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PHOSPHATE ADSORBENT

Deaescription:

Subject of the present invention are compositions comprising a mixture of
calcium, magnesium and iron saits for use as a pharmaceutical preparation

for adsorbing phosphote, especially for use as pharmaceutical preparafions

- for the treatment of hyperphosphataemia, for the freatment of chronic

Kidney deficiency {CKD) patients as welf as for the freaatment of
haemodialysis patients. The compositions according to the present invention
can be used in the treatment of human beings as well as in the field of

veferinarian medicine.

It is well known that patients suffering from chronic kidney deficiency in most
instances also suffer from a disorder in calcium- and phosphorous-self-
regulation, Theréfore as mest frequently concomitant disease in renal

deficiencies renal ostecpathy must be mentioned.

in rengl osteopathy a decrease in intestingl calcium resorption foliowed by a
decrease in calcium intercalation into bones leads 1o so called
hypocakcoemic‘{ocoicinosts) which finds its expression in mineralisation
deficiencies and osteoporosis. Addifionalily in renal osteopathy insufficient
ohosphorous excretion can be noticed resulting in an ihcrecs@ of
phosphorous levels in blood leading to hyperphosphataemia. The inferaction
of both phenomena monifeslfs in secondary hyperparathyroidism leading fo

skeleton destruction,

Therefore in renal deficiencies such gs especially chronic kidney diseases g
careful control of phosphaorous accumulation in the intesiine and in blood or
serum is necessary in order fo prevent secondary hyperparathyroidism and

metasiatic calcification.

SUBSTITUTE SHEET (RULE 26)
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A common procedure in phosphorous reduction has 1¢ be seen in dietary
chosphaorous restriction which mighi be sufficient to conirol serum
phosphorous leveis in early stages of renal failure, In late stages or fatal
renal failure and especially during long-ferm dialysis urinary excretion of

phosphorous is usually minimal.

Additionally dietary restiiction often can not guaranies a proper balance
between phosphorous restriction and sufficlent profein and mineral supply
and therefore a balanced nutiition. Thus especially in advanced sfate of
renal failure given pathological phosphorous fevels can hardly be
compensated,

As o conseguence in the medical field administration of phosphate binding

agents is widely practiced,

Well known phosphate binding agents are metal-ion containing
compositions, mostly inorganic saifs or metal ion containing poiymers, .9.

Sevelamer in the form of mono-substances.

Very common phosphate binding adsorbents are based on aluminium
containing salts or compositions such as aluminium hydroxide or gluminium
hydroxycarbonate and other aluminium (lll) compositions. One big drawback
of such aluminium based phosphate adsorbents can be found In the partial
solubiiity upon contact with gastric juice and the release of AI*T in the
stomach and the gastrointestinal fract. The toxic effects of AP?

accumulation may in the long-run lead to encephalopathy.

As a substitute H has been found and generally accepted that calcium salis,
e.g. calcium cceiate and caicium carbonate, magnesium salfs e.g.
magnesium carbonate, lanthanum carbonate, iron compounds e.g. iron
citrate, Iron dcetate, stabilised iron oxides, iron hydroxides, iron
oxihydroxides or iren complexes, as described Iin US 4,970,879, can bind
shosphate. However the menificned corfnpounds or thelr lons can aiso be
agbsorbed If the compounds are soluble or are solubilised in combination

with food or with gastric juice. 5o e.g. hardly soluble salts such as the
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carbonates can react with the hydrochlone acid of the gastric juice and
Ca?** or M@g?* can be formed. In case of iron compounds Fe®t and further in
combination with ascorble acid Fe®’ can be formed. All these ions can be

absorbed by physiclogical pothways.

Preparations for phosphate binding which are available on the market and
described in the medicat fleid normally consist of so called mono-
preparaiions which provide the highest possibie absorption of the used
compounds ¢ffen leading 1o an overdosage of the administered {ons
beyond the physiological need. Such overdosage may disturb the
physiclogical balance and further strain the organism with addifional side-
effects due to such mineral overdosage. For exampie overdosage and
resorpiion of high doses of calcium ions effect hypercalcaemia, farge doses
of magnesium cause hypermagnesaemia, accompanied from e.g.

diarrthoed. Therefore the use s single agent of such preparations is imlited.

The combination of more than one agent with phosphate binding capacity
in a preparation for the treatment of hyperphosphaicemia has been
described for example in EF 1 046 410 A2 referring 1o the use of calcium-
and magnasium-coniaining phosphaie tinding agents, which are

charactatized by the simulianaous application of calcium- and magnesium

' compounds which are easy soluble under physiological conditions.

According to this invention the stmultansous administration is described to
be beneficial as to the effect that the resorption of the calcium and

magnesium fons is inhibited by the presence of each ofher.

Nevertheless the gpplied amount to sffect sufficient phosphate adsorption
has to be high and the inhibition effect is tfemporary so the risk of

overdosage of calcium and magnesium remains,

Instead EP 0150792 discloses preparaiions conifaining calcium- and/or
magnesium cempounds which are hardly soluble under physiclogical
conditions, which means pH & 1o 9, for the freatment of
hyperphosphataemia, Such hardly soluble salts show solubllity at low pH such

os acid pH which can be found in the gastric lulce. Therefore such
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compositions have 1o be administerad in enteric-coated preparations o

avoid solubilisation and resorption in the stomach,

EP C 868 125 B refers to phosphate adsorblng compositions on the basis of
fron{lilhydroxide stabllized with carbohydrates or humic acid which may
additionally contain one or more caicium sgits such as calcium acelate.
Such calcium acetate gddition is described 10 enhance phoesphate binding
capacity of the Iron hydroxide compositions according to the invention
especially with elevated pH such as g pH of more than 5. In orger o
achieve sufficient phosphate adsorption the amount of phosphate binding
compounds such as iron hydroxide and caicium salts such as calcium
aceiate used in such preparalions has 1o be high. Furfhermore, the use of

acetafte in such compositions may fecd o alkaiosis,

Furthermore phosphafe binding compositions containing © mixture of iron
and calcium salts are known from DE 32 28 237 Al, which refers fo a
calcium salt on the basis of caleium-containing polymers espeacially from
the group of calcium-containing polysaccharides whergin calcium ions are
partially replaced by iron ions or other frace elements e.g. magnesium of
zinc, The preparction of such doped pcelysaccharides is complex and salts of
axactly defined ion ratios are not eqsy fo achieve. Moiar ratios or content of
the physioclogically relevant phosphate binding ions are not defined for such

compositions.

Another compoesifion for phosphate binding in the freatment of
hyperphosphataemia is described by US 20G4/0106589%946 referring 1o a so
called "mixed meial compound” having a certain ohosphate binding
capacity, and comprising various metals, including lanthanum, cerium etc.
According fo one specigl embodiment the mixed metal compound may
contain ¢alcium, magnesium and iron ions in o predicted molar ratio of
3:3:2. The prepargiion of such mixed metal compound comprises Co-
precipitation of sulphate solutions of the infended metal 1ons under alkaline
conditions. In such a precipltation process.c chemical reaction between the
co-precipiiated compounds tokes place which results In o co-precipifated

compound containing the compounds bound 1o each other via chemicdl
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ponding. It is therefore obvious that such precipitation method constitutes a
complex proceeding, 10o. Additionaliy it can be seen from the anaiysis of
the effective ion contenfs that the predicted values can nof pe reached. In
fact the dbove mentioned specific mixed metal compound, containing
calcium, magnasium and iron, shows o measured Ca®* : Mg?* : Fe®* ratio of
2,9 12,3 2. The preparation of precipitates with varying molar ratios of the
fons calcium, magnesium and iron or a solution for preparing composiiions
containing the ions in the actually desired or predicted amount s not
descriped. It appears that with the oo~preoipifdﬁon process only very limited
molar ratios of the elements are achievable, bearing again the risk of
overdosage of one of the elements. Furthermore such co-precipiiaies are
described to show g highly pH dependant phosphate adsorption capacity.
Additionally altered as well as dried precipitates show decreased adsorption
capacity comparad 10 unaltered and wel precipitates.

According fo a scientific publication by the inveniors M. Webb and N, B.
Roberts of US 2004/0105894 in the Joumal of Pharmaceutical Sciences Vol
21, No. 1, 2002, 53 - 66}, mixed metal compounds in their experimeants
belong 1o the class of compounds known as mixed metal hydioxides, which
are also refernred fo as “layered double hydroxides”, “hydrotalcitic moferiols‘f
or “hydrotalcites”, It is well known that hydrofaicites are layered minerals,
which are obviously toially different from a physical mixture or blend of

powdered, particulate or granular metal salfs.

