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COMPOSITION

The prasent invention relates to lquid Tormulation containing watsr-insoluble inorganic
mixed metal compounds, The presert inventon further relates o methods of
manufaciure of the liguids and their use in unit and mullivle dose forms for oral

adminisiration.

BACKGROUND OF THE INVENTION

Liguid Dosage Forms

Liquid dosage forms of insoluble compounds can provide a useful means of
administration for subjects who have difficulty swallowing. In particular in the field of
pharmaceulicals sase of administration may also help ensure optimal patient
compliance. Additionally liguld form aliows for a continuously variable dose quantity to
be administerad.

Many figuid doses forms of insoluble compounds are known from the art. For example,
Altacite Plus Suspension (Peckforion Pharmaceuticals Limited) is soid as an anfacid for
the symptomatic relief of dyspepsia, flaiulence and abdominal hyperacidity, gastritis,
pegtic ulceration, heartburn especially when associated with hiafus hemnia, or heartbum
during pregnancy. One of the acfive ingredients i ‘hydrotalcite light', aluminium
magnesium carbonate hydroxide hydrate. Altacite displays a yield stress of only 1 Pa
and at this low yield stress would not be suitable for mainiaining stable formulations
wherein the active ingredient is of a hydrotalcite type comprising magnesium and iron ot
it is of insufficient vield stress to provide a stable formulation at a desirable pariicle size.

and or dose lavel

Another product from Peckforion Pharmaceulicals Limited, Hydrotalcite Suspension, also
contains hydrotalcite.  The formulation also contains Veegum regular which is a
magnesium aluminum silicate used to alter the rheology of liquid formulation. However,

as this is an aluminium source this product is not considered suitable for kidney patients.

Talcid is intended for the symptomatic relief in cases of heartburn, stomach hvperacidity.

The active ingredient is ‘hydrotalcite light’, aluminium magnesium carbonate hydroxide
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fydrate, which sufiers from the same drawback of aluminiur release and accumulation.
Furthermore, the formulation containe bentonite which al higher conceniralions czan
modify the rheclogical characteristics of the formulation, Bentonite is a calcium hydrated
aluminogilicate which may also reiease aluminium, Carboxymethylcelivlose sodium is
used as a thickening agent. Taleld displays some vield siress but insufficient to provide

a stable formulation at a desirable particle size.

The delivery of mixed metal compound ie particularly problematic because mixed matal
compounds typically have a high pariiculate densily (such as a density of around 1.9
g/mb). Due to the large difference in density betwaen such compounds and that of typical
agueous carrier fiuids, mixed metal compounds have 2 propensity t© ssttle out on
storage. The rheoclogy of the carrier fiuid may be modified to increase the viscosity of the
fluid and hence slow the setiling rate of the suspendad solids. MHowever because of the
atypical high particulate density this has the disadvantage that whilst the setiling rate is
reducsad settling will stili ccour over a relatively short time frame.  Furthermore, the high

fiuid viscosity makes it difficult to re-disperse any setiled mixed metal compound.

US4,888,219 describes composiﬁéns comprising mixtures of xanthan gum and locust
bean gum in a specified range of ratios. The formulation is packaged as a dry granule

miix which is added io a drink immediately prior to consumption.

WO2007/135362 describes a formulation based on xanthan gum, PVP and glycerol
containing & suspended non-siercidal anti-inflammatory drug where PVP acts a
dispersant and giycerol as a density increasing agent. The optimal PVP concentration
disclosed s 0.5 to about 3.5 % wiv, Further, the suspended non-steroidal anfi-
inflammatory drug is present at a concentration of up to § % wfiv. This compares 1o

required delivery isvels of typically 10% wiv for mixad metal compounds.

iIE153343 discloges an agueous suspension concentrate composiiion of pendimeathalin, a
pesticide. More specifically, IE153343 discloses the use of a suspending agent, such as
xanthan gum, af a concentration between 0.02 and 3.0 % w/hv, in combination with
thickening agents such as polyvinyi-pyrrolidone (PVP). The propesed compositions also
inciude surfactants, dispensing agents or wsiting agenis and an antifeaming agent to
orovide a stable suspension.
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USE,300,302 discloses a pharmaceutical delivery system comprising a composition
comprising an drug homogeneously distributed in a water-dispersible gel excipient

containing either xanthan gum or a mixiure of xanthan gum and methyl celivlose.

WO 03/013473 A1 teaches a colloidal silicon dioxine which may be combined with
xanthan gum and a wetling agent in order to produce a suspension of drug particles that
is substantizily stable. [ is stated that silicon dioxide has z synergistic effect with

xanthan gum and produces a more stable suspangion than otherwise possible

US51126804 disclozses an sgueous formulation containing a drug substance; coiloidal
silicon dioxide; a hydrocolivid gum; a welling agent, an antifoaming ageni and =

carbohydrate, which is stable for 80 days.

LIS7300870 discloses an aquecus pharmaceutical suspension for oral adminisiration
comprising at least one particulate drug with a density of from about 0.8 to about 1.6 g/m!
and an average particle size less than about 28 micren; at least one suspending polymer
exhibiting plastic flow with or without additional viscesity-building agents that provides a
yield value to the final suspension of about 0.2 to about 15 Pa and an apparent viscosity
at 100 sec” of at least about 50 cps; a liguid phase with an absolute density difference
from each particulate drug of iess than about C. 2 g/ml.

To provide sterile compositions, the prior ant has taught that liguid compositions may be
irradiated. For example, US5273787 discioses a modified, rapidiy hydrating xanthan
gum, prepared by irradiating non-irradiated xanthan gum with ionizing radiation, and
furthermore a process for sterilizing a food product comprising non-irradiated xanthan

gum as a geliing hydrocolloid,

Although wradiation may provide sterility, it presents a number of problems when applied
to liguids containing insoluble products. For example, *Formulation of a Sterile Surgical
Lubricant”, Adams, I, & 8. Davis and R, Kenshaw. 1972, J. Pharm. Pharmacol.,
24:178F describes the complete loss of gel structure in methyl celluloses foliowing
irradiation.  Applied Radiation Chemistry By Robert James Woods and Aleksef
Konstantinovich Pikaev teaches us that a standard &rradiation doses of 25 kGy is used in
many countries, and 35 kGy in Scandinavian countries, but that by controi of the

production environment microbial contamination can be reduced o levels down o 10
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kGy. (Publisher Wiley-1EEE, 1084, ISBN 0471544523, 9780471544524), US7250182
describes the depolymerization by high energy slectron beam irradiation of xanthan gum
at a prefarred dose of 10 o 150 kGy.

SUMMARY.

In a first aspect the present disclosure provides a composition comprising

(i) 2 mixed metal compound containing &t lsast one irivalent metal selectsd from iron (i)
and aluminium and at least one divalent metal sslected from of magnesium, iron, zing,
caicium, lanthanum and cerium,
(if) xanthan gum
(if) at ieast one of  {a) polyvinyl pyrrolidone

(b} tocust bean gurmn

{c) methyi cellulose

wherein the composifion has been iradiated with lonising radiation in an amount of af
least 4kGy.

In a second aspect the present disclosure provides the use of & composition as defined

above m the manufacture of a medicament for controlling serum phosphate levels.

In a third aspect the present disclosure provides the use of a composition as defined

above in the manufacture of a medicament for binding phosphate.

In a fourth aspect, the present disciosure provides the use of a composition as defined

above in the manufacture of a medicament for the treatment of hyperphosphataemia.

The present disclosure also provides a composition for use as a

meadicament, wherein the composition comprises
{i} & mixed metal compound containing at least one irivalent metal selected from ron (Ili)
and aluminium and at least one divalent metal selecied from of magnesium, iron, zing,
calclum, lsnthanum and cerium,
(ify xanthan gum
(i) at ieast one of {a) poiyvinyl pyrrolidones

{b}) iocust bean gum

(¢} methy! cellulose
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whersin the composition has been irradiated with jonising radiation in an amount of at
l=ast 4kGy.

The present disclosure also provides a composition for binding phosphate,
wherein the compoesition comprises
(i) a mixed metal compound containing at least one frivalent matal selected from iron ()

and atuminium and at lzast one divalent metal seiected from of magnesium, iron, zinc,



caicium, lanthanwm and cerum,
{if) xanthan gum
(i} =t l=ast one of (&) poiyvinyl pyrrolidons
{b} focust bean gum
{c} methyl cellulose
wherain the composition has been imadiated with ionising radiation in an amount of at
isast 4kBy.

The present disclosure also provides a composition for use in the treatment
of hyperphosphataemia, wherein the composition comprises
{i) 2 mixed metal compound containing at least one frivalent matal selacted from iron {#)
and aluminium and at least one divalent metal selected from of magnesium, iron, zing,
calcium, lanthanwm and carium,
(i) xanthan gum
{iii) &t lzast one of {@) polyviny! pyrrolidone
{b) locust bean gum

_ ey methyl celiulose
wherein the composition has been irradiated with ionising radiation in an amount of at
izast 4kGy. '

The present disclosure provides a carrier system for delivering insoluble mixed metal

sompounds, namely those containing at lsast one trivaient metal seiecied from iron (i)
and aluminium and at least one divaient meial saiected from of magnesium, iron, zing,
calcium, lanthanum and cerium. The present system avoids the disadvantages of the
prior art systems either with regard to the problems associated with ingestion of the
carrier or the deitrimental effect that the camier may have on the insocluble compound.
Critically, many prior art carriers are significantly detrimental to the phosphate binding
capacity of mixed metal compounds. Phosphate binding capacity is a key property of

such compounds.

ftany of the prior art excipients used fo modify the rhaoclogy of the carrier fluid are anionic
in nature and may therefore interact with the mixed metal compound, which binds
phosphate by anion exchange. Consequently, the subsequent anion binding capacity of

the mixed metal compound (in this case for phosphate) is hindersd.
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The present disclosure provides a system in which the use of oil-based carriers is
avoided. Such carriers can have the drawback of a high relative calorific value. Such
high calorific values are generally considered to be undesirable and are particularly
unsuitable for subjects on a calorie restricted diet and/or who may consume the

composition for a prolonged period of time.

The present disclosure is further advantageous in that it allows for high loads of mixed
metal compound fo be delivered. This is advantageous in that the volume of preduct
required to deliver a determined amount of mixed metal compound is kept within
accepfable amounts. The use of such high loads is particularly advantageous for
subjects who desire or are required to control fluid intake. Such a group is patienis on
dialysis who must typically restrict the volume of liquid which they consume. Any
aqueous liguid dose formulation will contribute to the volume of liquid which the patient
consumes, hence the volume of liquid must be kept to a minimum. As the mixed metal
compound may be used for binding phosphate in a subject or for freating
hyperphosphataemia, the composition is to be administered {o compounds suffering from
renal disease who may in turn be undergoing dialysis. Thus the need to deliver high

loads is particularly applicable when delivering mixed metal compounds.

The present disciosure is further advantageous in that it provides for a preserved liquid
composition wherein the addition of preservative components is not required. Contrary to
the teaching of the prior ari, we have shown that by selection of a specific combination of
suspension materials and selection of a specific radiation dosage, a stable and
preserved composition may be provided. Prior art teachings in the field of effluent
handling (Chromate immobilisation) showed that irradiation at 1000-6000 kGy is
detrimental to mixed metal compounds and enhances the formation of spinell. In
particular, we have shown that preservative components are not required. Mixed metal
compaounds in an un-buffered agqueous system at the concentration range of interest (ca.
10% wiv) provide a relatively high pH (ca. 9.2 to 9.4). The high pH excludes the use of
all known, commercially available preservatives at concentrations effective for microbial
control and at levels that are safe for use in a composition in a human population. For
chemical preservation, the pH of the formulation must be limited to about 8.2 or below in
order to permit the use of preservatives at concentrations that are safe in the human
population. The preservative may have some efficacy above pH 8.2 however there is

little margin for pH increase of the formulation, for example, on storage. A significant
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reduction in pH ie. below approximately pH 8.0 cannot be made without releasing
magnesium from the mixed metal compound structure. This has the effect of changing the
mixed metal compound structure and may also impair properties such as phosphate binding

performance of the mixed metal compound.
Hyperphosphataemia

As discussed herein the present disclosure provides a composition for use in the
treatment of hyperphosphataemia, wherein the composition comprises
(i} 2 mixed metal compound containing at least one trivaient metal selected from iron (ilf)
and aluminium and at least one divalent metal selected from of magnesium, iron, zinc,
calcium, tanthanum and cerium,
(i) xanthan gum
(iif) at least one of (a) poiyvinyl pyrrolidone

(b) locust bean gum

(c) methyl cellulose _
wherein the composition has been irradiated with ionising radiation in an amount of at
least 4kGy.

Hyperphosphataemia is an electrolyte disturbance in which there is an abnormally
elevated level of phosphate in blood. Hyperphosphataemia is frequently seen in dialysis
patients, as standard dialysis regimes are unable to remove the ingested phosphate load
even with a low phosphate diet, and is associated with an increased risk of death and the
development of vascular caicification. The presence of hyperphosphataemia leads to
hypocaicaemia, secondary hyperparathyroidism, reduced 1,25 Vit D3 and progressive
metabolic bone disease. Elevated level of phosphate in blood is ultimately responsible
for the increase in vascular calcification, but recent studies have also suggested that the
process may additionally be influenced by 1,25 Vit D3 and an elevated caicium-
phosphate product. Patients who have chronically uncontrolied hyperphosphataemia
develop progressively extensive soft tissue calcifications due fto the deposit of
Calcium/phosphate product into skin, joints, tendons, ligaments. Eye deposits of

calcium/phosphate product have also been described.

Control of serum phosphate levels using oral phosphate binders has, therefore, become

a key therapeutic target in the management of dialysis patients. These binders, taken



8
with food, render the contained phosphate insoluble and, therefore, non-absorbable.
For ease of reference, these and further aspects of the present disclosure are now
discussed under appropriate section headings. However, the teachings under each

section are not necessarily limited {o each particular section.

Ereferred Aspects

Componeant {i} - Mixed Metal Compound

The mixed metal compound utilised in the present invention may be any mixed metal
compound containing at least one trivalent metal selected from iron (lIt) and aluminium and at
least one divalent metal selected from of magnesium, iron, zinc, calcium, lanthanum and
cerium. In one preferred aspect, the mixed metal compound contains at least iron (lil) and at

least magnesium.

