirenents. Therefore, a | ower dosage of A5 and vitam n D3 can be
used for wai2neioniong bone heal th and possibly preventi n@CoABEHONOIS0E S.

[ 00170] Taking into account the solubil ity of the elenents, its taste and
conveni ence of adm nistration, a two gramonce a day dose of A5 (-220 ny
cal ci um 1pb usnyi tam BiB3vut b hops ?Wﬂb&(&le&%@lﬂl})ahgsgﬂmﬂﬁ s of sel erent 50 and
vitam n e mai nt enance of bone ealth an prevetlo

o5t eopor BaTS S Reflerandes AR ATATT CE AR Pl O TAGS0y AL GPAP di et ary

pr ogr am enphasi zi ng magnesi um i nst ead of calcium Effect on the m neral

density aneous. bone i 0S sal .wonen rponal thera J
Repr od l\/géogégo Sgﬁp?m%\braﬁgr% % d{] nesronbgﬁv(a?gﬁgf?ﬁg?m !ﬁmcar?r%blﬁ%m um
phos$phor aseande vivham rcddroeti fnccat:ammmﬁ campbeaeat afykampods. &) ,Nutie

133: 20945, 29995,  Abrarm A - QLU |- and. Herman §.(2002), Ising, st abl e

i sotopes to sses |oava| ty of mnera ood' 1 ort ication
pr ogr amsthFUd)dOﬂ\luttkratheIPOZBGQSSy1650—1Ah1gUseﬂ?Ml -Sar¥tdok wPNch Pas o k0 NAC and

Ei sman JA¢( ggﬁ&)unpf%to%r}gahgg%ea@&dat@ne m neral density. Bone M ner
4:265-277. Bass , d MA, Brown B, Mauronoustakos A and Keathley RS

(2006) Vari abl es for the predi ction of fenoral bone mneral status in

Amepi cangeiesy  Seut Rnhed Jn A% Llyr 12%ag5@§§9mLEﬂaéJb%nhB cbel parink: ,
Spies J and Vermaak W (2000) Eff ect of magnesi um suppl enment ati on on the
fracti onaf!#Hi'estd il CabderipEilen %df 45CAET127Pn wonef WPERSETOW erjiti ocyte

magnesi umxgoacant rad i ome Metrabol | smA4 951092y 1896¢a Bordad nih GWe Dayig &R,
Buddrus Dy Noravsld SG ; santa, Ane, G and Fordyfen 15, (1984), An sypl ypp i on

would provide 125 mg and 250 mg of magnesium, respectively. This
15 would translate to 62.5 to 125 mg of absorbable magnesium,

respectively, assuming a 50% bicavailability.

[00166] A5 plus wvitamin D; has the best average in reducing the

rate of bone loss in an 0OVX model (Figures 15 and 16). These
20 results are consistent with that obtained in the balance study
(Example 6). Calcium carbonate, as represented by Caltrate™ did

not show any significant improvement over 0OVX control when the

Distal Femur BMD was used for comparison (Figure 14).

25 [00167] Zinc has been shown to be essential for bone formation
and the recommended daily allowance 1is 20 mg. It is found that
zinc balance 1s dependent on nutritional status (Example 6).
However, a positive zinc balance can be maintained if wvitamin D;

is incorporated into the formula.

30
[00168] Vitamin Ds has been reported to increase the absorption
of calcium from the gut; it also assists distribution of calcium
into bone (Wasserman, 2004). We also found that wvitamin Ds 1is
essential for calcium and zinc balance (Example 6). The
35 recommended daily intake 1is 400 to 800 IU. This dosage 1is

incorporated into the fortified extract.