Further mixed metal compounds, which are obiainable by co-precipitafion
of different metal compounds in alkaline solufions, are known from WO
2007/088343. In contrast fo the above mentioned co-precipitates of US
2004/01058%4, the mixed meial salts according to WG 2007/088343 only
contain two different metal fons such as Fe-ions in combingation with Mg- or
Ca-ions, preferably Mg- and Fe-ions. Precipitates of Fe, Mg and Ca-ions are

not described,

The dim of the present invention was to provide ¢ composition with sufificient
phoschate binding capacity for the dally recommended value faking the

ohysioiogical absorption of its ingredients infe account aspeacially with
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respect 1o the minimisation of the absolute amount absorbed. Furthermore
such composlition should allow effective phosphate binding over a wide pH
range without causing overdosage of the applied phosphaie binding

compounds and thus avoiding undesired side-effects.

Furthermore the process for production of such composition should be easy,
reproducible and with rellable recovery rate and thus aliow the preparation

of compaositicns with exactly dafined molar vaolues, In addition such process

- should provide compositions with highly variable amounts of the ;elev_om'

metal ions contained.

H was surprisingly found, that in the binding of phosphate undet
physiological conditions, e.g. for the treaiment of hyperphosphatoemia, for
the treatment of CKD patients and/or for the freatment of haemodialysis
patients the target of o good treatment regime without disturbing the
physiclogical equilibriums by restricting the metal ion absorption to o
physiologically accepiable amouni, thus avoiding uncesired side-affects
due 1o overdosage. can be achieved by an optimal combination of
calcium, magnesium and iron compounds. It has surprisingly turned ouf that
such a combination allows a composition comprising a mixiure of the
refevant salts using only the recommended daily {dietary) allowances (RDA)
and taking, in particular, into consideration the absorption ratio for iron
undert the condition of CKD and haemodialysis,

The inventor hos acted on the assumption that an amount of 2000 - 3000
mg calcium in the form of calcium salts (e.g. acetate or carbonate)
correspends to the daily recommended amount of calcium salls for
phosphate adserpiion in the therapy of hyperphosphatcemia. Furthermeoere
an amount of 1000 mg magneasium corresponds to the dally recommended

amount of magnesium carbonate for therapeutically phosphate adsorption.

As the recommendead daily dietary intoke 1o achiave o physiclogical
calcium and magnesium absorption is only approximately one-third each of
such therapeutically applied amounis, namely 800 mg calcium and 300 mg

magnesium per day, such therapeutically applled higher amounts bear the
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potential of overdosage as already discussed. In addition, it has fo be
mentioned that the daily meals contain also caicium and magnesium,
normmoity up 1o the RDA. Nevertheless the present invention allows that the
fotal dally intfake will not exceed about the doubie of the RDA values and will
still be below the infake of using only a single calcium or magnesium
phosphate binder. in elderly patients the amounts of cclcium. and
magnasium Ingested with the meals are lower, 5o the problem of overdose is

less serious,

The invenior has now found that the recommendead phosphate binding valuse
of capacity can be achieved by combining calcium and magnesium in an
amount according 1o the recommended daity intake, each exhibiting
aoproximately one-third of the therapeutically needed phosphate binding
value and complementing the remaining third with G third ohysiologically
acceptable phesphate binding compound, chosen from the group of ren
conifaining phosphate binding compounds. Surprisingly, with such a
composition the recommended phosghate binding value can be achieved

without ovardosage of physiclogically ahsorbable compounds containad,

Furthermore with such composifion comprising a combination of several
potent phosphate binding agents the invention provides a phosphate
binding agent with improved efficacy characterisiics especiatly with respect
to enhanced phosphate binding copacity and decredsed absorption of the

applied compounds over g wide pH range.

Adcitionally the solution of mixing or blending several potent phosphate
binding agents, esgecialiy in the form of their salis or as powders, in @
physical mixture provides a manufacturing method of such cempositions
which can be eqslly and reproducibly catried out with high recovery raije.
Such mixing ot blending process is not bound 1o complex o elaborate
process steps or careful reaction conditions. Furthermore the mere mixing of
severdal saits or powders allows high variability in the resulting mixture with
respect o the incorporated subsiances and their activity, which may even
tgke info account the individual condition of g patient in need of a

phosphate adsorber as described below. As especially iron compounds may
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differ widely in their phosphate binding capacity or activity the present
invention provides a highly adaptable systermn with stable phosphate
adsorption capacity despite such potential activity fluciuations of the

Varying compounds,

Furthermore by varying the composition and the amounts of the different
componants the final compbosition can easily be adopled to specific
raguirements in the treatment of hypemphosphatemic patients e, g. with
respeact to the grads of required phoesphate cdsoiption, o additional
calcium, magnsasium of iron substitution or In accordance with the individual
physical condition of the patient [e.g. its body weight, gender, age,

pregnancy efe.).

None of the above cited documenis discloses o physical blend or mixiure of
calcium, magnesium and iron salts for freatment of hyperphosphataemia or
chronic kidney deficiency ot for the freatment of haemaodialysis patients.
Furthermore o combination of the three salf components as provided by the
oresent invention was not obvious from the existing state of the art, Those
documents which describe mixtures of at least two phosphate binding salfs
such s EP 1 046 410 A2, EP 0 150 792 A2 or EP 0 868 125 B1 do not give
any hint that it might e supericr to add further phosphate binding
componenis comprising an additional and different metat ion. Furthermore
no hint can be found, that such combination of three different mefai ion
sglts each providing a phosphate binding capacity per se, might on the one
hand improve the phosphate binding capacity of such composition and at
the same time allow minimization of the applied components to an amount
according 1o the recommended daily dose allowances. Furthermore none of
the documents offers the possibility of lowering the existing amounts 1o the
recommended daily dosages and complementing the resulting lack in
phosphate binding capacity by adding a third phosphate binding

compound,

Compositions such as disclosed in DE 32 28 231 Al and US 2004/0105896,
which include agl! three metal ions only provide comgpositions obtainabie via

a complex reaction process of various metal saits in a limited range of
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acocessible molar raties, No information can be gained from such disclosure
that the mere mixture or blending of inorganic salts of the relevant metal
ions provides positive effects in phosphate binding, foo, Furthermore neither
DE 32 28 23’{ Al nor U5 2004/01088%4 provides any information as o the
possibility of reducing the amount of the inciuded metal ions as to an
amount according to the recommended daily dosaes. Wheareas DE 32 28 231
Al remains silent gbout metal lon contents or molar ratic of such
componenis at all US 2004/0105896 only refers to one embodiment with
oredicted molar ratio in the precipitate ifself, which furthermore can nof be
achieved with the glven reaction process. US 2004/0105896 remains silent
about fotol ameounts of meatal ion contents to be applied or 10 any specific
effects of different molar ratio confents. The molar ratio chesen in the
compaosition according 1o US 2004/01058%6 does not appear to rasuit from
any outstanding effects or special product propetrties and no reference is
made as to such ragtio with respect to the recommended daily dose
ailowances of the ions. Therefore the molarratios shown have been chosen

by chance,

Furthermore US 2004/0105896 does neither disclose the possibility of varying
and kaloncing the complemented metal ion ratio nor does it offer the
possibility fo combine o wide variety of compounds and in any case
maintain the phosphate binding capacity stable. Therewith US 2004/01058%6
does certainily not offer the possibility of adjusting varying activities 'm)
balancing the composition of the single ingredients without a resulting lack

in phosghate binding capacity.

It is therefore the object of the present invention to provide a composition
comprising a mixture of calcium salt(s). magnssium sali(s) and iron sali(s} for
use as ¢ pharmaceautical prepargtion for adsorbing phosphate, which
comprises adsorbing phosphate In the body and / or from body fluids, either
internally within the metabolism pathway or externally é.g. from dialysates. 1
is especially object of the present invention to provide o composition
comprising a mixfure of calcium, magnesium and iron salts for use as ¢

pharmaceutical pregaration for the treatment of hyperphosphataemia, for
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the freatment of chronic kidney deficiency (CDK) patients and/or for the

freatment of hgemodialysis patients,

In one aspect, there is provided the use of a composition comprising a physical mixture or
biend of powders, granules, crystals or crumbs of calcium saits, magnesium sailts and iron

salts in the manufacture of a pharmaceutical preparation for adsorbing phosphate.

in the context of the present invention the term "salis” broadly refers 1o
heteropolar compounds of positively chorged caicium, magnesium or iron
atoms and sultable negatively charged anions. Although the bond in such
salts in general has essentially lonic character, the tferm “salt” includes also
the possibility of the presence of more or less polar covalent bond shares,

for example, in case of melal oxides or hydroxides, in particular, of iron.

