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acetic acid, Electrical current is applied to the mxture for several days.
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extract, A, is fortified with acetate salts of magnesiumto provide Ca/ My
ratios of 0.5/1 (A6), 1/1 (A4) and 2/2 (A5). The major elenental content of
the pearl extract and its fortified m xtures are listed on Table 2: TABLE 2
The Content of Each Element in Each Fornula (n= 3) The content of three
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Caltratem, solublllty of acetate salts should not be an issue in
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Thi s WetVeFrceXpdt il dBntErdntdn |heggsniveat Hendynergerontheniberageratedsars are
pref g tdhes di scl osed fornulations for their high solubility,
TABLEhgggé%ﬁfggggp O]U6I|Ity of Calciumin Artificial Castric And
Intestinal Fluid (n-3) Forrmula No. Saturated solubility of calcium T
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magnesium, phmphem% zinc, copper, ote. are also important for maintaining or improving bone

nd

health,  Further, due to differences m bivavailability, it is proposed that elemental salts would be
more accurately characterized in terms of absorbability, and that calcium formulas be optimized

through the use of preferved salts.



Saturated Soluhility OF Manesiuni In Artificial Gastric Fluid And

I ntestinal Fluid Fornmula No, Saturated solubility of magnesi um
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2.64+0, 38 1.64+0,07* A6 1.540, 13 1. 07+0, 11** Cal CI um Acetate 0, 60+0. 17

0. 53+0iergswdis shpwad ghat frleiugReEb AR D eTdiongs pat g lurwed ’r%%%‘éd“é%(o Ifbanks. D,

(N=3)qef T QBB bSorbat 500 1 3418<0, 001 compar ed wth the solubility in
artifici gastric flurd. EXAMPLE 3 Effects O oft On The Solubility O

Cal ci umln Different Formulations [00661 In this exanple, the effects of pH

(ran ont sol ubi i of three el ements f ear|
f or miPBEN . AT vigrh St (eS8 it PR b atutte, Earierut dojigan? sl
synt hati @d@@ﬁp@ua thukGab &b lﬁ’(ﬂa?@ﬁkﬁﬁ 85 thgaaitﬁ%iu%ﬁxe(ﬂgﬂveﬁlk gatiodise SR N pH
was a]!)uste usi ng appropriate ampunts of acetic acid (AcOH), nitric acid
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measurement, such as PTH, do not provide truly accurate comparisons of calerum bioavailability,

[6018] Using Ca" as a tracer, fractional absorption values 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 (20).  Heaney (21) reported that the rates of urinary excretion for three marketed
calciurn products (marketed calcium carbonate, cucapsulated caleium carbonate and marketed

calciurn citraie) were identical,

[6019]  Despite these observations, there are reports showing that not all calcrum salts have the
same bioavailability. Bioavailability of calcium ascorbate is higher than that of calctum carbonate

and calcium chlonde (22).

10020] Bioavailability of calcium acetate was measured using “Ca (23).  Compared to calcium
ascorbate, bioavailability of calcium acetate was significantly lower (70% vs 43% at 25 mg calcium
ioad). A kinctic model consisting of 8§ compartments was used to fit the plasma calcium vs., time
data. The difference was atiributed to a saturable process. It is also reasoned that the solubility
of calcium acetate may be reduced in the intestine because calcium from the acctate salt may
precipitate phosphate or chlonde ions in the wtestine.  Therefore, it 18 not surprising that the
bicavailability of calcium acetate is not different from that of calcium chloride and calcium

phosphate.
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were incubated in a water bath at 37C for one hour. - Each sanple was then
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usi ng one-way ANOVA and the P value was set at 0.05. [00671 Throughout the
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(Table 7). 100691 Simlarly, the amount of zinc in solution correlated well
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These res It consistent. wi-th.those rted in Table 3.. TABLE
Car ot B oo FRE SO AR ST b e B GO bEBReMe ABEAS R imidita ca

ACE Ahiaipd élﬁq%)@@dlnh L&)/ sBeets/ macﬂ'@)a 14 PA0eicdB8l/09. 0Thd YrelodBknddR. &iB7. 6
+ 2.5 48.7 123.3 3. 2 4.04 +0.2361.3 0.97 64.6 5.1 29.4 2.1 43.5
5.3 zaéi@mn@v@i@mmw?mwﬁb 75.7 4.8 71.4 22.2 38.0 4.7 48.6 0.98 19.5
2.5 0.237 0.03 85.4 5.7 753 3.4 38.5 2.9 48.3 0.82 20.8 0.98 0.240
0,06 75.6 5.5 65.4 11.8 39. 3 4.4 47,47i- 8.6 24.7 2,5 0.317 0.10 76.0
5.9 §8083 IZetoddwiRg hrelinBerBdn8 ahd 0isdiBsiBes @dewth38 thPa@S5 80.0 3.5 84.2
16.8 34.6 3.3 49.5 + 8.1
{6024] .S, Patent 5,879,698 issued in 1999 for a calcium dietary supplement comprising calcium,
magunesiu, zing, ete. (28).  The calcium to maguoesium ratio 18 high and the range of magnesium
used was between 50 to 150 mg.  The salt for calciam is caleium carbonate,  The quantity of
calcium and magnesium used and the type of salts employed are different from the present

nvention.

{0028] U5, Patent 6,716,454, awarded to Meignant and Stenger in 2004, cites a composition

which consists of calcium and a vitamin D mixture.

{6026] U.S. Patent 6,790,462, awarded to Hendricks in 2004, describes a dietary supplement
containing calctum and phosphorus.  Vitamins including vitamin D could also be included in the
supplement.  Heundricks ewophasized the effects of phosphorus, and optionally vitamins By, folate

and Vitamin Bs.  The present application, however, does not include phosphorus.

{00271 Mazer et al. were granted U.S. Patent 5,698,222 in 1997 on a calcium supplement in solid
form which contains calciur glycerophosphate, vitamin D and vitamin €. The present invention

does not contain calcium salt of this kind.



20.6 3.8 0.160 0.03 71.2 1.6 78.3 13.0 30.0 3.8 55.3 7.9 19.8 2.0
0.227 0.13 74.5 6.8 84,8 + 8.2 35.8 + 3.550.2 1.5 19.6 4.2 TABLE 7
Magnesi urw@abisgitkésty (g/L) in Different pH Sol utions (uPETAB201Y33872

0 01906805 <0 byedn 3 SoPgts Sl ShEe N PerFudlonld fresgbeduld)

0. 10QynBe000f Qic3irn Qitildiadital38y nOxiQQ61c2&hidddiric 2nid Dde 20 Q20 ¢ add 1i4ai3921957
1. 050 3 0.133 0.006 0.413 0.035 0.143 0.021 32.640 41.65 21.880 0.849

34. 100 rrslugpthesalyigpsalt 9912 0.490 0.010 0.173 0.015 33.560 2.606 21.733

0. 24%5}5’2'9 13%@1](5%6 %}@ Qt}&sgé (@m%@d ) AP sugpiaéigmoiojr'&;ie }Qeag]]r,z aR&ondPin 21,817

24. 3
7,029,703 which issued in 2006, consisting of microcrystalline calcium hydroxyapatite, protein

(mostly collagen), phosphorus, fat, and other munerals. It also contains vitamin Ds,
cholecalciferel, and a preferred osteoblast stimulant, ipriflavone. In addition to these basic
ingredients, the composition can turther include various other minerals known to occur in bone,
vitamnin €, and glucosamine sulfate, all of which have been claimed to have beneficial effects on

the growth and maintenance of healthy bone.

1003¢] Sultenfuss, in US. Patent 5,514,382, 1ssued in 1996, described another daily vitamin and
mineral supplement for wornen comprising vitamin A, beta-carotene, niacin, riboflavin, pantothenic
acid, pyridoxine, cyanocobalamin, biotin, para-aminobenzoic acid, inositol, choline, vitamin C,
vitamin D, vitamin B, vitarmin K, boron, calcium, chromium, copper, iodine, iron, magnesium,
manganese, molybdenum, selenium, zinc and bioflavonoid. For women up to 40 years of age, iron
18 included. For women over 40 years of age, iron 18 optionally included. The Ca/Mg ratio 1s1n a

range of 10-15/4-6.

{0031} A dictary supplement consisting of an extensive list of minerals and vitamins was
described 1n U.S. Patent 5,654,011 (30}, The patent sets forth no quantitative description on the

contribution of each component to bone health,

SUMMARY OF THE INVENTION
{8032} The present invention describes formulations of a dietary supplement comprising acetate
salts of calcium, magnesium, zine and vitamin D3, These preparations are highly soluble in water,

gastric and intestinal fluids.

DETAILED DESCRIPTION OF THE FIGURES
{8033} Figure 1 shows mean (£5.12.) percentage-time profiles of calcium of various formulas in

artificial gastric juice (USP).

{0034] Figure 2 shows the average cumulative net amount of calciom retamned (8. EM.) in rats

receiving calctum free diet over a four day period.



6 0.110 0.010 0.473 0.076 0.177 0.040 :35.747 1.7:38 24.997 0.817 34.477
4.7:30 7 0.093 0.006 0.460 0.035 0.153 0.015 30.197 2.818 21.677 3.127
36. 983 AwWO24131%5097 0.006 0.433 0.040 0.157 0.015 BLTOBD12/653848 24. 953
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0.01:3 0,006

i0036] Figure 4 shows the cumulative net amount of zine retained (£85.E.M.} in rats receiving

calcium free diet over a four day period.

{3437} ¥igure S shows the plasma calcium (A), magnesium (B} and zinc (C} levels sampled from

rats at the end of the treatment period while receiving calcium free diet.

{0038} Figure 6 shows the average cumulative net amount of calcium retained (=S.E.M.} in rats

receiving normal diet over a four day period.

{6039} Figure 7 shows the average cumulative net amount of magnesium retained (8. EM.) m

rats receiving normal diet over a four day period.

{004¢] Figure 8 shows the average cumulative net amount of zinc retained (=8 E.M.} in rats

receiving normal diet over a four day period.

{0041} Figure 9 shows the plasma calcium (A}, magnesium (B} and zinc {C) levels sampled from

rats at the end of the treatment period while receiving normal diet.

{6042] Figure 18 shows the cumulative net amount of calcium retained (E8.EM.) in rats

receiving calcium free diet plus a daily consumed dose of calcium over a four day period.

{0043] Figure 11 shows the cummlative net amount of magnesium retained (£85.EM.} in rats

receiving caleium free diet plus a daily consumed dose of caleium over a four day period,

{0044} Figure 12 shows the cumulative net amount of zince retained (£5.E.M.} in rats receiving

calciurn free diet plus a daily consumed dose of calciam over a four day period.

{6045] Figare 13 shows the plasma calcium (A), magoesiurn {(B) and zine (C) levels sampled
from rats at the end of the treatment period while receiving calcium free diet and a normal daily
dose of calctum,

{0046] Figure 14 1s the body mass record of rats which received individual elemental treatments,
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793 0.093 1.457 0.032 2.220 0,204 1.143 0.025 3 0.000 0.000 0.017
006 0.843 0.315 1.593 0.216 2.103 0.134 0.817 0.064 4 0.000 0.000
017 0.Wwoaomw/m&B4 0.092 1.867 0.078 2.383 + 0.071 0. 983/1B1YBB8R 0. 003

0008 1ot 000 T oaabFu5E BIY §5 Digag Rt Affedt 850 35958 ige-"
09@1@11@@&@;@? di10:r0i2r @ 0238 colrd106<0.05).

{0048] Figare 16 shows trabecular BMD of Proximal Tibna Averaged from 3 pQCT Slices. *
significantly different from OV X-control (p<0.05).

DETAILED DESCRIPTION OF THE INVEXNTION
{0049] In general, soluble calcium salts have a lower percentage of calcium.  For example,
calcium ascorbate has only 9% of calcium.  The content ts several folds lower than that of the
insoluble calcium carbonate (40% calcium).  Among soluble calcium, calcium acetate has the
highest calciuro coutent (23% calcium).  This makes calcium acetate a swuitable candidate for

making a solid dosage.

{6050} The addition of elements and vitamins to a formula lowers the percentage of caleium. This

poses a severe challenge to prepare a dosage form that has an acceptable size to consumers.

{0051} The present invention describes methodologies for preparing dosage forms with acceptable

sizes.

{0082] The present invention also provides a method of preparing tablets comprising calcium
acetate, magnesium acetate, zinc acctate and vitamin D;, comprising the steps oft (1) blending a
calcium composition comprising calcium acetate, magnesiom acetate, and zinc acetate with a
composition comprising vitamin D3 and (ii) blending the composition obtained from (i) with a
calciura composition comprising calcium acetale, magnesium acetate, and zinc acetate, thereby
obtaining tablets comprising calcium acetate, magnesium acetate, zinc acetate and vitamin D3, In
one embodiment, the calcium composition comprises at least 10 percent by weight of calciom
acetate, at least 5 percent by weight of magnesium acetate, and at least 0.2 percent by weight of

zing acctate.
{8053} The present invention also provides a tablet produced by the method described above.

{0054] The present tnvention also provides a method of preparing soft gel capsules comprising
calciurg acetale, magnesium acetate, zine acetate and vitamin Ds, comprising the steps off (1)
dissolving vitamin Ds in fish otl, flaxseed oil, or other oils containing either omega 3 or omega 3-6-
9; (1) mixing the composition obtained from (1) with a calcium composition comprising calciom

8
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{0086] Throughout this application, various references or publications are cited.  Disclosures of
these references or publications in their entireties are hereby incorporated by reference into this
application in order to more fully describe the state of the art to which this invention pertains,  ftis
to be noted that the transitional term “comprising”, which is synonymous with “inchiding”,
“containing” or “characterized by”, 1s inclusive or open-ended and does not exclude additional, un-

recited elements or method steps.

EXAMPLE 1
Formulations of Pearl Extracits

{80871 A pearl exiract was prepared by adapting the patented method reporied by Liand Li (31).
Briefly, pearls are pulverized to a size between 80 to 120 mesh. The powder is soaked in a
mixture of satorated sodium chloride solation with titrated amount of acetic acid.  Electrical
current is applied to the mixture for several days.  After dilution with water and magnetization, the
roixtare was filtered and precipitated.  The precipuiate, rich wn calcium acetate, is dried and ready
for consumption as a dictary supplement. A detailed list of elements present in the extract is

presented on Table |

TABLE {

Content of Pear] Extract
Element (Juantity, ppm
Calciom 233,000
Magnestum 233
Zinc 3281
Potassiurg 1650
Manganese 1170




EXAMPLE 4 feets of Anions On The Solubility O Caleitutnesiumand Zinc In
The Test Preparations 100721 The foll owi ng anal yses using ani ons which ar
present iwoOablsdaisée in gastro intestinal tract fluids weraBpae/Hi38TeEd ON
the four test fornulas (Al AS—ang—AG); +t-r-at em and cal ci um acetate
order to assess the sol ubi ?%Vuﬁhd SLbseqﬁggaly, their rate of absorption
and bioavaitability. In th|swexampl e, the @gkfectg of bicarbonate and
phosphate (HCOB- and PO43-)_on the salubility of jcal cium nagnesium and
zinc were studied at pH 7. Fﬁﬂﬁh@ﬂwnre, tﬁé4effects of chloride on the
absorption of these three frent-s—at pH I %Hu pH 7 were al so studi ed, The
procedures described in Ex hg‘é“3 forl pH adj'ust mnt and sol ubility

nmeasur enents were used. | CPsQES, nAS Lsed o gquantji fy cal ci um magnesi um an
zinc, Statistical analysisiwas.perforned. using.ode-way AN(1) VA and the

| evel of significance mas set at p<0 05. A Chloride Effects at pH 1 [0073

Tabl f |de ef fects at ondi.t

Bogtl hur e ol aF orkfof Pl R i S Sl CeatulF e 29 e os
I nt ense' e(f/ffeicti o hhessoljubig f' tﬂh@fng@f CletiPntaMRGARE UMian@edl BLrddd and its
Caltrate' 4 at pH 1 (Tables 10-12). At a CF concentration of 200 mita, the
soIuUPﬁﬁﬁVi@%“@ﬁf@fﬁﬁﬁﬁaﬁiﬁhbihighest The maxi mum magnesi um and zi nc
solubility was reached at C concentrations of 50 rnMand 120 niV
respectively. The fluctuations of ﬁﬁ%ﬁfy magnesi um and zinc solubility
are mniml in all Lhecacetaff forp t g] : c¢IC| tate, Al "AA A5
and A6. Significantiifeepienbeldacylle Cl HIEESHETRe hi ghest C
concentration. (p<0..05). . TABLE 10 Thp Fffpr‘f nf Cr (‘nfi on._.The Sol.ubil.it
O Gal "'nL In D'ffe For mul at i dhscodatpl tiee Hemd@ls iConcirn@aST at eTM Ca ACE Al
Ad A5 A6 0 alKi 394)/ 0.276 98.950 19. 2724 TOT 353 12947 37 ?*5,{ 2’ b09
48. 670" N2 23 33 162.50..m.M.8.16020°497.80..857....10..277 Q5

0. 987 29.950 6. %3;@&;413 L%E?upsl 2&@9@@4 543@%@i myl nge&s&d 1. 5712**&1»d

24.850 A 077 1506%5@ 5. 88331 1.416 ~753ii3§3 1. 03~75087 340(;«‘%45@ 39. 65}73
4,650 44,443 5.495 24.647 775 180 myl 9.073 0.325 80,977 12.440

88.593 5 579 41.'71H* 2. 836! 150 343 1 26. 0675941, 891 BAUI412. 12465
1.178 7he257 12.836d007. 8404502, 364 s4B:B8%3 6. 119963, 027035:¢406:229. 38722 06

Drata are expressed as mean+3.D.
“In-house Data, ***p<0.001

{0059] Besides Pearl, the method described in this example can also be used to extract multiple
acctate salts of calcium, magnesium and zine from natural sources such as corals, oysters, rmneral
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 zine.

{6060] Experimental Data on Elemental Solubility.  The gastrointestinal tract is a complex organ.
There are a number of factors which could alter the solubility of elements including calciom,
magnesivm and zine; subsequently, their rate of absorption and bioavailability. Examples 2-5
highlight some of the physiological factors which have been postulated to have a sigmificant impact

on the solubility of clements.

EXAMPLE 2
Solubility of Calelnm In Artificial Gastric and Intestinal Juice
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WO 2013/ 014654PCT/ 1 B2012/ 053872 TABLE 11 The Effect of Cf Concentration On
The Solubility OF Magnesium (g/L) In Different Formulations At pH1 L
Cl Conc. Wal2nr3atiedsmm Ca ACE Al A4. AS A6 0 rn N @CTAB2012083%R 0. 527

0.12 173, 0, 697 1.747 41. 797 .5.622 50 rnaM. 0. 357
0. 471985040 hegobPRd 1 g B0 Sl F56nig i Rdedil fovige BE-00 48 teng
100 11hN Qpi137) Da0k2icQ.:38Q a Qﬁ&ﬁ&i Be o khed 0P 12p 3 BBBidudig b (32pied Plaska231
46.900 4.117 120 rnkl 0.243 0.163 0.420 0.036 0.140 0.017 33.363 2,542
23 343ntgakEmiggogoypectrometer) (PerkinElmer Optima 4300DV). Two commercial samples,
Caltrate™ and calcium acetate, were also tested in parallel for comparison, The results are shown

in Table 3.

10062] Compared to Caltrate'™, the solubility of calcium acetate is approximately 45 times higher
in the artificial gastric juice and 26,000 times higher n the artificial jntestinal juice,  The solubility
of the pearl extract, Al, comprising mostly calcium acetate, s similar to that of calcium acetate in
the artificial gastric juice and intestinal juice (p>0.05). The solubility of calcium acetate 1s pH
dependent; it is lower in the artificial intestinal fhnd when compared to the artificial gastrie juice.
Magnesium has a tendency to lower the solubility of calcium.  When the ratio of Ca/Mg decreases,
the solubility of the exiract decreases, A3 > A4 > A6, Nevertheless, A6, the least soluble pear
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 gastrointestinal tract fluids because the acetate salts will still be in

solution,

16063] The solubility profile of magnesium salts 18 very similar to that of calcium (Table 4). In
general, acetate salts of magunesiurn are highly soluble.  They are roore soluble in artificial gastiric
juice than artificial intestinal juice. In contrast to magnesium acetate, the solubility of magnesium

. L TM
carbonate in Calirate™ is low.

{0064] The solubility profile of zinc salts 15 also sumular to that of magnesiom and calcium, except
the magnitude of difference between salt forms under differing pH and environmental conditions is

less drastic (Table 5),

16065] This sct of experiments thus leads to the conclusion that acetate salts are preferred salts

the disclosed formulations tor their high solubility,

TABLE 3

Saturated Solubility of Calcium in Artificial Gasiric And Intestinal Fluid (u=3)

Saturated selubility of calcium
Formula No. Gastric fluid (g/L) Intestinal fhaud {(g/L}
Al 72.93+4.14 64.97+16.29
Ad 33.60=1.18 29.90+2.14

11
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TABLE 4
Saturated Solubility Of Macnesinm In Artificial Gastric Fluid And Intestinal Fluid

Saturated schibility of magnesium

Formula No.

QGastric fluid (g/L fotestinal fluid (g/L}

Al 3. 13+£0.006 0.13+0.04
A2 8. 110,01 0.10+0.03
A3 0.12+0.04 $.00:0.01

Ad 40.78x2.46 26.57+]1 81w

AS 24.97+2.95 19,0342, 73%%*

Ab 49.30x2.61 38,6744 330k
Calcium Acetate {(1.50+0.07 (1424010
Caltate™ 0.17+0.17 0.09+0.02

Diata arc expressed as mean=5.D. (n=3}.
xE P <0.001 compared with solubifity n the artificial gastric flmd.

Table 5
Saturated Solubility Of Zinc In Artificial Gastric Fluid And Intestinal Fluid

Saturated solubility of zinc

Formula No.