Preferably, the compound is of formula |

MM (OHLA™,.mH0 (1)

wherein M" is one or more bivalent metals and is at least Mg®";
M" is one or more trivalent metals and is at least Fe®*;

A" is one or more n-valent anions and is at least CO5*;
(Zyn)/xisfrom 0.510 1.5

D<xs04

O<ys1and

0<m=10.

{(Zyn)/x may preferably be from 0.6 to 1.4, such as 0.7 to 1.3, such as 0.8 to 1.2, such as
0.9 to 1.1, such as approximately 1, such as 1.0.

In one preferred aspect the compound has an aluminium content of less than 10,000
ppm, more preferably less than 7,000 ppm, more preferably iess than 5,000 ppm, more
preferably less than 3,000 ppm, more preferably less than 1000 ppm, more preferably
less than 700 ppm, more preferably less than 500 ppm, more preferably less than 300
ppm, more preferably less than 200 ppm, most preferred 100 ppm, more preferably less
than 50 ppm, most preferably 30 ppm.
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in one aspect the mixed metal compound is a compound as described in WO29/015188.

in one aspect the mixed metal compound is a compound as described in
WO2006/085079

In one aspect the mixed metal compound is & compound as described in WO
2009/050468,

in one aspect the mixed metal compound is a compound prepared in accordance with
Eritish Patent Application No. 0813525.2.

Preferably the compound has a d50 average pariicle size of less than 300 um.
Preferably the compound has a 980 average parlicle size of less thaen 200 um.
Preferably the compound has a d50 average particle size of less than 100 um.
Preferably the compound has a d50 average particle size of from 2 fo 50 pm. Preferably
the compound has a d50 average pariicle size of from 2 {o 30 um.

The present invention encompasses products abtained by virtue of further {reatment. in
one aspect the dried crude product is miiled. More preferably the dried crude product is
mified to a db0 average particle size of less than 10 um, vet more preferably the dried
crude product is milled io a db0 average parlicle size from 2-10 um. most preferred the
dried crude product iz milled to a d5C average particle size from 2-7 um, yet most
preferred the dried crude product s milled to a dB0 average parficle size of
approximately 5 um.

The physical stability of the present composition may be further improved by reducing

the particle size of the mixed metal compound by =.g. micronisation or wet milling.

The physical stabiiity of the present composition may alsc be further improved by drying
the mixed metal compound prior to incorporaiion in the composition. We found,
surprisingly, that drying the mixed metal compound to a moisture content of < 15% wiw
produces a mixed metal compound which is stable in the present agueocus ligquid
formulation. By contrast, un-dried mixed metal compound (L.e. mixed metal compound

synthesised by reaction in the normal way but washed and filtered without drying) is less
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stable when made up into a liguid,

in ong preferred aspect the mixed metal compound is present in an amount of 8 to 12
wiv, more preferably the mixed rmelal compound is present in an amount of

approximately 10 wiv,

The mixed metal compound may have s pariicle density (as measured in accordance
with methoa 20) of greater than 1.6 o/ml, or greaster than 1.9 g/ml. Moreover, the
difference between the pariicle density of the mixed metal compeound and the fluid of the
composition (typically comprised of component (it} and component {iil})) is greater than
0.2 g/mi.

irradiation

As discussed herein the present composition is irradiated with jonising radiation in an
amount of al least 4kGy. Preferably the composition has been irradiated with lonising
radiation in an amount of at least 6kGy, such as i an amount of af least 8kGy, such as
in an amcunt of at least 10kGy. Preferably the composition has been irradiated with
ionising radiation in an amount of no greater than 20kGy, such as in an amount of no
greater than 15kGy, such as in an amount of ne greater than 12kGy, such as in an
amount of no greater than 10kGy. The present composition may be irradiated with
ioniging radiation in an amount of 1 to 15 kGy, such as 2 {o 14 kGy, such as 4 {o 12 kGy,
such ae 6 fo 10 kGy. Preferably the composition has been iradiated with ionising
radigtion in an amount of from 4 to 20kGy, such as in an amount of from 4 to 15kGy,
such as in an amount of from 4 fo 12kGy, such as in an amount of from 4 {o 10kGy.
Freferably the composition has been irradiated with ionising radiation in an amourd of
from 6 to 20kGy, such as in an amount of from 6 to 15kGy, such as in an amount of from
B {0 12kGy, such as in an amount of from B to 10kGy.

Any suitable source of ionising irradiation may be used to provide the desired ieve!l of
iradiation. It is envisaged thal electron beam, gamma and xeray irradiation will be

preferred,
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Comoonent (i) - Xanthan Gum

Xanthan gum is & natural anionic biopelysaccharide made up of different
monogsacharides, mannoss, giucose and glucwronic acids. It has the advaniage over
other sommen natural polymers of resisting degradation by enzymes. Suspensions
using xanthan gums have the advantage that once the yield stress is exceeded, they are
shearing thinning i.e. the viscosity reduces with increasing shear input. Therefore, if
seliling occurs, shesar input can ba applied (by, for examble shaking of the liguid
cortainar) to reduce the viscosity and thus sid re-dispersion of any seltied solids. As
digcussed herein, the present composition must contain xanthan gum. One skilled in the
art will appreciate that the xanthan gum may be present in any suitable amount sufficient

to achieve the sims of the invention.

in one aspect the xanthan gum is present in an amount of no greater than 10wi%,
preferabiy in an amount of no greater than 7wi%, preferabiy in-an amount of no greater
than Swi%, preferably in an amount of no greater than 3wt%, preferably in an amount of
no greater than 2wi%, preferably in an amount of no greater than 1.5wt%, preferabiy in
an amourit of no greater than 1wi%, preferably In an amount of no greater than 0.8wi%,
preferably in an amount of no greater than 0.6wi%, prefarably in an amount of no greater

than 0.5wt% based on weight of the composition.

in one aspect the xanthan gum is present in an amount of no less than 0.01wi%,
preferably in an amount of no less than 0.02wt%, preferably in an amount of no less than
0.03wt%, preferably in an amount of no less than 0.05wit%, preferably in an amount of no
less than 0.08wt%, preferably in an amount of no less than 0.1wi%, preferably in an
amount of no less than 0.2wt%, preferably in an amount of no less than 0.3wt% based

on weight of the compasition.

in une aspact the xanthan gum is present in an amount of from Q.01 to 10 wi%,
preferably in an amount of from 0.02 to 7 wt%, preferably in an amount of from 0.03 10 5
wi%h, preferably in an amount of from 0.05 to 3 wit%, preferably in an amount of from 0.08
fo 2 wi%, preferably in an amount of from €.1 to 1 wi%, preferably in an amount of from
0.2 to 0.8 wi%, preferably in an amount of from 0.2 to 0.6 wi%, preferably in an amount
of from 0.2 i 0.5 wi%, preferably in an amount of from 0.3 to 0.5 wi% based on weight

of the composition.
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Component (i

As discussed herein, the present composition must contain at least one of (g) polyviny!
pyrrolidone, (b} locust bean gum, and (¢) methy! celluiose, it will be appreciated by one
skilied in the art that by at least of it is maant that one of the listed componenis may be
present, two of the listed components may be present or all three of the listed
components may be present. The one, two or three listed componenis may be present in

any suitable amount sufficient to achieve the aims of the invention.

in one aspect the present composition contains polyvinyl pyrrolidone. In one aspect the
present composition contains locust bean gum. In one aspect the present composition
contains methyl cellulose. In one aspect the present composition contains polyviny
pyrrofidone and locust bean gum. in one aspect the present composition cortains
polyvinyl pyrrolidone and methy! celiulose. In one aspect the present composiiicn
contains locust bean gum and methyl celiuiose. in one aspect the present composition

coniains polyvinyl pyrrolidone, locust bean gum, and methy! cellulose,

Locust bean gum is a high molecular weight, hydrophilic polysaccharide. It is non-ionic
and is therefore unlikely fo compete with phosphate by binding to the mixed metal
compound.

in one aspect component (iii) is present in an amount of no greater than 10wt%,
preferably in an amount of no greater than 7wi%, preferably in an amount of no greater
than Swi%, preferably in an amount of no greater than 3wi%, preferably in an amount of
no greater than 2wt%, preferably in an amount of no greater than 1.5wi%, preferably in
an amount of no greater than twit%, preferably in an amount of no greater than 0.8wt%,
preferably in an amount of no greater than 0.6wt%, preferably in an amount of no greater
than 0.5wt% based on weight of the composition. 1t will be understood that each of the
above amounts refers to the combined total amount of (a) polyvinyl pyrrolidone, (b)
locust bean gum, and (¢) methyl celiulose.

fn one polyvinyl pyrrolidone is present in an amount of no greater than 10wt%, preferably
in an amount of no greater than 7wit%, preferably in an amount of no greater than 5wi%,

preferably in an amount of no greater than 3wit%, preferably in an amount of no greater
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than 2wi%, preferably in an amount of no greater than 1.5wt%, preferably in an amount
of no greater than 1wi%, preferably in an amount of no greater than 0.8wi%, preferably
in an amount of no greater than C.8wt%, preferably in an amcount of nc greater than

0.5wt% based on weight of the compasition.

In one aspect locust bean gum is present in an amount of no greafer than 10wt%,
prefarably in an amount of no greater than 7wt%, preferably in an amount of no greater
than 5wi%, preferably in an amount of no grester than 3wit%, preferably in an amount of
no greater than 2wt%, preferably in an amount of no greater than 1.5wi%, preferably in
an amount of no greatar than wi, preferably in an amount of no greater than 0.8wi%,
preferably in an amount of no greater than 0.6wt%, preferably in an amount of no grester
than 0.5wi% based on waight of the compaosifion.

In one aspect methyl celiviose is present in an amount of no greater than 10wt%,
preferably In an amount of no greater than 7wi%, preferably in an amount of no grester
than Swi%, preferably in an amount of no greater than 3wt%, preferably in an amount of
no greater than 2wt%, preferably in an amount of no greater than 1.8wt%, preferably in
an amount of no greater than 1wt%, preferably in an amouni of no greater than 0.8wt%,
preferably in an amount of no greater than 0.8w%, preferably in an amount of no greater
than 0.5wi% based on weight of the composition.

Ir: one aspect compenent (i) is present in an amount of no less than 0.01wl%, preferably
in a&n amount of no less than 0.02wi%, preferably in an amount of no less than §.03wi%,
preferably in an amount of no less than 0.06wt%, preferably in an amount of no less than
0.08wi%, preferably in an amount of no less than 0.1wt%, preferably in an amount of no
less than 0.2wit%, preferably in an amount of no less than 0.3wi% based on weight of the
composition, It will be understood that each of the above amounts refers to the combined
total amount of (&) polyviny! pyrrolidone, {b) locust bean gum, and (¢} methy! celiuiose.

In one aspect polyvinyl pyrrolidone is present in an amount of no less than 0.01wt%,
preferably in an amount of ng less than 0.02wi%, preferably in an amount of no less than
0.03wt%, preferably in an amount of no fess than 0.05wit%, preferably in an amount of no
less than 0.08wi%, preferably in an amount of no less than 0.1wi%, preferably in an
amount of no less than 0.2wit%, preferably in an amount of no less than 0.3wi% based

o weight of the composition.
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In one locust bean gum is present in an amount of no less than 0.01wi%, preferably in an
amount of ne less than 0.02wi%, preferably in an amount of no less than 0.03wi%,
preferably in an amount of no less than 0.05wi%, preferably in an amount of no less than
0.08wi%, preferably in an amount of no less than 0.1wit%, preferably in an amount of no
less than 0.2wt%, preferably in an amount of no less than 0.3wit% based on weight of the
composition.

In one aspect methyl celiulose s present in an amount of no less than §.01wi%,
preferably in an amount of no less thar 0.02w%, preferably in an amount of no less than
0.03wt%, preferably in an amount of ne less than 0.05wt%, preferably in an amount of o
less than 0.08wi%, preferably in an amount of no less than 0.1wi%, preferably in an
amount of no less than §.2wi%, preferably in an ameount of ne less than 0.23wi% based

on weight of the composition.

“In one aspect component {Jil} is present in an amount of from 0.01 to 10 wi%, preferably

in an amount of from 0.02 to 7 wi%, preferably in an amount of from 0.03 to 5 wi%,
preferably in an amount of from 0.05 to 3 wi%, preferably in an amount of from 0.08to 2
wit%, preferably in an amount of from 0.1 to 1 wi%, preferably in an amount of from 0.2 {0
0.8 wi%, preferably in an amount of from 0.2 to 0.6 wit%, preferably in an amount of from
0.2 to 0.5 wi%, preferably in an amount of from 0.3 to 0.5 wi% based on weight of the
composition. It will be undersiood that each of the above amounts refers to the combinad

total amount of (a) polyvinyl pyrrolidone, {b) locust bean gum, and (¢} methyt cellulose,

in one aspect polyvinyl pyrrolidone is present in an amount of from 0.01 o 10 wi%,
preferably in an amount of from 0.02 to 7 wi%, preferably in an amount of from .03t 5
wi%, preferably in an amourt of from .05 to 3 wi%, preferably in an amount of from 0.08
o 2 wi%, prefergbly in an amount of from 0.1 to 1 wi%, preferably in an amount of from
0.2 to 0.8 wi%, preferably in an amount of from 0.2 to 0.6 wi%, preferably in an amount
of from 0.2 1o 0.5 wi%, preferably in an amount of from 0.3 to 0.5 wi% based on weight
of thae composition.