The calcium and magnesium salts of such compositions can be sslected
from the group consisting of carbonates, hydrogen carbonates
(bicarbonates), basic carbonates ([comprising hydroxyl anions apart from
carbonate), acetaies, oxides, hydroxides, alginates, citrate, fumarate,
gluconate, glutamate, lactate, malate, silicate, succinate, tarfrate and

mixtures thereof. Ii is prefarred, that the calcium and magnasium salls of

hvdrogen carbonales (bicarbonales), basic carbonates, acetates, oxides,
hydroxides and mixtures thereof. more preferably the calcium and
magnasium salts of such compositions are selecied frem the group
consisting of carbonafes and agcefates and mixiures thereof. With respect to
magnesium salts so calied basle magnesium carbonates such as 4 MgCQO,
Mg(CH), 5 H,O, are espeacially preferred, A particulariy prefernred
embodiment according fo the invention comperisas calcium carbonate
{CaCO,) and basic magnesium carbonate {(such as 4 MgC O, Mg(OH), &

H, O,

The iron salt of the compaosition gccording o the invention is praferably
selecied from the group consisting of iron oxide, iron hydroxide {(Fe{OH],],
iron oxihydrexide (sometimes referred 1o as FeO[(OH), although the prasent
invention intends to cover all ron(iih-oxy/hydroxyl compounds of varying
water confents or condensation degrees), iron complex compounds and
mixtures therect, Preferably the ron salt is selected from iron{ilil-saits. In a
preferred embodiment the iron salt is selected from the group consisting of

fron{lil)-hydroxide and/or tron(litl-oxinydroxide and/or lron(ifi)-oxides and/or
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stabilized forms thereof. Preferably the iron salis are stabilized by
carbohydrates and/or humic acld, Useful carbohydrates can ba chosen from
the group of mono-, di-, oligo- and/for polysaccharides. It is possible to
stabilize such iron compounds using solubie or insoiuble carbohvdiates
and/or mixiures theraeoi. As examples for such stabilizing carbohydrates
starch, agarose, dexirane, dextrine, dextrane derivatives, celiulose and its
derivatives, sucrose [saccharose), maliose, iactese of mannifol can be
mentioned. lron oxihydroxide salfs stabllized by sucrose are particularly

preferred. Such solts may contain additionally starch,

For example such stabllized ron oxihydioxide sdlts are described in EP O 868
125 Bt or in WO 06/000547. Thus, the use of Iron hydroxide or iron
oxihydroxide preferably stabilized by carbohydrates and/or humic acid,
more preferably stabilized by sucrose, is preferred because of the elavated
adsorption capacity of such stabilized iron compounds compared 1o the
capdclty of non-stabilized iron compounds. Therefore the total amount of

iron in the composition can be reduced,

A preferred composition according to the present invention comprises
physical mixture or blend of
- calcium carbonate or caicium hydrogen cdrbonote (bicarbonate),
- magnesium carbonate, basic magnesium carbonate ({like 4 MgCO,
Mg{OH), 5 H,C) or magnesium hydrogen carbonate {bicarbonate), and
- iron{lil}-hydroxide and/or iron(lll}-oxihydroxide and/or iron(lit}-oxides
and/or stabilized forms thereof, especially such forms which are
stabllized by sucrose and optionally sigrch,
preferably adjusting the molar ratios of the metais o the preferred ranges s
defined herein, and preferably adjusting the daily dosages of the meials to

the preferred ranges as defined herein,

As already pointed out the metal ions of the salts forming the phosphate
binding composition are known fo underlie physiological absorption In the
stormach and the gastio intesting fract, including the upper jgjunum.
Absorption thereby mainly depends on the soiubiliity of the appilied

compound which is in most cdses pH dependent, Therefore compounds
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which are easy soluble in acid pH are malinly absorbed in the stomach,
especially before food uptake when the amount of gastric juice in the
stomach is high. Compounds which cre hardly soluble under acid condltion
but become solubie upon increase of pH will be absorbed In the infestine

where the oH normally ranges belwsen 510 8.

As already mentioned absorption of phosphate binding agents such ds
calcium, magnesium of jron fons may cause overdosage and fhus
malfunction, especially In compositions so far known and adminisiered for
phosphate binding.

It is general knowiedge that iron from iron oxide (CAS Reg, No 1332-37-2) is
sparingly absorbed and therefore iton oxides are generaily recognized as
safe {GRAS). Moreover the release and subsequently the absorption of Fe®t
from e. g. ron oxide is pH dependent. That means with higher pH only small
amounis of Fa*' are released from the iren salts, Accordingily Fe®* wil mainly
be relegsed and absorbed under acid condifions. Therefore the highesT
absorption will be under empty stomach condifions but not in combination
with food as food upiake reduces gasthic juice and therefore increases

stomach oH.

The daily need of iron for a healthy aduit is abouf 1 mg and will normaily be
absorbed from iron rich food (food containing 10-20 mg iron). Neveitheless
patients suffering from chronic kidney deficiency and especially
haemodialysis potients are limited in the absorption rate of iron by a factor
of up 1o 18, Due fo the chronic diseqse the synthesis of hepcidin, an iron
absorption and iron metabolism blocker, in the liver is enhanced effecting a
reduction of iron gbsorpiion, Additionally haemodialysis patients suffer from
chronic biood loss and can therefore not be freated with oral ron
nreparation successfully, As even doses up 1o 200 mg of iten per day have
to be applied, Infravenous iron therapy is recommendead in haemodialysis

patienis.

It is well known that the daily iron loss for haemodialysis patients is about 5

to 8 mqg iron per day, The absorption rate from iron salts such as e.g. ferrous
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sulphate has been sstimated to be approximately 1%, Therefore an amount
of 500 to 800 mg iron from e. g. ferrcus suiphate per doy would be

necessary to supply the recommended dose. But the application of such

high doses of ferrous sulphate would lecd fo encrmous incidence of gczs’rro

intestinal side-effects, Therefore in haemodiglysis gatient the intravenous iron
therapy is the recommendsd standard. Nevertheless in CKD patients oral
ron therapy is still used. instead iron oxide Is practically insoluble in the
gasiro infestinal tract especially in combination with food. Therefore for
heemodéofysfs and CKD patients the applied intake of iren in form of lron
oxihydreoxide can be much higher than the recommended daily allowances
as stated for heaithy humans e.¢. in "Richilinie 90/496/EW& des Rales vom
24, September 1990 Uber die Ndhrwerlkennzeichnung von Lebensmittein® or
in US RDA (Recommencded Dietary Allowanca) and can be enhanced in such
way that the finally absorbed fron does not exceesd the gmount of 1 mg
which corresponds to that as recommended for healthy humans. T mg iron
absorped corresponds fo o 5-10% absorption rgifé of the 14 mg value of the
RDA.

The daily need of calcium is at about 800 mg., corresponding te 20 mmol
Ca®t. Cue to the fact that only about 30% of a dose of calcium compounds
gre absorbed the dally absorpiion is about 270 mg Ca corresponding 1o 7
mmol Ca?*. in case of hyperphosphataemida treatment calcium carbonate
or calcium acetate are dosed daily up to 2000 - 3000 mg Ca?*. Such high
doses lead o the well known side-effects of hypercalcaemida in
haemodialysis patients. To avoid that type of side-effects calcium-free
whosphate bindears have been developed, e.g. lanthanum carbondte and
sevelamer. These compounds however have the problem of not being
physiclogical compounds. Although lanthanum is only sparingly absorbed it
can be found in the bones, Seveiamer hydrochioride feads 1o acidosls.
Additionally under lanthanum carbonafe or sevelamer therapy not al

patients absorbed encugh calcium from the diet,

The daily need of magnesiurm Is about 300 mg corresponding fo 12.3 mmol
Mg?*. in case of hyperphosphataemia treatment magnesium carbonate

doses up 1o 465 mg Mg have not shown the well known side effects as in
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case of higher doses, where diarrhoeg and loose stools are reported,
Nevertheless vascular calcification can be reduced by repiocing calcium

compounds against magnesium carbanate in hyparphosphataemia therapy.

in gccorgance therewith it is one main intention of the present invenfion 1o
provide a composition with optfimal phosphate binding capacity taking the
physiological absorption rates and the dally recommended infake of the
applied compounds into account, even with respect 1o absorpfion of iton

under haemaodialysis conditions,

The recommended daily doss allowance of calcium according to *Richtlinie
F0/496/FWG des Raotes vom Z4. September 1990 Ober die
Nahrwertkennzeichnung von Lebansmittein® is 800 mg. conesponding fo 28,0
mmol Ca?",

The recoemmended dally cose allowance of magnesium according to
"Richtlinie 90/496/EWG des Rates vom 24, Sepiember 1990 Uber die
Nanrwertkennzelchnung von Lebensmitteln”™ is 300 mg, comesponding fo 12,3
mmol Mg**.