(Gastric fhud (g/L) Intestinal fluid (g/L}

Al 1.04+0.16 0.76+0.07*

A2 3.72+0.68 2.14+0.14%

A3 3.25+£0.19 2.314£0.08%*

Ad 2.22+0.17 1190 1ok

AS 2. 6410 38 1.64+0.07%

A6 1.54+0.13 1.07:0.1 1%
(Calcium Acetate 0.60+0.17 (3.53+0.14
Caltae™ {.33+0.10 0.23+0.08

Data arc expressed as mean=S8.0 (=3} *P<{1.05, ** P<(.01, ***:P<0.001 compared with the
solubility in artificial gastric fluid.

EXAMPLE 3
Effects Of oH On The Solubility Of Calcium In Different Formulations

10066] In this example, the effects of pH (ranging from 1 to 9) on the solubility of three elements
of the four pearl formulas (A1, A4, A5 and A6), a commercial product (Caltrate™) and a synthetic
compound (Calcium Acctate, Ca ACE) were investigated. Solution pH was adjusted using
appropriate amounts of acetic acid (AcOH), miric acid (HNO3) or ammmomum hydroxide (NHLOH).

Saturated solutions were prepared by dissolving cach preparation in a solution with a final pH value

12
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concen T B TAKISA- 335 M EWePs 6136 Rosa PP BD075) BEsA Y. PABLE T8 The
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Formul ations At pll 7 ClConc. CarateTM[g/L..] Ca ACE [giL] Al [0_] A4
[giL] AS [g./L] A6 [g/L..] O mM 0.133 0.051 80.017 3.505 84.170 16.834

I A R e A
formulations (AS>A4>A1>A6) (Table 83, For all four acetate formuias tested, pH values higher

than § were associated with higher solubility of zine than that at pH 2 and 3.

16070} Since intestinal pH values are typically higher than 6, the present formulations present
advantages wn terms of solubility, when compared with the solubility of calctum carbouate 1u
Caltrate”™ under such pH conditions. These results are consistent with those reported in Table 3.

TABLE 6
Calcium SNolubilityv {(o/8) In Different pH Solutions (N =)

pH Calirate’" Ca ACE Al Ad AS AB
1 4,60+ 0.28 99.0 x 19.2 101+ 12.8 3786425 48.7 2 2.1 233+3.2
2 4.04 £0.23 813+ 097 84.6x 5.1 294 24 43553 2282 0.54
3 0.507 = 0.10 757 x4.8 Ti4 x22.2 38.0x47 48,6 + 0.98 19.5 2.5
4 0.237 £ 0.03 85457 753234 38.5+x2.9 4833+ (.82 20,8+ 0.88
5 0.240 x 0.06 756155 654+ 11.8 39.3:44 474+ 86 24725
(5) 0.317 £ 010 76.0£59 83.8 2127 412+ 1.3 523x 5.0 193227
7 0.133 + 0.05 80.0%3.5 84.2+ 16.8 34.6 3.3 48.5 + 8.1 206+ 3.8
& 0.160 £ 0.03 712z 1.8 78.3x13.0 30038 553x7.9 19.86 £ 2.0
2 0.227 £0.13 74.5x 8.8 84.8+x8.2 35.8x3.5 50.2 1.5 196 £4.2
TABLE 7

Viaonesium Solubility (/L) in Different pH Solutions (n =3}
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0.557 0.040 87.263 13.984 77.660 19.779 47.867 7.511 66.743 13.191
29.053 6.684 120 nM 0.370 0.165 71.440 5.851 61.437 8.616 35.400 O0.3864
45. 060 o6W0R6132046383 2.351 . 150 nkl 0.567 0.075 70. 92BCTABAMAY0B872773

00

12. 43733 0tF—245542-980—2-60320—313—2-0665—180—+rni-V+—0-560—0-165
77. 828 | 1984 " 59 720 ACE. 467 34. ONR 0. 846 424890 5 51@517.490 0816 2
MV 10460Q.19/0: B2 785830 .127. 785 84,607  15.568% + 3322323242931 746. 40307 45643
i flofehe B at PoE DA pH 7 CEORE carr dornt palb R ACH LIEA M,
Plal 3 A6'#oV10080 RKE+9P5HO93 ©19066-920. 460264035650, 15380 08815 430 1P
2.8184 R1a&6Mc.B82127486.0088 7. 2843:5013 nM 03280 2435 2021. 0350345 0.30343 018540
8: 8§(7)533?}12&8?%829%%%%%% . és%%g 65‘312303 6_3%.%%%%&90 50 94:2R0 Q5349 2,48

5 | 0110+ 0.010 0473 %0076 D.177 % 0.040 35747 £ 1738 24.997 £ 0.817 34477 £4.730

7 | 00830006 0.460+0.035 0.153 £ 0.015 30197 £2.818 2187723127  36.98317.234

8 | 0.097+0.006 043310040 0.157 + 0.015 31.023£6.548  24.953 3410  34.480 2 4.046

9 | 0.097£0.006  0.433%0.045 0.160 % 0.010 33473 £7.169 23807 % 1.085 34410z 6.836

TABLES
Zine Scelubilitv {g/L) in Different pH Selutions {n = 3)

D Caltrate™ Ca ACE Al Ad A5 AB

1 0.007 % 0.006 0.030 « 0.010 1.283 + 0.220 1.980 + 0.256 2.637 % (.143 1440 £ 0.140

2 1 00030008 0.013 % 0.008 D.793%£0.093 1457 +0.032 2220+ 0.204 1,143 + 0.025

3 | 0.00010.000 0.017 + 0.008 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 1.437 + 0.082 1.667 + 0.078 2.383 % 0.074 0.933 + 0.032

5 | 0.003+0.006 0.017 % 0.008 0.993 % 0.195 1.930 + 0.164 2.790 % 0.305 1.250 + 0.193

6 | 0.000%0.000 0.020 + 0.000 1.227 £ 0.133 2.063 % 0.059 2.837 % 0.135 0.870 « 0.096

71 000750012 0.023 % 0.008 1.237 £ 0.223 1770+ 0,132 2.493 % 0.372 0.990 + 0.157

8 | 0.003:0.008 0.027 £ 0.012 1.180 + 0.180 1.787 + 0.306 2.903 % 0.300 0.040 ¢ 0.082

9 | 0.007%0.008 0.027 + 0.006 1.260 + 0.087 1.870  0.364 2.753 % 0.133 0.917 £ 0.152

Experimental Daia on Solubility in the Presence of Common Gastric and Intestinal Anions and

Cations

{6671}

The following analyses using anions which are present in abundance in gastro-intestinal

tract fluids were performed on the four test formulas (A1, A4, AS and A6}, Calirate™ and calcium

acetate in order to assess the solubility and subsequently, their rate of absorption and bicavailability.

The following are the standard ranges of common anions and cations in the human gastrointestinal

{luids,

TABLE 9
Concentration Of fons In Human Gastric And Intestinal Fluids

Concearntration of ion (mM)

lons in Stomach / Gastric Fluid® In Intestine / intestinal Fluid®
Na® 0 - 100 {0 - 80} {155)

K 0-10(0~15) {70 — 153}

= 1 140 (20 - 120) {(pH 7.7 -82)

Cr 100 ~ 170 (120 - 160) {30 - 80}
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52.953 14.721 120 rnM 0.110 0.026 0.390 0.030 0.147 0.012 31.983 3.302
19.333 2.217 42.463 1.448 .150 rrIMO0.227 0.096 1.750 2.382 0.167 0.015
29. 087 OwWORU131046383 1.482 42.643 0.446 180 ! TI M 0. 253CTOBA2Y0387A30
0.046 0.167 0.006 32.633 2.372 19.733 2.149 36.160 10.009 200 rnM 0. 283
0. 107 0. 427hogeeEs5e®. 203 0. 025 32.923 0.802 23.067 2.Y7514%7 133 + 1.598
TABLE 15 The fect of Concentration On The Solubilitv O %I n% In D| fferent
Fornul ati ons A“fH 7 ClConc. CaltrateTMILL" Ca ACE [gPr1t¥ W LI
A4 EQallecAbdabiliedAab? e Oichih 5004 (002306028, T Qﬁ)@-sin Rdokets ;amza@a ok O
0. 13272 M3 aridsiditedy A519907510: @.52) 50 MM 0.113 0.006 0.180 0.089 0.997

0. 1952203 6n 1153864 @ oF fddiud p28Phale. 457 0. 244 100 ; TIM0.140 0.026 0.213
0.102 0.903 0.280 2.413 0.144 3.063 0.287 1. 540 0.380 120 i nkl

EXAMPLE 4
Effects of Antons On The Solubility Of Caleiwm, Maenesium and £inge In The Test

Preparations
10072} The following analyses using antons which arc present in abundance in gastro-intestinal
tract fhuds were performed on the four test formulas (A1, Ad, AS and A6), Caltrate™ and calcium
acetate in order to assess the solubility and subsequently, their rate of absorption and bioavailability.
1o this exampie, the effects of bicarbonate and phosphate (HCO; and PO, on the solubility of
calcium, magnesium, and zinc were studied at pH 7. Furthermore, the effects of chloride on the
absorption of these three elements at pH 1 and pH 7 were also studied.  The procedures described
in Example 3 for pH adjustment and solubility measurements were used.  ICP-OES was used to
quantify calcium, magnesium and zinc.  Statistical analysis was performed using one-way

ANOVA and the level of significance was set at p<Q.05.

A, Chloride Effects at pH 1

{0073] Tables 10-12 are the results of chloride effects at pH 1. This condition mimics that of the
acidic environment in the stomach. Chioride has the most intense effect on the solubility of
calcium, magnesium and zine in Caltrate™ at pH 1 (Tables 10-12). At a C1 concentration of 200
ruM, the solability of calcrum was the highest.  The maximum magnesium and zine solubility was
reached at Cl concentrations of 50 mM and 120 mM, respectively. The fluctuations of calcium,
magnesium and zine solubility are minimal in all the acetate formulations: calcium acetate, AL, A4,

ASand A6, Significant differences are often obtained at the highest CU concentration (p<0.05).

TABLE 18
The Effect of CF Concentration On The Solubility OFf Calelum {(¢/1 In Different
Formulations At pH |

ol Cong. Caltrate™ Ca AGE A A4 A5 A8

0 mi 4597 £ 0.276 | 98.950 £19.224 | 101.353 £12.947 37.637  2.508 48.670 £ 2.102 23.337 = 3.162
50 mp 8.180 £0.497 | B0.857 £ 10.277 73.950 = 0.987 29.950 £ 6.933 | 42413 £ 12.931 22.260 £ 4.543
100 rob 7.333£1.572 71.080 & 1.660 | 85827 + 14.181 30.023:4.042 |  42.853 2 2.264 24.690  0.746
120 mM 8.157 £ 1.210 76.453 £ 6.196 83.867 + 0.479 36.883 = 1.956 50.283 &+ 2.877 24.850 £ 1.077
150 mM 5883 + 1418 73.353 & 1.037 R7.340 £ 3.166 30657 £ 4650 | 44443 £ 5.495 24 647 £ 0.775
180 o 9073 +£0.325 | 80.977 £ 12.440 88.593: 5578 | 41710z 2.836 50.343 = 1.392 26.067 & 1.891
200 mM 124234 1178 | 77.257 £12.384 | ©7.840412.384 4231336119 £3.027 + 3.406 26.387 & 4.082




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. 1w 2008/00%44180 ni M 0. 093 0.015 0.143 + 0.071 OPTZ80B2002/058721. 637
0.127 2.090 0.167 1.077 0.163 200 rnkl 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. 10101] The solubility of cal giamnimiCaltratem increased wth the

i ncr ease 1¢fe PFGRALPOTU R EOREENT DR TRNSAEBRE CEOXac:IURY 85/1) 1N B00RAsI te is
true for calcium acetate. . Thep§p§hgwﬂhg)&¢1reduced at Teast 40% The
reduction for all the pearl ex

Was | ess, approxi mately 20 to

?5% 101021-Thersot-ubitrty—of TRgng STumn Cci tr-at UTIII et Ud.bcu Wit )
. O Cone, Gallrate . 17 CadfE \ oot o A . o A i AB
bi car bpnate—cConcentrat ron—-trapre—11)- DLbaIﬂLSJUIIa;}. e—erfect—was i) |__/|| a1 0f
the acetaté’tormul-8s "W 2013/ 614654PCT/1B201 2405387810103 The s éi-tbf i
S E T R0 Ry 357 + (474 40 £ 0075 39 2 0008 4 - 814206 649 | 20 547 + 6 528 27 & G067
of zinc ifCaltrate’ 2% neredsed Py the pf €8ence 0 "Bl 'qarbdnat e’ (Tabi%e" 8]
Vet min ZIBE ol ubi 70y s FEaRHE] ab PTOONEN BOP é4l’ci GRTACEUAL e o et
rend | s SPRY T at DUStREE of PGArtFalei fi' Y Bal botidve 2Ass very-Fied| &1 ey
on the; pedfM™extraCt “foF qul 887 *TRBLE 18°The® if fEet “6f C@@‘i"' CofitentP &r'r ot
On The! SolPUBY'I i { vO&f &5 ¢i uPiTa D ff ef EARE “9Bnmrdi 7 2341 |1 27 Feb%2 | ez 3%
CaRr at eTME NMf b CHZCAEE T it @’1‘17\[3‘3@‘:‘&' | 9\1433.-.9 $op Al:'“lz{)w. £ P4EA, -’941#0F9 1‘0r Shir-5433

T IvT TN Ty T TTTHVT

0. 051 80. 017 3.505 84.170 16. 834 34640 3. 268 49 497 8 097 20 627 3.821
50 rnM 0.217 0.214 50.243 3.312 34130y 7. 103 36.007 3.807 42.577 0.779

21. 73fhe éff%é%f@ @Mﬁ&%ﬂ%ﬁ%ﬁ@n%r@ %‘%e @%hﬁ;’ﬂh%ﬁi%g 7{8 ‘L%?Iﬁ Diffmae]n% Formulations At

pH 1
CI Cone. Caliraie’” Ca ACE Al Ad AS AB

0 mM 0.007 = 0.008 0.030 £ 0.010 1.263 £ 0.220 1.980 £ 0.256 2657 £0.143 1.440 = 0.140
56 0.030 £0.000 0.027 + 0.006 0.917 + 0.156 1,500 £ 0.216 2073+ 0.598 1.237 £0.110
100 mM 0.130 £0.026 0.067 £ 0.025 1.120 £ 0.010 1683 £ 0.100 2.353 & 0.057 1.28% £ 0.025
120 mid (.27 +0.047 0.103 & 0.031 1143 20,112 1.687 £ 0.198 2487 £ 0.273 1.363 + 0.085
150 mM 0.277 £ 0.091 0.073+0.015 1.360 & 0.144 1.803 £ 0.121 2.320 % 0.106 1.280 £ 0.046
180 mM 0.180  0.080 0.117 £ 0.031 1,183 £ 0.241 1827 £ 0.015 2.580 & 0.081 1.313 £ 0.032
200 mM 0.190 £ 0.058 0.123 + 0.040 14131 0.187 2.230 + 0.265 3.173 2 0.248 2.083:0.112

B. Chipride Effects at pH 7

[0074] At pH 7, the solubility of calcium in Caltrate™ is dramatically lower than that at pH | in
the presence of chlonde (Compare values in Tables 10 and 13).  As chloride concentration
increased, the solubility of calcium in Calirate™™ increased. The pH and chioride offects are not
pronounced for the acetate formulations.  In general, maximum calcium solubility is reached at

chioride concentrations between 50 to 1080 mb,

{6075} In the presence of chloride, pH has less of an effect on magnestum solubility (compare
values between Tables 11 and 14). Tu general, the solubility of magnesium at pH 7 is slightly lower

for all formulas and the chioride effect is not pronounced.

{6109} 1In 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 1s not as pronounced in
the acetate formulas.  There is a tendency for zinc solubility to increase with the increase of
chloride concentration. Maximum zine solubility is reached at 120 mM chloride when Caltrate”™
was ovaluated, For the acetate {ormulas, maximum zime solubility occurred when chlonde

concentration reached 200 mM,
16



33.420 5.263 42.130 4.734 22343 0.847 100 rnM 0.380 0.075 56.367 9.062
83.640 10.870 34.997 6.049 46.167 4.546 25.260 10.191 120 rri M 0. 440

0. 167 46.WD2013A1463 67. 010 3.767 31.060 2.23 46.973 2PCI1B20200B%72 1. 664
150 mMM 0.433 0.120 70.637 3.622 65.617 1.475 30.410 2.888 41.567 4.620
19. 163 + 1.568 180 rnM 0930 1.290 1463}8§7% 2.741 65.270 1.781 26680 1. 362
38.073 3.465 18,870 1.679 TABLE 1%’ g ‘fleet of HCO Concentratlon On The
Solubili O Mwnedtddiacheifl fsnsenisation S PhgsSolpb AR

Caltrate' m[W] Ca ACE [g&pﬁ&renwwfnuiﬂtwm@,@ﬁ;@ AS [9 1] AS [gill 0 rnM
0.093_.0.006.0.460_.0.035 .0.153 .0.015.30.197 .2.818 21677.3.127_36.983
7. 234 50n0¢ NM0at090L1 10, O38:EQLRIY 040585 0. 190 A4@i056 1 34. 806 4. 63822011427
1.272 48340613653 (70 a0 00838 0. 812 0844 10.:084 + 026260 4:0s000sB2. 2577 4.540]7
22. 000 50014334266 (0. 4602 1002 F NMoQ0:2231030. k1d:30:8343  €.530J 435 | 31460 £ 2.309

100mM | 05570040 |  87.263: 13.984 77660 £ 19779 |  47.867 £ 7.511 85.743 £ 13.181 |  29.053 £ 6.684
120mM | 0.370% G.185 71.440 & 5.851 61437 £ 8616 | 35400 & G.864 45,060 £ 6.166 | 22.353 + 2.351
150 mbd | 0.567 £ 0.075 70.973 £ 3.240 73773492437 | 33.017 £ 2.455 42,880 £ 2603 | 20.313 % 2.005
180mM | 0580 0165 | 77.823112.314 59720 L7467 | 34.00% £ 0846 42,880 £ 5516 |  17.490 £ 0.916
200 mM | 0.800% G132 73.930 & 7.785 84.707 £ 15.685 |  33.223 + 2.003 46403 £ 4.643 | 18.627 £ 2.238
TABLE 14
The Effect of C1 Concentration On The Solubility Of Macnesinm
In Different Formulations AtpHd 7
Gf Cons. | Calrate™ ja/L Ca ACE [g/l) Al Tl Ad [giL AS ='"/L] AB faiL]

0 mM 0.083 + 0.008 0.460 £ 0.035 0.153 £ 0.015 30.197 £2.818 29677 £ 3.127 26.983 £ 7.234
50 m 0.280 £ 0.202 0.508 £ 0.031 0.140 £ 0.020 43190 £ 2.792 29.203 £ 1.107 568.003 £ 3.989
00 mM 0.280 £ 0.149 0,480 + 0.017 0.143 £ 0.008 45.253 & 6.350 30.917 £ 6.111 52,053  14.721

120 mi 0410 £ 0.026 0.380 + 0.030 0447 £0.012 31.983 £ 3.302 19.333 £ 2.217 42483 £ 1.448
150 b 0.227 + 0.086 1.750 & 2.382 0467 £ 0.015 29.087 £ 0.957 19.383 & 1.432 42,643 & 0446
180 mM 0.253 £ 0.129 0.4%0 + 0.048 0.467 £ 0.008 37633 £2.372 19,733 £ 2,149 36.160 £ 10.009
260 mM (1.283 £ 0.107 0.427 + 0.085 11.203 + 0.025 32.923 £ 0.802 23.087 £ 2.175 47.133 £ 1.556
TABLE 18
The Effect of C1 Concentration On The Solubility Of Zince
In Different Formulations AtpH 7
C Cone. Catirate™ [g/] Ca ACE fgit] Al fall] Ad g/l A5 [l AB gl

0 mM 0.007 £ 0.012 0.025 £ 0.008 1.237 £ 0.223 1.770 £ 0182 2.493 £ 0.372 0.980 £ 0.157
50 mM 0.113 £ 0.008 0180 + 0.089 0.997 £ 0.165 2.057 £0.188 3.177 £ 0.288 1457 £0.244
100 mid 0140 £ 0.028 0.213 £ 0.102 0.803 £ 0.280 2.413 £ 0.144 3.063 + 0.267 1.540 £ 0.380
120 mM 0.050 £ 0.047 0.167 £ 0.202 0.760 £ 0.118 1573 +0.148 1.897 £ 0.254 1.410 £ 0.036
150 mid {1.087 £ 0.025 0477 £ 0.085 0.887 £0.110 2.030 £ 0.615 2010 £0.165 1,477 £0.072
180 mM 0.083 £ 0.015 0.143 £ 0.071 0.780 £ 0.151 16837 £0.127 2.090 £ 0.167 1077 £ 0.163

200 mM 0.083 £ 0.012 0.160 £ 0.079 1.117 £ 0.202 1.663 £ 0.078 1643 £ 1.217 1.303 £ 0.080

{. Bicarbonate Effects atpH 7.

{6101} The solubility of calcium in Caltrate™ increased with the increase of bicarbonate
concentration (Table 16).  However, the opposite is true for caletum acetate.  The solubility was
reduced at least 40%. The reduction for all the pearl extract fornulas was less, approximately 20

o 25%.

