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(54) MIXED METAL COMPOUNDS USED AS ANTACIDS

(57) There is provided use of a mixed metal com-
pound in the manufacture of medicament for neutralising
or buffering stomach acid, wherein the mixed metal com-
pound contains at least one trivalent metal selected from
iron (III) and aluminium and at least one divalent metal
selected from of magnesium, iron, zinc, calcium, lantha-
num and cerium, wherein (A) the mixed metal compound
is of formula (I):MII

1-aMIII
aObAn-

c.zH2O (I) where M" is the
at least one bivalent metal; MIII is the at least one trivalent

metal; An- is at least one n-valent anion; 2+a = 2b+Σcn
and Σcn < 0.9a, and z is 2 or less, and/or (B) the mixed
metal compound is provided in the form of a granular
material comprising (i) at least 50% by weight, based on
the weight of the granular material, of the mixed metal
compound (ii) from 3 to 12% by weight, based on the
weight of the granular material, of non-chemically bound
water, and (iii) no greater than 47% by weight based on
the weight of the granular material of excipient.
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Description

FIELD

[0001] The present invention relates to the use of a compounds as an antacid. It further extends to the use of such
compounds for the treatment of conditions or diseases associated with adverse stomach acid levels, such as peptic
ulcers, dyspepsia, heartburn, acid indigestion or acid reflux.

BACKGROUND

[0002] The two major products secreted by the stomach, hydrochloric acid and pepsin (a protease), both participate
in protein digestion. Hydrochloric acid helps dissolve the particulate matter in food and provides an optimal pH for the
activity of pepsin. Frequent occurrence of elevated levels of gastric acid and pepsin can lead to aggravation of the lining
of the stomach resulting in digestion of the mucosal cells and leading to peptic ulcers Peptic ulcers are perforations in
the mucous membrane where the lining of the stomach (gastric ulcers) or duodenum (duodenal ulcers) is exposed to
the acidic contents of the stomach. When gastric hydrochloric acid reaches the exposed nerve in the ulcers they signal
pain to the central nervous system. The gastric acid may also cause ulcers in the oesophagus.
[0003] Antacids relieve the symptoms of peptic ulcers.by performing a neutralization reaction, i.e. they buffer gastric
acid, raising the pH to reduce acidity in the stomach. Antacids also relieve heartburn (hydrochloric acid from the stomach
entering into the oesophagus). Hydrotalcite (MgAl) antacids have also been reported by Playle et al to relieve symptoms
by inhibiting pepsin activity and are also believed to provide mucosal protection by its ability to mimic the properties of
the gastric mucus gel.
[0004] Examples of antacids are Al(OH)3, Mg(OH)2, Ca Carbonate, and MgAl hydrotalcite. Although effective, antacids
may give rise to new problems.
[0005] Some antacids are known to stop digestion of protein in the stomach by raising the pH to above 7, which may
irreversibly inactivate pepsin. Undigested protein in the Gl tract can then cause a multitude of problems including gas,
bloating and constipation. The presence of food may also increase the gastric pH and levels of gastrin, consequently
the combination of food and certain types of antacid may lead to a sudden increase in the gastric pH above 7 before
the stomach empties and the pH decreases again. It is desirable that a compound used in the treatment of gastric ulcer
should not only be an effective acid buffering agent, but should also avoid sudden changes in gastric pH. Furthermore,
an antacid should inhibit pepsin but not too much so that pepsin may be irreversibly inactivated.
[0006] A further problem of antacids is that they may cause an ’acid rebound effect’ because a ’biological switch’ or
feedback mechanism exists in the stomach. For example, if the gastric pH is at a high pH value then the hormone gastrin
is stimulated which in turn stimulates further acid secretion in which the gastric acid returns in greater concentration.
Consequently, this may lead a positive feed-back loop and thus requiring further use of antacids. This is associated with
antacids with the most rapid onset of action whereby the pH is suddenly increased to a higher pH value (typically above
pH 5).
[0007] It is also known that excess acid (typically below pH 3) can aggravate ulcers; pain can occur when the acid
irritates the exposed nerves in the ulcers. Consequently, the optimum range to which antacids should buffer gastric pH
is between pH 3 - 4.5 when taken without food and should not exceed pH 7 in the presence of food.
[0008] Particular antacids are also known to cause problems

- Magnesium hydroxides has laxative properties, may release significant amounts of magnesium and can lead to
sudden changes to higher gastric pH values (ie above pH 7).

- Regular doses of high levels of carbonates (typically generated by some carbonate - based antacids such as Ca
carbonate) may cause alkalosis.

- MgFe or MgAl hydrotalcites may contain carbonate but typically at lower level (< 100 g CO3/kg) than contained in
CaCO3 (600 g CO3/kg) or MgCO3 (710 g CO3/kg)

- MgAl hydrotalcites are believed to avoid the acid rebound effect and have been reported to provide mucosal pro-
tection. However, the absorption of Al3+ from antacids based on aluminium is a concern. This may result in Al
accumulation in the body to toxic levels.