The recommended daily dose allowance of iren according to "Richtlinie
R0/4956/tWGE des Rates vom 24, Segptember 1990 Gber die
Néhrwertkennzeichnung von Lebensmittein® is 14 mg assuming an absorption
rofe of 5~ 10 % {approximately 1 mg iron). As already mentioned absorption
of iron is reduced by a factor more than 10, which would resulf in an allowed
dose of af least 100 mg iron, However haemodialysis patients, but not CKD
patients need agproximately 5 mg iron per day becdause of daily blood loss
in haemodialysis freatment. This higher need can be considered in assessing
the possible higher daily dose of iton aspecialiy for haemodialysis patients,
and therefore for patients suffering from hypearphosphataemia, without
provoking iren overload. Furthermotre there is also at least a factor of 10
between the absorpfion rafe of fron from a scluble fron sait and practicaily
insoluble iron oxihydroxide, which gives aiso security against iron overload In
CKD patients. This results in a possible dally dose of at least 500 mg,

corresponding to af least 9,0 mmol Fe’",
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It was surprisingly found that o composltion comprising o mixture or blend of
calcium, magnesium and iron salts, e.g. in form of a powder biend, can be
administerad in amounts up o the recommended daily dese allowance as
defined above exhibiting optimal phosphate binding capacity without

leading 1o metgl lon overdosage and thus undesired side-effects.

Therefore a composition according o the present invention for
administration of a mixiure of calclum, maognesium and iron salis in g tofal

amount based on the metal of

Ca**; 80 mg -~ 2400 mg, corresponding to 2 - 60 mmol
Mg?*: 49 mg - 729 mg, cortesponding fo 2 - 30 mmol
Fedt 112 mg - 1676 mg. corresponding to 2 — 30 mmo!l

per doily dose can be provided,

Preferably a composition according to the praesent invention for
administration of a mixture of calcium, magnesium and fron salfs in o tofal

amount basaed on the metal of

Ca?*: 400 mg - 1200 mg, corresponding to 10 -~ 30 mmol
Mg®™: 146 mg ~ 439 mg, corresponding to 6 ~ 18 mmaol
Fe®*: 279 mg ~ 1117mg, conesponding fo 5 - 20.mmol

per daity dose s provided.

If the fotal amount of such composiiions comprising the recommended daily
dose of the calcium, magnesium and iron saits according to the above
mentioned amounts is fco high for administrafion in ¢ single dose unitf, the
composition can be administered in several subsets or subunifs per day. In
one aspect of the present invention, the compaosition can therefore be
administered in at legst one (one o more) sulsets or subunits per day.
Furthermars the composition according to the present invention exhibits its
phosphate binding capacity especially in combinafion with food uptake as

one assential aspeact of phosphate binding therapy has to be'seen in
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binding of phosphate from food. Therefore the composition according to the

present invention preferably has o be administered together with the meals,

Especially compositions according to the invention which are in the form of
tablets, film fablets o capsuies are limited in the amount which can be
processed in such dosage form, Therefore it might happen, that such single
unit dosage forms as tablets, film tablets or capsules do not contain the
whole amount of one dally dose. Anyhow ds the composition should
preferably be administered fogether with the medls and thus in most of the
cases have to ba split over the day dosage forms containing only parts of

the whole daily dose dre preferred.

it is therefore preferred to adminisier the composition according fo the
invention in subsets for example by administering more than one tablet, film
tablet, capsule either ot once or split over the day. Such splitting over the
day will be uncrifical as loeng as per day the total amount of the ‘
recommended daily dose is achieved and as long as the composition of the
mixture even in the sub units contains the molar ratio of the Ca’*, Mg** and
Fe’* jons as specified below. Nevertheless splitting of the dally dose info sub
units is not restricted o compositions in the form of tablets, film toblets or
capsules, In a particularly preferred embodimant the composition is in the
form of a powder wherefrom severa! (more than one) smaller amounis of
several {more than one) portions of the total daily dose amount will be

administered split over the day fogefther with each meal.

Therefore in one embodiment of the invention the fotal amount of the daily
dose of the mixture of calcium, magnesium and iron salts is administered in
several (more than one) subsets per day. Furthermore such subsets are for
example in the form of a powder, a granule, capsules, fablets, film fablets,
sachets or sticks. In another embodiment the compaosition according 1o the
invention is administared in subsels wherein one subset comprises one
guarter of the total amount per dally dose according to the ranges defined

cbhove,
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For example, a combination of 80C mg (20 mmol) calcium (cbout 1/3 of the
recommended daily dose for phosphate binding) with 300 mg magnesium
(12 mmel leads to absorption capacity of 32 mmoi which is eguivalent fo
1300 mg calcium. This is about 2/3 of the above mentioned 2000 mg dose
of calcium for phosphate binding. Furthermore o daily dose of about 7.5 ¢
phosphate binder containing iron oxihydroxide (O Hergesell and E Ritz,
Nephrology Diaglysis Transplantation, Vol 14, tssus 4 863-867) corresponding
to about 1500 mg iron leads to an decrease of serum phosphate. This
means that in combination of calcium and magnesium this could be
reduced to agbout 1/3 (500 myg ron, corresponding fo 9.0 mmol iron). Taking
an ordinary ifron oxihydroxide with a lower phosphate binding capacity (e.9.
2/3 of that which was used by Hergeseill but with o higher iron content (e.g.
3 ttmes higher) then 750 mg iron in form of 1190 mg iron oxinydroxide
(Fe[OOH]) have 1o be used.

The composition according to the preseni invention can be varied by
decreasing the calcium, magnesium or iron content fo a minimum amount
as given above compensating this decrease by increasing the remaining
components to obfain steady phesphate binding capacity. Furfhermore the
composition can be varied by increasing the calcium and/or magnesium
content in the ranges given above compensating a decrease in phosphate
binding activity of iron compounds with reduced phosphate binding
capacity to obtain steady phosphaie binding vaiues.

Nevertheless by varying the components the molar ratfics have 1o be

consigerad,

A composition according to the present inveniion contalns preferably o
moiar ratio of Ca®* : Mg?* from 1 : 0,02 -~ 20 and of Ca?** : Fe** from 1 : 0,02
- 20.

Also preferably a composition agecording o the present invention conidins o
molar ratio of Ca?* : Mg?®* from 1 : 0,20 - 0,78 or a molar ratio of Ca**
Mg?* from 1 : 0,80~ 0,99 or from 1 : 1,03 ~ 2,00
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Another preferred composition according to the present invention contains o
molar ratio of Ca®* : Fe®~ from 1 : 0,02 — 0,65 or ¢ molar ratio of Caft | Fet
from1:0.,67 -0,68 0rfrom 1 :0,7 -0,99.

Cne particulosly preferred embodiment according to the present invention
contalns Ca”", Mg** and Fe®* each in an amount up to the recommended

daily dose allowance as defined herein,

Therefore such particularly preferred embodiment contains Ca?*, Mg®" and

Fe®* in ¢ total amount basad on the metal of

Ca**: 800 mq, corresponding fo 20 mmol
Mg?*: 300 my, corresponding to 12,3 mmol
Fedt 500 mg, cotresponding to 9 mmol

for administration per day, either in ¢ single unit or in subsets adminisiered
at once or split over the day, preferably fogether with the meals.

the amount ¢f iton compound of the composition according to the present
invention depends on the phosphate binding capacity of the used iron
compound, Especially the above named stabilized iron (1) compounds
exhibit improved phosphate binding capacity and can therefore be

administered in g lower total amount,

the phosphate binding capacity of e.g. the preferred compounds calcium
carbonate, maognesium carbonate and lron oxides/hydroxides are pH
dependent. Therefore with increasing pH the phosphate binding capacliy of
calcium and magnesium carbonate incredasas whereas the phosphate
binding copacity or ron oxides/hydioxides decregses, Moreover the
combination of carbonates with iron oxihydroxides guaraniees a decreased
iren solubility resulting in reduced iron absorplion, This efiect can be
explained with respact 10 the immediaie reaction of the carbonate with the
acids in the gastrointestinal tract which further enhances the pH in the
stomach. According to the solubllity product of Fe(OH}, each increase of g
pH unit decreases the selubility of iron by a focter 1008, what is encrmous
and influences the absorption of iron and the possible side effects

definitively,
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The pH-dependency of the compounds contained in the compos%‘réén

according 1o ihe present invention can be ranged as follows:

Caicium carbonate or hydrogen carbonaie shows optimal phosphate
binding capacity in weak acid pH. The binding capacity can be ranged: pH
3 < pH 5.5 » pH 8,

Magnesium carbonate, basic carbonate (such as 4 MgCTO, x Mg(OH}, x &
H,OJ} or hydregen carbongte exhibifs oplimal phosphate binding capacity in
neutral or weak basic pH such as under physiolegical condition in the

intestine. The binding capacity can be ranged: pH 3 < pH 5.5 < pH 8.

fron oxide/hydroxide shows optimal phosphate binding capacity in acid pH
such as under physiological condition in gastric iuice in the stomach. The

binding capacity can be ranged: pH 3 > pH 5.5 > pH 8.