{81062] The solubility of magnestum in Callr ate'™ increased with bicarbonate concentration {Table

17},  Bicarbonate effect was minimal for the acetate formulas.
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0.167 0.065 41.580 12.984 26.393 4.720 43.883 1.288 120 rnM 0. 220
0.069 0.303 0.015 0OA83 0.551 30960 2.164 22.877 1.082 46.990 5.278 150
mM 0. 227 w0.20/301835410 0. 061 0. 150 0.017 28. 950 2. 262 18CE¥6B20120B8D 42. 877

1" 5od Bog ' gl PaditeniGtils ™ o0 Prscl e s O g &S

Sol Ub\Wh;tﬁrymgrmzlbﬂl@!bthhﬂw@bRd@ﬁ&miﬁ Tonnul atgreasnAb aphhid, thboend i Congar Gahbo
eT" ACE [O11.1 A [gil] A4 [glL] AS [01] A6 [91] O rrivi

0. 007:% i@i@ﬁk zﬁ?,wbomah% vpay7liltlg effodontthy peart grttpgplorpulen3 0. 372 0. 990
0.157 50 rnMO 057 0.015 0.050 %%%% 953 0.101 1.663 0.205 2.010

@ms.en?mgwn {}n i) V,i}gsf,a cmm% %ig}eren Em*mu?ﬁm%’s 236
. JOL 1LUU T 111Vl . UL
VAtpH T
BCO,” Cone. | Caltrate”™ [gi] Ca ACE [git] Al [giL] Ad IgiL] AB il A o/

G | 0138 £ 0.051 80.017 £ 3505 | 84170416834 | 3464043288 | 49497 8097 20.627 % 3.821
EOmb | 021720214 50.243 £ 3.312 7203057103 | 36.007£3.807 | 4257720779 21.737 £ 1.255
70mM | 0213 £0.008 62.090 & 8.524 7093324812 1 3342055263 | 42.i3054.734 22,343 4 0.847

100 mM | 03800075 56.367 £ 0.082 | B3640:10870 | 349087:6040 | 46167+4546 | 25260 & 10.191
120 mbd | 0440 £ 0.167 46.023  2.463 67.010 = 3.767 31.060£223 | 48.973 % 2.819 20.817 £ 1.664
150 mM | 0433 50120 70.637 & 3.622 85617 £ 1475 | 3041052888 | 41.567 £4.620 19.183 & 1 568
180 mM | 0.930 % 1.280 46,847 £ 2.741 6527021781 | 28680:1362 | 38.073:3465 18.870 £ 1.679

TABLE 17
The Effect of HCO: Concentration On The Solubility Of Masnesium In Different
Formulations AtpH 7

BCO, Cone. | Caitrate™ gt Ca ACE fa/l] At g/l Ad fall] AB [/l AB [o/Ll
0 b 0.093 + 0.006 0.460 + 0.035 0.153 £ 0.015 30.197 + 2.818 21677 23427 36.983 + 7.234
EG b 0.060 £ 0.035 0.267 £ 0.055 0.180 £ 0.058 34.600 = 4.638 20427 1272 48440 & 1853
76 mM 0083 +£0.012 0.347 + 0.031 0160 £ 5.000 32.057 + 4.407 22.000  0.141 42 787 + 0.480
106 mbd 0223 +0.111 0.343 £ 0101 0.167 + 0.065 41580 + 12.084 26.393 % 4720 43883 + 1.283
120 miM 0.220 + 0060 0.303 £ 0.015 0483 £ 0 551 30.960 + 2.164 22.877 £ 1.082 46,990 x 5.278
150 m 0227 £ 0072 0.410 £ 0.081 0150 £0.017 26.950 +2.262 18,850 & 2.160 42 877 + 7608
180G i 0.240 £ 0.085 0.283 + 0.049 0.163 £ 0.015 30.787 + 1.021 18 607 + 1.529 36.957 + 0.830

TABLE 18
The Effect of HCO: Concentration On The Solubility Of Zinc
in Different Formulstions AtpH 7

BCO,” Cone. | Caltrate’™ fgi] Ca ACE [o/tl A1 [/ Ad {git] AS [git] AB [gil]
0 i 0.007 £0.012 0.023 £ 0.008 1.237 £ 0.223 17702 0.132 2493 £0.372 0.860 £ 0.157
EG b 0.057 £ 0.015 0.080 £0.010 0.85% £ 0.104 1.663 + 0.205 2010 +£0.142 1.260 £ 0.017
0 miM 0.070 £ 0.020 0.100 + 0.061 0980 £0.082 1.560 + 0.236 2237 £0.099 1,147 + 0.081
106 mbd 0070+ 0017 0.157 £ 0.055 1180 £ 0.104 2.067 £0.654 2.660 +0.442 1,193 £ 0.023
120 miM 0.003 £ 0.025 0.210 + 0.098 0.807 £0.042 15130127 2200 £0.115 1317 £0.182
150 m 0.087 + 0.021 0.137 £ 0.083 0.8853  0.081 1.427 £ 6.050 1.887 + 0,144 1,237 £ 0.235
180 i 0070+ 0017 0180 £ 0.078 0.833 £ 0.072 1517 0,119 1.997 +0.157 1.023 + 0.042

. Effects of Phosphates at pH 7

[6104] Phosphates have insignificant effects on the solubility of calcium in Caltrate™ (Table 19}

As phosphate conceutrations iocreased the solubility of calciom decreased wm all acetate
formulations. Maximum reduction (up to 40%) of the solubility of calctum was observed in
formulas containing higher percentage of magnesium (A4, A5 and A6).  Considering the range of

phosphate concentration tested, 10,000-fold, the change of calcium solubility is not significant.
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0.157 0.055 1.190 0.101 2.067 0.654 2.660 0.442 1.193 0.023 120 rnM
0.093 0.025 0.210 0.096 0.907 0.042 1.513 0.127 2.290 0.115 1.317
0. 182 150wofdo(3/00854 0.021 0.137 0.083 0.863 0.081 1.4PCT/1B200%053872887

o' 11400Fg Mogedih ST Dol pupltfecdu gt S doiba it

Phos pbaiceisn hays) inabgnidii Gant fefhestisn@t heCanhubt’] | Fyr o g ebai0idd) the
Caltra im (Tabl e 19). As phosphate Ag{oncent,rati ons increased the solubility
of cdrEilEHdsfieade dvasnaErPxigeEhatte” oriaiat henstfcatesdi phasPReefucep ot (Pt t o

409 ©of.;khe, solbhil Lty of . cat LU WasS, phsgrved in formlas containing
hi ghé"?gr%%?%é?@%gghg%’R}}%gﬁﬁsgﬁﬁlgﬁmi%ggﬁg AB6). Considering the range of

phosphat e concentration tested, 10,000-fold, the change of cal cium
solubility is not significant. WO 2013/ 014654PCT/ 1B2012/ 053872 101051
wagnéﬁﬁ‘%ﬁh SUPUH et YrgedragdePRsPipios At B e8it éﬁ%ﬂ’gﬁt@%ﬁl@ﬁt Pih e éaht&“r%fm e
20) . ZLQ?(’IFa%MIt)! on i 80W1ak SvciDstre SO &k GRAE LRk LLHTBIRESLEMebtion, was
CaltrateTm For the other fornulas, the nmaxi mumreduction was approxi mately
50% agaixmnatehye’86.f eConsoleriphdisphages! Masphintt canbatirgiognisiddc agein.gbnsitaes #ing

t he rﬁngg ?f caonc‘egh‘r,avtoi_,o,ﬁtested. 101061 Anmong the three el enents,

phos ghatRe¥ R aE” PRg ot ifense effect on the solubility of zinc (Table
21). Al formulas were affected to the sane extent and the maxi num
reduction was approximately 70% Cgngijdesisng the range of phosphate
concentration tested, again, the effects of phosphates were not that
significant. TABREEfQct$fRAL ObnR@USion DN he Solubohtv@f Thisi@ol ubili O

Cal chn Formul ations At tills {FiffePtFernGoméonsCaraidTM [gi L] Ca ACE [,,, 1111

Al [gill A4 [cal AST[9,1] AS [gill 0.01rrikil 0.587 0.200 77.517 6.084

84. 270 - 8 21L 347920 | 6:.0201./7 - 823 5 32080} 22. 284, 2. 539, inM A6 [glL]
0.01mM | 0587 £0.200 77517 £6.084 | 84.270 £9.511 34950 £6.725 | 4782313080 | 22287 £2539
1mM | 0510£0252 | 68220118636 | 58450 %8878 39.923 £ 10.060 | 420363+ 3572 |  23.530 % 0.158
10mM | 0430 £ 0.046 78417 £7.046 | 64.897 £ 8.058 IE703 17033 | 41.287£3584 | 21887 £1.156
100mM | 0453 £0.158 B4.770 £ 1.548 |  58.607 £98.415 25.080 & 3.181 34.850 £ 6.972 15.437 £ 2.428

TABLE 2¢
The Effect of PO, Concentration On The Selubility Of Masnesinm In Different
Formulations AtpH 7

p0 Cong. | Caltrate™ [g/L] Ca ACE g/L] Al g/ A4 TgiL) AB [/ AS [oiL]
0.01 mM 0,280 + 0.070 0.493 £ 0.025 0.203 £ 0.008 38.017 £ 2532 24.733 £ 0.686 52.000 5647
1 mM 0.247 £ 0.087 0.450 £ 0.095 0.217 £ 0.031 35.647 + 10.790 18.583 = 1.678 48,967 + 1.486
10 mb 11,240 + (0.050 0.477 £ 0.035 61734 0.012 20.837 & 5.545 18.163 & 1.368 37.140 £ 2.681
100 mM 0.073 £ 0.008 0.350 £ 0.017 0.127 £0.012 21,490 £ 1.850 16,720 £ 4.514 31.163 £ 4.838

TABLE 21

The Effect of POJS' Concentration On The Solubilitv Of Zinc

I Different Formulations At pH 7

P0," Cong.

Caltrate™™ fg/L]

Ca ACE [o/L]

A1 fgiL]

A4 [gi]

A5 [g/L]

AB [g/L]

0.01 mM

0417 £ 0.042

0,180 £ 0.070

1.193 £ 0.067

1.850 £ 0.040

27500135

1470 £ 0.154

1 mM 0.100 £ 0.044 0,187 £ 0.110 0.760 + 0.151 1.800 £ 0.3%4 1083+ 0083 1.380 £ 5079
10 mM 0.070 £ 0.010 0.180 £ 0.089 0.767 £ G137 0.937 £ 0.253 174020173 1.023 £0.080
100 mi 0.033£0.015 0.053 £0.023 0.527 £ 0.118 .623 £ 0.087 1.01320.345 0.510 = 0.131

EXAMPLES
Effects of Cations On The Selubility Of Calciom, Maconesiwm and Zine In The Test

{0107}

Preparations

The following analyses using cations which are present in abundance in gastro-intestinal

tract fhuds were performed on the four test formulas (A1, Ad, AS and A6), Caltrate™ and calcium

acetate in order to assess the solubility and subsequently, their rate of absorption and bioavailability.

19




0.510 0.252 68.220 19.638 56.450 9.879 39.923 10.060 42363 3.572 23.530
0.159 10 rnkl 0.430 + 0.046 78.417 7.046 64.697 9.058 25.703 7.033 41. 287
3.584 21.wB20131014636 100 rrikil 0.453 0.158 64.770 1P648B2B30B872 9. 415
25.090 3.181 34.650 6.972 15.437 2.428 TABLE 20 The Effect of PO43-
Concentration On The Solubility OF Manesium | Different Fornulations At pH
7 pS&)q&&dgmmmgﬁaﬁg{a:elnl [g./..t__ Ca ACE UK Al tall A4 10-1..
A510,1 As fall_ 0.01 !'TIMO0.280 0.070 0.493 0.025 0.203 0.006 38.017

2. 5330p0B1733c glgge ob Npopncaguion g oigality of ¢k teastementpgs the Jeyr

0 oy 10, 10319% BRI LA 0,8 070,077
0. 006:n@. 8&Gtind. {01 TpR=12 7cQcOB212 11498 221 aB3Q3 160w 20 @sBidtedbd B6PI4 1838

TABLE 21 The Effect._of P0.13- Concentration On The SOLt bility & Zinc In

D 1 f SHERECPOPIIEHAFT Ofs SAPCCIRIGR PR GJICEB) AEh ARV P LLE o e*fiof[m*muia‘twm
were observed. Solubility of zinc in Caltrate™ and calcium acetate, which contained trace

amounts of Zn, increased significantly with an increase in sodium concentrations; however, no

significant differences were obtained for all the acetate formulations (Table 24).

TABLE 22
Tifect Of Concentration Of Na' On The Solubility Of Calcium Of Each Formula At pH 1

Solubility of calcium {g/L)
CaACE Al Ad A5 AB

Na+
Conec.(mb)

- T
Caltrate™

0 4587 £ 0.276 88.950 £19.224 101.363 £12.947 37.637 £ 2508 48670+ 2102 23337 :£3.182
5 5447 x 2.0681 84.800 £ 13.812 72.233 + 1.501 36467 £ 5173 4610020721 220004 1.328
10 4.340 £ 0.035 66967 £ 17.377 80000+ 1852 40033+ 4.623 48833+£2503 27800x£3736
50 4640 £ 0707 80.167 £ 8.343 83.467 £ 3.313 36.633 £ 1.877 48.033 £4.452 25467 £ 0.231
80 5530 £ 0.848 87.167 x 3.630 83.067 £ 6.813 37.033£1.068 557335372 30800x1.708
100 5.360 £ 0.742 79.233 = 15.864 §4.900 + 11.608 38.100 £ 5,686 48733 £3.868 25067 £0.153

Data are expressed as meantS.D. No statistical differenices in all Na™ concentrations tested for all formulations
tested.

Table 23
Effect Of Concentration Of Na' On The Solubility Of Magnesium Of Each Formula At pH 1

Na+ Solubility of magnesium {(g/L}

Conc.{mh)

Caltrate™ CaACE A1 Ad AL AB

iy 0.187 £ 0.015 0.527 £ 0.121 0173 £0.015 34.687 £ 4.836 23027 £ 1.747  41.797 £ 5.622
5 .223 £ 0.008 0.700 £ 0.183 (.283 £ 8.040 36.400 = 4.854 24.467 £ 1.361 39.833 £ 1.343
10 1.037 £ 1.108 (3.483 £ 0.115 0.317 £ 0.050 38.067 £ 5.745 23000+ 1800 4810043305
50 0.807 £ 0.88% 0.620£0.115 0.237 £ 6.031 35733 £ 1.908 22667 £2.055 45500+ 2211
80 1.087 £ 1.264 0.580 = 0.061 0.660 £ 1.031 35033 £3.625 27767 £3.700 50800 x 7.375
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Ca ACE [al] Al [gil_] A4 [git] AS[O0.] AS[gil] 0.01 rnMO0.117 0.042 0.190
0.070 1.193 0.097 1.950 0.040 2.750 0.135 1.470 0.154 1 rnM 0. 100

0. 044 0. M 2003/0046340. 780 0. 151 1.800 0.394 1.993 0.098TABBBY053872079 10
'TIM0.070 + 0.010 0.180 0.089 0.767 0.137 0.937 0.253 1.740 0.173
1.023 0w®60 100s5RI:MsB. 0334000045 000033 008, 028 0602528 (i 16b 92020628 25:0.1087

1.013_.0.345 0.510 0.131 EXAMPLE 5 Fffects of Cations On The Solubility
OF  Cabatd uap visgies inuanand 19 v isties! JiffereTers in alPNe parebivinss tegl1 074l Hheulations

f ol | dwitadg anal yses using cations which are present in abundance in
gastro-intestinal tract fluids were performed on the four test formulas (A
A4, AS and A6), Caltratem and cal €alshEatetate in order to assess the

sol ubi Ififfact @TA aubseqtien Ui theThe Sahd iy @bBoe @ Dchand nhileavaiH abi i ty.
WO 2013/ 014654PCT/ 1B2012/ 053872 A. Effects of Nal at pH 1 [01081 The

ef f eCt'S Of "Nat concentration on the sg)gmtg,myogzgrg(gqr the three erementsin the
four f t o Af A Afre—AO—Ca i—aht—CaAGE-wer-e

i Nves {\9 at 48 2] > pH E--- {Hd_intestifal _npH (pks AB
respecti b’9| y TQQLE%UQZ arb@a@%@“how the.sesul t sshested adspbbds - No:oiao
significant effects of Na' concentration on cal cium and nagnesi um

solubility of %Ae*f&{;wl atj,ong Mmere ohses %d Sadubkblai tys 0085 2L NCygh, o 424
Caltratemd and cal ci um acetate, which contained trace anpunts of Zn,

increaseg signifjcantly wth an.d ncregsgd ?SQ socjlﬁumgégncepotggamépns,,@p\y@ym

no significant d| ffer ences were obtarned for all the acetate fornulations
Table 24). TABLE, 22 Fffect OF Concentrat]ol i, The Solubilit O .

Cal ci um%)‘ Each" %rgnﬁl " ga ng)CPS | Ubty" ¢ o caligklauﬁf %"&AHP 'Z¥r1r?\/§q'1'"5
Caltrate TM CaACE Al . A4 A A6 597 0.276.98.950 1 224‘ 101. 353 12. 947,
37. 637 28509 48() %%OOO?ﬁ 10 ‘32:3 3337 3 féitz 730 % (‘979 2613 & O?? SE7 £ 0015

100 0.223 =

0.031 0.363 £ 0.085 0.847 £ 0188 1.490 £ 0.106 2.207 £0.506 1403 £ 0.630

Data are expressed as meantS.0D

B. Effectsof Na atpH7
{0109} Tables 25-27 show the effects of sodium ion at pH 7. Na~ has no significant effects on
calcium, magnesium and zine solubility in general. It is interesting to note that all three clements in

Caltrate™ could be not detected in the prosence of Na” at pH 7,

TABLE 25
Fffect Of Concentration Of Na' On The Solubilitv Of Calcium Of Each Formula AtpH 7

Solubility of calcium {g/L)

Na+
Conc{mM) corate™ CaACE A1 Ad AB A8
3] 0.133 & 0.051 98.950 £19.224 101.353 £12.947 37.637 £ 2.508 4886870 £ 2.102 23.337 £ 3.162
10 83.300 £26.469 G7 435 + 4.460 37433 £ 4.822 43 800 £4.703 39.367 £ 16110
50 89.000 + 1.015 89.333 + 21.548 35533 £ 0.814 48 387 + 4.359 23.833 £ 2.219
100 71.467 £10.891 71433 £ 1.183 36.867 + 3.139 485 267 + 1.380 245687 +4.104
140 83.067 £+ 6.596 63.800 £ 7.400 32.300 £ 11583 A7 200 £ 6023 25633+ 3.754
170 72.333 £15.467 71.433 £ G.551 37.5G7 £ 10.473 43.133 £ 4.878 25.867 £ 3.175

Data are expressed as mean=S.0),
No statistical differences in all Na' concentrations tested for all formulations tested.

21



5 5.447 2.061 84.800 13.912 72.233 1.501 36.467 5.173 46.100 0.721
22.000 + 1.323 10 4.340 0.035 66.967 17.377 80.000 1.852 40.033 4.623
49. 833 2WbQ813144¢390 3.736 50 4.640 0.707 90.167 9. 3#8T8B2M4HUS38& 313
36.633 1.877 49.033 4. 452 25. 467 1‘%@%%1”(80 5.530 0.946 87.167 3.630

83. 067,...6. Eé .37, 600 31.793A1oo 5.360 0 74
79 23 T o COnes _ gResing GhBa: - ] A

Dat a..ar.e pynrpccprl as m:\.:mQ D. I\In st aflcflr‘al dlffprpnr‘pc in._all -I\Ia-
concent rgf,i ons tested for all forméatiorsbestedTabl e 23 Effect OF

Concenta&atmr@;n O mmm 'Q‘%APP' UDI Ty, O Vagneg
Ne+ = ; :

.
0 0. 197 #. 015 &952070\;9 124,/0 g 17 3 0, 015, 34. 697504 836 2%*99271 7471 7A%741¢27;>97
5.622 5 0.223 0.006 0.700 .183 0.283 0.040 36.400 4.854
10 0.740 £ 0.165 04100010 3530023579 19500 1.769 75167 £ 34.380
50 0.427 + 0.081 01930015 3583325138 230004327 52167+ 4.852
100 0.510 £ 0.066 0157 £0.006 33367 £35.889 20667 £0.493  45.867 + 3.329
140 0.497 £ 0.009 0.157£0.021 289867 £2255 205672610  51.000 & 6.963
170 0.530 £ 0.036 04670021 456833£11.097 2160022476  53.500 + 3.650

Data are expressed as mean+3.13.

TABLE 27
Effect Of Concentration Of Na' Oun The Selubility Of Zine Of Each Formula At pH 7

solubility of zine (g/L}
MNa+ Conc.{mM}

Caltrate™ CaACE At Ad A5 AB

0 0.007 £ 0.012 0.030 £ 0.010 1.283 £0.220 1.880 £ 0.256 2.837 £0.143 1.440 £ 0.140
10 - 3.213 0102 (3.600 = 0.040 1453 £0.185 1543 £ 0.215 2.337 £ 1.351
50 (3.280G £ 0.118 (3.963 = 0.280 17060+ 0779 2317 £ 0.798 1.687 £ 0.466
100 —- 0.2083 £ 0.128 0.707 = 0.107 1,243+ 021 1.780 £ 0.087 867 £ 0.275
140 - 0.320 £ 0165 0.680 £ 0.137 11130144 1.770 £ 0.056 842 £ 0.402
170 - 0.223£0.102 0.730 £ 0.079 2.230 £ 0.387 1.832 £ 0.838 18677 £0.528

Data are exprassed as meant3.D.

C. Effects of K at pH 1

{011¢] There 18 a tendency for the solubility of calcium to increase with an increase in potassium
ion concentration (Table 28).
{p<0.05).

{(p<(.05),

However, most of the differences are not statistically different

In A3, the calcium solubility increased by more than 50%; this difference is significant

{0111} Magnesium solubility protiles for the acetate formulas show a siratlar frend (Table 29) to

that of calcium. There is a three-foid increase in the magnesium solubility in Caltrate™ (p<0.05).