- Some antacids have high sodium content and should be avoided by those on a low sodium diet.

[0009] Hydrotalcite-type materials may be preferred as they have a dual action. It is hypothesised that stomach acid
reacts rapidly with hydrotalcite via anion exchange neutralisation to yield the chloride form of the compound. The mineral
then further reacts with physiological fluid to slowly disintegrate the mineral skeleton thereby providing long term buffering.
This dual action results in a compound providing rapid relief from acute indigestion, and the prolonged action required
for recurring dyspepsia.
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[0010] An increase in surface area of either the hydrotalcite -crystallites or -particles would be expected to cause an
increase in rate of reaction. The larger the crystallites, and the larger the particle size, the longer the time before dissolution
of the hydrotalcite by attack of acid at the site of the hydroxide ions. Furthermore, it is believed that small particles are
more readily dispersed through the meal. The buffering ability depends therefore both on the crystallite size and the
particle size.
[0011] Tablet disintegration is another important factor for tablets containing antacids. Antacids are not intended to
be absorbed into blood but rather act locally within the gastrointestinal tract and are dosed as an inorganic solid dose
form. In these instances, tablet disintegration needs to provide the antacid particles with an increased surface area. The
increased surface area is typically obtained by chewing the tablet.
[0012] Tabletting MgAl hydrotalcites significantly reduces their acid neutralization capacity and speed by the reduction
in availability of particle surface area resulting from the tablet compression,
[0013] Consequently, hydrotalcites have been made commercially available only as chewable tablets or as liquid
suspensions up to now. MgAl Hydrotalcites that are commercially available include Talcid Plus -tablets or -liquids, Ultacit,
Talidat and Altacit Plus liquid.
[0014] Chewable tablets and liquid suspensions tend to have shorter residence times in the stomach than other dose
forms such as non-chewable tablets. The duration of the antacid effect is very strongly dependent on the emptying rate
of the stomach. Taken on an empty stomach, antacids tend to only neutralize acid for 30 to 60 minutes because the
antacid quickly leaves the stomach whereas if taken with food, the protective effect may last as long as 2 or 3 hours.
However, some antacids may not work in the presence of food because of drug-food interactions competing with its
antacid functionality.
[0015] Hydrotalcite powders typically display poor flowability characteristics especially when in fine powder form;
however, more coarse material results in inhibition of antacid performance (see Table 1). Powders of poor flowability
are typically characterised as being cohesive, having a high Hausner ratio, moderate to high wall friction angles and a
tendency to develop significant shear strength under compaction. Poor flowability properties result in difficulties in filling
capsules or manufacturing tablets on an industrial scale especially when a high content of the hydrotalcite material is
required in the dose-unit.
[0016] Chewable tablets of antacids may result in an unpleasant taste due to chalkiness, bitter or metallic taste,
grittiness, dryness and astringent properties of these materials. Chewable tablets could result in dental problems and it
is more difficult to taste-mask the active ingredient. Furthermore, patients do not chew tablets uniformly which could
result in variation of the effectiveness of the antacid. Liquid suspensions have the disadvantage of storage and conven-
ience and are less portable. In addition, these dose forms deliver the active ingredient more rapidly which in turn could
increase the likelihood of the acid-rebound effect occurring.
[0017] It has been suggested to coat antacid tablets with a coating material which will not dissolve in the mouth but
will dissolve in the stomach. However, many coatings dissolve in the intestine and not the stomach and thus deliver the
antacid at the wrong site. Moreover, although a coating may be used which dissolves in the stomach, the rate of dissolution
may not be fast enough to allow for sufficient neutralizing gastric acid time before the antacid is removed from the
stomach by gastric emptying. However, if the dissolution is too fast then the initial gastric acid fluid pH may rise too
rapidly thereby causing the so-called acid-rebound effect.
[0018] H2 receptor antagonists or proton pump inhibitors are capable of blocking the acid production of the stomach
over a period of several hours. However, the risk of side-effects can be more severe as these drugs are distributed
throughout the entire body via the blood. H2 receptor or proton pump inhibitors antagonist are therefore not generally
able to replace the antacids which have a lower risk of side-effects.

SUMMARY OF INVENTION

[0019] Thus, a first aspect of the present invention provides use of a mixed metal compound in the manufacture of
medicament for neutralising or buffering stomach acid, wherein the mixed metal compound contains
at least one trivalent metal selected from iron (III) and aluminium and
at least one divalent metal selected from of magnesium, iron, zinc, calcium, lanthanum and cerium,
wherein

(A) the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
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An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less,

and/or
(B) the mixed metal compound is provided in the form of a granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

[0020] A second aspect of the invention provides use of a mixed metal compound in the manufacture of medicament
for use in the therapy of a condition or disease associated with adverse stomach acid levels, wherein the mixed metal
compound contains at least one trivalent metal selected from iron (III) and aluminium and at least one divalent metal
selected from of magnesium, iron, zinc, calcium, lanthanum and cerium,
wherein