acid secretion in the absorption of dietary calcium J Cin Invest
73:640-647 .Cai J , Zhang Q, Wastney ME and Weaver CM (2004) Cal ci um

bi oavai | alvol20409819d ki netics of cal ci um ascorbate and cacrilBmogicEsiext e i n
rats. Exp Biol Med (Maywood) 229:40-4®. Celotti F and Bignam ni A (1999)
Dietary calciumand mneral/vitam n suppl enentation: a controversi al

probl em [doim] Med Resa2éoc foddd g@é‘ﬂ"@&mﬁhst@%@%ﬁuom A5F9i1hl5eb1€@[uﬂrﬁ ay C
, Queux Tressol JC, Mazur A and Ra SSI U|er éZOQgg Stud magnesi um
bi oavai | Bbu HBYP F50nT L S Brga & BHE i %‘f%ﬂf\/gc aft m"*%d PE?%H Tats
using a $Eiﬁmg&eS@IopeTap@roaéhrvA@gﬂeslBES1@81Eﬂ£anQ26eciﬂ$£nﬂ@geneisand
Buono LC‘g C3|CIUH1Q%eta Y. supple nt, in. Cfflce USPaT , SIPatent
Nunber : &%ﬁé Affer Tcarr “Cyanan o CoMpERY > ¢ MEdi ‘Soh, TRT VORI t ed 4t at es
of Anerlcmplbanzknk1RPthE0mhéraS@ﬂa&dﬁF@shernﬁkimaﬂﬂﬁymR@MaEﬂeeents in

bi oavai | i of | ci fr L ClLum l.c r
caIC|un1§g%b8%§Fe t%%PH% lgg%qE%gh§her %n?é§7d%g5 g%%y%EElTﬁggﬁa)
Nutriti ohafmflactiolss | Phaost Boporgst sdieﬂwmy RewrNegt mil3: 287v346. apeaneye RP
(1993b) Thinking sicaiohteabantbalel uri,MoERgL J M, 328 503508 Heaney
RP, Dowell Ms and Barger-Lux (1999) Absorptlon of calciumas the
carbonat@n%ndﬂéﬁﬁﬁateDgaP@% 3WﬁtHS@%nﬂiﬁbs@@%%ﬁ¢@h§xbnbﬁﬁ?hdH%”€%%e@@%ros
I Nt 09: 19:23s 1 blea VBBtlE?M@g{e@g%r&gﬁgnan J , Hale CA and Bendich A (2001)
Absorbablllty an st effectiveness in cal cium supplenentation. J Am Col
Nut r 20: 239- 246. andrlcks L (2004) Calciumdietary supplenent, m (O fice

USPaT edjotfS7dPpt eakiNgnmbets 6c496:1462)e Hhadiia ikRCor( @hanbBueyentd) , ithited

St at es of Anerlcg
tast convenience of administration, a two gram once a day
dose of A5 (~220 mg calcium) plus vitamin Ds; will provide
15 adequate amounts of elements and vitamin Ds; for the maintenance

of bone health and prevention of osteoporosis.
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Anerica. Wasserman RH (2004) Vitam n @ and the dual processes of intestinal
cal cium absorption. J Nutr 134:3137-3139. Wat is clained is : 1. A
conposition conprising an initial conposition of at |east 22.75 percent
cal ci um byuyerght, extsact ed fromeEalci M gond@d NT NgooKiSynt hetiLoieal €j um
acet at e- coataimi Nng, seurees,I Wel ekobsgd<hil Nt ti(abospnpaset-honaw sl fortofi ed
W t h magnestium amdoni nea licd upr ovateores tfd, nabL €caposint | dDacodtat Leasicdum
per éent bycweighdndfpwaleticdmeyvatekeastlb percent by wielsghih of-dmagoesntum at
| east 0. 2r pergeEttey awei.ght oof Pzare,Braind 18t 61/2as82400 1U of vitamn D3. 2 .
The conposition of claim1l , wherein the cal ciumcontaining sources are
pearls, Touadwy Mysterde O Patendli m,n&smad M, Thekapmpo$,t Noshofishak m 1
or 2 , whaedebpaithel neghiesi umtiestinat hebformt ofn adfetatieisal from caTheum
codosi t kencofated dinmrhter 2 Bomhereiar tMegapi hé:$8-30. t he form of acetate
salt. 5. The conposition of claim1 or 2, wherein the conposition
conpri se8absq@iightNP at | dlofandticdasm t© namghesPam ofY0. 5:(19¢0) 4: TaleiumThe
conposi t PepP Nl t@ithenr oy 2icaheirein Hriaéccorpbai¢i o colfpricsedSRaled@ht
rati o of Ueafzhiaimh N wegrest B of 2 /1 Bagrg: of #egeThe COIfOSilvESAIBY efaim 1
or 12 | wheret mAHETCIAPESI L obX L afpTiises Faanerght Fatnad Yof(S2PnénEentad ci um
rangi ng ffbm&O5H X66520L 12M"gr1aFhe conposition of claim1 or 2 ,
wherein the conposition _conprises a, weight ratiQ of zinc to cal ciumranging
from Wasserman RH (2004) Vitamin and the dual processes of
intestinal calcium absorption. J Nutr 134:3137-3139.
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0.05:1to0 0.1:1.9 . The conposition of claiml1l or 2 , wherein the
conposition conprises 5-40 ng of zinc per daily dose to be admnistered to
a human awsol2009/08798 The conposition of claim1l or 2 , wheceiB20nierso42
conposition conprises 400 to 1200 IU@f vitamn D3 per daily dose to be
adm nistered to a human adult. 11. The conposition of claiml or 2 ,
wher ei n {hgt COIMAAilde@nigonprises 5 0 to 500 ng of calciumand 25 to 500 ng
of magnesium per daily dose to be adm nistered to a human adult. 12. The
conposition of claiml or 2 , wherein the conposition conprises 100 to 300