In one aspect locust bean gum is present in an amount of from 0.01 ic 10 wi%,
preferably in an amount of from 0.02 {0 7 wi%, preferably in an amount of from 0.0310 5

wi%, preferably in an amount of from 0.05 to 3 wi%, preferably in an amount of from 0.08
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o 2 wi%, preferably in an amount of from 0.1 1o 1T wi%, preferably in an amount of from
0.2 1o 0.8 wi%, preferably in an amount of from 0.2 {o 0.6 wi%, preferably in an amount
of from 0.2 to 0.5 wi%, preferably in an amount of from 0.3 1o 0.5 wit% based on weight
of the composiiion.

in one aspect mathyl cellulose is present in an amount of from 0.01 to 10 wi%, preferably
in an amount of from .02 to 7 wi%, preferably in an amount of from 0.03 ©© 5 wi%,
oreferably in an amount of frorm 0.05 to 3 wit%, preferably in an amount of from 0,081 2
wi%, preferably in an amount of from 0.1 to 1 wi%, preferably in an amount of from 0.2 i
0.8 wit%, preferably in an amount of from 0.2 1o 0.6 with, preferably in an amount of from
0.2 to 0.5 wi%, preferably in an amount of from 0.3 to 0.5 wi% based on weight of the
composition, |

Component {iv) Swesteners

Optionally, the paiatability of the formulation may be improved by the addition of
sweateners (either alone or in combination with sorbifoly and/ or flavourings. For
example, sweeteners such as Acesuliame K/ Aspartame, Xylitol, Thaumatin (Talin) and
Saccharin; and flavourings such as Butterscotch, Caramei, Vanille, Mild peppermint and

Strawberry, may be used.

Composition

The preferrad sbsolute amounts of xanthan gum and compenent (iilj, namely at least one
of (a) polyvinyl pyrrolidone (b) locust bean gum and (¢} methyl celluiose are defined
herein. The ratio of xanthan gum and component ({ii) may be any suitable ratic within the
absolute amounts described herein. In one aspect the xanthan gum and component {iii)
are present in a ratio of 2:1 o 1:2. Freferably the xanthan gum and component (i} are

present in a ratio of approxdmately 1:1.

When the composition comprises at least polyvinyl pyrrolidone, preferably the
compoesition comprises (i) xanthan gum and (i) polyvinyl pyrrolidone, wherein the
xanthan gum and poiyvinyl pyrrolidone are present in a ratio of approximately 2:1. In this
aspect preferably the composition has been irradizted with ioniéing radiation in an

amount of at least 8kGy.
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When the composition comprises at least locust bean gum, preferably the composition
comprises {ii} xanthan gum and (iii} locust bean gum, wherein the xanthan gurn and
locust bean gum are present in a ratio of approximately 1.1, In this aspect preferably the

composition has been iradiated with ionising radiation in an amount of at izast 8kGy.
Wher the composition comprises at least methyl celluiose, preferably the composition
comprises {ii) xanthan gum and (i} methyl cellulose, wherein the xanthan gum and
methyl celluiose are present in a ratio of approximately 1:1. In this aspect preferably the
compaosition has been iradiated with ionising radiation in an amount of at lsast 10kGy.

The following compositions are preferred

Polyvinyl Pyrrolidone containing compositions

xanthan gum palyvinyl pyrrolidons

based on weaight of the composition

from C.01 10 10 wi% from 0.01 to 10 wi%: or
from 0.02 to 7 wit%: or
from 0.03 to 5 wi%; or
from 0.05 to 3 wi%; or
from 0.08 to Z wi%,; or
from 0.1 to 1 wi%; or
from 0.2 fo 0.8 wit%:; or
from 0.2 10 0.8 wi%; or
from 0.2 o 0.5 wi%; or
from 0.3 to 0.5 wi%.
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xantharn gum

polyvinyt pyrrolidons

based on weight of the composition

from 0.02 to 7 wi%

from 0.07 to 10 wi%; or
from 0.02 to 7 wi%: or
from 0.03 to 5 wt%; or
from 0.05to 3 wi%; or
from 0.08 to 2 wi%; or
from 0.1 10 1 wit%; or
from 0.2 10 0.8 wi%; or
from 0.2 to (0.6 wi%,; or
from 0.2 to 0.5 wi%: or
from 0.3 10 0.5 wit%.

from 0.03 to 5 wi%

from 0.07 to 10 wi%:; or
from .02 10 7 wi%; or
from 0.03 1o B wi%: or
from 0.05 to 3 wi%; or
from .08 1o 2 wi%; or
from 0.1 to 1 wi%: or
from 0.2 fo 0.8 wi%: or
from 0.2 to 0.6 wi%; or
from 0.2 to 0.5 wi%; or
from 0.3 {o 0.8 wt%.

from: 0.05 10 3 wi%

T rom 0.01to 10 wit%: or

from 0.02 to 7 wi%: or
from 0.03 1o & wi%: or
from 0.05 to 3 wit%; or
from G.08 ic 2 wi%; or
from 0.1 to 1 wi%; or
from 0.2 to 0.8 wi%; or
from 0.2 to 0.6 wi%; or
from 0.2 to 0.5 wi%; or
from 0.3 to 0.5 wt%.
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xanthan gum

polyviny! pyrrolidone

based on weight of the composition

from (.08 1o 2 wi%

from 0.01 to 10 wt%: or
from (.02 to 7 wi%: or
from 0.03 to 5 wi%: or
from 0.05t0 3 wi%: or
from 0.08 t¢ 2 wi%; or
from (1.1 1o 1 wi%; or
from 0.2 o 0.8 wi%; or
from 0.2 {0 0.6 wiSe, or
from 0.2 to 0.5 wi%; or
from 0.3 to 0.5 wi%,

from 0.1 10 1 wi%

from 0.01 10 10 wi%; or
from 0.02 {0 7 wit%; or
from 0.03 to 5 wi%; or
from 0.05 10 3 wi%: or
from 0.08 10 2 wi%,; or
from 0.1 to 1 wit%,; or
from 0.2 to 0.8 wi%; or
from 0.2 to 0.8 wi%; or
from 0.2 to 0.5 wit%; or
from 0.3 t0 0.8 wi%,

from 0.2 {o G.B wi%

from 0.0 to 10 wi%; or
from 0.02 to 7 wi%:; or
from 0.03 {0 5 wi%; or
from 0,05 {0 3 wit%:; or
from 0.08 to 2 wit%: or
from 0.1 o 1 wt%; or
from 0.2 to 0.8 wi%; or
from 0.2 {0 0.6 wi%: or
from 0.2 to 0.5 wt%; or
fram 0.3 to 0.5 wi%.




WO 2611/095812

19

xanthan gum

i

based on weight of the composition

from 0.2 to 0.6 wi%h

from 0.0 fo 10 wi%,; or
from 0.02 to 7 wi%; or
from 0.03 t0 5 wit%: or
from .05 1o 3 wi%; or
from 0.08 to 2 wi%, or
from 0.9 1o 1 wit%: or
from 0.2 to 0.8 wi%; or
from 0.2 10 0.8 wi%; or
from 0.2 10 0.5 wi%:; or
from 0.3 to 0.5 wi%.

from 0.2 to 0.5 wi%

fram 0.01 to 10 wit%: or
from 0.02 to 7 wit%; or
from 0.03 10 5 wi%: or
from 0.056 to 3 wi%:; or
from .08 fo 2 wit%: or
from G140 1 wit%; or
from 0.2 1o 5.8 wi%; or
from 0.2 to 0.6 wi%; or
from 0.2 to .5 wi%; or
from 0.3 to 0.5 wi%.

from 0.3 to 0.5 wi%.

from G.01 to 10 wi%%; or
from 0.02 to 7 wi%: or
from 0.03 to 5 wit%; or
from 0.05 10 3 wi%; or
from 0.08 o 2 wi%:; or
from 0.1 to 1 wi%,; or
from 0.2 1o 0.8 wi%; or
rom 0.2 10 0.6 wi%; or
from 0.2 to 0.5 wi%; or
from 0.3 10 0.5 wit%.

PCT/GB2011/050185

1 polyviny! pyrrofidone
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Locust Beaan Gum containing compositions

PCTE/GB2011/050188

xanthan gum

locust bean gum

vased on weight of the composition

from 0.01 to 10 wi%

from 0.017 50 10 wit%; or
from .02 i0 7 wi%; or
from 0.03 to 5 wi%; or
from Q.05 o 3 wi%: or
from 0.08 to 2 wi%:; or
from 0.1 to 1 wi%; or
from 0.2 to 0.8 wi%; or
from 0.2 te 0.6 wi%, or
from (0.2 to 0.5 wit%; or
from 0.3 t0 0.5 wi%.

from 0.02 1o 7 wi%

from 0.01 t0 10 wi%; or
from 0.02 ic 7 wi%; or
from 0.03 to 5 wit%: or
from 0.05 {0 3 wit%; or
from 0.08 to 2 wi%; or
from 0.1 {0 1 wi%; or
from 0.2 to 0.8 wi%, or
from 0.2 10 0.6 wt%; or
from 0.2 {o G.5 wt%: or
from 0.3 to 0.5 wt%.

from 0.03 10 5 wi%

from 0.01 to 10 wi%; or
from 0.02 to 7 wi%; or
from 0.03 to 5 wi%; or
from 0.05 to 3 wi%:; or
from 0.08 to 2 wit%:; or
from 0.1 1o 1 wi%; or
from 0.2 to 0.8 wit%; or
from 0.2 10 0.6 wit; or
from 0.2 10 0.5 wit%: or
from 8.3 10 0.5 wit%.
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xanthan gum ) locust bean gum

based on weight of the composition

from 0.05 to 3 wi from 0.01 to 10 wi%,; or
from 0.02 to 7 wi%, or
from 0.03 to 5 wi%: or
from 0.05 fo 3 wi%; or
from .08 to 2 wi%: or
fram (.7 to 1 wi%h; or
from 0.2 {0 0.8 wi%; or
from 0.2 to 0.8 wi%; or
from 0.2 t0 0.5 wi%; or
from 0.3 to 0.5 wt%.

from 0.08 to 2 wt% from 0.01 to 10 wit%; or
from 0.02 to 7 wi%; or
from 0.03 to & wi%; or
from 0.05 to 3 wi%; or
from 0.08 to 2 wi%; or
from 0.1 1o 1 wi%; or
from 0.2 to 0.8 wi%; or
from 0.2 to 0.6 wt%,; or
from 0.2 10 0.5 wi%; or
from 0,310 0.5 wi%.
fromCGito 1 wi% from 0.01 to 10 wi%: or
from 0.02 to 7 wi%,; or
from 0.03 to 5 wi%; or
from 0.05 to 3 wi%,; or
from 0.08 to 2 wt%: or
from 0.1 to 1 wi%: or
from 0.2 10 0.8 wt%; or
from 0.2 to 0.6 wi%; or
from 0.2 to 0.5 wi%; or
from 0.3 tc 0.5 wi%.
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¥anthan gum

locust bear gum

based on weight of the composition

from 0.2 to 0.8 wi%

from 0.04 te 10 wi%, or
from 0.02 to 7 wi%; or
from 0.03 10 5 wi%; or
from 0.05 10 3 wi%,; or
from 0.08 to 2 wi%; or
from 0.1 10 1 wit%; or
from 0.2 to 6.8 wi%, or
from 0.2 to 0.6 wi%: or
from 0.2 {0 0.5 wt%, or
from 0.3 to 0.8 wt%.

from 0.2 to 0.8 wi%

from 0.01 {0 10 wi%; or
from 002 to 7 wi%; or
from 0.03 o 5 wi%; or
from 0.05 1o 3 wit%: or
from 0.08 to 2 wi% or
from 0.1 to 1 wi%; or
from 0.2 to 0.8 wi%: or
from 0.2 to 0.6 wi%; or
from 0.2 to 0.5 wi%; or
from 0.3 10 0.5 wi%.

from Q.2 to 0.5 wit%

from 0.01 to 10 wi%; or
from 0.02 to 7 wi%:; or
from 0.03 o 5 wi%:; or
from 0.05 to 3 wi%; or
from .08 to 2 wi%: or
from 0.1 1o 1 wi%; or
from 0.2 to 0.8 wit%,; or
from 0.2 to 0.6 wt%; or
from 0.2 to 0.5 wi%: or
from 0.3 to 0.5 wi%.
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xanthan gum soust bean gum

based on weight of the composition

from 0.3 1o 0.5 wib%. from 0.01 to 10 wi%; or
from 0.02 to 7 wi%, or
from 0.03 to 5 wi%,; or
from .05 t0 3 wi%; or
from 0.08 to 2 wi%; or
from 0.1 {0 1 wi%; or
from 0.2 to 0.8 wi%; or
from 0.2tc 0.6 wi%: or
from 0.2 10 0.5 wi%: or
from 0.3 1o 0.5 wi%.

Methyl Celluiose containing compositions

xanthan gum methyl cellulose

based on weight of the composition
from 0.07 1o 10 wi% from 0.01 1o 10 wi%: or
from 0.02 io 7 wi%,; or
from 0.03 fo 5 wi%; or
from .05 to 3 wi%; or
fromm 0.08 to 2 wi%; or
from G110 1 wit%,; or
from 0.2 10 0.8 wi%, or
from 0.2 to 0.8 wit%; or
from 0.2 10 G.5 wit%: or
from 0.3 fo 0.5 wi%.