However, the magnitude ol increase 1n inconscguential when compared to that of A4, AS and A6,
3 gt 5
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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 1WOQ9132Q4667 2. 055 45.500 2.211 80 1.087 1.2@¢TOBHBY05387061
0.960 + 1.031 35.033 3.625 27.767 3.700 50.900 7.375 WO

2013/ 54PCT/ 1B2012/ 053872 .1000. 577 0. 5250. 497 . 0. 025 236,000
5. 629@%“73 70 BB E! DI o P BRTRIA Y akgreEEdT éfsﬁ‘*n%‘g‘?%’z i) f‘% RS

st at i ghi cad cHifihskengesohigh habakdicGapgettat Heng: Lasted, Bpr,zm@hh the four
formul ati ons tested. ' TABLE 24 Effect O Concentration OF The

Sol ubpiilgs GF>ZPNc AGhinEdish nReritidcacAtncrbal in Nae sChvelity ﬁﬁ/pmcense@@mfﬁn hef
zinc (MO .. MCg{s_‘i:rd_t TMCaACE Al A4 AS AS 0 0.007 0.006 0.030

0. 01 T35S 0 5% 50 4Gy 0. 256 2. 637 0.143 1.440 0.140 5

TABLE 28
Fffect Of Concentration Of K On The Solubility Of Calcium OFf Each Formula At pH 1

K* Solubility of calcium (g/L)
Conc.{mM}  Caltrate™ CaACE At Ad A5 AB

4} 4587 + 0276 Q8 950 +19.224 101.353 212 847 37.637 £ 2.508 48670 £ 2102 23337 +3.162
2 4300 £ 0403 78 933 + 1320 71.833 £ 9.338 34033+ 1.73¢8 35833 +£5.314 24087 £ 1474
5 3607 +0540  71.033+£13.07% 7373343412 36967 + 1.159 A7 800G £ 5272 23 500 778
106 6.487 £ 3.381 158333 :40.624 83.733 £ 14.083 403,467 £+ 7.823 66,567 £+ 21.033  30.867 £10.262
15 B.877 £ 0958 161687 £46918 92167 £ 14.783 41867 £ 7.018 83.333 & 7.651 26867 £ 0473
20 3.567 + 0.501 100.800 £ 3.811 103333+ 15822 426833+ 44874 103567 64463 29300+ 3751

Data are expressed as meantsS.D.

TABLE 29
Fffect Of Concentration OFf K' On The Solubility Of Magnesium Of Each Formula At pH 1

WK Solubility of magnesium {(g/L)
Cone.(mM)  cajtrate™ CaACE A Ad A5 AB
O 0.197 £ 0.015 0.527 £ 0.121 0173+£0.015 34687 24836 239827 £ 1747 41787 £ 58622
2 0.223 + 0.087 0.693 + 0.283 0.203+0.020 3409331716 218633+4.300 480700 1.24%
5 0.490 £ 0.41¢ 0.453+0.112 0170 £0.030 326672542 23433+£3408 4300012408
10 0.703 £ 0.848 0.820 £ 0.183 02700130 38.733+£5552 30.067 £8428 55400 % 18.187
15 0730 +£0.912 0.6887 + 0.215 0.327 £0.185 41467 28617 31.067 £4.050 54800 £ 3.897
20 0660 £ 0764 0.6850 £ 0.020 08831140 52,0687 £2.858 557331234208 54233 x14.632
Data are expressed as meant3.D.
TABLE 39

Effect Of Concentration Of K On The Sohubility Of Zine Of Fach Formula AtpH 1

Ky Solubility of zinc {g/L)
Conc.{mM) Caltrata™ CaACE Al a4 A5 4B
0 3.007 £ 0.006 0.030 £ 0.010 1.283 1+ 0.220 1.880 x 0.256 2.837 £ 0.143 1.440 x 0,140
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ONOFrOoOo

087
121
760
114
613
105

Data are expressed as

[0113]

potassium couceniration, however, the difference is uvot sigmficant, p>0.05 (Table

0.006 0.123 0.006 0.660 0.128 1.393 0.316 2.180 0.413 1.183

10 0.173 0.015
0. W0 20500185240
1.410 0.125 80

0. 270 1. 74795292015 200 +05®23 0.@7 08180, 363+

0.317 0.106
0. 053 0. 400
0.210 0.026

2. 207 0.506 1.493 0.630

0.173 £ 0.035

0.240 £ 0.075

10 0.203 £ 0.058 0.357 £ 0111
15 0.193 £ 38.023 1.307 £ 1.199
20 0,167 £ C.016 0.203 £ 0,002

0.883 0.080
0.139 1.023
0.397 0.163

0.780 £ 0.147

1.127 2 0.142

1.060 = 0.600

1287 £ 0168 25831081

1630 £ 0185 2373+ 0.658 1627 =

1.767 0.280 2.080 0.160
0. 075 PCTAB2012006T 2. 250
0.907 0.211 1.730 0.479
0@1096%0: DY  A88=24. 490

1143 £0.278

1.630 = 0.161

2540 = 1.424

. K Effects at pH 7

meantS. 0,

calcium could be detected in proparations using Caltrate™™

{0114]

aine {(p>0.05) m all formulas contaiming acetate salts (Tables -

and zinc was reported for preparations using Caltrate™

TABLE 31

There was a tendency for the solubility of calcium to increase with an increase in

31y No

Similar observations to that of calcium were obtained for the solubility of magnesium and

32-33).

No measurable magnesium

Eifect Of Concentration Of K' On The Solubility Of Caleium Of Each Formula At pH 7

K+

The solubility of calcium {g/l}

Cone.(mM) Caltrate™

Ca ACE

Al

Ad

A5

Y 0.133 £ 0.051 98.650 £19.224

10 144 000 & 14.731
50 - 174487 £ 79,148
1050 - 156.333 £ 64.361
140 130.033 £ 32.461
170 - 34.567 £ 55.048

101.353 £12.647

66G.800 £ 1.538  32.100 £ ¢

68.533 =

68.600 £ 5356

60.400 £ 25.998 58767 £ 32.771

37.637 £ 2.508

3.268 33.83

48670 £ 2.102

64.033 £8.882 17.1004£0.178

> 84.867 £ 17.

244 18.033 £ 3.830

2 82000+ 35508 20667 £2363

68.400 £ 7100 42.000 £ 18.340

84.800 + 26.352 30.900 £ 14.812

Data are cxpressed as meandS . .
No statistical differences in all K7 concentrations tested for all formulations tested.

TABLE 32
Effect Of Concentration Of K’ On The Solubility Of Magnesivm Of Each Formula At pH

7

K+

The solubility of magnesium {g/L}

Conc.{mM)

Caitrate™

CaACE

At Ad

AB
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Data are expressed as neari S.D B. Effects of NpH 7 [01_091 Tabl es 25-27
show the effects of sodiumion at pH 7. Na+ has no significant effects on
cal cium wagesgilwitand zinc solubility in general. It | ®CrnBENZ8I3BTY t O
note that all three elenents in CaltrateTm could be not detected in the
presence oft NaH atsspklodd. TABLEZ250.Ebtewt OkRsConeent ]+ 4NaeF :OpzThe
Solubility O Calcium O Each Formula At ufl 7 Na+ Conc.(m\) Solubility
of calcluira (W.) —  Cabterat.epn GaACE? Als2 84 : A& AS3s0: 21133 06851 398. 950
19. 224 101. 353 12.947 37.637 2.509 48.670 2.102 23.337 3.162 10 83.300
26. 469 67. 483 4.460 37. 43837 :4588223:430.800 3238527034 3931367: 5116, 1002025369, 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 : 3278381246020 7 34 ds7 386524064 16254 044 4:4Q 2 083. 067
6.596 68.900 7.400 32.300 1.153 47.200 6.023

140 - 0.817 £0.303 0.160x0.035 5H7.833x34279 328335541 020467 £42.518
170 - 0.760 £0.310 0.230x0.062 ©64.200x26513 31.333+£12507 ©61.800+ 306385

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

_ TABLE 33
Effect Of Concentration OFf K On The Solubilitv Of Zince Of Each Formula AtpH 7

K The solubility of zinc {g/L)
Cone.{mM) Catirate™ CahGE Al Ad AS AB

0 0007 £0.012 0.030 £ 0.010 1.28%3 £ 0.220 1.980 = 0.256 2.637 £0.143 1.440 £ 0.140
10 e 02683+ 0110 0737 £ 0.064 1173 2 0183 3.243 £0.725 1.090 £ 0.070
50 e 0.627 £ 0437 1.140 £ 0.036 1.447 £ 0.135 3.127 £0.720 1.247 £ 0.045
100 e 0257 £ 01410 97 £ 5.068 1.587 £ 0.108 3417 £ 1.25% 1.460 £ 0.122
140 0.387 £ 0.186 0.827 £ 0.506 2583 £ 0.755 2747 + 1432 2.607 + 1.301
170 e 0.287 £ 0.142 1.223 + 0.541 2.437 £ 0.618 2.873+£0.771 1.720 £ 0.624

Data are expressed as meant+S.D.

EXAMPLE &
In Vive Evaluation of Calcium, Mavnesium And Zine Balance

{6115] The objectives of the balance studies were to evaluate the effects of dietary conditions and

formulations on calcium, magnesium and zinc balance.

A. Dietary Conditions
{0116] Two diets, one with normal calcium and the other 18 calcium {ree, were used for the studics.

The mutrient composition of the diets is listed on Table 34:

TABLE 34
Composition Of Normal And Calelum Free Diet

Normal Calcium Free
Protein, % 24.0 19.0C
Fat, % 4.5 (ether extract) 10.0
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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 rneanS.D, No statistical differences
in all Nawocenoantesati ons tested for all formul ations te®CedB20ME053872

2013/ 014654PCETH1B2612/6538 % -&I-ATD:ETE L"G E-fect Concentratiom—S&F—Na' On The
Sol ubi liity O Maaraesium Of \Each, Formula At pH 7 Nai- ConafrnM Sol ubty
AR AP I T\ Coalddg ikl LLQL VS LS Al A A AL DD AO2 PNl oV aVal
of mag I 1 g Sopear Tt ah e vIrCaAtE A AF AP TACT U U IS UTUU0 0. 527
A PFESRT G T ns eVl gnn an Qoo 1 23S a4 —0o7 £ _£on 4
0. 121 C.F.L KN U, ULJI O5. UJIT B IE. ~=4. 00U Z290. 947 1. I‘,—:I'I L. TIT7 J. U2 1 0. 740

*%—:Lﬁ'Lfn/"‘nqn A5 200 r)"é7n 10003 ZRh0Q--Z J’I%‘7 A4 AA0---E0 0O
0- 165 CCJ:J_; quOyJ.U JIJ . \)UU \& Lo vy J}_JA\J_“"\.K’_‘_\)J.- roJ T Jy d—U‘l V. OVU TJU U. 427
0.081 0. T93°"07015°35. 933 5139 53000’ 4.327 52'167 4.852 100 0,510
0.066 Q.157 0.006 33.267 |3 8%2&;‘6(:}:) 0.493| 45.867 3.329 140 0.497
0.099 Q.157 0.021 28.867 |2.255.20,567 2.610, 51.000 6.963

0.6 (Lactose)

Petassium, % L2 .62

Sedium, % 0.40 0.27

Chlorine, % 0.7C 0.27

Calcium, % 0.85 0.0

Magnesium, % 0.25 0.07

Zinc, % 0.011 0.0031

Trorn, ppwm 290 60

Manganese, ppm 110 65

Copper, ppm L7 23.9

Vitamin X, ppm 3.2 10.4

Riboflavin, ppm 12 20.0

Pyridoxine, ppnm 8.0 16.5

B. Materials and Methoeds

{8117} Male Sprague-Dawley rats {(about 6-7 weeks}, with an initial weight between 220g to 250g,
were randomly divided mto duferent treatrnent groups. Al the rats were housed in individual
metabolic cages in a temperature-controlled room.  Fach rat received free access to the normal
dict {Table 34) before the cxperiment.  Both normal and calcium free diets (Table 34) were used
in this set of studies.  De-ionized water was provided ad libingn. All the rats were weighed before

treatment.

. Treatments

{B118] Two seis of studies were performed: a normal diet and calcium free diet.  In each study,
there were seven treatment groups. Thirty five animals were randomly assigned to one of the
treatment groups in which one of the following were administered: Caltrate™, Calcium Acetate
{Ca ACE}, Al, A4, A5, A4 plus vitamin [3; and AS plas vitamin Dz {n = 5 per group). Rats
participating 1 the normal diet study reccived normal diet ad fbitum throughout.  Rats
participating in the group of calcium free diet received the calcram free food ad /ibitum starting five
days betore and throughout treatruent.  In both study groups, animals recetved onc dose a day for
five days. Amounts of calcium, magnestum and zinc in individual formulation and in each diet
were deternuned using ICP-OES.  Values of dosage and dictary intake were measured for the
calculation of elervental balance.  For rats that were fed the normal diet, average daily elemental
intake of calcium, magnesium and zinc was 625, 155 and 10 mg/kg/day, respectively. Daily
elemental dosages, similar to that of human’s, are 53.14 mg/kg for calcium, 0.38 to 55 mg/kg/day
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170 0.530 0.036 0.167 0.021 45.633 11.097 21.600 2.476 53.500 3.650
Data are expressed as neanSD. TABLE 27 Effect OF Concentration O Na On The
Sol ubi |'i two@h13Aimes4f Each Forrmula At pH 7 Na+ Cone. ( neLT/IBYob/0d3812 ty of

1 2eat sy b D6 oke 0 el 15 a0 BB 37 T 1930 o3

GOQL/}%/&&Q 1111458015 A8D whsbdided & 2dh Bsd3@&/pdpdalon pHor O 28Qnk006d18 Thed63
280 1,700 0.779 2.317 0.798 1.687 0.466 100 0.293 0.129 0.707 0 107
243chplofr prerrgog coclodmeTyeeie-iopind sraigqdhe gompppatpm@ariendn . dpsm

113@)3{&3’@9&1‘:;1&)4;3 Leal 79 04 mgf?\% 108431 &40 preparation was adwinistered by gavage. Body

weight, elemental dosage and diet consumption were recorded daily.

!*!—‘.O.OH

B. Sample Collection, Handling and Analysis

{0119} Animals were housed individually 1n a metabolic cage five days betore 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, cach animal received its
treatruent. These treatroents were administered once a day for four days.  After the last treatrient,
each animal was ancsthetized shortly before peak clemental blood concentration was achieved.
Blood was collected using a heparinized syringe via cardiac punctuwre,  Immediately after blood
collection, the animal was then sacrificed with an overdose of isoflourane.,  Each blood sample
was cenirifuged at 1900 rpm at room temperature; plasma was harvested and stored at -20 °C until
analysis.  Urine was measured datly; it was dihuted with de-tonized water, filtered and an aliguot
was stored at -20 °C until analysis.  Daily fecal output was collected and lyophilized. Each sampic
was weighed and digested using a mixture of three volume of nitric acid and one volume of
perchloric acid, For every gram of dried foces, 10 mb of acid mixture was added. Each sample was
digested for three days. The volume of the digested sample was measured and an aliquot of the
digest was stored at -20 °C until analysis. The content of calcium, magnesium and zine in plasma,

feces and urine were determined using ICP-OES.

{3120} Daily calcium balance was calculated using equation 1t

{0121} Ca Balance = total Ca ntake (dose and dictary mtake) — Ca excreted in urine- Ca excreted

in feces (1)

101221 Whule, percentage of Ca balance was determined using equation 2:

{0123] % Ca balance = Ca balance / {total Ca intake} x 100% (2)

i0124] Cumulated calcium balance and % cumulated net calcium balance were calculated using
equations {13 and (2), except, the sum of 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).
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170 0.223 0.102 0.730 0.079 2.230 + 0.397 1.933 0.838 1.577 0.529 Data
are expressed as neanS. D. C Effects of ICat pill [01101 There is a
t endency wonrotdna4asel ubi ity of calciumto increase w thPam/IBzae/esse i n

potassi um jqn,concentration, (Tabl e 28). Howeve most of the di.fferenges
b e ot BT rRET e P8 trete b They BIRTRE S o SFeES R ey
I ncr gageeh hydswmiwdtdhan: 50% this difference is significant (p<0.05), [0111l1
Magnesi um sol ubility profiles for the acetate fornulas show a sinmlar trend
( TabliB12f0) ip goperak venayapErion apperéed fordesshipae Sto Pt oak peadieon n Thagtore,
magnesi ym sokubi kit vqi . Cal trane’ TM(RF0.08).,. ever, the magnitude of
i ncr gg‘ggg}%gﬁlﬁg nr%!égé(“qlli}éﬁt@ %&Wéﬂlg}ﬁ %Or%g?’ggk‘% g}i%dll]{a;%%%:‘{“ A4, AS and A6, WO
2013/ 014654PCT/ 1B2012/ 053872 [0112] An increase in potassiumis associ ated
with _an j nc;_r,easggi n zinc solubility for Cattratemd and CaACE (Table 30).
Pot as'si GHfHEE* A8FYAPT i cant effect on the solubility of zinc in the four
For mubass (9P Oaks AR Qmai%%g Hﬁ@%‘é&%@?&_@@%ﬁ@%@as@:ﬁ.@ﬁ ZLNC SRR 11 Yod S
i nconsequent 1 al when conpared to , A5 and A6 TABLE 28 Effect O
Concesigmiatandn ddffecdét. OT hthieiaSot whesentey aOfn«@al-c B 88 Eaeht Baf.Milia tAticpdddl
K+ Coric,(mM . Solubility of caldliM(g/L) Caltratel m CaACE Al A4 A5 A6
4, 59TISHEFERTEPYE VY50 19. 224 101. 353 12..947 37..637 2.509 48.670 2.102
23.337 3.162 2 4.300 0.403 78.933 1.320 71.833 9.338 34.033 1.739
35.833 5.314 24.067 1.474 5 3.607 0.540 71.033 13.079 73.733 3.412
36. . 967 Re&knkso 47 iumoOrecBi72 23.500 1.778 10

{0127} Table 35 shows the body weight of rats during the study. Stools from study animals were
sott and this observation could be related to low elemental intake,  Insufficient elements from the
diet and dosage mway have also caused the lack of weight gain for this set of animals, There s a
statistical difference (p<0.05) among the starting body weights of the study animals (Table 35),
There 1s also a shght 1o decline 1o body weight during the treatment period; 1s not the difference

significantly different.

TABLE 35
Body Weirsht Of Rats In Each Treatment Group With Calcium Free Diet (n=%)

Treatment Body weight of rats (g)
group Day 1 Day 2 Day 3 Day 4 Day 5
Caltrate™ 1846477 1786+ 99 1772+ 838 1792 £ 13.7 17541142

Ca ACE

Al

Ad

Ab

Ad +VIED

AL+ Vit D

2024 £93

1804 £ 119

188.4 + 12.9%*

187.8+ 8.8%

207.6¢ 1.5

204 8 4 14.4578%

{948 +03°

1856 £ 14.0°

184.2 £13.2%"

184.0 £ 6.0%°

200.0 £ 5.2%

195.6 + 8.3%%

196.8 2 10.9

1876100

1840127

1842 + 5.6%%

1986 + 4.5

196.4 & 7.7

1934 % 11.9°

1866+ 11.3°

182.4 + 13.5"*

1085.4 £ 605

204.2 £ 445

2010+ 5_()33&%

188.0 £ 12.2°

182.8 £ 154

183.2 £ 14.0°

182.4 £ 9.2™

199.8 1 6.4%

196.8 + 8.2%

&, N A e IR P T R T . ¥ e Yy P I el Y Y TR o e N
5:p<0.,05, compared with Caltrate™; :P<0.05, compared with Ca ACE; +:P<0.0L,

with Al; vared with Ad; Z2:P<(.00 raed with AS5;

P T S Tk Te Dl OE e e R T T
GOL, compared with A4 + Vit Dy W:P<0.05, comparsd with AL -+ Vit D.

{0128}

a composiiion with miniscule amounts of magoesium and zing, has a lower calcium retention (17%,

The addition of magnesium and zine {0 a formula promotes the retention of caleum. Al
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6.497 3.381 158.333 40.624 83. 733 14.093 40.467 7.823 66.567 21.033
30. 867 10.262 15 6.877 0.956 161.667 46.918 92.167 14.793 41.867 7.019
63. 333 7.\86]20%11%1 0.473 3. 567 0 501 100. 800 3. 811PE®BB333/053$& 822

42.6 4, 103, 567 64. 46 , re ex
Tan ool a0 e W e dtp SR SR e R ARt e RR RRAR
Each ifeemdliaicAb/pkad), thk+cdeaing, (aMuideald nate TM e AGE. S@l URENET O roPRGBESHUM
(g/L) AlAA AS A6 0 0.197 0.015 0.527 0.121 0.173 '0.015 34 697 4.836
2392 /agmpgpny yuchgy thy rgospnbingihaiges polggedgegyde chames ipcgpgm mlodon §4°633

1. 716f 3%%‘(5 @(%3 Vf)'n}?‘ mpécg EZQQL m:l’m%%%l §1r19u14t Q{ mggn%l';%m relil{ﬁg?e@ to]‘ﬂn%wde the highest

calcium retention, it appears a 2/1 Ca/Mg ratio 1s optimal.
{0129] The addition of vitamin Ds increases calcium retention significantly (Figure 2 and Table
36). Calcium retention increased to 62% when vitarmn D; was added to AS (Table 36). This
value is more than five tinies higher than that of the Caltrate™ and CaACE groups.

TABLE 36

Cumsilative Net Percentase Of Calciim In Rats Treated With Elemental Supplements
While Receivine Calcinm Free Dict (=5 per sroun)

Cumulative net percentage of calcium {%)

Treatment
group Day 1 Day 2 Day 3 Day 4
- 238+ 158
Calirate™ 2382158 2234168 227 £40.0 0734+ 357
Ca ACE -30.6 £51.3 -8.85 £ 26,5 4881240 1114200
375+ 7 . -
A 375+ 18. 308+ 155 308+ 15.0 1724121
N A T 488+ 17 7 y Pt A '~
ad 40.9 £ 19.1 486 13.7 491 £ 10.2 191 £7.7
25 3642241 468+ 19.5 48.7 £ 18.4% 486 19.1Y
8.6+ 223 50.3 4 ¥ / - 14.8% i9¥
A4+ VIED 46,6+ 22.3 50.3 4108 4791 14.8 50.8 + 11.2
a7+ ’ ’ 500 £7.68%* 62.0+52%"
A5+ VD 437182 52.7 £ 118 59.217.68 62.0+5.2
$:P<0.05, compared with Caltrat e™; *.p<0.05, compared with Ca ACE;
+:P<0.05, compared with Al; #:P< 0.05, compared with A4 + Vit D.