Furthermore the compounds applied with g composition accoraing o the
oraesaent invention prevent each ofher from being absorbed. Stabilized,
insoluble iron hydroxide is enteral only sporingly aibsorbad as it enhances
solubllity under strong acid condition {< pH 3} only. The presence of
carbonates prevents a decregse of the pH i the stomach below 3,
Furthermore calcium inhibits absorption of iron and magnesium inhikits
absorption of calcium and vice versa. Such mechanism further minimizes
the risk of hypercalcgemia or hypermagnesaemica after application of the

phosphate binding compound.

Therefore with the combinaiion of the phosphate binding calcium,
magnesium and fron saits according to the present invention a compaosition
for freatment of hyperphasphataemia and chronic kidney deficiency con be
provided which exhibits optimal ang well balanced phosphate binding
properties over a wide pH range between of least pH 2 - 8 as found under

physiclogical conditions.
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A further advantage of the composition cccording fo the present invention

can be seen in the easy and safe preparation method,

The compositions according to the present invention comprise o phyéic:ql
mixiure or a blend of the salls. This means thgt the compasition can be
obtained by blending the calcium, magnesium and iron salfs. Furfhermore
the composition can be obtained by biending powders, granules, crystals,
crumbs or other available forms of calcium, magnesium and iron salls.

Preferably the compositions are obtainablie by biending powders of the salts,

Optionally the mixture of the calcium, magnesium and iron salts of the
composition cccording to the present invention is ¢ pressed mixed powder

of the salts.

The composition according io the present invention can contain at least one
further pharmaceutice! substance and/or pharmaceutically acceptable
axclpient.

In one aspect of the invention the mixiures can be combined with further
oharmaceytical substances which are especially needed in the treatment of

patients suffering from hyperphosphataemia or chronic kigney deficiencies,

‘Such additional pharmaceutical substances of inferest are e.g. vitamin D

and it's derivatives, antioxidants such as vitamin E and/or its derivaiives,
aming aclds such as cystein, peptides such as gluiathione, flavoneas and/or

fiovanoides or mixtures thereof,

in a preferred embodiment the composition according 1o the present
invention coniains at least one further pharmaceutical substance selected

from vitamin D and/or its derivatives,

The mixiures according to the present invention can be provided as
galenical formuiations tike e.g. capsules, tablets, flim tabletls, sachets,
sticks, granules or powders. Such galenical formulations can be prepared in

accordance with well known techniques using generally accepted
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exciplents, auxlliary Ingredients, colourants and flavours, Therefore the

compositions according 1o the present invention are preferabiy in dry form.

Therefore in o further embodiment the composition according to the prasent
invention contains at least one pharmaceutically acceptable excipient.
Preferably such pharmaceuiically acceplable exciplent will be selected
from the group of fillers, binder, colourants, flavours and/or ingredients for

masking unpleasant tastes.

The composttions according To the present invention are for the freatment of

humans as well as for the freatment of animals.

The composition according to the present invention is for oral or perora!

administration, oral administiation of the composition s preferred.

in one gspect of the invention the compaosition according 1o the present

invention is g food supplement,

In another gspect of the invention the compaosition according ¢ the present
invenficn is administered in o time context with the food Infake. In o further
embodiment the composition according to the present invention is Qsed by
admixing the compositton with af least one foodstuff, Such administration
can be choesen irrespective of its use as food supplement or as

pharmaceutical composition.

The previously described amounts of the salis of the compositicn which s
subject to the prasent inventlon genearally correspond 10 ¢ meaan normal
daily dosage as defined herein which can be split into several {more than
one) single doses, subsets or subunits to be faken with the dally meals.
Preferably the daily dose Is split Into four parts comprising 2-fimes per day
one part of the dailty dose e.9. one for breakfast and one for dinner, and 2
parts for the main meal e.g. for lunch. It goes without saying that the dose
can be spht and administered in gecordance with the individual nufrition
infake pehaviour of the pallenis. Altogether the splitting of the administered

doses should be chosen in accordancea with the amount, nutfrifional vaiue
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and compaosition of each meal, For example phosghate rich meals &.¢.
meat and protein rich meals should be accompanied by higher doses.
Nevertheless the daily recommended amount should preferatly not be

aexcesadsad,

Therefore the present invention further comuprises the use of the composition
as defined herein whereln the adminisfration of the total amount of the
composition per daily dose occording 1o the invention Is splif into subsets
which are taken with each meal, wherein the total amount of the
compaosition administered with the subsets per doy constitutes the total daily

amount according 1o the present invention.

Preferably the tofal amount of the composition pear daily dose is split Into
four subsets each comprising one guarter of the fotal amount per daily dose
according to the present invention and wherein two subsetis are
administered together with the main meal and one subset is administered

together with two minor meals each,

The composifion according to the present invention con be used for the
preparation of a pharmaceufical composition for adsorbing phosphate,
which comprises adsorbing phosphate in the body and / or from body fluids,
either infernally within the metabolism pathwoy or extémally e.g. from

dialysates.

In the following preferred empodiments ¢f the invention are summarized;

1. A compositicn comprising o mixiure of g biend of calcium, magnesium
and iron salfs for use as o pharmaceutical preparation for adsorbing

chosphate.

2. A composifion according to embodiment 1, which comprises adsorbing
onosphate In the body and / orf from body fluids, ither intarnally and / or

exiermnacily.
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. A composition according fo one of embodiments 1 or 2, comprising the

freatment of hyperphasphataemia, the freatment of chronic kidney

deficiency {CKD) patlients and/or the treaiment of haemodialysis patients,

. A compositton according to any of the previous embodiments, wherein

the calcium and magnesium saifs are selected from the group consisting
of carbonates, hydrogen carbonatfes, basic carbonates, acetates,

oxides, hydroxides and mixtures thereof.

. A composition gccording to any of the previous embodiments, wherein

the iron salt is selected from the group consisting of iron oxide, iroen
hydroxide, iron-cxihydrexidse, iron complex compounds and mixiures

thereot,

. A composition cccording fo any of the previous embodiments, wherein

the iron salt is selected from iron{ili}-saits.

. A composition according 1o any of the previous embodiments, whereln

the iron salt is selected from iron(iil)-hydroxide and/or iron{llf-oxihydroxide

and/or Ironlill}-oxides and/or stabilized forms thersof.

. A compuosition according 1o any of the previous embodiments, wherein

the iron salts are stabilized by carbohydigies and/or humic acid.

A composition gcecording to any of the previous embodiments, wherein

the iron salts are stabllized by sucrose, optionaity by sucrose and starch,

A composition according fo any of the previous embodiments,
wherein the maolar ratic of calcium to magnesium s from 1 : 0,02 - 20

and the moigr ratio of calcium to fronis from 1 @ 0,02 ~ 20,

A composition according To embodiment 10, wherein the molar ratio

of calcium 1o magneasium is from 1 : 0,26 - 0,78,
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12, A composition according to ¢ embodiment 10, wherein the molar

rafio of calcium to magnesium is from 1 : 0,80 - 0,99,

13. A composition according to embodiment 10, wherein the molar ratio

of calcium to magnesium is from 1 : 1,03 - 2,00.

14, Acompoesition according to embodiment 10, wherein the molar ratio

of calcium 1o itonis from 1 ;. 0,02 - 0,65,

15, A composition gecording to embodiment 10, wherein the molar ratio

of calcium o ironis from 1 @ 0,67 - (3,568,

16. A composition according to embodiment 18, wherein the molar ratio

of calcium o itonis from 1 . 0,7 - 1,50,

17, A compositton according to any of the previous embodiments for
administration of a mixture of caicium, magnesium and iron saits in a

total amount based on the metfal of

caicium: 80 mg -~ 2400 mg, correspoending to 2 — 60 mmol
magneasium; 49 mg - 729 mg, conresponding fo 2 - 30 mmo!

iron: 112 mg ~ 1676 mg. corresponding to 2 - 30 mmol
nar daily dose.

18, A composition according to any of the previous embodiments for
administration of o mixture of calcium, magnesium and iron saifs in o

foigi amount based on the metal of
caicium: 400 mg — 1200 mg, corresponding fo 10 - 30 mmol
magnesium: 146 mg — 439 mqg, corresponding 1o 6 — 18 mmol

iron: 279 mg ~- 1117mg, corresponding to 5 ~ 20 mmol

per daily dose,
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19. A composition according o one of embodiments 17 or 18, wherein
the total amount of the daily dose of the mixiure of calcium, magnesium

and iron salis is administered in one or more subseis per day.

20. A composition according fo emboediment 19 wherein one subset

comprises ong quarier of the folal amount per daily dose,

21, A composition according to any of the previous embodiments which

comprises o mixture of

- calclum carbonate and/or caicium hydrogen carbonaie,

- magnesium carbonate, magnesiurm hydrogen carbonate
andjor basic magnesium carbonate, and

- iron(l)-hyaroxide and/or ron(l)-oxihydroxide and/or fron(lil}-

oxides and/or stobliized forms thereof.