WO 2011/095812 PCT/GB2011/050185

24

xanthan gum methyl celiuiose

based on waight of the composition

from 0.02 to 7 wi% from 0.01 to 10 wi%; or
from G.02 10 7 wi%; or
from 0.03 to 5 wit%, or
from 0.0510 3 wi%,; or
from .08 to 2 wit%; or
from 0.1 to 1 wi%; or
from 0.2 1o 0.8 wi%; or
from 0.2 t0 0.6 wi%; or
from 0.210 0.5 wi%; or
from 0.3 o 0.5 wi%.

from 0.03 to 6 wi% from 0.01 {o 10 wi%; or
from 0.02 to 7 wi%,; or
from 0.03 to 5 wi%; or
from 0.05 to 3 wi%: or
from 0.08 to 2 wi%; or
from 0.1 to 1 wi%,; or
from 0.2 10 G.8 wi%; or
from 0.2 1o 0.6 wi%, or
from 0.2 {0 0.5 wi%; or
from 0.3 1o 0.5 wi%.

from 0.05 to 3 wi% from (.01 to 10 wi%; or
from 0.02 to 7 wi%; or
from 0.03 to 5 wit%; or
from 0.05 to 3 wi%; or
from 0.08 to 2 wi%:; or
from 0.1 {o 1 wi%; or
from 0.210 0.8 wi%: or
from 0.2 to 0.6 wit%,; or
from 0.2 to 0.5 wi%; or
from 0.3 to 0.5 wi%,
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xarthan gum methyl cellulose

hased on weight of the composition
from 0.08 to 2 wit% from G071 to 10 wit%; or
from 0.02 to 7 wi%; or
from 0.3 to 5 wi%, or
fram 0.05 to 3 wit%,; or
from 0.08 to 2 wi%,; or
from 0.110 1 wi%: or
from 0.2 io 0.8 wit%; or
from 0.2 10 0.8 wil, of
from 0.2 tc 0.5 wi%,; or
from 0.3 10 0.5 wit%.
from 0.1 to 1 wi% from .01 to 10 wi%; or
from 0.02 to 7 wi%; or
from 0.032 to 5 wi%; or
from 0.05 to 3 wi%; or
from 0.08 to 2 wit%; or
from 0,110 T wi%: or
from 0.2 10 0.8 wi%; or
from 0.2 to 0.6 wi%,; or
from 0.2 to C.5 wi%; or
from 0.3 t0 0.5 wi%.
from 0.2 to 0.8 wi% from 0.01 to 10 wit%: or
from 0.02 to 7 wit%,; or
from 0.03 to 5 wi%; or
from 0.05 to 3 wi%,; or
from 0.08 to 2 wi%; or
from 0.7 to 1 wi%; or
from 0.2 io 0.8 wi%; or
from 0.2 tc 0.6 wi%; or
from ©.2 10 0.5 wi%; or
from 0.3 to 0.5 wi%.
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xanthan gum methvt cellulose

based on welght of the comiposition

from 0.2 10 0.6 wi% from C.01 to 10 wi%; or
from 0.02 {o 7 wi%; or
from 0.03 to 5 wi%; or
from 0.05 to 3 wi%,; aor
from 0.08 to 2 wi%; or
from 0.1 to 1 wi%; or
from 0.2 {0 0.8 wi%, or
from 0.2 fo 0.6 wi%,; or
from 0.2 to 0.5 wi%,; or
from 0.3 o 0.5 wi%.

from 0.2 to 0.5 wi% from 0.01 {0 10 wi; or
from 0.02 to 7 wit%; or
from 0.03 ic & wi%; or
from 0.05 1o 3 wi%,; or
from .08 to 2 wi%: or
from 0,110 1 wi%; or
from 0.2 to 0.8 wi%,; or
from 0.2 to 0.8 wt%,; or
from 0.2 1o 0.5 wi%; or

from 0.3 to 0.5 wi%.

from 0.3 io 0.5 wit%, from 0.01 to 10 wi%: or
from 0.02 to 7 wi%; or
from 0.03 io 5 wi%; or
from 0.05 1o 3 wi%; or
from 0.08 to 2 wi%; or
from 0.1 to 1 wit%,; or
from 0.2 to 0.8 wit%,; or
from 0.2 10 0.8 wi%; or
fram 0.2 to 0.5 wi%, or
from 0.3 to 0.5 wi%.
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A highly preferred composition comprises

{i} a mixed metal compound contzining at least one frivalent metal selectad from iron ()
and aluminium and at least one divaient metal selected from of magnesium, ron, zing,
galcium, lanthanuwm andg cerium,

{iiy xanthan gum in an amount of from 0.3 to 0.5 wi% based on the total composition

(iif} locust bean gum in an amount of from 0.3 1o 0.5 wi% based on the fotal composition;
wherein the composition has been iradiated with ionising radiation in an amount of at
least 4kGy, such as from 4 to 10 kG3y, such as at ieast 6kGy, or such as from 8 o 10
kGy.

The presert composition may contain one or more further components. In one preferred
aspect, the composition is a pharmaceutical composificn and further comprises (iv) one

or more pharmaceutically acceptable adiuvanis, excipients, diluents or carriers.

In one preferred aspect the composition is substantially free of a wetting agent. Many
insoluble drugs require wetting agents, e.g. to disperse the drug, or antifoaming agents,
to prevent the inclusion of air bubbles in the formulation. We have found the mixed metal
compound When incorporated in the present composition does not require a wetting
agent. This effect and the exclusion of a wetling agent is particularly oroncuncad when
the mixed metal compound has 8 magnesium ron rafic between 1.5 and 2.5 and
contains carbonate anions, By “substantially free of a wetling agent” it is meant the
composition containg wetting agents in an amount of no greater than 10wt%, preferably
in an amount of no grealer than 1wi%, preferably in an amount of no greater than
0.5wt%, preferably in an amount of no greater than 0.3wi%, preferably in an amount of
no greater than 0.22wt%, preferably in an amount of no greater than C.1wi%, preferably
in an amount of no greater than 0.05wi%, preferably in an amount of no greater than
0.02wi%, preferably in an amount of no greater than 0.01wt%, preferably in an amount of
no greater than 0.005wi%, preferably in an amount of no greater than 0.001wi% |
preferably in an amount of no greater than 0.0001wi% , preferably in an amount which is

not measurable based on weight of the composition.

Ancther aspect fo the invention is the combination of excipients has the effect of
preventing any sensation of ‘grittiness’, due to the mixed metal compound component, in

the mouth,
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Optionally, the paletability of the formulation may be improved by the addition of
sweeteners (either alone or In combination with sorbifol} andf or flavourings.  For
example, swaeteners such as Acesulfame K/ Aspartame, Xylitol, Thaumatin (Talin) and
Saccharin; and flavourings such as Bullerscoich, Caramel, Vanille, Mild peppermint and

trawberry, may be usad,

Packaging

We have found that sacheis are a convenient form of container for single dose
formulations with the further advaniage that we have selected packaging material that
can withstand irradiation. Preferably sachets are selected which are suitable for single
use only 1o avoid the need for prolonged in use microbial stability formulations; this
because the use of preservatives are prohibitive in combinations with mixed metal
compounds. We have therefore developed formuiations which have to mest all the
reguirements mentioned hereinbefore as well as providing compatibility for use in
sachets (i.e. pourabilty, homogeneity eic). Alfernatively, the raw materizls may be
irradiated, however sources of microbial and bacterial contamination must be eliminated
from the subsequent formulation make up and packaging stages to ensure sterility. This

route is therefore less preferred.

The formulations are typically irrsdiated within 5 days afier preparation of the formulation,
preferably within 2 days, more preferably within 1 day even more praferably immediately
afier preparation of the formulation. It will be appreciated to one skilled in the art that
initial microbial and fungal contert of the raw materais and the cleanliness of the
formulation preparation (i.e. prior to irradiation} is such as o minimise microbial and

fungal contamination.

FPolymers for use in packaging, such as sachsets, which show tolerance to irradiation
include polystyrens, polyethylens, polyesters, polysulfone, polycarbonates, polyurethane,
PVC, Silicane, Nylon, Polypropylene (irradiation grades) and Flucropiastics.

Where metallic foils are used as materials of consiruction for sachets, care must be
taken when selecting materals to aveoid e.g. leaching into or reaction with the sachet

contents or should be coated with a suitable polymer to avoid leaching.
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Uses

As described herein, in one asped! the present inverdion provides the composition for
use in the treatment of hyperphosphataemia. However, the composition is naf limited to
this particutar use. The cornposition may be used in accordance with the teachings of
WO2Z009/016349 as an antacid,

Further Preferred Aspedts and Advantages

A number of formuiations each containing mixed metal compound have been igentifiad,
which deliver phosphate binding performance in a liguid dose form both initially and on
storage, are of the appropriate microbiologicat guality, are physically stable and are of
suitable appearance. The phosphate binding performance of the mixed metal compound

is not inhibited by the excipients and other additives used in the formuiations.

The first of these is formulation (see E24 below), based on an optimum combination of
xagnthan gum (0.35 % w/v) and locust bean gum (0.35 % wiv} which is preserved by
irradigtion at an optimum dose level (6 kGy). The formulation is preferred, having a good
combination of physical and microbiclogical stability and phosphate binding efficacy/
stability and suitable for use in sachets. W is particularly suitable for single use

formulations where prolonged in uss stablity i nol reguired.

A second formulation {see E22 beiow) based on a combination of PVP (0.5 % w/v) and

xanthan gum (1.0 % wiv) has been found which is preserved by irradiation at a dose

level (8 kGy). The formulation is preferred, having good physical and microbiological
stability and phosphate binding efficacy/ stability. 1 is particuiarly suitable for single use
formulations where prolonged in use stability is not required.

A third formulation (see E10 below) based on a combination of methyl celiulose with
xanthan gum has been found which is preserved by irradiation at a dose level (10 kGy).
This formulation has storage stability (physical, microbiological and phosphate binding
efficacy/ stability). The formulation shows some reduction in phosphale binding
performance which occurs during accelerated sforage stability testing. it is particutarly

suitable for single use formulations where prolonged in use stability is not required.
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We have found that sachefs are a convenient form of container for single dose
formudations with the further advaniage that the packaging material can be selscted o
withstand irradiation,

The present invention will now be described in further detail by way of exampie only with

referance to the accompanying figures in which:-

Figure 1 shows a graph; and

Figure 2 shows a graph.
The present invention will now be described in further detail in the following examples.

Rheology

Formulations with 2 vield stress have the theoretical ability to suspend solids within the

formulation indefinitely. There was therefore a need o determine a minimum vield stress.

The theoretical minimum yield value (Pa) (caiculated according to Method 23 o suspend
the mixed metal compound was 0.2 Pa.  Thickening agents were selecied at a
concentration which would provide & vield stress above the minimum critical valus o
prevent gravity-induced setiling. The rheoiogy of aqueous systems was then further
assessed according to Method 3.

Because the formulation must be able fo be handled during manufacture and poured
and/ or sgueezed from a container during use, the yield value must rot be more than 19
Pa Of course, if the formulation is to be sgueezed from a sachet, for example, higher
yield stress values might be acceptable but are preferably limited to less than 30 Pa (io

mainiain patient palatability and or fexture).

The formulation must be easy to mix, pour or squeeze and swallow, whilst maintaining
the mixed metal compound in suspension and stable upon siorage. Conseguently there
is @ need for a formuiation that is of low viscosity at high shear and of high viscosity at
tow shear.

Thus an optimum range of yieid stress and a low viscosity at high shear and of high
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visgosity af low shear sxisis. An optimum vield stress from 0.5 to approvimately 12 Pa
was identified experimentzily, using a gravimetric settling test to establish the minimum
vield valug, and a visual assessment of 'pourability’ which was found to detarmine the

maximum vield stress.

No excipient {conirol)

A mixture of the micronised mixed metal compound in water (5% wiv mixed metal
compound) was prepared, however the mixed metal compound setiled out rapidly and
the vieid siress was less than 0.5 Pa. Thus the criterion of a physically stable
formulation was not mat,

Single Materials

Alginate {comparative)

Mixtures of micronised mixed metal compound (5% wiv) with elginic acid (sodium, from
brown aigae, 3,500cp for a 2% sclution], (1 and 2% wiv, respectivaly) and water were
prepared, the mixed metal compound seftled rapidiy even in the presence of relatively
high concenirations of alginate. The formulations had no measurabie vield stress and

thus the criterion of g physically stable formulation was not met.

Carpopgl 874 P Ni- (comparative)

Carbomer 974 P NF is a polvacrylic acid which requires neutralisation of the acid
functional group using a base o produce negatively charged carboxyiate groups. This

causes the poiymer o uncail and hance thicken agueanus sysiems.

A mixture of micronised mixed metal compound (5% wiv) with Carbopol 974 P NF (0.2%
wiv) and waier was prepared. The phosphate binding performance of the formulation is
acceptable, the combination of mixed metal compound with Carbopal caused the system

o ‘gel’ and it could no longer be poured.

Microcrystalline Cellulose (comparative)
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A miture of micronised mined metal compound (8% wiv) with microcrystaliine celluloss

2% wiv and water was prepared, again the mixed metsl compound settled rapidly. Thus

the criterion of a physically stable formulation was not met.

Methyl celiuicse (comparative)

Mixiures of micronised mixed metal compound (5% wiv) with methy! celivlose (2 and 3%
whv, 400 ¢P grade; and 1%, 1500 cP grade, respectively) and water were prepared,
again the mixed metal compeund seitled rapidly. Thus the criterion of a physically stable

formulation was not met.

Colloidal silica (comparative)

Colloidal silicas, such as Aerosil 200 (supplier: Evonik) are commeonly used o help
siructure liquid suspensions. Because of the small particle size and other particle
characteristics colioidail silica has the ability fo form a three-dimensional network in liquid
systems. Colioidal sfiica can be effectively used to modify the rheology of compaosifions.
However, it was found that the combination of colioidal silica and mixed metal
compound, at a concentration of 0.5 and 10 % wiv, respectively, failed to produce a
physically stable formulation (setties within 24 hours).

Xanthan qgum {comparative)

Mixtures of mixed metal compound (5% wiv) with various concentrations of xanthan gum
(between 0.2 and 1 % wiv, respectively) and water were prepared. Whiist each of the
formulations displayed an improved stability (attributable in part to a measurable vieid
stress of between 1 and 10 Pa), visible floccules of mixed metal compound were
observed. This was deemed to be unaccepiable. The formafion of floccules is not

generally consisient with 5 formulation having good physical stability.
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Summary

in summary, of the single exciplenis fested none provided vield sfress suitable for

suspension of the mixed metal compound

Combinations Of More Than One Material

I an attempt to soive the problem of visible flicccules and optimising the preferred yield
strass, various excipients were combined and tested at a range of concentrations. The

composition of these formulations is given balow in Tables 1, 2 and 3, below.

Xanthan Gum and Silica {comparative)

Three different concentrations of colicidal silica were i{ested with three different
concentrations of xanthan gum producing a matrix of nine formulations. The rheology
and physical stability of the formulations were measured, and a qualitative assessment of
the formulation appearance was made. Data are prasenied for the optimum formulation
E1.

It was found that not all combinations of sllica and xanthan gum preoduced stable
formulations.  We found, surprisingly that only those where silice ig present in the
approximate range of 0.1 to 0.5 % wiv and xanthan gum 0.5 to 1.C % wiv and the sum of
those agents is between approximately 0.5 and 1.0 % w/v were suitable (Formulation
E1).