{0138] Magoesium appears to be required in order to maintain magnesium balance (i.e. to avoid
magnesium depletion) (Table 37). Formulas (Caltrate™, CaACE and A1) that have miniscule

amounts of magnesium caused a vet loss of voagoesiurn (Figure 3 and Table 37),

{0131} The addition of vitaroin Is has no significant effect on the retention of magnesiums.  The
curnulative net percentage of magnesium did not change significantly after vitamin D was added to

A4 and A5 (Figure 3 and Table 37).

TABLE 37

Cumulative Net Percentare OFf Maenesium In Rats Treated With Elemental Supnlements
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0.170 0.030 32.667 2.542 23.433 3.408 43.000 2.406 10 0.703 0. 846
0.820 0.193 0.270 0.130 38.733 5.552 30.067 8.429 55.400 18.187 0.730
0.912 0. 680 2003/@A46540. 327 0. 185 41 467 8.617 31.067 A4pr0P0BHM42/833872 3. 897
20 0.660 0.764 0. Q %7 2,899 55.733 34.208

54 233 14, 632 i {n=> PERZIadly Effect O‘

Conece a SO . 3
Conc. 1( g,%l L ata. TM CaACE oﬁiUt’i’@*?_‘VSO“GE)%%F"E?ge_e___m‘}m@1m283_________0ﬁ__2201 980
0. 2562 637 “0.1431. 440291140 WO 20E3#@14654 DPCT/ 1B2012/ 053872 2
1 77 7
0.053 Q,cltc,:)at » 0 0 0 9996119 60 0. ]TQ;E‘ 51.0 ~111.8 £ 301 -116.5 £ 37.
Ca ACE -197 241052 -150.4 £ 889 A153 627 436+ 37.2
473+ 22.4Y B7.0+ . -
Al 1732224 B7.8£333 5521134 £441246
Ad 66587 66.1+164%" 65.6 £ 5.8 60.9£ 4.7
A5 237 +46.3% 3764371 41143425 39.6 £ 3335
A4 4 ViED 48.3 £ 2755 48.3 1 18.8% 49.3 4+ 1537 48.8+ 1555
=0 onns L 3+ - af 37 oS
A5+ ViLD 16.0 £ 20.0 I38+215 28,9+ 179 3724230
5:P<D.05, compared with Caltrate™; *:P<0.05, compared with Ca ACE; +:P<0.05,

compared with Al,

{0132} The retention of zine is highly variable; it 1s particularly true with formulas such as
Caltrate™ calcium acetate and Al that contain minute amounts of zine (Table 38). The results

also show that zinc balance became negative when the amount of zine 1s low,

{0133} The addition of zinc to formulas such as A4 and AS did not significantly improve zinc
balance (Table 38).  The addition of magnesium to the formulas may have caused zine balance to

stay negative {Figure 4).

{0134} Howover, the addition of vitamin D; to A4 and AS made zinc balance positive (Figure 4

and Table 38).  The tmportance of vitamin Dy on zine is clearly demonstrated i this set of studies.

10135} Figure 5 shows plasma clemental profiles after cach treatment,  There were no significant

differences ohserved after elemental treatiments.

TABLE 38
Cumulative Met Percentagse Of Zinc In Bats Treated With Elemental Supplements While
Receivine Calcium Free Diet {(n=5 ner sroun)

Treatment Cumulative net percentags of zine
group Day 1 Day 2 Day 3 Dav 4
Caltrate™ -50. 6 £ 50.0 387238 -38.9 % 26 4 395 £ 237
Ca ACE S07.1 £ 855 777 £59.0 -65.7 £ 66.7 E0.5 & 46.4
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.377 0.221 1.937 0.501 1.360 0.122 5 0.173 0.035 0.240 0.075 0.790

. 147 1.297 0.169 2.503 0.821 1.143 0.278 10 0.203 0.058 0.357 0.111

. 127  0.Wwo201/B83834 0.185 2.373 0.658 1.627 0.225 15 @CTAB201205383 1. 307
.199 1.060 0.600 1.953 0.590 2.963 0,309 1.630_ 0,161 20 0.167 0.015
293 0.093 1.100 0.746°2.500 0.236°5450 3.159°27540 1.42&7pata are
expressed as ineanS.a C K+ :Effects at pH 7 101131 There was a tendency for
the sol uhidiiiy of cal &'Gr¥¥8 i ncr easé>M ¥ an i ncr €8%€**in pot assibdn 239
concentration, however, the difiirence is not significant p>0,05 (Table
31). No caglkcium coul dshe:detect ed igvsprepdrati onssssikmg” Cal tr at e’6:40 01141
Simlar observations to that of calciumwere obtained for the solubility of
magnesi l&g‘ﬁanéd zinc (pzQ:L05ycin all fornmutads cont aining:*acet at e zakts:*®
(Tabl es -é3), No neasur abl e magnesi um and zinc was reported for

pr epar at!,_QSQQ% usi ng Caktzatrer m TABLE:3d: «Ekf ect O Qoncemtrati on £fs:K+1On The
Solubility Cal cium O Each Formula At pH 7 K+The sokbty of (git)
Conc.q:mMocant ratgpsiatay ACEAIA4ASAB™; 0+ : P<0.05, compared with Ca ACE;

5:P<G.05, compared with A4

ORr RO

. Results: Normal diet
{0136} Rats that received normal diet gained weight (Table 39),  Elemental treatments have no
significant effect on weight gain (p>(.05).

TABLE 39
Body Weirsht Of Rats Receiving Normal Caleinm Diet (n=%5)

Body weight of rats {g)

Treatment group

Day 1 Day 2 Day 3 Day 4 Day 5
Caltrate™ 2238+48 282.8+28 2838 +35 2436+ 88 2438 5.1
Ca ACE 2420474 23704125 2392+ 13.9 2386+ 13.9 2440+ 12 8
A1 2300+ 4.5 2358+ 80 2382 %61 2646472 2446+ 35
A4 2348477 2386+ 5.1 2882 +59 2390+ 5.1 2458+ 49
A5 2506+ 103 2430+ 13.9 2454138 2454+ 134 2486+ 144

Data are expressed as meantS3.D.

{0137} 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 18 dependent
upon clemental treatiments, despite the fact that the amount of calcium administered was
approximately 10% of the animal’s daily dietary intake (~130 to 140 mg of calcrum per day).
This observation strongly suggests that dictary calcium, present in the least absorbable carbonate
form, was enhanced by elemental treatments.  The treatment with Caltrate ™ has minimal effect. it
is not surprising because Caltrate’™ contains only calcium carbonate.  The treatment with A3 has

the most pronounced effect (Figure 6 and Table 40).

TABLE 498
Cumulative Net Percentare OFf Calcium In Bats Treated With Elemental Supnlements
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0.133 0.051 98.95019. 224 101.35312.947 37.637 2.509 48.670 2.102 23.337
3.162 10 144000 14.731 66.800 1.539 32.100 0.361 64.033 8.892 17.100 +
0.173 50 wo2413487%65479. 146 68.533 3.259 33.933 2.515 62C88B2017038472 19. 033
3.630 100 156.333 64, 361, 68. 60Q. 5. 356 30.500 3 672 82.000 35.508
20.667 2. 363 140 1jmwx@mﬁ&ggﬁﬁ”gm:#wgnawyu:¢;;;@:ﬁx
00 4 :
64. 800 Ti261B50 30 900 14, 912 D& *é&w@%é@aoa“sai%h@s No
statisticapurdi fferencesddyn all K concemtrati ons testzed for all f@ragml ations
tested”™ "TABLE 32 BEffect O Concentration O "Ki On The SolubiT1ty 0 "Ma
nesi ur n @=iEach For nul -&° 7248K+ Conc. (H¥:7The sol ubtzyd ol omagnesi uni{aio}

Cal trat el nCaACEAl AMAAS5A6 24 WD 2013/014654 00.093 10 50 100 140 170 0.006
0.527 0. €6a4cel. 027 0. 80i#44024817 0. 760 260:221 0. 189 300:087 0.278 310:303
0.310 0.173 0.140 0.347 0.183 0.160 0.230 0.015 0.010 0.316 0.047

0.035 0.062 34.697 32:038533. 533 340.06%s57. 833 64,200, 4.836 2,829, 2.084
3.465 34.279 26.513

A4 1535126 237 £0.4 262496 227473
50 1 5 24 7% 6041088
A5 s2teatyd 480419 4895204 4534927
5:P<0.05, compared with Caltrate'™; *:P<0.05, compared with Ca ACE;

&:P<0.05, compared with Aé

{0138} Average dictary intake of magnesium by the study animals was approximately 35 mg.
Magnestum balance for all study groups was positive (Figure 7 and Table 413, This observation is
consistent with the observation obtained from animals receiving the calcium free dief, tn that
magnesium ntake 1 required to maintain a positive balance (Tables 37 and 41).  Interestingly, the
day to day trend showed that animals treated with acetate formulas (CaACE, Al A4 and AS vs.

-~ TM- . . . . . p
Caltrate ™) had consistently higher percentages of magnesium balance.

TABLE 4%
Camulative Met Percentase Of Masnesinm In Rats Treated With Flemental Supnlements
While Receiving Normal Diet {(u=5 per oroup)

Net accumuiative percaniags of magnesium (%)

Treatment group

Day 1 Day 2 Day 3 Day 4
- +19.6% 338147

Calirate™ 2824196 233481 27.3+10.0 246 +69
WE T 47 o

Ca ACE RN 200+38 34.5+25 T2
-

Al R 444 £30.7 56 94220 315+ 17.0
a4

A4 28.2£91 340178 68172 350144

AS 4895255 4895200 506+ 201 4885210

P = : T PN
$5:P<0.05, compared with Caltrate ™;

A

FP:<0.05, compared with AS

{6139} There were no statistical differences among clemental treatments i terms of zine balance
(Figure 8 and Table 42). The quantity of zinc administered via elemental formulas was no more

than 30% of the daily dietary imtake. It was noted that the addition of a high quantity of
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23.927 30.967 31.867 39.233 32.833 31.333 PCT/1B2012/ 053872 1.74741. 797
5.622 2.13646.800 3.158 8.15148.200 1.253 16.35054.000 2.955
5. 54190. 480 2013444618 12.50761.900 30.685 Data are expCcedBmd2/e33872

meandl . S. D. No statisstical differences in all lc concentrations.tested, for
o i nE PhoPbl Aot ph S EIRRY bRl s S PERRGR ey A s e
Sol ubjzhi t YhiQbbZAirngictlis Bashs RommudRedbd (rHbd oicium Tbedisoliudt yrasfe mnc (g/ L)
Conc. (rnM CaftrateTM CaACE Al A4 AS A6 0 0.007 0.012 0.030 + 0.010 1.283
0.220 1.980 0.256 2.637 0.143 1.440 0.140 10 0.293 0.110 0..727

B U e L TR T o R T A R R

0
0
0..0G68allc587 DhiiGtasHchibled 1a@bRt i@ DO(Fi@R ¢4 40ind(, 3B:bi0. 3xBmdD4B827 Thek 506
2
0

.583 0. 75(?. 2.747 1.432 2.60 1.301 170 . Q.287, 0.142 1.223 0,541 2. 437
g1 gpparent dis

was consumed, FElemental consumption, along with other nutrients, occurred throughout the

crepancy may be due to the guaniity of tolal zine mtake and/or the rafe at which zinc

feeding period which may last up to 12 hours; whereas elernental treatments were given as a bolus.
Concentration and ratio of nuirients presented to the intestinal wall may have a huge difference
between bolus administration and dictary consumption.  These differcuces could account for the

difference 1 zinc balance.

{6141} The results from the calcium free and normal diet studies clearly suggest that adequate
dictary intake of elements is key to elemental balance.  Elemental and vitamin D; supplementation

are necessary if the diet in deficient in these nutrients.

{0142} Figure 9 shows plasma coucentration of calcium, magnesium and zine after ndividual
clemental treatments.  There were no statistical differences in the concentration of these clements

in plasma after elermental treatments (P>0.05).

TABLE 42
Cumulative Met Percentagse Of Zinc In Bats Treated With Elemental Supplements While
Reecelving Normal Dief (=8 per group)

Cumulative net percentage of zinc (%)
Traatment group

Day 1 Day 2 Day 3 Dav 4
W 067 +3 % o
Calirata™ 067 %347 295+ 75 33.8+10.2 32078
57 5 4 45.0%
Ca ACE 20164 40.9+7.3 456+59 48.4+ 4.4
A 266+ 11.2 50.8 4 26.8 46.3 £204 38.7 £ 18.8
77 g A B4 G4 6 3%
A4 W7x103 48£83 276472 276+ 50
A5 5474218 5264217 53.8+21.0 5124230

%:P<0.085, compared with AD

H. Resuilts: Calcium Free Diet with Daily Consumed Doses of Calcium
{0143] The objective of this study was to evaluate clemental balance when the daily imtake of
calcium, magnesium and zinc was replaced with elemental treatments.  Animals, received de-
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2.873 0.771 1.720 0.624 Data are expressed as neand, S.D. EXAMPLE 6 In
Vi vo Eval uation of Calcium Malne.sium And Zi nc Bal ance [0115] The
bj ect i vewoab1dhesshal ance studies were to eval uate the etCTaBr2/ef3sth etary

condi.tions and formul ati,ons. on calcium. nesi um and. zi n¢_bal.ance. . A.

b oty ZCoRA Fine et 5 b B < D BRI iy CRaRRART Prihittner

i s cahgi Ui B8R Bsed HOn St RereSbadhieRun kBedRUt It edppeeAPOsSt Heqvede t he
diets is |isted on Table 34: TABLE 34 Conposition O Normal And Cal ci um

Fr ee mp@dure Ngr fell hascateiclnrirredhphgteiwiight of gepanimals) Glapir4s ) ootigmeytiah her

extract)...10. MO, 2 [ 01465, | 2,.Chol esterol, m 6. O(aci d

hydr %ﬁ%ﬁégb%&f%g 1?jg{a@(r&“}‘)? éﬂg%{%%ég%ﬁﬁ%%% e(’%m% 21.5(star (F:)E) 60. 53

0. 2(d ucose) 0. 2( Fruct ose) 3. 4( Sucrose) 0. 6(Lact ose) Potassium %

1.20 0.62 Sodium % 0.40 0.27 Chl oxinme, 040, 70 0,27 Calcium % 0.95 0.0

Magnesi o @ et ©1i0¥ats Receiving Calcium Free Diet And Dailv Consumed Doses Of
Calcium (u=4}

Treatment Body weight of rats {g)
group Day 1 Day2 Day3 Dayd Dayd
DI Water 200.8 £ 2.50 07.6+3.9 2080£87 2095 £9.9 2155+ 117
Al 198.0+ 8.1 1835577 178.3 £ 8.1 1808 10.2 186.0 £ 8.0

178.8+72 179.0x7.7 181568

and AL, There is

and between A% and DI

i8144] Contrary to the results obtained from the normal and calciom free diet studies, magnesium
has a minor effect in enhancing calcium retention (Figure 10 and Table 44).  The administration of
a soluble form of calciur, calcium acetate, significantly cubavced calcium balance (Figare 10 and

Table 44}.

Table 44
Cumulative Net Percentase OFf Calcium In Rats Treated With A Dallv Consumed Dose Of
Caleinm While Regelving Calcium Free Diet (n=4 per oroup}

Treatment Net accurmulative percentage of Ca (%)
group Day 1 Day 2 Day 3 Day 4
Df Water 287154 480276 572 £43 5414572
At 453147 377:89 374413 42731
A5 548127 567 10.3°¢ 50475 AT 4 £8.0

- N

#:P«<(.05, when compared with DI; @:9<0.05

Sm when compared to Al

10145} Consisient with the calcium free diet study described above, magnesium was required o

maintain a positive magnesium balance (Figure 11 and Table 45}
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Zinc, % 0.011 0.0031 Iron, ppm 290 60 Manganese, ppm 110 65 Co-Jper,p-Jm 1 7
J., ,-,n 2,,r., Vitamn K ppm3.2 10.4 R boflavin, ppm, 01i_, 20.0

Pyri doxi rwp 2pp3m1&s0 16.5 B Materials and Methods [0117PCWHBE12/053872
Sprague-Dawl ey rats (about 6-7 mee§ b with an initial weight betmeen 2209
rats BialibEoid Htiluie Sh S i’f w‘i ﬁmﬁmé R T Band bincd ot of | e
room Each. rallislednpelediecavmeGalennm FseoRiskis=tneisiovRb| 34) before
t he eXpELLHEﬂLhmBQLhJmMJnﬂﬂJﬂMiJﬂﬂJﬂJHnjliELiﬂﬁiSﬁLIabLewBA)mMELE“USEd in
this set ofregtudsi es. De-ioni zed vigdtercupaiys wiededs aidid "Bitwn. Al the rats
wer e wei ghedrbefore -treatpmnt. C. Treatagpts [01183syDwo sets ahystudies
wer e performed: "a normal diet and carcirum tree diet . TR egach st udy, "There
were seven @t nent groups:t'Thirty fivetani‘mal s wéfé'tlandon v *as¥i‘gned to
one of the treatnment groups in which one of the foll ow ng were

adni ni st ered?! Cal trat em ,75€aP&l um Acet &f & Ca ACE)®H=1%A. 4" A 58A 140 pl us
vitamn 1)3 and AS plus vitamn 1)3 (n. := 5 per group). Rats participating
in the normal  diet study rece;ved normal djet ad |i bi tum throughout. Rats
participating®in the grotp’of’cal ci um fHed’di et ' rédéfded the ﬁgiclun1free
food ad_libitumstarting five days before and throughout treatnent. |n both
st udy* ;gr6ups; @mmalesrereceiwidd ohne dose -dodayhforodirvesedays.AiAnount s of

cal cium magnesiumand zinc in individual forrmulation. and in each diet
were determ ned using | CP-OES. Val ues of dosage and dietary intake were
measynetbif asesplie aciapion! atdom oofziel edmitiadebalianed, karbatatcs whatigweicanifed
t he normal diet vera e daily el emental .intake o cal ci nesi um and
Zi ncr}aasr Bon thais‘ég @t%@f?%@’/ aafgy”?ﬁéég@@f PRI ¢ Haéilaﬂy ag?léi“ﬂeﬁrﬁ“%apaiﬁ}@%%@es,
si m la%hc&r@m&bl‘?‘tm ofe D}%@Hé Soul@ne 23 il kg, d %bﬁgﬁiﬂﬁ! Hﬂht}u% B840 T3 e 465.
ng/ kg/ day WO 2013/ 014654PCT/ 1B2012/ 053872 for gnesiumand 0.017 to 2.5
ng/ kg¥ }dfaiymﬁmllt% afi nice alfirtnangrnd B3Gwek® Gheuly] k\gzlid*aeyid( 2@2 gB1@s fterd Aikgladayiiowever,

1. U- dded to. e ara

e 0 T A e B L B R e PR U
The coneenty alihQaief hedl QiUMn ordblides Qﬁ%awﬁﬁ% Qﬁé ISt R ek 14 f B AN
One nL of each preparatlon was adm ni stered by gavage. Body Viei ght,

el ememtadbsdosage and di et consunption were recorded daily. 0. Sanple

Col l ection, Handling and Anal ysis [01191 Aninmals were housed individually
in a netabolic cage five days before the study. Food consunption was

eval yat€d daiid Yot of rsune sandsf @eedemers Gohhettad daldiediDiodsals peayse and
the content of cal cium nesi um and_zi nc was determ ned. On Day 5, each
ani rrawnﬁ«éé%i«tve‘dwt@mpﬁfééwg t of apreswy lane Bele AP wer e adnmi ni stered once a
day for four days. After the |last treatnent, each animal was anesthetized
shortly before peak el enental bl ood concentration was achi eved. Bl ood was
col | dét48] d&khg4aiﬁepanhﬂkﬂﬂd,smfngﬁhvhanCAﬁdhammpud&imme»xmmmediaﬂebm
after | ood ? ol | ection, the aglnal was theB sacrificed mnth an_over dose of
i sof |'BiraR EndELLReB GodeEaRR RIGEEY SuTHHue (eREEPast opatoos BaRiat 3§.otimnd 445,

t enpefat fﬂc@twrplﬁ%ﬂﬁnﬂﬁﬁ Q%xa%n &g ﬁﬁ'ﬁ' ﬁl&ﬁ&f’g?% gﬂe&wgad c@NRIYBLSH: M1 ne
was neasured daily; It was ute de-1oni zed water, ﬁlltered and an
al i qubtianaderstros Echbit 26320 V unt i | analy5|s. Daily fecal output was

coll ected and | yophilized. Each sanple was wei ghed and di gested using a

m xture of three volume of nitric acid and one vol une of perchloric acid.
For quesy dﬁ[fb of3 QM)\@Q A REES corkButiions off @ﬁﬁ&igmm Iﬁédhr guMaanaddedanfachn
sanpl e was digested for three days. The vol une of the di gested sanpl e was
meas iederaridreainetti giiostabfticahailgrgest wwadowtopdcsaproies a'gr’ >05unt i |

anal ysis. The content of cal cium nagnesiumand zinc in plasma, _feces and
urine were determ ned using | CP-CES. 101201 Daily cal ci um bal ance was
calculated .sin equation 1: 10121%tsa@8a yBad ance = total Ca intake (dose and

di et ar mmm;aﬁea Net fz’ag,@mg@m%h@wala{serr&@mﬂ@&milvméx&%ﬁﬁls)u@lw21

Wi | e, "percent a@%ﬁ@ﬁm@@hﬂ@'ﬁ%@&%n@ai%h??@éﬁﬁt' : y on 27 101231 %
Ca bal ance = Ca™Pba 41 Cunul at ed

cal ci umbat-ance—and- ﬁﬁcunufated net ------ cafcruw1ba+ance mere“caicufated“u5|ng
equations Gldraed (2), except, tHESHHREIGHRT PN EEE dlde Emd excretion was
used for calgulmation. The.Db Iance for nesi um and_zi nc mas >

cal cul ated ngnd t he conggd?gof eduatﬁgﬁg (1) _.and ? 3 %5"4

2013/ 014654PCT/ 1B2012/ 053872 Cunul at ed el enent al balance and ' ?4) cunul at ed
net el enental balance were calculatedsin a simlar fashion as descri bed
above. [01251 in general, urinary excretion accounted for |ess than 5% of
fecal excretion. Therefore, _fecal excretion practically determ nes the
quantlty of elenental balance E. Statlstlcal Analy5|s [0126] Al results