mg of calci um afshd 0 ttienl20mpY i 6f ndragnesh i fuerc daiolsy tdesect 0abeleast

admi ni st ered % ﬂShunan adul t. 13. Tge conpgqgsition of clagﬂ31 or f ,

wherein the c gposi??SﬁeanﬁFpéﬁﬁmho Yt o™X | 66F 29T tamTT B3 FBreY¥d nmy
of eal ci um ldbntEhericonpesidyinahcof cckal midm osct ztentremegiannsaygdsconpos) ti on
comprises more bioavall.able, oal eiymper unit welght. Lhan calcium,carfonate.
15. A method ‘of° al'Tevia i Ng~ or preventing synptons of osteoporosis in
humans or aniaml sziconprd spngvitie st epiondl adwimppsteiomg cdtheatonpesict i dn of
any one of cl.ai t 4 i u S ni .wdh od of
cl aim 15, mhé%%?%ﬂﬁhégégﬁgggﬁtf%gC%gﬁgﬁﬁégg@bégaggnbgggﬁge%gobgéﬁﬁgﬁgglcium
per daily dosef e sadm nikst ek tb ‘aPsurantalul ¥e1dt cTthe et haddoft cl ai m

15,1 gwher ei n the Gonpesirti gA ¢opRki ses between 100 to 300 ng of cal ci um per
daily dose to be admnistered to a human adult. 18. A nethod of increasing

bone m neral density in humans or aninmals, conprising the step of

adm ni st eri ngridecampasittiican «of ARYMoNg Gfcgleahment thneugh t4nteisahd

humans or aninals. 19. The nethod of claim 18, wherein the conposition
conprises sources are pearls, corals, oysters, or natural mines.

15 3. The composition of claim 1 or 2, wherein the magnesium is in

the form of acetate salt.

4. The composition of c¢laim 1 or 2, wherein the zinc is in the
form of acetate salt.
20
5. The composition of c¢laim 1 or 2, wherein the composition
comprises a weight ratio of calcium to magnesium of 0.5:1 to

4:1.

25 6. The composition of claim 1 or 2, wherein the composition
comprises a weight ratio of calcium to magnesium of 1:1 to

2:1.

7. The composition of c¢laim 1 or 2, wherein the composition
30 comprises a weight ratio of =zinc to calcium ranging from

0.05:1 to 0.20:1.