The inclusion of colicidal silica did not significantly modify the preferential rheciogy of the
formuiation Le. the advantageous vield stress and shear thinning properties of the
formulation were maintained. Contrary io the prior ar there was no requirement for
inclusion of wetling or anti-foaming agents for proper dispersal of the mixed metal
compound,

Our data demonsirates that contrary (o the ar, most combinations of xanthan gum and
silica produce unstable suspensions of pharmaceuiicals containing inscluble produicts.
Wa discovered a suitable bul narrow range which was stable prior to irradiation (f.e. E1

formulation) however upon irradiation silica formulations were found to only provide
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sterile formulation when ivadiated at very high levels (more than 10 kGy) this in turn led
io a decrzase of the physical stability of the liquid (withoul being bound by theory i is
believed that this is due to changes in the excipients).

Table 1 — Summary of E1
Farmulaiion £E1 Composition, %
wiv
Fermagate (mixed metal i0
compound)
Colloidal Silica 0.5
Kanthan Gum 0.5
Sorbifol B
Sum thickening agenis 1.0
Rheology
Yield stress {Fa), Method 3 7
Physical stability
vol % sediment, Method 8 i)
vol % sediment, Method 7 37.5

Microorystalline Cellulose and Sodium  Carboxymethylcellulose  (comparative) and
Xanthan Gum and Locust Bean Gum

Avicel RC 5881 is a water dispersibie hvdrocolloid used In the preparation of
pharmaceutical suspensions and emulsions. it is & spray dried blend of microcrystalline
cellulose and sodium carboxymethylcellulose, Dats in respect of this product is reported
as Formulation E2 baiow,

Avicel CL 611 is also blend of microcrystalline celiviose and  sodium
carboxymethylceliulose, however it is more suitable for storage as a dry formulation
whereby liguid is added only at the point of use.
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Table Z formulations based on Avicel

Cornpesition, % wiv E2 £3 E4 £5
Fermagate (mixed metal iG 10 10 10
compound}
Avicel RC 591 1.5 1.5 1.3
Avicel CL 811 0.3 1.3
Kanthan Gum ¢.3
LBG 0.02
Sorbitol 5]

Sum thickening agents 15 1.5 1.8 1.62

Rhaology

Yield stress {(Pa), Method 3 '
Yield stress (Pa), Method 15 0.1 ND 55 4.5
'Pourabiiity’, Method 4

Prysical stability

Gravimetric test, Methed 5 (1) ND ND ND
val % supernatt, Method 18 85 ND 0 G
Appearance
Observation Litte/ no
flace
ND = No Data

1. Foerms small layer of supernatant liguor upon storage

Formuiation E2 containing Avicel RC 581 was found to produce an acceptable
formulation but had a higher degree of separation when compared to E4 and E5.
Formulation £3 was not physically stable and could therefore not be assessed. This may

nave been a consequence of limitations of the method of formulation make up.

Formulations E4 and E5 were developed with an optimised range of excipient
combinations such as o provide physical stability, Surprisingly we found that the addition
of a small quantity of Locust Bean Gum {i.e. formulation ES) provided a formulation
which was suitable for storage as a liguid, contrary o its typical usage.

Kanthan Gum and Methyl Cellulose

Tabie 3 presents formulations E6 to E14 which are all based on combinations of methyl

cellulose and xanthan gum at different concentrations.

Three different concentrations of methyl cellulose were iested with three different
concentrations of xanthan gum producing a matrix of nine formuiations. The rhaclogy

and physical stability of the formulations were measured, and a gualitalive assessmeni of
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the forrmuiation appearance was mades.
Tabis 3 - Summary of Formuigtions, Formulations E6 e 14
Composition, % w/v E8 E7 E8 EQ E10 | ETY E12 | E13 | E14
Fermagate (mixed melal 10 10 10 10 10 10 10 10 10
compound)
fethyi cellulose 0.1 0.5 1 .1 0.8 1 0.1 0.5 1
Xanthan gum 0.1 a1 0.1 0.5 0.5 0.5 1 1 1
Sorhitol g 8 g 5] 5 8 8 & 8
Sum thickening agents 02 0.8 1.1 0.8 1 1.6 1.4 1.5 2
Rheology
Yicid stress {Pz), Method 0.4 0.8 28 & 7 16.2 | 186.3 17 30
3
‘Pourability’, Method 4 very
thick
Physicat stabiiity
Gravimetric test, Method 5 | Nete 1
Vol % sediment, Method 6 | 344 | 125 | 125 g G ¥ a
vol % sediment, Method 7 313 | <83 | <853 <83 | <8B3
Appearance
Oihservaiion 1 Aearat Aearat | some some minor
ed ed floceul | flocoul | fioccul
] : gtion ation ation
Observation 2 boftomn | bottom Aearat
12.5% | 12.5% ed
darker | darker

Note § Full separation in 24 h

From Table 3 and Figures 1 and 2 it can be seen that the oplimum range of methy!
ceilulose is between 0.5 and 1.0% w/v. This produces a physically stable formulation,

with absence of asration and absence of visible floceutation.

From the data i is seen that excessive sedimentation (Method 5) occurs at vield stress
values up to 2.6 Pa, Even at higher yieid stress values {8 Pa) sedimentation may still
accur (Method 8) if the sum thickening agent value is not maintained at above 0.8 % wiv.

Pourability is accapiable at vield stress values of up fo 17 Pa, but is poor at values of 30
Pa.

Furthermore, excess amounts (above 1% wiv) of methyl celluiose were found fo hinder
Pi binding.

The inclusion of methyl cellulese can prevent the appearance of flocculation but that

floceulation may still occur in formulations containing 1 % wiv xanthan gum.
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It was found that some combinations of methyl celliose and xanthan gum were more
preferred. Accelerated setiling tests on formulations {(all with 8% wiv sorbitel, 10% wiv
Fermagate mixed mefal compound) containing xanthan gum at 0.1 % wiv ang methyl
cellulose at 0.1, 0.5 and 1% wiv respectively produced an excessive sediment volumsa
{defined as being more than 10 % v/v) in each case. Formulations combining xanthan
gum at 1 % wiv with methyl cellulose at 0.1, 0.5 and 1% wiv all showed some degree of
fiocculation and in some cases were difficult to pour (corvesponding to a vield siress of
around 19 Pa). Accelerated selling tests on the formuiation coniaining 0.5 % wiv
xanthan gum and 0.1% wiv methyl celluiose produced an excessive sediment volume,
whereas the formulation containing 0.5 % wiv xanthan gum and 1% w/v methyi cellulose
was excessively asrated during preparation. Furthermore the latter formulation had the
same sediment velume as the optimum 0.5 % wiv xanthan gum/ 0.5% whiv methyl

cellulose formulstion, with the disadvantage of higher overall suspending agent condent.

The data (of Table 3) demonstrates the advantages of methyi cellulose over the use of
silica as a thickening or “liquid struciuring” agent preventing flocculation. Contrary to the

use of silica, we found that mathy! celiulose was not affected by irradiation.

Contrary fo the teachings of the prior art (Adams et al 1872} we did not observe logs of
gel structure in methyl celiulose following irradiation of liquids containing mixed metal

compounds and Xanthan gum under {he preferred formulations discussed herein below.

Furthermore, phosphate (Pi) binding was initially not affected by the presence of
methyicellulose. Upon storage there was some inhibition of Pi binding in the presence of
methy| cellulose but we found that this could be controlled by maintaining suitable fower
levels of methyl cellulose (such as from 0.5 to 1% wiv). The selection of iower levels of
methyl cellulose also maintained the required yield siress (2.8-18 Pa) and did not
increase the potential for flocculation or setiling. The viscosity of the formulation was
such as to enable mixing, pouring or squeezing from the sachet and allow swaliowing
with no grittiness in mouth. There is especially a need for a formulation that is of low
viscosity at high shear and of high viscosity at low shear and does not have loss of gal
structure following hradiation,

Consequently, the use of methylceliulose provides advantages, such as providing a
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physically stable formulation, for liquids containing mixed meta! compounds and Xanthan

gum.

in preferred aspects the following conditions are maintained:
- siim thickening agents is maintained ai above 0.8 % wiv
- methyl cslivicse concentration is limited fo less than 1 % wh and more
preferably from 0.5 to 1% wiv,
- xanthan gum concentration iimited o less than 1 % wiv
- Yield stress should be imited o betwean 2.8 Pa and 30 Pa. Furthermore, if the
sum thickening agents is below 0.6% wiv, the minimum vield stress o prevent
sedimentation is 8 Pa.

It was found that the inclusion of methyl cellulose in & formulation containing xanthan
gum at certain preferred ratios of xardhan to methyl celiviose also prevented the

formation of visible floccules of mixed metal compound.

Thus formulation E10 is preferred (high mixed metal compound concentration, vield
stress in optimal range, shear thinning properties enabling re-dispersion of settied
component, absence of visibie floccules, physically stable under accelerated
centrifugation iest). Again, the advantageous rheology of the formulation was
maintained and there was no requirement for inclusion of wetting agernts or anii-foaming

agents for proper dispersal of the mixed metal compound,

Xanthan Gum and Pelvvinvi Pyrrolidone (PVE )

Table 4 presents formulations £158 to £E23 which are all based on combinations of PVP
(polyvinyl pyrrolidone) and xanthan gum at different concentrations.,
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Tabie 4 - Summary of Formulations, Formulations E15 o £23

Compaosition, % wiv £16 | E18 | E17 | E18 | E18 | E20 | E21 E22 | E23

Fermagate {mixed matal 10 10 10 10 10 10 10 10 14
compound}
Pvp .1 0.5 1 0.1 0.5 1 0.9 8.5 1
Kanthan gum 0.1 0.1 3.1 5 0.5 0.5 1 i i
sorbitol & & 8 B 6 8 5 8 8

Sum thickening agents 0.2 0.6 1.1 0.8 i 1.5 1.1 1.5 2

Rheology

Yield stress (Pa), Method 0.4 04 | 045 | 64 | 625 8 16 18 18.8
3
‘Pourability’, Method 4

Physical stability
Gravimetric test, Method &
vl % sediment, Method 8 8.8 | 188 | 188 0.0 0.0 0.0 0.0 0.0 0.0
vol % sediment, Mathod 7 188 ¢ 250 | 280 125 } 125 ] 1258 | 125 1.3 12.5
vol % supernatlt, Method 8
vel % supernatt, Method 7

Appesrance
Observation Floce

MNote (1), Forms small layer of supernatant lisuor upon storage

Formulations E15 10 E23 (Table 4)

.lt wage found, surprisingly, ihat the combination of PVP when prepared in combination
with Xanthan gum prevented the formation of visible floccules of mixed metal compound.
For example, the physical stability upon storage (Accelerated seitling test Methed 6 and
7Y was improved by maintaining dose levels of Xanthan gum and PYP af dose levels of
from 0.5 to 1 % wiv. Accelerated seftiing tests on the formulations (ali with 6% whv
sorbitol, 10% wiv mixed metai compound) containing xanthan gum at 0.1 % wiv and PVP
at 0.1, 0.5 and 1% wi/v, respectively and with xanthan gum at 0.5% and PVP st 0.1, 0.5
and 1% wfv, respectively produced an sediment volume in all cases. Of the remaining
formulations, the formulation combining xanthan gum at 1 % wiv with PVP at 1 % wiv
was gel like, and formulation E21 showed some degree of seftling. In summary, Table 3
demonstrates that the most stable formulations are obtained where Xanthan gum and
PVP are at a level from 0.5 to 1. Most stable formulation (E22) is oblained ai levels of
Hanthan gum and PVP at respectively 1 and 0.5 % w/v and the vield stress is from 10 to
20 Pa, more preferably 15 Pa. Thus formulation E22 is preferred as this provides a high
mixed metal compound concentration of 10 % wiv, yield stress in a preferred range of
from 10 to 20 Pa, shear thinning properties enabling re-dispersion of settled component,
absence of visible flococules, physically stable under accelerated centrifugation test

methods 6 and 7. Again, the advantageocus rheoclogy of the formulation was maintained
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ana there was no reguirement for inclusion of weiting agents or anti-fnaming agents for

proper dispersal of the mixed metal compound.

Aarthan Gum and Locust Bean Gum

Table 5 presents formuiations E5 to E30 whersin PVP has been replaced by Locust
Bean Gum (LBG) which are all based on combinations of Locust Bean Gum and xanthan
gum at different concentrations. Formulation £5 additionally contains Avicel CL 611,

Table 5 - Summary of Formulations 25 (o B30

Composition, % wiv ED £24 £25 £26 £27 E28 | E28 | E30
Fermagate (mixed metal 10 10 10 10 10 10 10 10
compound) ,

Avicel CL 811 1.3

LBG 0.02 | 0.35 0.1 0.5 1 0.1 C.5 0.1
Xanthan gum 0.3 | 0.35 0.1 Q0.1 .1 0.5 9.5 1
sorbitol & 3 5 8 3 3 8
Sum thickening agents, % 1682 | 07 0.2 0.8 1.1 0.6 i 1.1
wiv

Rheology

Yield stross (Pa), Method 3 ¥ 55 2.5 ND ND MD
Fourability', Method 4 Very runny | Thick | Thicker | Thiclkk | Thick | Thick

but than jely jelly jelty
flows 0.5/G.1

well (LBGX
G)i
flows
et e . wel
‘;’éeld Stress {Pa), Method is 7
Physical stability
Gravimetric {est, Method 5 Separates ND ND ME ND N
quickly
vol % sediment, Method 8 60.0 0 0 N ND ND
vo!l % sediment, Method 7 24.0 20 0 N NE ND
vo! % supernat't, Method 6 o 0 G ND N ND
vol % supernatt, Method 7 68 0 0 ND ND ND
vol % suparnatt, Method 18 | 0 0 ND ND | ND ND ND ND
Appearance
Observation 1 Littke/ | Little/ | Flocculates | Little/ Littlef Little/ | Eittle/ | Listie/
no ne no no floce no no no
fiost fioce floce floce floce floce

From the data it is seen that excessive sedimentation (Method 7) occurs at yield stress
values below 2.5 Pa (method 3 data).

Pourability is acceptable at yield stress values of up to 5.5 (method 3), bt is poor at
values of 18 Pa and above.
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The inciusion of PVP can orevent the appearance of flocculation but that flocculation

ray still ocour where the sum thickening agent concentration is up to 0.2 % wiv.