I 1 N 1 B AR IZ7 7 A ~ N N~ o N T '




200.0 195.6 177.2 8.8 196.8 10.9 187.6 10.9 184.0 12.7 184.2 5.65 4
198.6 4.5ss's' 196.4 7.7c" 1934. A- 11.9s 186.6 11.3s 182.4 + 13.5s"
185.4 6.we0BMm1234. 2 4.4s' 84; 201.0 188.0 12.2s 182T8B201%038872183. 2
14.0' 182.4 9.2'4 199.8 6As-'s 196.8 + 8.2sc $:P<0.05, conpared. with
Caltrate74; P¥¥&0. 05, nnnpared’ wi t h Cd%8ACE, : P<0. 045+ '¢dnpar ed! ®Wi'th Al ;
& P<0.05, c.--)npied with A4, % P<O0, gpnli,ibgorrpar edgeMAh AS 5: P<0.,001,
conpared wit A4 + Vit DEEYE5%0.05, conpared with A5 + Vit D. 101281 The
addi tion of nagnesium a L to a frnyla pronotes the ret I, of
calcium A, & corrp05| ?%oﬁ \?\ft h m' ni gitrfﬁé armunt & 16f . gnegﬁ%a?{b and
zi nc,, has—a-tone 3 & o (AW, 14654 520 653872
Tabl e ° ) vvhereas tﬁé ref en]tl on of ca\l ci ur’h 1'87'si gnlrfl canE y Tu gher when
the ratio of Ca/ My was increased to 2/1 (A5), the calciumretention is 49%
(Tabl e 36), A higher proportion O%W%ﬁ}l ,zm such as that present in . A4,
does not produce nore changes in ¢at tention (49% Table 36), Wth
respect to the mnimum anount of nagnesiumrequired to provide the highest
Cal CBT Nl G ARROBNS 8./ AL (ALHOLL S ORLITRLy LAER o
addltlon of Vi D3 i ncreases cal ci um ret enti on st gni |can f—ﬂgure
and ‘Iiatlahenﬁﬁa)dm@&bof benerlets@ntzh onadicvdse@se cit tdé2% when vitam n D3 was added
to A5 (Table 36), This value is nore than five times higher than that of
the Caltratel M and CaA. CE groups. TABLE 36 Cunul ative Net Perce ta e O
Cal cijgpzdin dat gunli-@al 8dmWikib £l BABR Qlraslt-Hew D MR 8RRCEI NG G& Gl wm
Free Diet (n=5 per group Treatment group Day 1 Cunul ative net percentage
of cdl ﬂ?pumr(y%m@ay‘»m% gcmaymth@ai‘rnmaaﬁ élm‘mr@a #NCEowy Kodg AShA Zth dight-pight D
AS 4- Vit. n q 87'4 . 19.1* 36.4 24, 1*
46. 6 V27 é’fr@"zfé"“ m%m’zf‘“‘z‘éa%a 1% ““"g aggss EB AP IACAE 3?%“% pzféiefé a“?éaf’ 74%s. 8
19. 5*pAR. &mﬂ&pg%n Healciudh v approkimad- Q&MnS&lnlﬂér @ Lﬁ&&yd&d&i #%nlmald vy
48.7 18.4s* 47.9 + 14.8s* 9? 7.6 0.734 357 20.0 17.2 12. 1 49.1
7.7 mg:u@patq@ml@@ ba@gcg%tuxdr_@i X@variegtoper OV E), pkgiqygwa&@h@w@g figig fhe female
Caltr L11GAN | Lh Ca ol \ with Al;

< oL e RV R S S e B BB, e
reqU| red in order to mai ntai n magnesi um bal ance (i.e. to avoid nmagnesi um
depl eti on) %’ 37). Fornulas (Caltrate' TM CaACE and Al) that have
mi ni SEiFE" & %}nwéclﬁfdiﬁva&‘@é. fiinteainsetregviet fm&%é&%‘gﬁ%@wﬁ%@ﬁ gure8 and
Tabl ewaefz)rargd%gﬁ %1{%u?%%né;dﬂhthﬂRw@im&éhﬁtg{ﬂ é} e Ras A%us! N fia?%ﬂtl Ofrn@ﬁttmion
the retention o magnesi um e cunu net percentage o neS| umdid
not change shcgmumlmﬁbmmq ek 1. vitant mnb3A fasdadeigdtd O ‘»Mc,ambsﬁgat(‘d:mgmoe 3

-al'-::]g a;rpggﬂlug\y % £A>EI 'ﬁ% iF %{}m g, D g}fji)lér%;s:iﬁ\:/‘g o Iigt&n P?Jni%%i% f{mgm o e !%Hrpml mrlluﬁgwira

dissolved in distilled water, while Caltrate™™ was in suspension in distilled water. The solution or

suspension was given to the rats daly for 8 weeks by gavages. The dose of all formulas was
calculated based on a calcium dose of 53.14 mg/kg/day. Dose of vitamin D and vitamin K, was
12.75 TW/kg/day (equivalent to 800 TU/70 kg man/day) and 1.71 pg/kg/day (equivalent to 120 ug/
70 kg man/day), respectively. All the treated rats were weighed daily and the mass dats were
recorded. The rats in two control groups (sham conirol and unormal control}) were given the
equivalent volume of distilled water in parallel For the groups with the treatment of
bisphosphonate, alendronate (14 pg/kg/2-week) was mjected subcutaneously on the back of the rats

once every two weeks,

[0153] At the end of 8 weeks, the rats were anesthetized using 1soflourane. Blood sample was
then taken via heart puncture. The rats were then euthanized under anesthesia by neck dislocation,

and right hp, right fomur and right tibia of each rat were collected for analysis. Plasma was
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WO 2013/ 014654PCT/ 1B2012/ 053872 Wil e Receiving Cal cium Free Diet (n=5 per
group) Treatnent group Dayl Cunul ative net percent age of nmagnesium (9/0)
Day 2Day WOD&;&/(AMSaRr at eTM Ca ACE Al A4 A5 AA + :tit D RETABMI12/0$3872191. 9
139. 1 105, 5 "
16.0 ¢ tb‘%“”")%’2%’0%‘5‘ "%&p 5° “‘ig‘éfd tged é*algm 669“3% m%?sig"?‘mé§0&mg"”‘ﬂ%“ L ngimé +
37.1 rﬁ@gn@smﬁ, &1 Bnc A3rOmelrdd usbILPEOES89. 1 -115.3 62.7 -55.2 13.4 65.8
5.9s"*." 41.1 + 34.2" 49.3 15.3"' 28.917.9" -116.5 37.7 -93.6 37.2 434.4

24.6 60.9 + 4.7" 39.6 + 33.3" 48.9 -1- 15.5" 27.2 23.0" $:P<0.05,
conp ! r o SOTRAT : .
corpayesh s pCoh BT B ST B R A Lo PP

par t ishalardnyrot ¢pred. W)t dndf e nalias as:uah waishiCalotnhalt endls s@@cll(ti) ng‘a¢et/aﬂ@ alnda, AI

that contain mnute anounts of zinc (Table 38). The results al so show t hat
zi nc PHFENEEOBetal® Hegative %aﬁﬂ%ﬂ%émﬁo@%ﬁ%%@nc NegsgBe catloggEnThE

addi trh%e%tamz%)ﬁ%nﬁ %e&%ﬁ%&&?« @%Bb%éﬁélex%@f}loé%ﬂi doRek {Sv{ ] 563 Dats Yhas a

i nprove zinc bal ance (Table 38). The addit magnesi umto t e “f or mul as
may hasee céuskeghaithe tal ahééﬂv’@i &f‘éy kngyat #veSitRlagyr plagha c{)matt&tldﬂ@wé@@r

th ddi, t f b t
4 and 4678 8ot thE T hooT e e E B P AT Do bR e P BR daprpraon: &

denongiriatiRdndihal Bhsird 8basOfigri i M0 %hiphld 13D h I SUH8nOcRONsPhaS Ao lenmnt al
profiles after each treatnment. There were no significant differences

obsertwattdafitlep Seviswentaind péatienns DI TABLE B38pCLdil ati ve Net Percentage Of
Zinc In Rats Treated Wth El enental Supplenents Wiile Receiving Calcium
Free Diet (n=5 per group) CaltrateTr" Ca ACE -50.6 -107.1 50.0 + 85.
5 - 38675517 Boly W3¢ chbscl (o838 RBrenbhredimedbfoufbard shd9n In Fhlrd14.28 expected,

weight gains in the OVX rats were significantly greater than the normal rats (p<<0.05).

{0156] The effects of test substances on bone mineral density (BMD) are shown on Figures 15
and 16,  Trabecular BMD of Distal Fernur BMD values of groups Al, AS+Vit D, BistAI+Vit D,
BistA4+Vit DB, BistAS5+Vit D and Bis+ Caltrate +Vit D are significantly higher than that of the
OVX control (Figure 15), suggesting these treatments sigoificantly 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 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, Figurc 16}, Again, vitamin K did not have any significant contribution. The treatment
with AS+Vit D provided consistently higher BMD at distal fermur and proximal tibia, suggesting
this formula may have an advantage over the other elemental formulas.  Although, the addition of
bisphosphonate provides consistently betier results, the difference, when compared to AS+Vit D

and other elemental formula, such as A1, was not sigmificant {Figures 15 and 16).

{3157} The BMD results of Al are similar to that of AS + vit D, This 18 not surprising because

Al animals were fed normal calcium diet which contains a significant amount of magnesium,
{0158} The OVX rat model used in this study did not permit evaluation of maxinmum bending
force and failare evergy afier each treatment because the values obtained from the OVX control and

that of the Sham were insignificantly different from each other (P>0.05).
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46.4 WO 2013/014654 Al AA AS A 4- VU DAS + VUD 10.1 876 -61.0 38.88
-8.05 45.35a 272 22.8 17.9" a PCT/1B2012/053872 -0.348 22.2a4.22 7.3a
-2.79 6.WO0-2013/846529. 35-56. 3 24.55-33.8 23.95 9.737 3OTABH19653872

40. 35sa8. 76  40. 15' 43.7 + 18. e&5].. 15.15-554.2 + 11. 2- 5 35.8 17.842.9
12 9'544.6 10 1 '8 $:P<0.05,. cQ ;‘ 'th CajtrateTM *:P<0. 05,
conpared. with Ca ACE, & P<8U{BEUCHUgRIR BN A2 G Resul ts: Normal di et
[01361 Rats that received normal di et gal ned wei ght (Table 39). El enental
treat @?‘ﬂj Hhay ‘“ﬁm@& ShOM [fi 'nﬁ:%ﬂ&r &ficﬁﬁtsu%‘ aé"ﬁ;‘aﬂpﬁmga&ﬂm( B3 (@ eQLS)w hiahﬂ%@{*% tég
Body V‘é h O "Rats Recelving I ct um Di (n=5).

rat S tbg}ciubﬁl‘t}eatdrﬁema ga@oa@\‘m,yomh@&yu?k@agl 13(:@&3&1 the IDatymﬁmCﬁzm{EMhZann@ z,h<.4 6
23 b‘iﬁié i8h % gh d? gd g. tCE2420 7.4 237.0 12.5
239 7oL B b pEngnshy adpnigiciyd B3Ce 978 233. 8 8.0 238.2 6.1
244.6 + 7.2 244.6 + 3.5 A4 234.8 7.7 238.6 5.1 238.2 5.9 239.0 5.1

245.8 4.9 AS 239.6 10.3 243.0 13.9 245.4 13.6
{0168] The objectives of this study were to evaluate the effects of teraperature and storage on the

recovery of calcium, magnesium and zinc i AS after mixing with filtered and unfiltered orange,

grape and carrot juice.

i0161] A 2.6 g or 500 mg amount of AS was weighed accurately and mixed with 330 ml of
water or either filtered or unfiltered grape, orange or carrot juice.  The specimens were prepared at

cither 4 or 21 'C. The elemental content was measured using ICP-0OES.

10162} Small quantities of calcium, magoesiurn and zine were found in orange, grape and carrot
juice (Tables 47, 50 and 53). Tewmperature and filiration had no effects on the recovery of calcium,

magnesium and zinc of AS when 2.6 g of AS was used for the study (Tables 48, 51 and 54).

TABLE 47

Content of the three key elements in fresh orange juice

Content {(mg/L)

Sample - - -
Ca Mg in

Fresh orange ) . . .
e 87.7 £ 0.87 115 £ 0.8 .47 £ 0.03
Juilce

Data are sexpresssd ag Mean + S.D. {n=3}

TABLE 48

Flemental recovery of the 3 kev elements of AS (2.6 o) in orange injce at 4°C and 21°C

Solubility {(g/L)

Sample Ca My Zr
A e~ 2 O 4 C : 1 C["( 4 ’)C / e~
nfiltered 0.9¢6¢8 0.987 0.528 0.54% 0.047 ¢.045
T + 0.006 * 0.002 = 0.007 + 0.012 + 0.004 + 0.000
ltered 0.878 0,884 C.h21 0.527 0.045 C.04%5
ST + 0.008 + 0,008 x 0,007 + 0,002 + 0,001 + 0.003

Data are expressed as mean = 5.D {n=3}
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245.4 13.4 248.6 14.4 Data are expressed as neanS.D. [01371 The pattern

of calciumretention appears to be simlar to that obtained fromrats that

recei ved wal2oixnmmdsnee di et (conpare Tables 36 and 40); ®oggBzu2/mipsal ci um

bal ance i s dependent upon el enental tigﬁgéggnts despite the fact that the
ﬁi}m %

amount of gcal CI ! S 10% of th animal's daily
di etary i ne&ERa SR e ol Al ?~ tnggitaredat g $at i on
strongly suggests that di et ar,,,,, caI CI um present in the | east absor babl e
carhonate fgrm Wwas enhanced by elenpntalikheal/ANts. The treatment W th
Cal t#-at-eT~4-+has—m-pi-nal—ef-f-ect—t—i-s—not cllrprlcln hecause f‘:\lfr:\fnm
contiai ns onlly cal ci um“’(f‘ar bonat e.| The treatir?ent with |A5 has t henost
pronounced ef flecte(Fi gulreé 6tanrd |Tabllee ﬁ@. TABLE40 (Cumiltatédve Netiltersd
Per(,ene ﬂ kJ bdh(.aIUl Illnl'gd/L/b+ IIEdL E—L}, V\LL 1 I:lr B{H:é,llLdl Dupph!;:ll,b‘ 1t b@ ]\¥\§J+
2013/ 014654PCT/ 182012 053872 Whi|l e Receiv ng Nor mal |Di et ,gn =5/ per_group)
Tredt ment grioup’ - "Gunul at i Ve'’ret |per&entage of “cal’ci um (94" Day 1''B4y’ 2 Day
3 Day 4rceal tirat el'm €3 ACE Al2 A4 |ASo-6.19+ 24. 6. 1. 4240 8144 33.5¢.0199 3 12.
52. 1% +,21. 78" 17.3 [7.5,26-9- 9.0 49,2 38.8 7, 23.7 9 4,49 D + 19.e 21,
10.0.30.3.419.39.2_ 27.3.26.2..9.6_48.9 0.4 17.5 102§ 3.0.31.3

21.9 227 amE Fxgneg=cpas 7hed: p<@.- 05, (‘tonpal &@d"w tth ccabet atleTfﬁ} *2rpa), 05,
conpar ed ot Ca ACE; 5:P<0.05, conpared. with AA 101381 Average dietary

i nt ake of magnesi um by the study ani mals was approxi mately 35 ng. Magnesi um
bal ance for all study groups was positive (Figure 7 and Table 41). This
observation is consistent wth theyohgerwgtion obtained from aninals

receiving the cal @igidd @endiis kbflelohRhiSTHIAG RiGcd S required to
the day to

gl y,

day t rend-showed-that—anmal-s—treatedw tpr gggt-{a‘te fcn tnrl as—(CaACE—ArT A4
and A5 vs. CalstiateTnm) had-eensi-stenthy—hi-gher— vercehtages—of raghest e
bal ance.Treatnent group Cal t r AfeTm Ca ACE Al Y1 AS Day 1 -2 g9 19._6%

16.7 17 FZ0eT1 S72PREIPOE28. 25 9.19,48,9 25:3,Net ;agcunul atiye pes C@NI, age
of magnesium (%:iDay 2Day 3 23.3 - F 8 1%27.3 10.0 29.9 3.834.3 .5.44.1
30. 736922 .209= 340103, 8368 * 7.2 48-°9 20.950.6 20.1 Day 4 24.6 6. 9 37. 7
2.7 31.5 17.0 35.0 4.4 48.6 21.0 $:P<0.05, conmpared with CaltrateTm

5P: <0. 05, conpared with AS 101391 There were no statistical differences
anong el enental treatnments in ter"ﬁé%ﬁ? % nc bal ance (Fi gure 8 and Table
42) & e ESoR\Bi @ i vy E: 3 ”‘:‘ Gl o} & -: S aTen 'A: 8 T e x Y A‘ .

t han 30% of the dally di etary intake. It was noted that the addition of a
hi gh quantity of WO 2013/ 014654PCT/ 1B2642{0538Y2 (q/1.)

Sample Ca Mg Zn

4°C 21°C 4°C 21°C 4°C 21°C
§.958 . 968 G.55 8,518 0.040 8.046

Unfiltered + + + + + +
0.010 0.01e 0.005 0.010 0.001 0.001
0.981 $.875 0.516 G.h20 0.045 $.048

Filtered + + * * * +
0.018 0.004 0.027 0.005 0.002 002

Data are expressed ags mean & S.D. (n=3}

TABLE 582
Flemental recovery from AS (2.6 o) in distilled water at 4 and 21 °C

- N Solubility {(g/L)
Temperature
Ca Mg Zn
4 oc 0.875 + 0.407 *% L0z4 %
} 0.018 0.0¢0 0.082
51 oC 0.887 * 0.404 =% .028 =
0.016 g.008 0.001
Data are expressed as Mean = S.D {(n=3)
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magnesi umtended to | ower zinc bal ance, a trend observed with A4 treatnent
(Figure 8 and Table 42). This observation is simlar to that observed in
t he cal ciwmzbrmmmet study (Table 38) [0140] Cont r ar y PCoO/IB2022/0338T2 um f r ee

di et nc, bal anee s dy

i s BAELeRIR0uE drbre Rl rean At TRr Rkt S sha s Sudhdt s 8o,
Thi s (@ppiarsent di screpancy may be due to the quantity of total zinc intake
and/or the rate at which zinc was consunmed. El enental consunption, al ong
Wi th other nutri ents occurred throughout the _feeding period which may

| ast O 9 A halod n I
ConcdPedlr bRt ul £ 1P RS BT el IR IRhZo P RS R) KEn B0 R R T
have wahdmulye ¢ od}ff/‘fwemmesabﬁidméﬁ() all aféiiadm dauidstntidtbtedrorang il etareyuice (1 abk%

consunpt i These diff renc s could _account. for the difference in zinc
bal an‘@evmf gik1 Hownerr when 08 O tgé R EFEniTiee §‘hd“h‘6¥‘1%l° Ldieetivst 4idi es
cl earrhy g sLs kﬂ%ﬁﬂ&gﬁﬁq& &"Vg'iﬁl}iﬁrﬁe uﬁﬁﬁiﬁ%d Q‘fiaiﬁ\le ab® lf“ﬁy 5Qe tower

el enent aI bal ance.” El enental and tam n D3 suppl er‘r‘enta i on are necessary
i f thecdicet ofl aaladaehifenentiitaed drmsec }ﬂiui’u‘bﬂ epasts, thaiOhA2lp Fi gunge Brichonsbpldsm
concent,r tLOI’l of .cal ci um nesi um and, zi nc. aft.er individual elenental
treat%ﬁ\f% i Afer &ARRY Elcﬁglcg’a(gth%‘ﬂ% “’g ef“f(g' Mélg' in the concentration of
these elenments in plasma after elenental treatnents (P>0.05). TABLE 42
Cumul ative Net Percentage O Zinc In Rats Treated Wth El enental

Suppl enents Wiile Receiving Normal TBlfﬁtF 63\ 5 per gr oup) Cunul ati ve net
percentage of zinc (%  Ireatmy gr oup Day. _ A 3 Day 4 CaRrateTr"
Ca ACE AT A4 AS 0. 67 Coptenzord ¢ ClEmenis gitafprities ~ 10 200, 7 51 g
29.5{7.540.9 7.3 50.8 "26.8 24.9 + 6. 3%58}16@21:%;33 8 10.2 45.6 5.9
46.3| 20.4 2758"P¥e2 53.8 2170 32078 48 443877 I8 8 2,6 5.
51. 2 {2870=67P<0:05;Ton, ResH 15575 Cattiium r\re%gu.-gl gtwi t h

Dai | y Consumed: Doses’ofca€al ci um/ 014 1 The obj ect’i g “of tthis st lédy was |t o
an 2\ I)‘l"\l l.as ; n+ f\l tQ rj\p al ﬂnrﬁnl HIM

eval U'at'e eLQﬁ‘Bn-'E"ai """ ‘b'a'i aﬁf;' "'mcll g _yal(l _y,‘ Tkl cat-tt uu; ||uU||CQ| o and

zinc was replaced wth el erental treatnen 's. Animals, received de WD

2013/ 014654PCT/ 1B2012/ 053872 ionized water ad libitum (D Water group),
were fed normal calciumdiet. AninalfaBisubgtituting their daily cal cium

intake by Al or Wbmekel eedoeti~Crrbel AFH 3EEndb@lrot ificd SopparENt that the
gav-age procedure did not have an effect on the body weight of the aninmals