8. The composition of c¢laim 1 or 2, wherein the composition
comprises a weight ratio of =zinc to calcium ranging from

35 0.05:1 to O0.1:1.



between 50 to 500 ng of calciumper daily dose to be admnistered to a
human adult. 20. The nethod of claim 18, wherein the conposition conprises
bet ween 1WO 20@/@B8M®8ny of cal cium per daily dose to be asornBzbepEd4s2t 0 a
human adult. 21. The use of any of th# conpositions recited in any one of
claims 1 through 14 to alleviate synptons of osteoporosis. 22. The use of
claim 219 . wherel ncbhieo £0IRESI §4 0P160APNI S8S bet weeReHO tBe500xpEs0fical ci um
per daily dose to .be adm nistered to a human, adg%jt. 23. The use.of claim
51, wherein UFECOREGS It 'on "Eonhr FARS Bt vibeh 100 %o 06 g Bh "éaF et per
dai ly dose tocde: adimani stieted to a human adult. 24. The use of any of the
conpositions recited in any one of clains 1 through 14 to increase bone
density. 25. The use of claim 24, wherein the conposition conprises between
50 Ho 5000 ny Tie cabupam tpem daf | yldose 1t @rbe? adaharsier edet coaphananomdul t .

26. The use o iJn.24, rei,n,t Ltion.c ri b en. 1 to
300 g of cal T por daiy das’t o ba adn At o7 ol Fo a Mlinan adul T 27
The use of amdofnitsierednposstiwmn ragtilfted in any one of clains 1 through
14 to facilitate dietary cal ciumand nagnesi um absorption. 28. The use of
claim 27, wherein the conposition conprises between 50 to 500 ng of cal cium
per dail y!dose'@ ocpRPatiifitst @f e 2o alhifan?adileredy. trfe cG8ECHE L EPAI M
271 0wherei n theGaMResi 19 oRocor | §§S etween ukD0at@ 380 @ efocalci sm per

daily dose to be adm nistered to a human adult.
magnesium per dally dose to be administered to a human adult.

12. The composition of c¢laim 1 or 2, wherein the composition
comprises 100 to 300 mg of calcium and 50 to 150 mg of

15 magnesium per daily dose to be administered to a human adult.

13. The composition of claim 1 or 2, wherein the composition

comprises 400 to 1200 IU of vitamin D; per 220 mg of calcium.

20 14. The composition of claim 1 or 2, wherein said composition
comprises more Dbiocavailable calcium per unit weight than

calcium carbonate.

15. A method of alleviating or Ppreventing symptoms of
25 osteoporosis in humans or animals, comprising the step of
administering the composition of any one of claims 1 through

14 to said humans or animals.

16. The method of claim 15, wherein the composition comprises
30 between 50 to 500 mg of calcium per daily dose to be

administered to a human adult.

17. The method of claim 15, wherein the composition comprises
between 100 to 300 mg of calcium per daily dose to be

35 administered to a human adult.

18. A method of increasing bone mineral density 1in humans or

animals, comprising the step of administering the
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composition of any one of claims 1 through 14 to said humans

or animals.

The method of c¢laim 18, wherein the composition comprises
between 50 to 500 mg of calcium per daily dose to be

administered to a human adult.

The method of claim 18, wherein the composition comprises
between 100 to 300 mg of calcium per daily dose to be

administered to a human adult.

The use of any of the compositions recited in any one of

claims 1 through 14 to alleviate symptoms of osteoporosis.

The use of c¢laim 21, wherein the composition comprises
between 50 to 500 mg of calcium per daily dose to be

administered to a human adult.

The wuse of claim 21, wherein the composition comprises
between 100 to 300 mg of calcium per daily dose to be

administered to a human adult.

The use of any of the compositions recited in any one of

claims 1 through 14 to increase bone density.

The use of c¢laim 24, wherein the composition comprises
between 50 to 500 mg of calcium per daily dose to be

administered to a human adult.

The use of claim 24, wherein the composition comprises
between 100 to 300 mg of calcium per daily dose to be

administered to a human adult.

The use of any of the compositions recited in any one of
claims 1 through 14 to facilitate dietary calcium and

magnesium absorption.
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The use of c¢laim 27, wherein the composition comprises
between 50 to 500 mg of calcium per daily dose to be

administered to a human adult.

The use of claim 27, wherein the composition comprises
between 100 to 300 mg of calcium per daily dose to be

administered to a human adult.