Thus an optimum formulation exists:
- sum thickening agents is mainizined above 0.2 % wiv,

- vield stress limifed to more than 5.5 Paand up to 18 Pa

it was found, surprisingly, that the combination of Locust Bean Gum and xanthan gum as
formulations E26 to E30 produced suspensions with no visible floccules of mixed metat
sompound. Formulation £25 wherein hoth xanthan gurm and Locust Bean Gum were 0.1
% wiv did flocculaie. Fermuiation E28, E25 and E30 had the appearance of a thick jelty
whereas E28 and E27 also had the appearance of the thick jelly but had good
pourability. Thus the physical form of formulations E26 and 27 was found to be
preferred where the xanthan gum was formulated at only 0.1 % wiv, Resulis of the
settling test were good for each, Based on the resulls for £E26 and E27 a formulation
consisting of 0.35% w/v xanthan gurn and 0.35% wfv locust bean gum was ultimately
selected fo take forward, this is dencted formulation E24. This shared the advaniageous
physical form and absence of floccuies of E76 and E27.

Irradiation Study

A number of preferred formulations were irradiated (parameters of investigation included
physical properties, phosphate binding and microbiclogical stability). Formulations are
listed in Table 8, below.
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Tabiz 6 — Physical Stabilty of mixed meaial compound Formulations

Formuiation/ =1 E10 £22 E3 E£5 E24
Composition (% whv)
Fermagate {mixed metal | 10 (i 10 10 10 40
compound}
Caolloidal Silica 0.5
Kanthan gum 0.5 0.5 1.0 0.3 0,35
Methyi Cellulose 0.5
Koliidon CL M (PVP) 0.5
Avicel RC 591 1.5
Avicel CL 611 1.3
Locust Bean Gum 0.02 (.38
Sorbitol 70% solution 2] 5] 8 [ 3] 3]
Water a8 13 Qs Qs Q%S Qs
Absance of flocoules Yes Yesg Yes Yes Yes Yesg
Rhaology
Yield siress (Method 3, | 7 7 g N ND ND
Pa)
Yield stresy (Method 4.5 7
18, Pa)
Priysical stability
Vol % sediment O 0 0 NI ND ND
{accelerated test, Method &)
Vol % sediment 375 <63 12,5 D ND ND
{accelerated test, Method V)

In summary we developed suitable formulations of combinations of component (i) the
rixed matal compound, component (i) xanthan gum rom 0.7 to 1.0 % wiv), componert
(iiiy selecied from one of {or combinaticns} of colloidal silica [Aerosil 200}, methyl
cellulose, blend of microcrystailine cellulose and sodium carboxymethylcellulose (Avice!
RC 521 & CL 811 grades), PVP (Kollidors CL M) and Locust Bean Gum (from 0110 1%
wiv) and component {iv) sweetening agent sslected as sarbitel (6%, preferred range 3 to

12 %),

The main function of component {) the mixed metal compound iz that it provides

phosphate binding capacity as well as functioning as a wetling agent.

The function of component (ii) the xanthan gum is its ability to produce a large increase
in the viscosity of the liquid and to imparl a yield stress upon the formulation. The
viscosity of xanthan gum solutions decreases significantly with higher shear rates. This
provides a suitable formulation for filling into sachets, in that the xanthan gum is thick

anough at rest within the sachet to maintain homogeneity, However, the shear forces
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generatad by e.q. filling, handiing and sgusering, thins the formulation, so that the
formulation can be easily dosed into the sachet and readily be dispensed from i

The function of component (i) is to prevent flocculation and seliling. To prevent
flocculation and settiing sfler iradiation we found that polyvinyl pyrrofidone, locust bean

gum and methyl cellulose are preferred.

Component (iv) was selected as a sugar substitute as low calotific value sweslsners and
is preferred for sublects who may consume the composition for a prolonged period of

fime.

The above combinalions of excipients and mixed metal compound at preferred
soncentration ranges have been found {o meet the reguirement of not significantly
hindering phosphate binding, providing stable formulations upon storsge (siable
rheology, phosphate binding and sterility), preventing any sensation of 'grittiness’ due o
the mixed metal compound component in the mouth and being compatible with
sterilisalion treatment by irradiation and providing appropriate rheology to enable use in
sachets, ' '

Presarvation by Irradiation Sterlisation

A study was cammied oul to identify the oplimum gamma iradistion dose level for
formulations described in Tabie 7.

The physical and chemical propertiss of each forrnulation were then tested at the

following time points;-

1) Initial analysis after the manufacture of each batch.
2) _ Post irradiation: All formulations were irradigted at an average dose of 10kGy.
3 Storage Stability: All formulations were siressed at 80°C for one week after

being irradiated. This was to help identify any likely degradation which may be seen in
the iong term stability study al less onerous conditions.

In order io meet the conflicting reguirements of microbiological stability, physical stability

and phosphate binding stability, an optimum iradistion dose level should be defined.
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Formulations were therefore irradiated 2t three radiafion intensity levels, 6, 8, and 10

kGy. The characterisation data for the 18 systems is summarised below in Tables 8 and

&

Excipients and mixed meial compound substance were taken from z single baich of

matarizl

Table 7 - Rasults for lradiation Study — Physical Property Resulis

Meath
Formulation og £1 E10 E22 £3 E4 £5 E24
- 0.35
0.5 % 13% [ 1.3% Y%
Wiy wiv Wiy whe
Compotent {H) vieth 0.5% | Avice | Avice | Locu
vl 05% | wh { ! st
cefiul  wiv | Avice | RCED | CLBT | Bean
ose PypP | 1 1 Gum
Rheology
Yield Stress, Pa 15
irradiation, 0 kGy 3] 7 17.5 0.1 5.5 45 7
B kGy ND o 105 0.2 3.5 4 7
8 kGy ND ¢ g 0.2 1.4 3 3
10 kGy 4 0 7 0145 | 178 | 1.25 5
Phase Angle Delta, ° 16
lradiation, 0 kGy 33 | 218 | 182 | 348 | 262 | 222 | 140
5 kGy N} ¢ 300 | 37.3 | 431 | 439 | 374 121
8 kGy ND 282 | 473 | 320 | 38.1 385 | 122
10 kGy 4875} 308 | 506 | 183 | 2387 | 32.0 | 148
Storage stability, 6 kGy ND 44 | 452 | 243 | 3098 | 264 | 1086
8 kGy MD 56.0 | 86,7 | 237 | 348 | 221 14.8
10 kGy B0G4 | 565 | 651 | 389 | 581 | 284 | 224
Complex Viscosity, Pas 17
Irradiation, 0 kGy 0.85 26 55 0.1 1.8 1.8 36
6 kGy ND 2.2 2.0 0.1 0.6 0.9 4.1
8 kGy ND 1.0 1.2 0.2 0.4 0.8 3.7
10 kGy 0.49 1.0 1.0 0.3 0.5 0.6 2.5
Sterage stability, 6 kGy ND 2.2 1.5 0.3 1.0 2.0 5.0
8 kGy ND 0.2 0.9 0.3 0.7 1.1 20
10 kGy 008 0.2 0.5 0.3 0.3 3.3 1.0
FPhysical Stability {vol % 18
supernatant)
Irradiation, 0 kGy 2 o~ 0.5 85 0 0 0
& kGy ND o* 0 B5 10 4.2 0
B kGy ND o* 0 g5.e | 41.8 | 12.2 0
10 k(Gy 2z 10.8 4.8 G675 40 15 0
Storage stability, 6 kGy ND 5 0 85 375 | 27.5 0
8 kGy ND 7.5 5 8687 | AT6 | 425 0
10 kGy 16 4.9 4.9 70.7 57.5 50 G
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Math
Formulaiion od =y E10 E22 E3 E4 E5 E24
- 0.35
0.5 % 1.3% | 1.3 % %
Wiy wiv wiv Wiy
Component (i) Meth 0.58% | Avice | Avice | Locu
vl 0.5% | wh t [ gt
ceflul | wiv | Avice | RCES | ©L81 | Bean
ose PVE i 1 1 Gum
Diffraction line half width, °2 14
thata 1.02 0,78
irradistion 0 kGy 083 | 0.83 0.81
10 kGy 0.83 | Q.81 0.8
Storage stabiiliy 10 kGy (.80
pH 14
frradiation 0 kGy B.6
10 kGy 8.2 8.2 8.2
Storage stability 10 kGy 8.2 9 8.1
0 kGy sample, after 7 weeks 7.9 g 8.1
storage ND ND




Table 7 (continued) - Results for Irradiation Study — Micro and Efficacy Results

Formuiation Method E1 E10 E22 E3 E4 ES5 E24
Microbiology, cful mi '
Iradiation, 0 kGy 580 Q00 ND MDD ND ND N ND
8 kGy 12 ND 0 20 0 0 5175 0
8 kGy ND 80 ) 0 0 680 )
> 680
10kGy 000 0 0 0 0 0 0
P-binding, mmol gAPI
trradiation, O kGy 3 0.58 0.64 (.86 0.75 0.68 0.64 0.66
8 kGy ND 0.67 0.67 0.66 0.65 0.64 0.66
8 kGy ND 0.65 0.67 0.67 0.64 0.64 066
_ 10 kGy 0.61 064 .66 0.75 0.85 0.64 0.66
P-binding {storage stability},
mmol/ g APE
Storage stability testing st
40°C/ 75% RH, 1 mnth 13 ND ND ND ND NI ND ND
Storage stability 6 kGy ND 0.61 0.64 06 0.6 0.6 08
8 kGy ND
10 kGy 0.56 .52 0.63 0.81 0.68 0.59 0.62
0.56 0.66 0.59 (.58 0.61

(1.48

ND MNo data

oF

TI8S60/110T OM

ERIO/ITOTED/104d
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Conclusion
Physical Siability

An absence of flocculation is best achieved by use of two excipients in combination, as

previously described.

in the centrifugal separation test {indicator to determine the potential for sellling) of
formulation E1, less than 2% of separation occurred in samples tested immediately afier

manufacture and post irradiation; and increased to 16% after storage stability testing.

For formulation £10 less than 2% of separalion occurred in samples tested immediately
after manufacture and post irradiations; and increased fo only 8% afler storage stability

testing.

For formulation E3 at all stages. The perceniage for the solid [ayer fluctuates due fo the
formulation riot being homogenous to start with. in the gravimetric separation test, after
30 minutes a clear layer of separation was observed for initial, post irradiation and after

storage siability testing samples.

The preferred vaiue for supernatant (% basis) is zero, this indicates no separation under
the accelerated separation test. Samples E22 and E24 perform best according to this
test,

Farticles Size

We have found that an oplimum patticle size exisis from 1 1o 30 micron for the mixed
metal compound. If the particle size is too large, the vield siress required 1o suspend the
particle will be too high and subsequently the handling characteristics of the formulation
will not be optimal. For example, it may become too difficull {o pour the formulation from
a bottle, or sgueeze it from a sachel. Additionally at a particle size of above about 200
micron, P-binding is reduced. Furthermore, above a particle size of approximately 30
micron, a ‘gritty’ mouth feel may be found. The optimum particle size of the excipients

(i.e. components ii and iii) were selected such as to be very similar (i.e. less than 30
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micren) 1o that of the mixed metal compound to maintain homogeneity of the slurry,
Viscosity

The Viscous or loss moduius is & measure of the ligquid ke behaviour of the formutation.
The phase angle, & is calculated from the Eisstic and Viscous modulus and s a
measure of the gel sirength, where

Tans=0G"/C

¥ 5 <45 ° then the material is a gel and the lower the phase angie the stronger the gel,

The Elasfic modulus is a measurs of the solid like behaviour of the formuization,

The Elastic modulus and the Viscous modulus were highest for initial £E1 sampies tested
post manufacture;, however they decreased following irradiation, and then decreased
further following storage stabilily {esting. The phase angle increased from an initial value
of 31.3° to 48.75° post irradiation and 80.64° sfter storage stability testing. This

- suggests the formulation became more liquid in behaviour primarily following storage and

irradigtion did not contribute significantly. The vield stress decreased from approximately
6 to approximatsly 4 Pa following iradiation but this surprisingly did not lesd fo an
increase in flocculation (setiling).

The Elastic modulus and the Viscous modulus were highest for initial E10 samples
tested post manufacture; however they decreased following irradiation, and then
decreased further following storage sfabiiity testing. The phase angle increasad from an
initial value of 16.57° to 44.30° post irradiation and 48.24° after storage stability testing.
This suggesis the formuiation became more liguid in behaviour primarily following
irradiation and storage did not coniribute significantly; however, these properties were
found to maintain thelr suitability for use in sachets. The yield stress decreased from
approximately 12.5 io approximately 6 Pa following irradiation but this surprisingly did not
lead to an increase in flocoulation.

No rheciogy was performed on formuiation E3 because it formad an unstable
suspension. Because the formulation is fast settiing, sampie heterogeneity is an issue,
giving highly variable resulis.
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irradistion

From the separation data (Table 7) it is sgen that the response to irradiation and storage
differs between formulations, Formulations £10, E22 and E24 all show physical stability,
as demonsirated by the vaiues of supernatant test, vaiue of yield stress and absence of

flocculation whereas comparative formulations E3 and E4 do not.

E2 and E4 comprise Avicel and the dala shows that these formulation are not slable.
E10 comprises methyl cellulogse and xanthan gum whereas E2 and £4 consisting of
Avicel {which in tum is 2 mixture methyl celivlose and carboxymethyl) are not stable

during irradiation,

The corresponding preferred yvield stress range as defined in Methed 3 is about 7 to 17.5
Pa for pre-iradiation samples and about 5 to 10.5 Pa for post irradiation samgles
(depending upon the exact iradiation dose applied). For pre-iradiated samples the
preferred range for phase angie, Della, is about 14 to 16°. Again for pre-irradiated

sampies the preferred complex viscosity range is about 210 € Pa s.
Phosphate Binding

From Table 7 it can be seen that acrnss sampies, iradistion does not affect phosphate
binding. On accelerated storage stability testing for material of examples E4 to E24
there is a slight decrease in phosphate binding however this is whaily consistent with the
dacline seen on storage of the 2:1 ratio mixed metal compound, prepared according fo
the method of WOC 1998/015189. For samples £10 and E22, the change is small at 6
kGy but is more pronounced at 8 kGy, therefore it iz important fo select the lowest
irradiation that maintains the preferred microbiological and physical stability. Phosphate
binding of formulations E1 and E10 ware not significantly reduced by the effect of
irradiation.