22, A composition according to any of the previous embodiments which
comptises g physicat mixture or a powder blend, raspectively, of the

salts,

23. A compaosition according o any of the previcus embodiments wherein

the composition is obtainable by blending the saits.

24. A composition according 1o any of the previous embodiments,

wherain the composifion is obtainable by blending powders of the salfs,

25, A composition according to any of the previcus embodimeanits wherein

the composition is an opfionally pressed mixed powder of the salts.

26. A composition according to any of the previous embodiments
confaining at least one further pharmaceutically active substance and/or

vharmaceutically acceptable excipient,

27. A composttion according to embodiment 26, confaining at least one

further pharmaoceutically active substance seiected from vitamin D
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and/or its detivatives, antioxidants, ke vitamin £ and/or i1 derivatives,
amino acids, like cystein, peptides, like giutathione, flavones and/or

flavancides or mixtures thereof.

28. A composition according to embodiment 26, containing at least one
oharmaceutically acceptable excipient selected from the groupn of filiers,
binder, colorants, flavours and/or ingredients for masking unpleasant

fastfes,

29. A composition according to one of the previous embodiments which is
in the form of a powder, granules, capsules, tablets, film fablets, sticks or

sachefts,

30. A composition gecording to any of the previous embodiments which is

for the lregiment of humans,

31, A composition according fo any of the previous embodiments which is

for the fregtment of animais,

32, A composition according fo any of the previous embodiments which is

for oral administration.

33. A composltion according to any of the previous embodiments which is

o food supplemernt,

34. A composltion gccording to any of the previous embodiments which is

for administration in g fime context with the food intake,

35, Use of ¢ composition as defined according to any of the previous
embodimenis for the preparafion of g pharmaceutical composition for

adserbing phosphate in humans and/or animals.

36,  Use of the composition as defined gccording 1o any of the pravious
embodiments wherein the composition {s admixed with af ieast one

foodstutf and/or further food suppiement.
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37. Use of the composition as defined according 1o any of the previous
embodiments wherein the administration of the total amount of the
compaosition per daily dose is spiit info subsets which are taken with each

meat,

38. Use according to embodiment 37 wherein the tofal amount of the
composition per daily dose is splif info four subsets each comprising one
guarter of the total amount per dally dose and whetrein two subsets are
administered together with the main meal and one subset is administered

fogether with two minor meals each.
39,  Use according to any of embodiments 35 o 38 wherein the toial
amount of the composition per daily dose is as defined in embodiments

17 or 18.

Tre prasent invention is lllustrated by the {ollowing exampiss:
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The following examples constitute compositions for a daily dose each!

Example 1

Compound Amount Cormespondging amount of metal
(Ca?*/Mg?*/Fe®*)
Calcium carbonats 2000 mg 20.0 mmeal
Magnesium carbonate 1037 myg 12.3 mmol
[ron oxihydroxide* . 1191 mg 13.4 mmol
Total 4227 mg

* caiculoted as Fe{O)JOH

From the composition of example 1

the foliowing compositions can be

deduced, substituting lower moiar ratios of one component with higher ones

of the other components,

Example 2
Compound Amount Corresponding amount of metal
(Ca?*/Mg?T/Fe")
Calcium carbonate 1500 mg 15.0 mmol
Magneasium cadrbonate 1298 mg 15.4 mmol
ron oxihydroxide* 181 mg 13.4 mmol
Total 3989 myg

* caiculated as Fe(O)CH
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Example 3
Compound Arnount Corresponding amouni of metal |
(Ca?*/Mg?H/Fe®t)
Calclum carbonate 2500 mg 25.0 mmol
Magnesium carbonate 776 mg 7.2 mmol
iron oxihydroxide* 1191 myg 13.4 mmo!
Total 4466 myg
* calculated as Fe(OJOH
Example 4
Compound Amount Corresponding amount of metal
| (Ca?*/Mg?/Fet™)
Caoicium carbonate 1000 mg 1G.0 mmol
Magnesium carbonate 1560 mg 18.5 mmaol
lron oxinydroxide* 1191 mg 13.4 mmol
Total 3750 mg
* calculdted as Fe{Q)OH
Exampie 5
Compound Amount Corresponding amount of memﬂ
(Ca?*/Mg?*/Fe®")
Calcium carbonagfe 2000 myg 20.0 mmol
Magnesium carbonate 1383 mg 16.4 mmeol
fron oxihydroxida™ 880 mg 2.0 mmol
Total 4182 mg

* caiculated as Fe{O)OH
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Example 6
Cempound Amount Corresponding amount of meial
(Ca?+ Mgt /Fe®)
Calcium carbonate 2500 myg 25.0 mmol
Magnesium carbonate 1298 mg 15,4 mmaotl
lron oxihydroxide* 595 mg 4.7 mmol
Total | 4393 mg |

* calculated as Fe(Q)OH

Example 7
in case of using « iron oxthydroxide with a 2 times iower phosphate binding

capacily the composition is the following:

Compound Amount Corresponding omount of metal
(Ca**/Mg?*/Fe®")
Calcium carbonate 2500 mg ] 25.0 mmol
Magnesium carbonaie 1298 mg 15.4 mmol
iron oxihydroxide” 1181 mg i3.4 mmol
Total 4989 mg

* caleuioted as Fe{O)OH

Additionally the composition of example 1 can be changead by decreasing
the coicium, magnesium or iron content to g minimum of e.g. 10-50 % of
that of exaomple 1 and by compensation this decredase by incredasing the
remaining components fo obfain the same phosphate binding capacity as

in example 1,

Moreover in stead of carbonagtes also ccetates can be used as far as

aikalosis can be avolded,

Furthermore instead of oan ordinary iron oxihydroxide o siabilised iron
oxthydroxide as e.g described in EP 0 8468 125 B1 or US 6,174,442 B1 can be
used. Such iron oxihydroxides have fthe advantage of higher adsorption

capacitles. So the toftal iron dosoge will be lower, e.g. insteagd of 750 mg
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only 500 mg, whai will compensate the lower iron content of e.g. only 20-
40% of such an ingredient. In the next examples such combinaiions

comprising iron oxlhydroxide stabilised by saccharose ([sucrose) are

compiled:
Example 8
Compound Amount | Corresponding amount of metal
(Ca?*/Mg?t/Fe®™)
Calcium carbonaie 2000 mg 20.0 mmol
Magnesium carbonats 1037 mg 12.3 mmol
fron oxinydroxide* 1523 mg 7.0 mmol
stabilizeg*™
(Iran content 33 %)
Total 4560 mg

* calculated as Fe(O)OH

sHgtahilised by saccharose

Exampie 9

Compound Amount Corresponding amount of metal

[COQ+/M92""/FG?’+]

Calcium carbonate 1330 my 13.3 mmol
Magnesium carbonate 1037 mg 12.3 mmol
lron oxihydroxide™ 2268 my 13.4 mmol
stabilized**
{iron content 33 %)
Total 4635 mg

* catculated as Fe{O)OH

=*stabilised by saccharose
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Exampie 10

Compound Amount Corresponding amount of metal O
(Ca?+mMgit/ret)

Calcium carbonate 1670 myg 16.7 mmol

Magnesium carbonate 868 mg 10.3 mmol

fron cxihydroxidse™® 2268 mg 13.4 mmol

stabilizea**

(lron content 33 %)

Total 4806 myg

* calculated as Fe(OICH

**stabilised by saccharcse

Example 11

Compound Armount Corresponding amount ©f meial
(Calt/Mg?tiFe®r)

Calcium carbonate 2000 myg 20.0 mmoi

Magnesium carbonafe, 1194 mg 12.3 mmol

basic

(4 MgCQO, Mg(OH}), 5 H,O)

fron oxlhydroxide®* 1523 myg 2.6 mmol

stabilized**

(iron content 38 %!

Total 4717 mg

* calculated as Fe(O)OH

**stabilised by soccharose
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Example 12
Compound Amount Corresponding amount of mefal
({Ca?*IMQ2¥/IFe®™)
Calcium carbonate 1330 mg 13.3 mmol
Magnesium carbonate, 1194 mg 12.3 mmol
basic
(4 MgCQC,; Mg{OH), b H, 0}
fron oxihydroxide™® 2268 mg 13.4 mmol
stabilized*™*
firon content 33 %)
Tofal 4692 mg
* calculated as Fe{C)OH
**stabilised by saccharose
Example 13
Compound Amount Corresponding amount of metal
__ [Ca?*/Mg?*/Fe®*)
Calcium carbonafe 1670 mg 16.7 mmol
Magnesium carbonate, 1000 mg 10.3 mmagl
basic
(4 MgCO, Mg(CH), 5 H,O)
lron oxihydroxide* 2268 mg 13.4 mmol
stabilized**
{iron content 33 %]
Total 4938 myg
* caiculated s Fe(OJOH .
%*s’rubii%sed by saccharose
Exgmptle 14
Compound Amount Corresponding amount of metal
({Ca?*IMg*T/Fe®t)
Calcium acetat x H,0 3163 myg 20.0 mmol
Magnesium carbonate 1037 mg 12.3 mmol
lron oxihydroxide® 1191 My 13.4 mmol
Total 5391 mg

* colcutated as Fe{O)OH
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Example 15
Compound i Amount Corresponding amount of mefal

([Ca?*/Mg?t/Fe?)