(Table 435). Henental Treatnents, howeVeE; tlnqyced a S|gn|T|cant reductl on
in Ody weli gh —FABLE-43 Rnd\l \Abi nhf O —Rat-s—Recei-w ng Cal-ci ||m Fr-ee—Di-e
And {Dai | y Consuned Doseé Of Cal(lum( n -it) Tr eat ment group” Zn Body weji ght
of riats (Q) Day.4d Day2 Dayds Dzay4 Day5 O V&iems2Q0. 8 2.2. 50; 20700 rmgH3,. 9
209.10...8...7..209. Bramp 91215. 5. .11.7. A72198. 109 1 183 5 1.F29%8 8...1.180.8
10. 2 186« 8, 0 0.907 = 0.196 = 0.482 = G.151 =% 0.0235 = 5.0031 ¢
c.0L8 0.009 0.0L3 0.001 ¢.00z2z2 0.0001
One Week 0.935 + 0.188 = 0.481 ¢ G.150 + 0.0491 % D.0031 %
¢.033 0.006 0.01L¢6 0.008 0.0094" 0.0000
Data ar CEDres a Mea * 5.0 (=3} ***xpP<{ oa ] Wit &sh
group

[0165] This set of studies suggests that AS cau be used to fortify a number of juices and water.
The 2.6 ¢ of AS provides a daily requirement of the three key elements for the prevention of
osteoporosis; 300 mg of calcium, 150 mg of magoesium and 5.6 mg of zinc, 3500 mg of A5 15

intended to provide a serving of these clements in the functional food format.
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AS 194.0 8.2 182.3 7.1 179.8 7..2 179.0 7.7 181.5 6.8 Note: There is
no statistidl sign.,.ficant di Tferene between Al and AS. There is
statisti cab 2difdiessence between Al and DI (p < 0.001), amdThB2oA®es3872S and D
(p<0.001). [01_441 Contrary to th%WAqﬁgL%§qobtained fromthe normal and
calciumfree diet studies,_ nmagnesiumr %ja’ningr effect in enhancing

cal ciumretention (Fi gure A&X5RECFRAREHORROUBASEIME N ni stration of a sol uble
formof calcium calciumacetate, significantly enhanced cal ci um bal ance
(Fi guPESSi0 Tadeirtptle lgucalepypicenigat cuiihas PoEdNethablspee it ggdingf @ ik foam | n

Rat s Jyeated Mith. A5y, Cansumed LAl e Begei vi,ng, Gal ci um
ree B Ef ER N ser PR T Renr ool b N RN GG g M BRE
46. 3 (T2 B5):54.9 12. 7' Net accunul ative percentage of Ca (% Day 2Day 3
3.89 + 7.65.72 4.3 37.7 8.9'37.4 1.3 56.7+ 10.311'50.4 7.5 Day 4 5.41
5.2 42.7 1" 47.4 8.0" *:P< .05, when conpared. with DI; 5:5<0.05m when
conpared to Al 101451 Consistent w 8HBIHe52al ci um free diet study described

above : Was [T i st mairntain osTtive Si bakapce
OV, T ARKIEN ! et B COmbhY we>! BU-Vdhal
(Fidure 11 and Table 4§§?§r %%13/0146§4 %a I'e 45 Cumulatlggb Lo

Per centage OF Magnesijum I n ts Treated Wth O Calciun1vm5 £ eze'ving
Cal di-um-Free—Di-et—na=4-RPCT/-+B2012/-053872-Dai- Ly Consured -Dose C.ruchn%nLt
Net laccurildtive pergentage of My (c)/0y~-§roup Day -1 Day"% Day 3 Day {4 D
Vatdr -32F5A® 4 -17.0 10.4 -7.9 10.0 -2.59 10.4 Al -75.9 50.0*
-27627. 726w  19.413.6.18.0 A5 18.83 12. 7@ 14.4

Dry Vitamin Ds 3.2° 0.55

160 GFP/HP*

i
{
(@)
o
S3

.

Kollidon VA 64 32.5 5.52 05
Magnesium 2.93 0.50 5.86

Stearate
Total 588.68 100.00 1177.38
* Hquivalent to 250 [U of Vitamin D

{¢167] The calctum acetate blend in the above table comprises 14% calcium acctate, 7%

raguesivrg acetate and 0.7% zine acetate,  Magnesium stearate was used as a lubricant.

{0168} The Dry Vitamiun D33 100 GFP/HP composition {as mentioned in the certificate of analysis

provided by BASFE} is as follows:

Ingredients (CAS No.) Concentration (w/w)
Sucrose (57-50-13 30,0 ~ 40.0%
Starch (2005-25-8) 20.0 - 30.0%
Gum Arabic (%000-01-5) 15.0 - 25.0%
Gilycerides (73398-61-5) 5.0 - 15.0%
Water {7732-18-5) 1.0 5.0%
Tricalcium phosphate (7758-87- < 1.0%
4%
Vitamin Dz {(67-97-0) >=0.25%
D, L. — alpha - Tocopherol <0.2%
{101981-41-0)
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7.0 5.2 4.4 8.4 *P<0.05, when conpared with DI; @-.P<0.05m when conpar ed
to [01461 Despite a higher anount of zinc adm nistered with AS, zinc
bal ance wai® 28i3midsecantly | ower than that of the D Wat (PCTgBllllp’()53pTZOVi di ng

A e e T e e R R T

The ap@umt S OfarZin0; peiMablesier. edn@et%e@\trhaftatntmzafasaﬁert Alld@r gunshivese
simlar. However, simlar to that of AS, zinc bal ance was S|£n| ficantly

t oweroVeHEA: t hbg H@fmfermtmeeworaﬂwéﬁﬁwﬁaﬁaewbﬁﬁﬁ Héfng. s ugaessi-+ g h- éhmg
sol ut 0 (N al, g t oSk y interfere with zinc
absor%ﬁ?%ﬁ/ Q)Qgﬂ Lf%it‘%?ﬁsiplébég 3@ 1lr:ﬂ(?s@t 5@28 Egeggﬁ %d%gt} @%I enental dietary

i nt ake of el ements does not produce the sane effects when conpared to that
of an ui val ent _bol us dose, 101481 Taki all the study results into
consil 8@%‘&“ dhe 5‘3&@”%?’“@%@%‘34 MEOTHE iﬂég qg‘f"@ﬁ% 51 ci um bal ance under
different experinental/dietary conditions (conpare results on Tables 36, 40
and 44). The addition of vitam n D3 enhances calciumretention of AS when
t he §ﬁb’?’§éct‘§té§s defidiant Amtath éladypeiaiventss (ﬁfﬂabdt eh®6yh W04 siqguredl3

shows, pl, oncentr ns.. of | ciu n ma d zinc after eac
ol enaiPuPd i Bedrnent. | ot SPRidierrarsal SRR R iR an el on
pr of i lo@si 26RaH0R}ecn WABLE A G Cymh.atibNe Nt tx%&’i&teetac il AealdnaiRat soTheat ed
Wth A DailySU ed Dose O Cal cium Wile Receivinu CalciumFree Die n=4 ter
rou Wiéét@h’ehﬁ%til@a}t:@@ﬁm‘h@uﬁ@éOfpem@emia@e biis thi% wgt oupPayDhscr2Bayasbey 4
35 V02015 034854 DL BT Al 1 380 RoyPnRyg 4 O 25-9,23.7 16,2%4
D10, 8PS PIET ingrodiGityg Vignill s FRd RpJgn Wbk 7y 34 T4501 11) g
PCT/ 1B2012/ 053872 -1.80 12.2 -58.5 6.2* -63. 2 16.2* *P<0. 05, when
conmpared with DI; g‘{‘m 05, when conpared to EXAMPLE 7 101501 The
obj edfi{&s Sterhi s s Qer 6.6 & evapRpase! Pﬁe“«éﬁm@tps 16p &GHiHP Wir?ér%tr%
conp ngd, V.t a tom,.zed, r at
roderHHEYE R Wl AMRE N S MR S0P R 2R, W AT R A LS
used mandichdliseddiat t he Laboratory Ani mal Servi ces Oent er at the Chi nese
Uni versity of Hong Kong with 12-h |ight-night cycle. Free cage novenent was
al l owed with access to the normal calciumpellets and tap water. Daily
CoONSUQPF4jokeof 3¢ abiEhdim: RS ag&@fg%t MRy ehq 108 A3b@ld Blend Quidiator ecw@;ed
in ani mals who participated in the balance studies. Ovariectony (M),
r erm\mtpa@td BVEHEP éswt\rzrmmqi hethf Enad 81 patpsicdwasigpel fooSmethuty talphoduat Blawd 0”’

th 01; atﬁ bt/vl t.h th e)xce t| on of the shamcontrol, 101521 Three weeks
afteruﬁ%(‘“% P O{Rec 8¢ 0dBBVered fromthe trauma of the surgery. The rats
wer e random y divi ded |nto different treatnent groups or control groups and
each roup contained six rats. Four calciumfornmulas (A, A4, AS and A6)
and CGifT4lat StatedeBiending §yated ¢intismesyredent Sedidy. biqrhtemeawci &t Ko inwggr oup

t t
Zlegzlleg %"ﬁg er“%r[\‘/y} @J 5P %&aﬁ?t@rl :t?c ?n%%irmlghmé“élé% %Osdi%gyn i sfusﬂ e%%\}\gegm{c The

sol uthianicon: SUBpeasi on was given to the rats daily for 8 weeks by gavages.
The dose of all fornmulas was cal cul ated based on a cal ci um dose of 53.14
ng/ kg/ day. Dose of vitamn D3 and vitam n K2 was 12.75 1U kg/ day
(equipkadant kg / [ i t.0..120
ttgrl 16 Oﬁkg S?fﬁ’n?% %Mﬂ%giépegtg?ﬁ \ﬁ%@pﬁﬁ&g ]aég%?lgggtbg% glg%{%él\%g%éx%leiggh ! ‘93a| |y
and tihsedmeét Batd O&eprep&reﬁomm 4Ttsae9 mahstcs e pvaivco Bieml 4 (wupsd@dthantne
cont rb? rHia 2 }control) were given the equival ent volume of distilled
wat er?§Hparart eP™For the groups with the treatment of bi sphosphonate,

al endronate (14 vig/kg/2-week) was injected subcutaneously on the back of
the rats once every two ,veeks. 101531 At the end of 8 weeks, the rats were
anestifi&td 'Ez@deiméi n@iémﬁéﬁﬁg B8 ah&0 eBhobehessapllegwwasint Renrataken mkal waaMisnd
puncture. da % S, = theln eut hani zed under anesthesia by neck

dlS|OCé’[K GHEC Brd i T Vﬁft ﬁlﬁu(’?’lght fennir and right tibia of each rat were
collected for analysis. Plasma was WD 2013/ 014654PCT/ 1B2012/ 053872
collected from bl ood sanples centrifuged at 1500 g for 15 mn. Plasna
concdft At i%es Tof Thalleelmendaginasidumovands zinenywer witadorey Wde mgpst ePoES,
1015 4 pl asma calciumlevels were not statistically

di ffe%réigﬁet%?ir@%ﬁtwfpﬁ{;&”&%a%‘he sham control (p>0.05) and the val ues are all
within normal levels (90-110 ng/t). Al plasm concentrations of My were
within the normal range (18-36 ng/L). No significant difference in

magnesi um pl asma concentrati ons was ofaserved except normal control (w thout
surgery) has a nmean val ue higher than that of A4+Vit D+Vit, K (p<0.05).
Simlarly, plasma concentrations of Zn in all rats reached the rat nornal
concentration at about 1.26 ny/l ' Zn pI asna concentratl ons of rats in the

g, - N 1 . .



Fresh orange juice 7.7F0.8/ 115 + 0.90.47 + Data. are expressed as Mean S.
D. (1-3) TABLE 48 El enental recovery of the 3 ke elenents of AS " orane

ui ce at AMgoants/@id34Sanpl e Sol ubility(q/ Jl) Ca. MpCTAR2014@G38%. C 4C
21C C. tere 978 +0. 003 0.997 0.002 0.994
0. 008 Ble At Tng S Bty g s 5N 09 o 002 0. 047 +0. 004 0. 045
+0. O Ir syt e H00 0. OGS 02t Dat a| anecexpr.essed as| ngan £5rD2000= 3)Lr WO
2013/014654PCT/ 1B2012/ 053&%é) TABLE 49 El enental recovery fegprs8 ng of AS
in 330 mM orange juige stored at 4 C solubility (g/L) M}  pateh (g}

Calcium 1100 92.43 2200
Acetate
blend
Dry Vitamin Dj 6.5 0.065 13
100 GFE/HP*
Kollidon VA 64 65 5.52 130
Magnesium 5.86 0.50 11.72

Stearate
Total 1177 .3¢ 10G.00 2354.72
* Fguivalent to 500 IU of Vitamin Ds

{8179} The calcium acetate blend in the above table comprises 14% calcium acetate, 7%

magnesium acetate and 0.7% zinc acetate.  Magnesium stearate was used as a lubricant.

{0180} The Dry Vitamin D3 100 GFP/HP composition {as mentioned in the certificate of analysis

provided by BASF} 18 as presented above,

{0181}  Assay value: 100,000 U Vitamuin Dy/g (=2500 microgram cholecalciferol/g).  The target
weight of Vitamin D3 per table 18 5 mg.  30% extra Vitamin D3 has been added per tablet to
account for loss due to degradation.  The manufacturer assay value is 100000 IU/g 1.e. 100 [U/mg.

Since 5 mg (6.5 mg with 30% overage) has been used each tablet has ~500 U of Vitamin D,

{0182]  The tablets were created according to the following steps:

{B183] Step 1@ Calcium Acetate blend provided was sieved through 40 wesh screen and
180/120 mesh screen.  The fraction that passed through the 40 mesh screen and was retained on
100/120 mesh screen was used for formulation.  The fraction of calcium acctate above 40 mesh
and below 100 mesh was not used for formulation. This fraction was chosen to keep the particle
size similar to other mgredionts — Vitamin Dy and Kollidon Va 64,

{0184] Step 2: Blending ¢1: 13 g of dispensed Dry Vitamin D: 100 GFP/HP and 130 g OF
Kollidon VA 64 were blended for 5 minutes at a speed of 25 rpm using a small tamble blender to

produce Blend 01,
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Filtered Unfiltered Filtered Unfiltered Filtered.Unfiltered
One0. 272 WeekO, 005 Data are group 0.171 + 0.001 0.104 + 0.010"" 0,0104
0, 0015 ulwonh#146340139 0. 0088 Sanpl e Cont ent (ng/EﬁTﬂEmnhmi$Zh Fresh

grap t e .48, 7 04 + 3 0. pr£ess.

Tean TSI debth 3° il O TS oF et o i Oar R R Bu B SRNG5S,
in gr@@ﬁﬁrdﬁmntsuwGeasaimél&:mmd? 123€01 pedptifaiilih Syep( Dot <)m§@m|l@gamz@g md a2
4C21CAC21CAC21C 0. 9580. 9680, 550. 5180. 0460. 046 Unfi | t er ed++++++

0. 01083104 60u100 5 LOB!c0 UL -HOP: 9810. 9750. 5160. 5200. 0450. 048

Filtered. ++++++ 0. 0180. 0040. 0270. 0050. 0020. 002 Data are expressed as nean
S.D. (11,-.3) TABLE 52 Elenental recovery fromA5 (2.6 0) in distilled

wat erj¢a86}4 Sand 42 Bl@ding 03:.0800ag ar dispxpré Sabduasiddean blcBd DreplanszBin Step 1 was

mixed with Blend 02 prepared in Step 3 for 5 minutes to produce Blend 03 (using double cone

blender at 25-30 rpm).
{4187] Step 5: Blending 04: 1200 g of dispensed Calcium Acetate blend prepared in Step 1 was
mixed with Blend 03 prepared in Step 4 for 9 minutes to produce Blend 04 (using double cone

blender at 23-30 rpm).

{0188]  Step 6: Blending 85: 11.72 g of dispensed Magunesium Stearate was mixed with

Blend 04 prepared in Step 5, for 2 muinutes.

{0189} Step 7: The final blend prepared above was dispensed using a Rotary table press with
target tablet weight of 117 g

{0190} The size of these two formulations has proven to be acceptable o a test population.

EXAMPLE 18
{zel Cap Formula Consisting of Fish Ol

{0191} A gel cap formula for the Calcium Acctate blend was created to enhance end user

acceptance, ncreased solubility of vitamin D5 and 1ncreased efficacy on bone mineral density.
10192] Vitamin Ds 15 an ol soluble vitamin, 1t can be dissolved using lipophilic substances.
10193} Fish o1l containing omega 3-6-9 {atty acids is known to have beneficial effects on bone
health (32).  This oil also has the advantage of dissolving vitamin D, obviating the granulation
process of Calcium Acetate blend as described in Example 9.

{0194} Fish oil has been found to have the ability to increase the bulk density of Calcium Acctate

bleud by displacing air from the powder.
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WO 2013/ 014654PCT/ 1B2012/ 053872 101631Sim |l arly, tenperature has no effect
on the recovery of AS elenents in distilled water (Table 52). 101641
St or age aNOQUBKhaﬁ4a week did not change the recovery oPCEHBuhmmimnagnesium

d f
ot 1pRe Tafd Lol g R SRR RER s o8 rtinsl 8685 Witervistty
of AS masngsed |nstead the recovery of cal cium and nmagnesi um was

significantly | owered fromthe unfiltered orange juice (Table 49). The
| ower recovery of calciumfromunfiltered orange juice suggests that the

pul p bﬁ‘?sﬁl emgg(% Q'(Cj{ Wm?g&%ﬂ&gg%a%o uh{g lR' ) 'tq?lrﬁ 9«5 Ld lé}')&% p!}q4n95 Ehﬁu

thls pro abl‘e B nt en ree ‘el'ement’s in"fres
carratijuice Sanple Cont ent (ng/ 111) Ca Ng Zn Fresh carrot juice
37.499 . 75.279 0.7045 0.0195 Data are expressed as Mean S.D. (n=3)
TABLE 54 El enental recovery fromAS in 330 ml carrot juice stored at 4 C

Sol U%M'Qy( Qs/al-n)ples%f 61 ri@ n@&t@mr@lm?s 1§c ghaATR: MQ I&)@Qﬁ%d%ﬂ 6,,84:2178, f)an 50Q7m
Fr esh % 507 2857070245 ‘000031 0,
ang UL

{0198} Examples of oil to zinc ratios include, but are not limited to, about 1:0.007, 1.5:0.007 and
2:0.007.

{¢19%] The dosage of vitamin Ds ranges from 30 to 300 1U.

{0200] Soft gel capsules can be manufactured using conventional methods (33)

10201} Gel capsules made with this blend in dose sizes amounting to two to four capsules a day
will be acceptable. The size of a gel capsules will be equivalent to or smaller than that described

in Example 9.

EXAMPLE 13
Ootimization of Elemental Formula

{0202] The objective of this example is to design an elemental formula which would provide an
optimal mix of vitamin Dy and acctate salis of calcium, magnesium and zine for supporting bone

health.

{0203] It 1s a general belief that the biocavailability of calcium s independent of the solubility of
calcium salts (Heancy, 1999). Low levels of magnesium and zinc are associated osteoporosis
(Mutlu et al,, (11}, Vitanmun Dy enhances caleiom absorption (Christakos et. al, 2011} and

therefore, is an important component of an ideal elemental formula.