The initial £3 sample showed slightly high phosphate binding, this may be due fo sample
heterogensity (fast seiling sample). The irradiated and irradiated and accelerated

storage stability tested sample displaved more typical phosphate binding performance.

Hydrotalcite structure of mixed metal compeound (XRD analysis)
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Diffraction Line Half Width of E1 and E10 were not significantly influenced by irradiation

and after storage stability lesting treatment.

XRD's did not show any appsarance of additional new crystaliine phases {such as
gpinell) originating from a breakdown or change of the hydrotalcite structure when
irradiated at the preferred radiation dosage.

Sterility (Microbiology)

From the microbiological data (Table 7) i is seen that g varying guantity of irradiation is
required to ensure steriiity. For example, for formuiation E22, the optimum irradiation

dose is 8 kGy, whereas for formulalion E24 the optimum irradiation dose is 8 kGy.

For formulation E1 the microbiological resuits showed that the formulation was not sterile
post irradiation, the only way to make the formulation sterile would be to increase the
irradiation dosage o greater than 10 kGy. It is very likely that this will further decrease
the physical properties of the formulation and exacerbate the separation problem.
frradigtion is therefore not considered a suitable method for preserving this formuiation.
The iotal micro organism count for samples {ested after manufaciure was
680, 000cfu/iml of sample and was shown {0 spread post irradiation. All organisms were
visually identified as Bacillus spp (Predominant types: Gram negative baciil). This
indicates that irradiation of the formulation was not successful in the presence of the

sjilca.

For formulation E10 the total micro organism count for samples tested afier manufaciure
was 450,000cfu/imi of sample. Post irradiation samples were shown to be steriie e,
zero organism count. All organisms were visually identified as Baciffus spp (Predominant
types: Gram negative bacil}. The microbiclogical results for formulation E10 showed the

formulation was sterile post irradiation.

No total micro organism count was performed on E3 samples taken post manufacture;

however the sample was shown to be sterile post irradiation.
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Packaging

Suitable packaging forms may include sachets, bottles and food.

Thus an oplimum combingtion of mixed metal compound, excipients and irradiation dose
to produce efficacious, steriie formulation with zcceplable formulation characterigtios
(palstability, grittiness) and packaging {sachets and bottles) has been identified whilst
meintaining good P-binding (both initial and on storage), phvsical stability and

microbiological count,

Summary
The resulls clearly showed a decrease in the shysical properties of formuiations E1 and
E10 bath post iradistion and after storage stability testing. However, £E10 was sterile

whereas E1 was found not {o be,

Surprisingly, we found that to improve the stability of E10 it would be feasible to use a
lower irradiation dose. A lower dose may still preserve the formulation but the irradiation

would have a reduced effect on the physical properties of the formulation.

Formulation E3 was not physically stable, aven prior te irradiation, and could therefore
not be assessed. This may have been a consequence of limitations of the method of

formuletion make up.

Table 7 demonsirates that the preferred formulations which can be sierilised are those
that comprise combinations of xanthan gum with one of PVP, LBG, methyl celiulose
preferably selected from a preferred dose range. Although combinations of xanthan gum
and colividal silica or Avicel were found io prevent flocculation and sedimentation, upon

irradiation, decomposition was observed.

4k Gy hradiation Study

The composition of the formulations tested are given below.
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Formuiation
. 31 32 32
Raw Material Y wilv % wilv % wilv

Fermagate (Mixed Meial Compound) 1G 10 16

Sorbitol 70% solution & 8 8
Hanthan gum 0.5 .35 1.0

Methyi cellulose 0.5 - -

Locust baan gum - 3.35 -
PVP (Kollidon CL M) - - | 05

Each formulation was manufactured on a 3.5 litre scale and packed into 128ml
transiucent HDPE botlles,

The physical and chemical properties of sach formulation wers then tested at the
foliowing time points:-

1) Initial analysis after the manufacture of each batch.

2) Post irradiation: All formulations were irradiated at an average dose of 4kGy; this
was achieved by cycling between 3.6 and 4.4 kGy.

Four 125ml bottles were available for testing at each stage of analysis.

Microbial analysis was performed by lsotron to determine bichurden count pre and post
irradiation.

Adi 3 formulations were tested pre and pest irradiation in respect of
e appearance, pH and density

rhieology (Method 15 and 16)

o rotalional viscosity (Method 17)

@

s kinematic viscosity (Method 21)

= cenirifugal separation {(Method 18)
¢ gravitational separation (Method 22)
o Microbiology (Method 12)
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Hesulis
Test Liniis Time point
Inftiai | [rradiated
Appearance. a &
pH 8.2 g.C
Density gimi 1.08 111
Rotational viscosity cP 2706 1433
Kinemnatic viscosity 1 seconds 32 13
Cenirifugal separafion! s supemstant 0 G
Gravimetric separafiont % supermatant 0 0
Elastic moduius &' P 20.7 11.8
Viscous modulus G Pa 7.7 5.8
Phase angle & ° 20.3 28.4
Complex visposity Fa.s 3.4 2.0

a = A rusty oranga/brown colour with an aerated {op layer.

Appearance, ok and density

Formulation 31

" A rusty orange brown coloured suspension with an asrated fop layer after
manufacture there was ne change in appearance post irradiation.

» The prt was 9.2 at manufacture and 9.0 post irradiation.

» The density was 1.08 g/ml at manufacture and 1.11 g/mi post irradiation.

Formulation 32

- A rusty orange brown coloured suspension after manufacture there was no
change in appearance post iradiation.

. The pH was 9.2 at manufacture and 9.1 post irradiation.

° The density was 1.12 g/mi at manufacture and 1.12 g/ml post irradiation.

Formulation 33

» A rusty orange brown coloured suspension after manufacture there was rnio
change in appearance pos! irradiafion.

@ The pH was 8.2 at manufacture and 8.0 post irradiation.

» The density was 1.12 g/ml at manufacture and 1.11 g/mi post irradiation
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Fheclogy

Formuiation 31

The Elagtic modulus and the Viscous modulus were highest for initial sampies tested
nost manufacture; however they decreased following irradiation. The phase angle
increased from an inital value of 20.2° o 26.4° post irradiation. This suggests the
formulation becarne more Hoguid in behaviour following irradiation. A phase angle of

greater than 45° is generally considerad to be the transition between z gel and a liguid,

Formulation 32

The Blastic moduius and the Viscous moduius were highest for initial samples tested
post manufaciture; however they decreased following irradiation. The phase angle had a
very small decrease from an initial vaiue of 12.5° 1o 12.0° post irradiation. This suggests
the irradiation had very little effect on the gel properiiss of the formuiation.

Formulation 33

The Elastic medulus was highest for inftial samples tested post manufacture, however
decreasad following irradiation. There was & very small increase in the Viscous modulus
from manufacture to post irradiation. The phase angie increased from an initial value of
14.7° to 24.0° post irradiation. This suggests the formulation became more liguid in
behaviour following irradiation.

Rotational visgosity

Formulation 31
The imilal rotational viscosity was 2708c¢ks, this was reduced to 1433cPs after
irradiation,

Formulation 32
The initial rotational viscosity was 5756¢Ps, this was reduced to 472%cPs after

irradiatton.

Farmulation 33
The initial rotational viscosity was 6258c¢Ps, this was reduced fo 4136¢Ps after

irradiation.
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Kinermaiic viscosily

Farmulation 31
The flow rale decreased from 32 seconds fo 13 seconds for the formulation post
irradiation for the first breal in flow. Al thege time points 78mi and 80ml of sample had

flowed through the orifice for post manufaciure and post irradiated samples respactivaely.

Formulation 32

No continuous flow was observed for the sample post manufaciure or pest irradiation.
The formudation formed droplets, the fimes given in the data tables is the time for the first
droplet to fall.

Formulation 33
The flow rate decreased from 22 seconds to 21 seconds for the formuiation post
irradiation. Al these time points 48mi and 73mi of sample had flowed through the orifice

for post manufacture and post irradiated samples respectively.

Centrifugal separation

For each of Formulations 31, 32 and 33 no separation occurred in samples tesied

immediately after manufaciure and post irradiation.

Gravimetriz separation

For sach of Formulations 31, 32 and 33 no separation occurred in samples iested

immediately after manufacture and post irradiation.

Migrobiology

Formutation 31

The total micro organism count for samples tested after manufacture was 8 600cfu/mi of
sample. Three of the five samples tested showed CFU’'s. The predominant types were
visually identified as Bacillus spp and Staphylococcus spp. Post irradiation samples were

shown to have 2icfu/mi of sample. One of the five samples tested showed CFU's. The
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predominant types were visually identified 28 Staphylococous spp.

Formulation 32

The fotal micro crganism couni for samples iested after manufacture was 30cfu/mi of
sampls. One of the five samples tested showed CFU's. The predominant tvpes were
visually identified as Bacitiug spp ang Staphylococcus spp. Post irradiation samples were

shown to have Ocfufinl of sampile,

Fermulation 33

The iotal micro organism court for samples tested after manufaciure was 20cfufmi of
sample. One of the five sampies tested showed CFU's. The predominant tvpes were
visually identified as Bacillus spp and Staphviococcus spp. Post iradiation samples were

shown to have Ocfu/ml of sampie.
Conolugsion
Formulation 31

The resuits showed that following irradiation there was a change in the rheological
properties of the formulation indicating it had become more liguid. This was consisient
with what had been observed previously at higher irradiation doses; however, importantly
these changes did not impact on the suspending properties of formulation 31. The
suspending properties of formulation 31 were unaffected by irradiation, as wers

appearance, pH and density.

The microbiological resulis showed that the formulation was sterile post irradiation in four

of the five samples tested.

Formulation 32

Formulation 2 was similar to Formulation 1 in that there were slight changes to its
rheological character post-irradiation, however, these changes did not alter the

suspending propetiies. .

The microbiclogical results showed that Formulation 2 was sterile post irradiation in all
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samples.
Formulation 33

Foliowing irradiation, Formulation 3 behaved in a similar manner to Formulation 2. A
dose of 4kGy was sufficient to slerlise the formulation and, despite slight changes in
rheological properties, it did not separate and remained a physically stable suspension.

in summary, the iradiation of all tested formuistions at 4kGy resulfed in a decrease in
various rheclogical properties, This suggested the formulations became more liquid in
character; however, despite these changes the suspending properties were unzffacied at
the current drug loading. Of the three formulstions analysed, formulation 2 (anthan
gumfiocust bean gum) and farmuiation 3 (xanthan gum/PVP) ware shown to be sterile in

alt sampies following irradiation at 4kGy.

EXAMPLES

The mixed metal compound used in each of the examples of the present specification is
Farmagate, available from INEOS Healtheare Lid (UK} Fermagaie s an iron magnesium
hydroxy carbonate of the farmula [MgaFe.(OF)21.C05.4H,0. The product is described in
ard may be prepared in accordance with the teachings of W(G88/015188.

Formulation E1

To make 100 ml suspension;

To 8g 70% sorbitol solution add 25 ml purified water, Whilst mixing, add 0.5g colloidal
silica and 10g mixed metal compound. To this add sufficient water fo make 50 mj

suspension and mix well.

Warm (50°C) 35 mi of water and whilst mixing add 0.5g xanthan gum. Allow the solution
to coul to room temperature and add sufficient water fo make 50m! soiution, Mix well,

Add the solution o the suspension and mix well,
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Formuiation B2

Using Lightin stirer ang 5 litre beaker
1 To 2250 mi purified water add 56.25¢ Avicel RC 581,

2 Mix to fully hydrate the Avicel

3 Whilst mixing add 375g mixed metal compound,

4, Mix well

5 To this add sufficient waler o make 3750 ml suspension and mix well
6

Pour into bucket.
Formulation E3

Using Lighiin stirrer and 5 litre beaker

1. To 2250 mi purified water add 56.25g Avicel RC 581,

2. Mix to fully hydrate the Avicel

3. Whilst mixing add 225g 70% sorbitol solution followed by 375g mixed metsl

compound,

4, i well

B, To this add sufiicient water to make 3750 mi suspension and mix well,
g. Pour inte bucket.

Formulalion B4

Using Lighiin stirrer and 5 liire beaker

1. To 2250 mi purified water add 48.75g Avicel RC 581,

2. Mix to fully hydrate the Avicel (approx 30 mins)

3. Add 11.25¢g xanthan gum

4. fdix for 18 minutes

8. Whilst still mixing add 225g 70% sorbifo! solution followed by 375g mixed metal
compound,

8. Mix well

7. To this add sufficiant water to make 3750 ml suspension and mix well.

8, Pour into bucket
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Formulation £5

1. To 2250 mi purified water add 48.75¢ Avicel CL 611

2. Mix to fully hydrate the Avicel

3. Add 11.25¢ xanthan gum and mix to fully hydrate

4, Add 0.75 ¢ looust bean gum

5. Whilst miding add 225g 70% sorbitol solution followed by 375g mixed metal
compaound.

. Wb well

7. To this add sufficient water to make 3750 m! suspension and mixd wall.

8. Four into bucked.

Formulation E10

Preparation of suspansion

LUse Kitchen aid mixer

1.
2.
3.

To 450y 70% sorbitol soluiion add 1875 mi purified water.
Whilst mixing add 37.5g methyl cellulose and 750¢ mixed metal compound.
To this add sufficient water to make 3750 mi syspension and mi well.

Preparation of solution Phase

Use Lightin stirrer

1.

2.
3.
4

Warm (50°C) 2625 mi of water
VWhilst mixing add 37.5g xanthan gum mix well,
Allow the solution to ceol to room femperature

Add sufficient water to make 3750m! solution. Mix well,

Combination of Two Phases

1.
2.
3.

Transfer soltion phase into the suspension phase.
Mix well
Dispense into a iabelled bottles.

Formulations E6 to E14

Formuiations BB 1o E14 were made in accordance with the mathod for E10 bul with
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excipienis in guantitizs described in Tabis 3.

Formulation E22

Preparation of suspension
Use Kitchen Ald mixer
1. To 1875 ml of purified water add 37.5g Koilidon CLM. .