Caicium acetat x H,O 3163 mg 20.0 mmol
Magnesium carbonate, 1194 mg 12.3 mmol
basic
{4 MgCO; Mg(OH], 5 H,0)
iron oxihydroxide® 1523 myg .0 mmol
stabilized**
(fron content 33 %)
Total 5881 myg

* caiculated s Fe{O)OH
*stabilised by soccharose

The amounts mentioned in examples 1 1o 15 correspond o ¢ mean normal
daily dosage which can be split in severdal singlé doses 10 be taken with the
meais. Preferable the daily dose is spiit into four parls: 2-1imes one part for
e.g. breagkfast and dinner, and 2 parts for the main meal e.g. for lunch,

All mixtures con be provided in form of golenical formulations like e.q.
capsuies, ioblets, film tabiets, sachefs, granules and powders by using
generglly accepted excipients such s e.g. colourants and flavours,

The mixtures can be combined with other substonces for which ¢ special or
incregsed need exists in the frectment of patienis suffering from
hyperphosphataemia and/or chronic kidney deficiencies. Substances of
interest are e.g. vitamin D and/or ifs derivatives, antioxidants, like vitamin £
and/or its derivaiives, amine acids, like cystein, peptides, like glufathione,

flavones and/or flavanoides or mixtures theraof, afc..
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Example 16

Investigation of the effects of o composition according to Exampie 11 on

the phosphorus-availability in cats.

The phosphorus-binding capacity of a composition according o the present
invention in the intestine of cats has been tested with regard to the

reducltion of phosphotus-uptake from food.

Timing and experimental groups:
The investigation covered four experimental fime-units each comprising 14

days, thus ieading fo a toial time of the study of 4 x 2 weeks (8 weeks].

Experimenial animal groups consisted of four grecups of cafs, each
comprising two catfs, wherein the animals had been selected taking info
consideration the actual body measurements and fhe animai's sex. The
average age of the cats was 2.5 years, and all animals wete healthy and
without any clinical conditions. Allocation of the dosage schedule o the
groups was carried out at random. Each group of two animais was fed with a

consistent dosoge amouni over the whole course of the experiment.

Table 1.
Animal Sex Initial Body | Dosuge’’ of composition 11 Dosgage of
Weight (BW) [ 4 kg BwW composition 11
/ animai®
i female 2162 g _ 0 mg 0 mg
(dosage |/ control)
2 mdadle 4720 g 0 mg 0 mg
(dosage | / control)
3 male 5368 ¢ 600 mg 805.2 myg
[dosage I}
4 fermnaile 3018 g 600 myg 452.7 mg
{dosage H)
5 female 3166 ¢ 1200 mg 949.8 mg
(dosage 111
& mdle 5824 ¢ 1200 mg 1747 .2 mg
[dosage i}
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7 femdle 3516 ¢ 1800 mg 1582.2 mg
(dosage V)
8 male 6875 g 1800 mg 3093.75 mg
{dosage IV)

Y daoity amount, administered in two food subunits per day

2 posed on the initial body welght

An adaplion phose of 2 wesks preceded the first experiment unit. In fthis
adaption phase, no phosphate-binding composition was added to the catl’s

food.

In the following four experimental time-units, each of which was two weeks

leng, the catls received the composition according to example 11 mixed

20

with their food according o the following dosage schedule:

Takle 2:
Dosage Time unif Time unit Time unit Time unit
1 2 3 4
| Group 1 Group 1 Croup | Group 1
Il Group 2 Group 2 Group 2 Group 2
H Group 3 Group 3 Group 3 Group 3
% Group 4 Group 4 Gioup 4 Group 4
Nutrition:

The cats were fed with catfood with a comparafively low butl covering

demand of phosphorus according to table 3.

Table 3: Composition of the cat’'s foed (%)
Molsture in dry weight 52.0 %
Crude protein 31.6 %
Crude fat 20,0 %
Crude ash 6.1 %
Phosphorus 0.5 %
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Each cat was fed twice a day with an individual amount of food, calculated
according 1o NRC 2006 (Naticnal Research Council 2006}, The composition
according to example 11 was mixed with each meal in the amount

accerding to fabie 1.

Resulis:

Body weight remained largely stable during the examination period, Hegith

status remained unchanged.

Efficacy of the composition according fo example 11 with regard to the
phosphate-binding capacity from food was evaluaied by

- food-uptake (g/day}

phosphorus uptake (mg/day)

urine volume (mi/day)

phosphorus concenfration in the urine {mg/mi)

1

renal phosphorus excretion img/day)

renal phosphorus excretion / phosphorus uptake (%)

The foliowing resulls / group were evaluated:
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Table 4.

Group 1 Group 2 Group 3 Group 4

average s gaverags | sd | avergge 50 average | sd

food-uptake 126 11.10 152 5.3 185 35 48 151 8.2
(g/day)

phosphorus 115 10.07 138 4.8 168 32.18 119 7.4
uptake
(mg/day)

uring volume 52 3.81 55 17.5 Q4 8.34 &6 1.0
{ml/day]

PROSPhoOrUS 0.72 | 0.01 0.55 07 | 0.44 | C.i3 0.25 |01
concentration

in the urine

(mg/mi)

renal 37 2.14 25 0.3 41 14.38 15 5.9
phospohoius
excreiion

(mg/day)

rendal 33 1.26 19 0.9 25 3.65 13 5.9
phosphorus
axcretion /
phosphorus
uptake (%)

It became obvious fthatf, cs the dosages cof the phosphate-binding
composition  cccording o example 11 increased, the phosphorus
conceniration in the urine (fig. 1) and the renal phosphorus excretion (fig. 2
ond 3} decreased. Food upfake was not influenced by the dosage amounis,

which resulted in comparable phosphorus uptake throughout the groups.

Group 3 shows enhanced food and phosphorus uptake ([fig. 4 and 5}
Comparing the individual dota of ali animals according 1o table & {fig. 6 1o
13}, it becomes obvious that this results from a discrepancy in the data of

agnlmal no, 4,
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fable 5:
Group 1 Group 2 Group 3 Group 4
Animal | Animal | Animal | Animal § Animat | Animal | Animal | Animal
1 2 3 4 & 6 7 8

focd-upiake 115.3 | 137.5 146.5 187.0 | 149.8 226G.7 122.8 139.2
(g/day) * 0.1 6.1 301 1267 | 2233 £12.83 | 221 + 3.3
phosphorus 104.6 | 124.7 132.9 142.4 . 135.8 200.2 111.4 123.2
uptake + 8.2 + 5.5 £27.3 | 6.7 (& 2100 + 11,2 + 20.1 t 2.9
(mg/day;
urlne volume 48.2 55.8 | 72.2 37.1 85.9 102.6 67.0 65.0
(mi/day) + 5.2 + 2.2 + 105 £ 130 £9.7 +11.0 +10.6 + 8.2
phosphorus 0.7 0.7 0.4 0.7 0.3 0.6 0.3 a.1
concentration | + 0.1 ¥ 0.1 + 0.1 +0.2 | £0.2 + 0.3 = 0.2 + 0.0
in the urine
{mg/mi)
renal 35.3 39.6 24.9 25.6 26.1 54,9 21,8 9.4
shosphorus = 5.0 + 5.0 + 1.6 £7.9 127126 £21.6 + 9.7 * 29
axcretion
(mg/day)
renal ‘ 34.5 31.8 19.9 18.1 21.0 28.3 19.3 7.4
phosphorus + 7.5 + 5.0 + 5.3 6.5 | x12.4 ) £13.0 + 8.2 + 2.1
excretion / ‘
phosphaorus
uptake (%}
Discussion:

The object of the investigotion was fo excming the phosphate-adsorbing

efficacy of g composition accerding 1o the present invention.

Phosphorus adsorption in the intestine results in increased faecal and in
decregsed renagl phosphorus excration. This aspect s of importance
espacially in the fregtment of patients suffering from renal insufficiency
because, on the one hand, reduced renal phosphorus excretion means 1ess

stress on limited ofgan function and, on fthe cother hand, thus counieracts
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hyperphosphataemic. As a result, the use of an effective phosphate-binder

supports the freatment of patients with renal insufficiency.