{0204] Results presented in this invention clearly show that the bioavailability calcium is
dependent on the solubility of a calcium salt m the gastromntestinal fluids.  An optimal ratio of
calcium to magnesiun is required to enhance calcium absorption.  Vitamin D3 is respounsible for
increasing calcium absorption and preventing zine depletion.
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0. 001 0.0022 0.0001 One Week 0,935 0.188 0.481 0.0491 0.003] 0.033
0.006 0.016 0.008 0.0094- 0.0000 Dataare expressi as Mean S.D. (n=3)

*** <0, Oworepwwiimg4wi t h fl esh group 101651 This set of PstraBes0BaTPgest s

t hat an, be used to fortify' a nunber of juices gnd water. The 2.6 .9 of
s prlfordicd: RRRP el Syl bl SRR, AL ab LT R b oo e ot
preventh T (B cRSIRAPATI0HE HmAR0 oG 110k 8k Chd Mot 1holeshmiloffomgnesiinmandnid. 6
mg of zinc, 500 ng of AS is intended to groyi de a serving of these elenents
i n t HalieuittieBiaPl RoTUbFDY irctionanD Bl By 16 sapet ¢80 17/ 0538702 CEXAMPEE 9
Tabl et Far.ml at.j.o) masii Qn 61 dhegrel atd vel y calGidl nt
B G LS
accefttabtiec trdaemndtusdriom diverfiohl 0w thg daiveuhlatiinge! was endat @d bbm: trabdrelt
form (Table 55): TABLE 55 Ingredients W./Tablet (ng). % Conp. W. for 2000
{ 2bl eksBab PG CEPETITRI550 h@ﬁs@ﬁ_@@i POB Ao A P eIl T BT it 83

3. 25 . &5 Bk GERLARlm bienakol 1 don VA 64 32.5

{0206] Using the acetate salts of calcium, magnesium and zinc with the appropriate addition of
vitarmin B, an optimum calciom supplernent is designed.  The ratio of calcium to magnesium is
generally 2:1, the ratio of magnesium to zinc 18 131 and the daily dosage of vitamin D3 ranges

from 500 to 1000 I,

10207} The bioavailability of calcium described in this mvention 1s appropriately 2 to 3 times
higher than that of Caltrate. The dosage of calctum should be half to one third of that of

Calirate™,

10208] The recommended intake of calcium from all sources 1s 1000 mg.  The average intake of
calcium from dietary sources is 400 mg. It is recommended that 600 mg of calcium should be
provided as a supplement; usually this fimphies that the source of calcium 1s from calcium carbonate.
The recomruended dose of calcium from this fnvention i3 200 to 300 mg.  This will provide 100 to
150 mg of magnesium and 5 to 7.5 mg of zinc.  In addition to dictary intake, the supplementation

of magnesium and zine will also provide an adequate daily requirement of the elements.
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5.52 65 Magnesium 2.93 0.50 5.66 Stearate Total 588.68 100.00 1177.36 *
Equivalent to 250 IC of Vitamn D3 101671 The cal cium acetate blend in the
above t abwe 2muisses 14% cal ci um acetate, 7% rmagnesi umpCaanBroar/essarnd 0. 7%
zinc aceta%%. Magnesi um st earate was used as a |ubricant. 101681 The Dry
Vitam n D3 'I00 GFP/1-1P conposition (as nentioned in the certificate of
anal ysi s priovik dechbobyn BASEL bHisiaased Ok 1 w9 DobognedienbsieheAiNo preyent
Concentration (w w) Sucrose%57-50-1 .30. 0-40. 0% St ar ch(9005- 25-8) Gum

Ar abi c(9000smspazgl HugdowdsaEuhiobigysaptmisd cHestizssbg I Ba sy Syghwds. 0%
Water (7732-18-5),.1, 0-. AL €al g4 um phosphate(7758-87- /1 ,, <1.0% Vitam n
D3( 67- 97- dS}g”%,‘"zrl’}ff’%e‘gilg‘ﬁg%ﬂrgg%é €rol (10191-41-0) >=0.25% <0.2% WO
2013/7014654RCT/I1 B2LR40E38 720 L6 RjurdAssayre mahty enewl 00in@00nHHor Vivdnasmiin . D3/ g
(=2500 mcrogramch.olecalciferol/qg). The_target weight of Vitamn D3 per
tablet is "29“3@!}\/5;.’ CIREYEE NPT SYHEEH i ChasoHEEN Madet e Froraprepols
overage. Theimanyf aehhngr. @3sadsvalpg i s 100000 Ri/g i.e. 100 Since 2.5 ny
(3.25 ng wth 30% overage) has been used each tablet has -250 11] of

Vi t arfi.n D33asi 0L QT hEA tablvets Meremongated,at Cerdilaygtt 6200he Vaoiiionionte
steps: 10171]. Stqg?lzrcghétynlégﬁyagq.bh@ndgproyided‘Ma si ev g;th[oggh 40
mesh scr ediCUREPPIO0FTEE RRSH SETR SRS TR ST HEE MOTThat BRELEES TR OUER t he
40 nesh scorepn @aogowas retai ned on 100/ 120 mesh screen was used for

formul ation. The fraction of calciumacetate above 40 nesh and bel ow 100
mesh Swas retndgsddl Porpstorhyl & lioAsay ThUS8R) btrkdwnwd salchosewitition Reép t he
particle size sim.lar to other .ingredients M,tan.n D3 and, Kolljdon Va 64.
o721 ot ST s Bo S JOURP O A R S B 60 o v
and 6%, g9 @iieli kdoRnMAD4A Wesd Ibkendedeilierang minbul/esaral sapsipeedatdn: 25 rpm
using a small tunble bl ender to produce Bl end 01. 101731 Step 3; Blending
02: 250 g GrravSpehyebicmalés i acet devriend naliwhaesea <t 23149y 1 pr epared in
Step {; was, 1 ' I 04, ed ¥n.. St enfer . .mnutes to produce
ol end 02 CUo SR Atk APRIO R S REREE VPN NPT b End B3
250 g of dispensseofalott.umichpatiated hbrend pprepaethshnwSiien Trewas i xed Wit h
Blend 02 prepared jn Step 3 faor. 5. mnutes to produce Blend 03 (using double
cone bIend@?T%F“?BLQ@%%%ﬁ?*”ﬁ%%ﬁ%Tﬁég%(%%: Bl endi ng 04: 600 g of di spensed
Cal cium Acetate sl &Q@tk%@:@@ﬁﬁ@i)é}ﬂ Sh&Rmlm qH!n%“‘i‘o% HolsBlgnetaQ3, prepared
in Step 4 for 9 mnutes to produce Bl end 04 (using double cone bl ender at
25- 30 r pmiprti@aus] oSeppléneBhmyridody 03:MV:i&: BBy BP40i29p8hsed Magnesi um

Step B i v NAF Tt ot e 0 B ERE Ty G EpeRuBireagivng l RERY abl e
press W t hataf gebpidRh@bindghobtke@brRB8. 7 18 Proceedin¥n2A 3,83465% [H178] The

foll ow ng | r)zq)ge)di ents formulation was al so created W./Tablet (mg) " in
tabl et fori{<htGols: PCT/ 1B2012/ 053872 .for 2000 tablets batch (g) Cal cium

1100 1%3 438&%%1%91 PD & Strause LG (1993} The role of trace minerals in osteoporosis.  Journal of
the American College of Nutrition 12{4):384-389.

15, Angus RM, Sambrook PN, Pocock NA, & Eisman JA (1988} Dietary intake and bone
mincral density.  Howe and mineral 4(31265-277.

16. Angus RM, Pocock NA, & Eisman JA (1988} Nutritional intake of pre- and
postmenopausal Australian women with special reference to caleium.  European journal
of clinical nutrition 42(7%:617-625.

17, Abraham GE & Grewal H (1990} A total dictary program emphasizing magnesium instead
of calciurn, Effect on the mineral density of calcaneous bone in posimenopausal women on
hormonal therapy.  The Journal of reproductive medicine 35(5y:503-507.

IR, Bo-Lion GW, er of. (1984} Au evaluation of the imoportance of gastric acid secretion n the
absorption of dictary calctam.  The Journal of clinical investigation 73(3.640-647.

19, Tsugawa N, er al. (1995) Bioavailability of calcium from calcium carbonate, DL-calcium
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Acet ate bl end Dry Vitamn D3 6. 5 0.55 13 100 GFP/ HP* Kol I'i don VA 64
65 5.52 130 Magnesium 5.86 0.50 11.72 Stearate Total 1177.36 100.00
2354. 72 woBquw/ouadsent to 500 TU of Vitam n. D3 [01_791PCmaBuatb/ei3am acet at e
bIendrnth ab veta onpr.ise al.cium ace nesi um

acet at o art i eroR SihE Ll TR R T ML EL Rl O TN cane

[ 0180] Th&e@m%t an:r;ramD&alQ@pr@mﬁPhhﬂ?amnpmlrtsmrzw(’%szrrentl oned in the
certificate of analysis provided BASF) is as presented above. 101811

Assaytval UeeangpGlobowel dES.\k éﬁarrﬁnh" Les/‘rji { J?%beirrﬁretrwiafm%lﬁe pedglceitoensl | g) .
The target, S hyMitanmn 1)3
has been ad C}QQ ?‘QJ Ye%&%g%%g"d%ﬁ%% ’%ﬁm %}gsﬁ fm% ?PQ.CJ&)'[I on. The
manufzct ur}es«ranaﬁWyme:HMh» S1dOQ0 Hatd T4, &. iﬁmdﬂdﬂm [29/0ny 4 ‘&bSbrhzﬁiﬁhﬁ amg c0&. 5 ny
wi th 30% overage) has been used each tabl et has -500 I U_of Vi tam n 1) 3.
101821The BB BFSS 808! e W BEWBI Y1 ¥ He 478716t (ief'est 8pS /" 9183]

Step 1. Calgiwmohegt ate bl end provided was sieved through 40 mesh screen
and 100/ 120 mesh screen. The fraction that passed through the 40 mesh
scree®. andismaswa Bt ai aield 969 m@@rm ebwesiusdreeemmasnusidufcscdrbrinmn atd. on.

The fraction of, | ciu acet bave h and bel ow 100 nesh was not
used for FEFH gffg’ﬁ‘”’%ﬂﬁ’ﬁg?ﬁ‘ f‘ﬁ% ﬁ V\ézaéqg?é‘n to keep the particle size
simlar taatheka ﬂ%ragmemt&r}x BE; Vg r@?g:z@m ckalikh dan v Yy hOL84licStep
2: Blending 01: 13 g of drspensed Dry Vitamin D3 100 GFP/HP and 130 g OF
Kol | i don VAlE4 wescsbahd etdledciviigeeiBien: pus. depatinaigpeieticotnd Bieripiicusi ng a
smal | tunbjtg nger[:d\e 25(9( 8 Qgéce Blend 01. WD 2013/014654PCT/ 1B2012/ 053872
101851 Sté i %Iendl ng § 00 g of dispensed Cal cium Acetate bl end (Bl end
01 * 3. 49)( qiiepar ed of N288 P uld Wl SnBn¥ € GraWiddva Bhigng Bdn Etj’rrﬁﬁ@dirﬁﬂari;(ﬂm&@ﬁrﬁ
for 5 mnutes to produce Bl end 02 (using double cone bl ender at rpm.

101861 St dpz4altgrénaidagioud raisogng2sRby 1%%@&%&? cHagvader é@@@r éna?
d d t { t
prepaysed iy Qél engm&%wa&s MXE r&‘g a?d%waﬁ é%ﬁ&@%&@b& if uﬁm%g{fgg 1”‘ nutes

to produce (using e cdne er at Step

5 Bl endi ngu@itﬂne 12@9A@w@rffa;dyfsqmﬂsednﬁa}icyrm&tét ar:eswend prepared in Step
wi_t h n edln Step 4 for 9 mnutes to produce

B endtoa (& ¢ %ﬁrfg g% HETER rﬂ%?r‘églﬁgeﬁz@mmﬂmf@m&s% 6: Bl ending

05: 11,72 ﬁo@fmi%rﬁﬁqmqerwﬁgﬂ?&@ﬂi@ﬁ&ﬁ[ﬁ@b%g‘ﬁ@ﬁs m xed. .t 0., BLend, 84,
prepared in Step 5, for 2 mnutes. [01891 Step 7: The final blend prepared

above was ﬂ(éﬁeméé&b&jsﬁwg a Rotary table press with target tabl et wei ght of

117 , 119 T mul at i.ons provnto

acoeptabl SO 1B fShRat SRS RelprE 6Pt e RS RHErEE no o
Fish QO iQé&ﬁﬂmﬁicﬁQﬂmtﬁ%m}EQﬁﬁ@&a f progtdve, Sal gbumoAcet.adee bl end was created
to enhance end user acceptance, increased solubility of vitam n D3 and

i ncr edsed Bihbegayl. SnBiowd. WW@%Q“@@'@@Y@T 101921 \f tanmin D3 is an oil

sol ublge vi J n I ssloy substances 10193]

Fi sh c?rl c%%{lh‘rs}rﬁrhr%‘ﬁ%(mggg& Q‘Qf) F%‘l zﬂ%s b%?% o have benefi ci al

ef f ecls onjabione Se&l ki brrrﬁa&%)m (Thd®) (Oiﬁu,al‘%Thas t he advant age of dissolving
vitan n D3, obviati ng granul ati on process of Cal cium Acetate bl end as
descrilbed fid Exanpli&®D ¥ ?&(51@43 Ofish oil has been found to have the ability

{rom the posder " eS0T o aesre RIbIST RS FRTse, BARESH T 1o

Cal ci um Adetatendhieddsitatd dderiadoliudie; Ripuho doenandd Studm t ethd operaboybubul
1.5:1 and 2: 1. 1pl961 %qghes Q% oil to calciumratios include, but are
not |imit &l UBIHBEtIon 49%: 1 and 2:1. 10197] Exanples of oil to
nmagnesy Umﬁ;rﬁft"rsc?}%ﬁ?n%l Udﬁf\)ﬁg%e)rﬁh@m@@?’hw% t(ﬁgrc;i@ueﬁggl{ﬁfia%k BuDilshinky S 0. 07
and 2: 0,07, [O Exanpl es of o0il to zinc ratios iInclude, but are not
limted t@OW&thiﬂﬁ®1}dG¢ltd 5:0.007 and 2:0.007. 101991 The dosage of
vitamn D3 ranges from30 to 300 IL [0200] Soft ,el capsules can be

manuf act ured usi ng conventional nethods (33) 102011 Cel capsules nmade with

this blend in dose sizes anobunting to two to four capsules a day will be
acceptable. The size of a gel capsules will be equivalent to or snaller
than that described in Exanple 9, EXAMPLE 11 O t" ization of

El enental mta 10202] The objective of this exanple is to design an

el enental formrmula which would provide an optinmal mx of vitam n D3 and
acetate salts of cal cium nmagnesium and zinc for supporting bone health.
10203] It is a general belief that the bioavailability of calciumis

i ndependent of the solubility- of cal#8i umsalts (Heaney, 1999). Low | evels
of magnesi um and zinc are associ ated osteoporosis (Miutlu et al,, (11).
Vitam n D3 enhances cal cium absorption (Christakos et, al., 2011) and
therefore |s an |nportant conponent of an |deal elenental fornula [0204]
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WO 2013/ 014654PCT/ 1B2012/ 053872 102051 A formul a contai ning cal cium

magnesi um zinc and vitamn D3 may not work because the form of the

el enent s wodotdma4@rount of vitam n D3, are not necessar PCYy/1Bzmpoddated Mt he
right ratlgg,g1 1” ﬁ;m of absorbabl e fractions. The lack of clinical effect
of a bl end 6f" Eart gﬁ] ‘magnesi um zinc and vitamn D3 is a good exanpl e
(Brati m etA n@fihod200Rparhieaon fuSipaRink Ralkchen bidaE ab a8l akblang 4@ Ladei um
absorption and the equivocal clinical trial results on bone mineral density
by cal ci urAtgupphahentiag P’@ﬂ“«’ﬁ&@m@i’lééﬁ@@*tﬁ?‘dkﬁ ems for experts skilled in the
an in designing a N g 2 . e
acet ate sal tw Qk’ﬁ%}ltﬁ%iim “%é‘gﬁglél%‘ g%qé%%ug “\%lﬁn%‘ﬁéﬁ e(“gp%r %%g’?‘agg"“g %a%} ion
of vitam n D3, anamp:tumummaImﬂhwmmqmpﬂnenenmpnsmgjesmgneid,, atthie rati o of

calciumto nes umls nerally . 2:1, the ratio_ of magnesiumto zinc.is
10: 1 and ¢ heldai | %vaél@gggwow@w%wqq changh gy € o500 BETHD0EeTIRYSIEP071
The bi oavai | abi | | by gfisifia! Gl IRSERL DRAAAILAT Lol eld Ol ScARPY aRELAL € y
2 to 3 times higher than that of Caltraté dosage of cal ci um shou

hal f to one thi rdebihimntmtdbbﬂs Cahprnatgemiiciyn0 2084ie Thegneconmerided zinntakieteof
calciumfromall es. | 1000 ng, The average intake of calciumfrom

di etary sources i&" Cﬁb‘gl th is recommended that 600 ng of cal ci um should
be provided as a suppl errent usually this inplies that the source of
calciumis from cal ci um car bonat e. The recommended dose of cal cium from

t hi s 4 nvent tdetipgodRoed botheoesthel offhdisi Wi | | provi de 100 to 150 ng of
magnesiumand 5 to 7,5 ng of zinc. In addition to dietary intake, the
suppl ement ati on of magnesi um and zinc will al so provide an adequate daily
requiy enent refihdhel plepn@igd soft Ref erpeicesodptidihg Raldim Brompbinbind3bun &eetate,
Tanmborini L (2003) Bone and nutrition in el derly wonen: prot ei n, energy,
and cal ci Ui hsl et épdi ﬁﬁ”ﬁt“sunﬁ]%?f@ﬁ?i”ép%“&én‘é?ﬁ“w Eur opean , j our nal
of clinical tri JAR:?) tter

Nutrition in’ Eoneglﬁ 5.Iln h Cﬁe&\l}lﬁg??ligégmgn @Kﬁ i 1%’32/‘6% mlﬁq{cc%lﬁm}lﬁg%%ﬁ rlllgf%{gg&t he
Arerican Col | ege efd Nat racttenyil®@GongbsHit8 tonBrisSeeliignvbD:Akll wilacdBMrisiyg

Al tura BT (2004) Benef ts and |s£{< of sex hornone repl acenent in

post menopausal Pr‘é*ﬁ”“ surias? %1‘6 %@’Rﬁ‘é’?ﬁé n College of Nutrition

23(5) : 482S- 486S.  thoHeaReRR 8300 Tﬂytﬂkfld"g"m?ﬁrg i 9bfin a@%?u&iﬁl éiﬁﬂ;@qnme
New Engl and journal of “medicine 328(7):503-505 Heaney RP (19

Nutritional factorenpmsiostebponosicsiie, Amagaﬁtbnmvaoewtmf aﬂmf:mwt n®$t0,1§102®7§7
WO 2013/ 014654PCT/ 820,102/, 35 72 316. 6. Rii g L8’[91 tiansen C
(1987) Does cal ci im*EUpptenentati"on @Bﬁ’é’v‘é‘ﬁf @6 %‘t“ﬁéh ‘bédé‘é@%‘&%‘“l* SPK
doubl e-bli nd, cont¢@li ehnGlil MdGahist Bdy. The New Engl and journal of

nmedi ci ne 316(4) 173-177. 7. Hunt CD & Johnson UK (2007) Cal cium

requi renents: new estimations for men and wonen by cross-sectional

statistica X A

G in At BT E B35 VSR SRR Db R IR B SRt Bt &
Keat hl ey RS Z0Q06)f Mahirabtese folckhepatedibetidghiof nfgopinal abame, mmm&
status in Arrerl can wonen. Sout hern medical "journal 99(2):115-122. 9.
Kanders B,U-Paspstidy ! ofzcigdalf- R (1988) Interaction of cal ci um
nutrition and physical activity on bone mass in young wonen. J-Bone M ner
Res 3(2):145-149. 10. Celotti F & Bignamni A (1999) D etary cal cium and

m neral / vitlemethsdppdiemehtwlidran theciC orishovierdisatcegrotibl em The Jour nal of

i nternational nedical research 27(1):1-14. 11. Mudu M Argun NI, Kilic F,
Saraynen R, & Yazar S '2007) Magnesium zinc and copper status in

0St e0por otif, ,OSLEAPENRIA ARG :AQK TR 4iPASLAABRACRAUSEDI MOTRD, is ThRC eé@lﬁfdﬂa@kh@qf

i nternational nedical research 35(5):692-695. 12. Abrans SA & Atki nson SA
(2003) Calgpungonymgnesi i 1. pHogghot.us and vitamin 1) fortification of
conplementary foods.J Nutt. 133(9):2994S-2999S. 13. Lowe NM Lowe NM
Fraser WD, & Jackson MJ (2002) 1 -s there a potential therapeutic val ue of
copper. andrizi Rgihar c0shearsr asksaTae Brogeediings @l tsheclNwd iftdnohSeehgt ¥
61(2):181-185. 14. Saltman PD & Strause LG 993) The role of trace mnerals
in 0st eopoiosEHEOYUrhaf. bF @R 2Ameri can Col | ege of Nutrition 12(4): 384-389.
15. Angus RAI, Sanbrook PN, Pocock NA, & Eisman JA (1988) Dietary intake
and bone m ner al density. Bone and m neral 4(3):265-277. 16. Angus RM
Pocock -NA, & Eisman JA (1988) Nutritional intake of pre- and

post menopausal Australian wonen with special reference to cal cium European
journal of clinical 171, 1triti Ol 42(49):617-625. 17. Abraham GE & G ewal H
(1990) A total dietary program enphasi zi ng magnesi um i nstead of cal cium

Ef fect on the mneral density of cal caneous bone in postnenopausal wonmen on
hor rmnal ther apy. The j our naI of repr oductl ve rredl Ci ne 35(5) 503- 507 18.

o - ~a A S A PN AN o M e . N 1



Conmpany, Easton) 15th Ed. WD 2013/ 014654PCT/1B2012/ 053872 What is cl ai ned
is: A nmethod of preparing tablets conprising calciumacetate, nmagnesi um
acet ate, woneisauetsate and vitamn D3, the nmethod conpri ®€s/1Bha2/ei38ms of :
(1) bJendl 0 itio rising cal ci.um acget at.e, pqsium
Cobtate, o BrRu g aThRE T L D Boa TR BB G S Bl T S
(i) bIendmaggﬂubmp@pmsygumndgbhaﬁned from(i) with a caIC|un1conp05|t|on
conpri si ng cal ci um acet ate, magnesi um acetate, and zinc acetate, thereby
obtai ning tablets conprising cal cium acetate, nmagnesi um acetate, zinc
acetat e and Vi Lap 0 J)3 22@“@‘;?;'1& SRLOTE et Y (L) b&{i‘fﬂ%ﬂoﬁa oty ;‘ Ao

nmet hod” of preparing so apsu es conprising cal cium ac et &he5|um
acet at e, h@@@ﬂdﬁi&ﬁé”aﬁd%ﬁ(ﬁﬂl and vitam n D3, the nethod conprlses t he
steps of: (i) blending a cal cium conposition conprising calcium acetate,
nmagnesi um acetate, and zinc acetate with a conposition conprising vitamn
D3 ang 0ila ¢ églca% ATcS gﬁgﬁ&d\?m?ﬂggggﬁmg NS F&J@tty acids; and (ii) blending
t he conposition obtaln rom a cal ci um conposi tion conpri sing

cal cium acet ate, magnesi um acetate, and zinc acetate, thereby obtaining
soft gel capsules conprising calcium acetate, nmagnesi um acetate, zinc
acetate, fish oil and vitamn D3. 4The nethod of claim1l or 3, wherein the
cal cium conposition conprises at |east 10 percent by wei ght of cal cium
acetate, at |east 5 percent by wei ght of magnesi um acetate, and at | east
0.2 percent by weight of zinc acetate. 5The nmethod of claim3, wherein the
oil is fish oil or flaxseed oil. 6The nethod of claim3, wherein the oil to
calcium acetate blend ratio is selected fromthe group consisting of 1:1,
1.5:1 and 2:1. 7The nethod of claim3, wherein the oil to calciumratio is
selected fromthe group consisting of 1:0,14, 1,5:1 and 2:1. WO

2013/ 014654PCT/ 1B2012/ 053872 8The nethod of claim 3, wherein the oil to
magnesiumratio is selected fromthe group consisting of 1:0,07, 1,5:0.07
and 2: 0,07, 9The nethod of claim3, wherein the oil to zinc ratio is
selected fromthe group consisting of 1.5:0.007 and 2:0.007. 10 , A soft

gel capsul e produced using the nmethod of claim 3.

50