2. Whilst mixing add 450g of 70% sorbitol sclution and 750g mixed metal
compound,
3. To this add sufficient water to make 37580 mi suspension and mix well,

Preparation of soiution Phase

Use Lightin stirrer

1. Warr (50°C) 2250 mi of water

2 Whilst mixing add 75g xanthan gum and mix well,

3. Allew the solution to cool to room temperature

4 Add sufficient water {o make 3750mi sclution. Mix well.

Combination of Two Phases

1. Transfer suspension phase into the soiution phase.
P4 Mix wall
icH Dispense info a labelled bottles.

Formulations E15 1o E23

Were made in accordance with the method for E22 but with excipienis in quaniiiies
described in Table 3.

Formulation E24

1. To 1100 ml purified water add 13.125g xanthan gum and mix to fully hydrate (=
Phase A),

2. In a separate beaker add 13.125g Locust bean gum fo 1100 mi purifisd water and
mix to fully hydrate (= Phase B).

3. Add phase B {o phase A and mix well.
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Add 225q sorbitol solufion followed by 375g mixed metal compound and mix well.
To this add sufficient water (o make 3750 mi suspension and mix weil.
Four into buckst

Formulations E25 to B30

ware made in accordance with the method for E24 bul with exciplents in guantities

described in Table &.
Sachet filling

Piace a representative sampie of the formulation into a sachet filing machine and pump
the required quantity of sample into the selected sachet. Agitation of the formulation

batch may be reguired. Heat sea! the cpen end the sachet once filled.
Irradiation

Cobalt 80 is used as a souwrce of gamma irradiation. The product to be irradiated are
moved through the irradiation plant by a conveyor system in such a way as to ensure
uniform irradiation of the product at the required irradiation intensity. in one particular
iradiation system, the product can be placed inside s 'tote box’ which is piaced within
the conveyor systern. The absorption of irradiation by the product is measured indirectly

using a dosimeter.
Methods

#ethod 1 ~ particle size analysis mixed metal compound

The particle size was determined using a Mastersizer '8’ fitted with 2 300Rf lens and a
DIF 2012 dispersion unit. The data was interpreted and anaiysed using Malvern
Mastersizer software. The Malvern was connected o a process grade water supply, The
following program parameters were used, 80% pump speed, 80% stirrer speed, 50%
ultrasonic and 3 minute residence time, The background level was checked {o be below
100 units. When prompted by the program the sample was added in poriions {o reach
hetween 15%-25% obscuration. The analysis commenced automatically. The residual

was checked to be legs {han 1%. The sample was analysed in duplicate. The resylts
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were calculated using the sofiware by taking the % volume under the pariicle sizes
hetween 1.85 and 184 microns. This was expressad as percentile results with the
Average Pariicle Size (D50, 50" percentile), 90" Percentiie (D80) and 10" Percentile
(210,

Method 2 - calculation of theoretical fiuid vield stress required to suspend particie
For fluid systems containing pariicles, the vield stress of the fiuid which Is required to
praveni sedimentalion of those particles may be determined theoretically. The stress
exerted by a spherical particls in dilute suspension is calculated using the following
formuta:

gs=1g{d-p)/3

Therefore, if the fluid has a vield stress exceeding o, the suspended pariicles should in
theory not sattle out.

g, = vield stress, Pa

r = particle radius, m

¢ = acceleration due fo gravity = 9.81 m/s”

d = particle density, kg/m®

p = fluid density, kg/m®

Method 3 ~ Yield stress measurement

The sample shear stress was characterised at varying levels of shear rate using 2
Physica (Anton Paar) Rheolab MCH, with 21 beb and MB-Z21/SM cup. From the shear
stress and shear rate data the yield sfress can be readily determined.

Method 4 — Pourability
A gualitative assessment of the pourability (runny’, thick’ efc.) of the liguid dose can be

made by pouring the liguid from a suitabie container e.g. a transparent boifle.

Method 5 - Gravimesiric settling test
Approximaiely 45mi sample is homogenised, placed in a siraight sided transparent
container of 50ml volume. The volume of sedimemt or supernatant is observed at

specified time intervals and may be expressed as a % of the total sample volume.

Method & — Acceleraied settling test 1

A 40 m! sample was centrifuged using & Labofuge 400R centrifuge running at 500 rom
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for 15 minutes. The degres of separation was than guantified by calculating the volume

of sediment or supernatant as a percantage of the total sample volume,

fethod 7 - Accelerated seithing test 2
A 40 mi sample was centrifuged using a Labofuge 400R centrifuge running at 2000 rpm
for 15 minutes. The degree of separation was then guantified by calcuiating the volume

of sediment or supernatant as a percentage of the total sample volume.

Method § ~ irradiation
500 mi sample stored in a plastic bottle was wradiated with gammea radistion at & dose
level of between 6 and 10 kGy.

Method 9 — Storage Stability Tesiing 1
500 mi of sample stored in a plastic botlle was placed in an oven at a temperafure of

80°C for one week., The sample was cocled to room temperature prior to testing.

Method 10 - Storage Stability Testing 2
500 mi of sample stored in a plastic botlle was placed in an oven at a temperature of

50°C for one week. The sample was cooled to room temperature prior to testing.

Method 11 — pH
10mi of sample was transferred to a sterilin jar and the pH measured whiist stiring using
2 calibraied pH meter.

Method 12 — Microbinlogical testing

The microbiclogical dose setting procedures, in accordance with recognised standards
(BS EN 552/1S011137, 'Sterilization of medical devices. Validation and routine control of
steriization by irradiation’) reguire exposure of product to low, predetermined irradiation
doses,

Mathod 13 - Phosphate binding

5mil of sample was added to 7.5m! of 67mM phosphate solution maintained at 37°C, and
agitated on an orbital shaker for 30 minutes. Slurry then filtered through 0.45um filier tip,
and iml of resultant filtrate diluted to 100ml with AnalaR water. This sofution was

analysed on UVNVis spectrophoiometer using molybdovanadic colorimetric method &t
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375nm.

Method 14 - Diffraction line half width

Liguid dose sample dried in an oven at 80°C ovarnight. Dried sample milled via pestie
and mortar and approx 2g sent to LGC Runcaers for full scan powder x-ray diffraction.
The powders ware run as raceived in deep packed specimen holders, and dalz collected
from 2-70 degrees 2 theta on a Philips PW1800 automatic powder x-ray diffractometer
using copper k alpha radiation generated af 40kV and 55mM and a 4 second per point
courit ime.

Method 15 — Yield stress measurement

The sample shear stress was characterised at varying leveis of shear rate using a Bohiin
GV condrolied stress rheomeater using cone and plate geometry (CP 4°/40mm) @ 25°C.
From the shear stress and shear rate data the vieid stress can be readily determined.

Mathod 18 ~ Phase angle measurement
The phase angle characterised using a Bohlin CVO contralled stress rheometier using
cone and plate geometry (CP 4°/40mm) @ 25°C.

Meathod 17 ~ Complex viscosity

The complex viscosily was charzcierised using a Brookfield

woAP-a F

VEIW -+ viscometer,

spindle 8 set at 12 rpm.

Hlethod 18 ~ Accelerated separation test 3
The sample was centrifuged using an accuSPIN 400 (Fisher) centrifuge running at
1000rpm for 10 minutes. The degree of separation was then guantified by calculating

the volume of sediment or supematant as z perceniage of the total sample volume,

Misthod 18 ~ Phosphate binding test for mixed metal compound
Phosphiate Binding Capacity and Mg Release

Phosphate buffer (pH = 4) was prepared by weighing 5.520 g (+/-0.001 g) of sodium di-
hydrogen phosphate followed by addition of AnalaR™ water and transferring to a iitr
valumetric flask,
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To the 1 ltr volumetric flask was then added 1 M HCI drop-wise to adjust the pito pH 4
{+/-0.1} mixing batween additions. The volume was then accurately made up to 1itr using

AnglalR™ water and mixed thoroughty.

0.5¢ (+#/- 0.005g) of each sample was added io a volumelric flask (50mi} containing
40mM phoschate buffer solution {12.5ml) at 37.5°C in a Grant OLS 200 Orbital shaker.
Ali samples were prepared in duplicate. The vessels were agitaled in the orbital shaker
for 30 minufes. The seolution was then fillered using 2 0.45 pm syringe filter. 2.8mi
aliquois of supernatant were pipetted of the supernatant and transferred into a fresh
bload coliection tubes. 7.5 mi of AnalaR™ water were pipetied to each Z.5ml aliquct and
the screw cap fitted and mixed thoroughly. The solutions were then analysed on a
calibrated UV Vis,

The phosphate binding capacity was determined by:

Phosphate binding (mmelfg) = Sp (mmolll) « Tp (mmolfl) / W {a/l}

where;

Tr = Analyte value for phosphate in the phosphate solution after reaction with phosphate
binder = solution P {mg/) * 4/ 30,87,

Se = Analyte value for phosphate in the phosphate solulion before reaction with
phosphate binder.

W = concemration sinder (9/l) used in test method (6. 0.4 g/ 10 mi = 40 gl

Magnesium release was determined by:

Magnesium release (mmol/g) =Tug (rmmol/l) — Swg (Mmmolf} / W (g/l)

where!

Tmg = Analyte value for magnesium in the phosphate solution afier reaction with
phosphate binder = solution Mg (ma/l} * 4 / 24.31.

Swg = Analyte value for magnesium in the phosphate solufion before reaction with
phosphate binder.

Method 20 —Particie density
Farticie density can be derived by measuring the volume of liguid reauired 1o fill the inter-
particle space within a sample of mixed metal compound of known mass and bulk

volume. The particle volume is calculated by subtracting the liguid volume from the bulk
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volume. The particle density is calculated by dividing the original sample mass by the
cgerived pariicle volume result, The mixed metal compound should be poorly soluble in

the selecied liguic.

Method 21 - Kinematic Viscosily

The kinematic viscosity was determined using & Ford ASTM D1200 cup No &, This is
designed for flow times between 30 and 100 seconds, by allowing 2 known volume

{t00mi} fo flow through an orffice of specific dimensions.

Mathod 22 - Gravitationa! Separation

The gravitational separation was assessed by monitoring 10ml of sample in & measuring
cylinder over a period of time. Any phase separation was noted and the volume of
suparnatant recorded. -

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system of
the invention will be apparent {o those skilled in the art without departing from the scope
and spirit of the invention. Although the invention has been described in connection with
specific preferred embodiments, it should be understocd that the invention as claimed
should not bs unduy limied to such specific embodiments. Indeed, various
modifications of the described modes for carryving out the invention which are obvicus to
those skilled in chemistry or related fields are intended to be within the scope of the
following claims
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CLAIMS

1. A composition comprising
(i) a mixed metal compound containing at least one trivalent metal selected from iron (1)
and aluminium and at least one divalent metal selected from of magnesium, iron, zinc,
calcium, lanthanum and cerium,
{ii} xanthan gum
(iii) at least one of (a) polyvinyl pyrrolidone

(b) locust bean gum, and

{c) methyl cellulose
wherein the composition has been irradiated with ionising radiation in an amount of at
least 4kGy..

2. A composition according fo claim 1 where in the compound is of formula |
MM (OH)LA™,.mH,0 ()

wherein M" is one or more bivalent metals and is at least Mg?";

M" is one or more trivalent metals and is at least Fe®*;

A" is one or more n-valent anions and is at least CO,%;
(Zyn)xisfrom0.5t0 1.5

D=<x=04,

O<y<1and

0<m=10.

3. A composition according to claim 1 or 2 wherein the compound has an aluminium

content of less than 10000 ppm.

4. A composition according to any one of the preceding claims wherein the composition

has been irradiated with ionising radiation in an amount of at least 6kGy.

5. A composition according to any one of the preceding claims wherein the composition

has been irradiated with ionising radiation in an amount of at least 8kGy.

6. A composition according to any one of the preceding claims wherein the composition

has been irradiated with ionising radiation in an amount of at least 10kGy.
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7. A compesition according to any one of the preceding claims wherein the xanthan gum

is present in an amount of no greater than 2wit% based on weight of the composition.

8. A composition according to any one of the preceding claims wherein component (i) is

present in an amount of ne greater than 2wi% based on weight of the composition.

9. A composition according to any one of the preceding claims wherein the xanthan gum

and component (i) are present in a ratio of 2:1 te 1.2,

1G. A composition according to any one of the preceding claims wherein the xanthan

gum and component {iii) are present In a ratio of aporoximately 1:1.

1. A composition according to claim 1 wherein the composition comprises at least

pobyvinyl oyrrolidone,

12. A composition according fo ¢laim 11 wherein the composition comprises (i) xanthan
gum ana (i) polyvinyl pyrrolidone, wherein the xanthan gum and polyvinyl pyrrolidone
are present in a ratio of approximately 2:1.

13. A composition according o claim 11 or 12 wherein the compesition has bsen

irradiated with lonising radiation in an amount of at least 8kGy.

14, A composition according to claim 1 wherein the composition comprises at least locust
bean gum.

15. A compaosition accérding to cigim 14 wherein the composition compriges (i) xanthan
gum and (i) locust bean gum, wherein the xanthan gum and locust bean gum are '
present in a ratio of approximately 1:1.

18. A composition according io claim 14 or 15 wherein the composition has been
irradiated with ionising radiation in an amount of at least 8kGy.

17. A compesition according fo claim 1 wherein the composition comprizses at least
methy! cellulose,
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18. A composition according to claim 17 wherein the composition comprises (ii) xanthan
gum and (iii) methyl cellulose, wherein the xanthan gum and methyl cellulose are present

in a ratio of approximately 1:1.

18. A composition according to claim 17 or 18 wherein the composition has been

irradiated with ionising radiation in an amount of at least 10kGy.

20. A compaosition according to any one of the preceding claims wherein the composition
is a pharmaceutical composition and optionally further comprises (iv) one or more

pharmaceutically acceptable adjuvants, excipients, diluents or carriers.

21. Use of a composition according to any one of claims 1 to 20 in the manufacture of a

medicament for controlling serum phosphate levels.

22. Use of a composition according to any one of claims 1 to 20 in the manufacture of a

medicament for binding phosphate.

23. Use of a composition according to any one of claims 1 to 20 in the manufacture of a

medicament for the treatment of hyperphosphataemia.
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