The undetlying invesfigation was able to show the efficacy of phosphate-
binding compositions according to the present invention on the reduction of
renal phosphorus excretion, Morsover, o dose-dependent effect could be
observed by an increasing efficacy within the sense of o comparatively
lower renal phosphorus excretion becoming visible as the dosage of the
phosphaote-binding composition increased (figure 9). Generally food-uptake
was nof influenced by enhonced dosage of the phosphate-binding
composition and thus o comparable daily phosphorus upfake can be
assumed. An exception has to be made with animal 6 from group 3 which
showed higher-than-average tood-uptake ond fhus higher-?hdnwcverog@
ohosphorus uptake and thus leading fo deviant results In group 3 although,
leaving animai 6 unconsidered, the de'scﬁbed dose-dependant effects are

clearly visible.

With respect to the deviating resulis of animal 6, It becomeas obvious that
individuglt conditions and influences may also have an impaoci. With the
chosen study design such individual conditions are detectable, especially
by grouping comparable test animals and by repeating the measurement

cycles three fimes,

Finally, it can be stated that within one test group constant test resulis were

achieved which show the efficacy of the phosphate-binding capacity.

Furthermore, with increasing dosage, increasing efficacy becomes cbvicus.
As higher amounts of the phosphate-binding composifion did not influence
the food uptake, it con be assumed that comparable dosags-
recommendations may lead to g remarkable reduction of renal phosphorus
excrefion, although even lower dosages of the phosphate-binding
composition already reduced ghosphorus excretion in fhe urine and thus
exhibited efficacy. As g resulf, the gpplied dosage of the phosphaie-binding
composition the dally phosphorus uptake also has o be considered,

becaguse enhanced phosphorus uptake with food affords higher amounts of
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phospnate-binding composition for the effective reduction of renal
phosphorus excrefion. Dally phosphorus upiake is influenced by the nuirifion,
as well as by the individual feod-uptcake, Therefore the assessment of the
efficacy of the phosphate-binding composition and the esfimation of the
dosage recommendation has io be evaiuated on the basis of the daily
phosohorus upiake. Thus, considering these aspecis the phosphate-binding
composition according to the underlying invastigation seems 10 be suitable
for reducing the phosphorus avaliabliity from food and thus, the rendal

phosphords excretion in cats.
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Figuies:
Figurs 1.
Phosphorus concenirafion in the urine of cafs fed with a phosphate-

adsorbing composition accoerding to the present invention

Figure 2:
Renal phosphorus excretion of cots fed with g phosphate-adsorbing

composition according to the presant invention

Figure 3:
Renal phosphorus excrefion in relation 1o the phosphorus upiake (%) of cafs
fed with o phosphate-adsorbing composition gccording to the prasent

invention

Figurg 4.
Daily food uptake of cais fed with ¢ phosphate-adsorbing composition

according to the prasent Invenfion

Figure 5.
Daily  phosphorus  uptake of cais fed with o phosphate-adsorbing

composition according to the present invention

Figure 6.
Dally food uptake of catfs fed with o phosphate-adsorbing composition

agccording to the present invention [individuatl data)

Figure 7:
Daily  phosphorus uptake o©of cats fed with ¢  phesphate-adsorbing

composition according to the present Invention {individual dgta)
Figure 8,
Phnosphorus concenifration in fthe wurine of cats fed with o phosphate-

agdsorbing composition according to the present invenfion (individual data)

Figure 9.
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Renal phosphorus excretion of cats fed with a phosphole-adsorbing

composttion according to the present invention fingividual daia)

Figure 10;
Rendal phosphorus excretion in relafion to the phosphorus upfake (9%) of caots
fed with o phosphate-adsorbing composltion according to the presend

invention [individual data)
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Clagims:

. Use of a composition comprising a physical mixture or blend of

powders, granules, crystais or crumbs of calcium saits, magnesium
salts and iron salts in the manufacture of ¢ pharmaceutical

preparation for adsorkbing phosphate.

. The wuse according to claim 1, wherein the pharmaceutical

preparation is for the treatment of hyperphosphataemia, for the
treatment of chronic kidney deficiency (CKD) patients and/or for the

freatment of haemodialysis patients.

. The use according 1o any of claims 1 or 2, wherein the calcium and

magnesium salfs are selecfed from the group consisting of
carbonates, hydrogen carbonates, basic carbonates, acetates,

oxides, hydroxides and mixiures thereof.

. The use daccording to any of c¢claims 1 or 2, wherein the ircn salt is

selected from the group consisting of iron oxide, iron hydroxide, iron

oxihydroxide, iron complex compounds and mixtures thereof.

. The use according o any of claims 1 or 2, wherein the ifron salt is

selected from ironf(ill}-salts, iron{lll}-hydroxide and/or iron{lil}-

oxithydroxide and/or iron{iil)-oxides and/or stabilized forms thereof.

. The use daccording to any of claims 1 or 2, wherein the iron salls are

stabiiized by carbohydrates and/or humic acid, by sucrose and/or

starch.
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The use according to any of claims 1 or 2, wherein the molar ratio of
caicium to magnesium is from 1 : 0,02 - 20 and the molar ratio of

calcium to ironis frem 1 : 0,02 - 20.

The use according to claim 7, wherein the molar ratic of calcium io
magnesium is from 1 : 0,20 - 0,78, or from 1 : 0,80 - 0,99 or from 1 :
1,03 - 2,00.

. The use according to claim 7, wherein the molar ratio of calcium to

ironis from 1 : 0,02 - 0,65, or from 1 :0.67 - 0,68, or from 1:0,7 - 1,50.

The use according to any of claims 1, 2, 8 or ? wherein the mixture of
calcium, magnesium and iron salfs is in a total amount based on the

metal of
calcium: 80 mg - 2400 mg, corresponding tc 2 - 60 mmol
magnesium: 49 mg - 729 mg, corresponding fo 2 = 30 mmo!

iron: 112 mg ~ 1676 mg, corresponding to 2 - 30 mmol

per daily dosse,
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The use according to any of claims 1, 2, 8 or ? wherein the mixture of
calcium, magnesium and iron salis is in ¢ fotal amount based on the

metal of

calcium: 400 mg - 1200 mg, corresponding to 10 - 30 mmo!
magnesium: 146 mg - 439 mg, corresponding to 6 - 18 mmol

iron: 279 mg - 1117mg, corresponding to 5 - 20 mmol
oer daily dose.
The use according to claim 10, wherein the total amount of the daily

dose of the mixiure of calcium, magnesium and iron salts is to be

administered in one or more subsets per day.

.The use according to claim 11, wherein the total amount of the daily

dose of the mixture of calcium, magnesium and iron salis is 1o be

administered in one for more subsets per day.

The use according fo claim 12 or 13 wherein one subse! comprises

one qguarter of the ftofal amount per daily dose.

.The use gccording to any of claims 1, 2, 8, 9, 11, 12 or 13 wherein the

composition comprises a mixture of

calcium carbonate and/or caicium hydrogen carbonate,
magnesium carbonate, magnesium hydrogen carbonate
and/or basic magnesium carbonate, and

iron({lit)-hydroxide and/or iron{ilt)~oxihydroxide and/or

iron{ill})-oxides and/or stabilized forms thereof.
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The use according to any of ¢claims 1, 2, 8, 9, 11, 12 or 13 wherein the

composition is a pressed mixed powder of the salfs.

The use according to any of claims 1, 2, 8, 9, 11, 12 or 13 wherein the
composition contains at least one further pharmaceutically active

subsiance and/or pharmaceutically acceptable excipient.

The use qccording to claim 17, containing at least one further
pharmaceutically active substance selected from vitamin D and/or
its derivatives, antioxidants, vitamin E and/or its derivatives, amino
acids, cystein, pepftides, glutathione, flavones and/or fiavanoides or
mixtures thereof and / or at ieast one pharmaceutically acceptable
excipient selected from the group of fillers, binder, colorants, flavours

and/or ingredients for masking unpleasant fastes.

.The use according to one of claims i, 2,8, 9, 11, 12, 13 or 18 wherein

the composition is in the form of a powder., granules, capsules,

fablets, film tablets, sticks or sachets.

The use according o one of claims 1, 2,8, 9, 11, 12, 13 or 18 wherein

the composition is for the tfreatment of humans and/or animais,

.The use according o one of claims 1, 2, 8, 9, 11, 12, 13 or 18 wherein

the comgosition is for oral administration.

The use according fo one of ¢claims 1, 2, 8, 9, 11, 12, 13 or 18 wherein

the composition is a food suppiement.
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23.The use according {o one of claims 1, 2, 8to 9 11 to 13 or 18 wherein
the composition is for administration in o time context with the food

intake.
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PHOSPHATE ADSORBENT

ABSTRACT

Subject of the present invention are compaositions comprising a
mixture of calcium, magnesium and iron salts for use as a
pharmaceutical preparation for adsorbing phosphate, especially for use
as pharmaceutical preparations for the treatment of
hyperphosphataemia, chronic kidney deficiency as well as for the

treatment of haemodialysis patients.

No Suitable Figure.