(A) the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less,

and/or
(B) the mixed metal compound is provided in the form of a granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

[0021] A third aspect of the invention provides a mixed metal compound for use for neutralising or buffering stomach
acid, wherein the mixed metal compound contains at least one trivalent metal selected from iron (III) and aluminium and
at least one divalent metal selected from of magnesium, iron, zinc, calcium, lanthanum and cerium,
wherein

(A) the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;
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Σcn < 0.9a, and
z is 2 or less,

and/or
(B) the mixed metal compound is provided in the form of a granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

[0022] A fourth aspect of the invention provides a mixed metal compound for use in the therapy of a condition or
disease associated with adverse stomach acid levels, wherein the mixed metal compound contains at least one trivalent
metal selected from iron (III) and aluminium and at least one divalent metal selected from of magnesium, iron, zinc,
calcium, lanthanum and cerium,
wherein

(A) the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less,

and/or
(B) the mixed metal compound is provided in the form of a granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

[0023] References herein to "granules" equally apply to the "granular material" of the present invention.
[0024] It has been found that surprisingly, mixed metal compounds used in accordance with the present invention
provide antacids with one or more of the following properties:

- non-chewable form
- high active ingredient content
- does not release or reduces release of aluminium
- reduces release of magnesium, calcium, iron, zinc, or carbonate ions
- maintains a stomach pH that is neither too acidic or alkaline (buffers to the optimum pH range of between pH 3 - 4.5).
- does not cause or reduces acid rebound effect
- can be taken with or without food
- does not stop digestion of food
- provide mucosal protection
- low sodium content (ie containing less than 1 mmol sodium per tablet or 10 ml dose)
- is not rapidly emptied from the stomach
- rapid onset of action, a high buffering capacity and a long duration of action
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- provision of smaller tablet size

[0025] The water content of the granules for use in the present invention is expressed in terms of the content of non-
chemically bound water in the granules. This non-chemically bound water therefore excludes chemically bound water.
Chemically bound water may also be referred to as structural water.
[0026] The amount of non-chemically bound water is determined by infra-red balance. Moisture determination was
carried out using a Satorius MA30 infra-red balance set at 75°C with automatic endpoint determination. The Satorius
settings have been shown to be equivalent to drying to constant weight at 105°C in an oven. The weight equivalent of
non-chemically bound water driven off can then be calculated as a weight percentage of the granules.
[0027] In one aspect, the granular mateiral is provided in a unit dose for oral administration comprising a water-resistant
capsule containing granular material descirbed herein.
[0028] In one aspect, the granular mateiral is provided in a unit dose for oral administration comprising a compacted
tablet of granular material descirbed herein. Preferably, the tablet is coated with a water-resistant coating.
[0029] Preferred methods of forming the granular material and further preferred aspects of the unti doses are descibed
in WO2007088343.
[0030] The water-resistant capsule for use in of the invention is suitably a hard gelatine capsule. For the water-resistant
capsule, by water-resistant it is meant that on storage for 4 weeks at 40°C and 75% relative humidity, the water uptake
of the unit dose, (i.e. the capsule containing the granules of the first aspect of the invention), due to moisture content
change is preferably less than 10% more preferably less than 5% by weight of the unit dose. Such capsules have the
advantage of helping stabilise the moisture content of the granules on storage
[0031] The tablets for use in the invention preferably have a water-resistant coating in order to inhibit moisture ingress
into the tablet or moisture loss from the tablet on storage. However, the water resistant coating must allow break-up of
the tablet after a suitable time following ingestion such that the mixed metal compound can be effective in the gut of the
patient. By water-resistant it is meant that on storage for 4 weeks at 40°C and 75 relative humidity, the water uptake of
the coated tablet due to moisture content change is preferably less than 10% more preferably less than 5% by weight
of the coated tablet. In a preferred aspect by water-resistant it is meant that on storage for 12 months at 25°C and 65%
relative humidity, the water uptake of the coated tablet due to moisture content change is preferably less than 10% more
preferably less than 5% by weight of the coated tablet. In a further preferred aspect by water-resistant it is meant that
on storage for 12 months at 30°C and 65% relative humidity, the water uptake of the coated tablet due to moisture
content change is preferably less than 10% more preferably less than 5% by weight of the coated tablet. In a preferred
aspect by water-resistant it is meant that on storage for 6 months at 40°C and 75% relative humidity, the water uptake
of the coated tablet due to moisture content change is preferably less than 10% more preferably less than 5% by weight
of the coated tablet.

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS

[0032] As discussed, the present invention provides use of a mixed metal compound in the manufacture of medicament
for neutralising or buffering stomach acid, wherein the mixed metal compound contains
at least one trivalent metal selected from iron (III) and aluminium and
at least one divalent metal selected from of magnesium, iron, zinc, calcium, lanthanum and cerium,
wherein

(A) the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less,
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and/or
(B) the mixed metal compound is provided in the form of a granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

[0033] The value of c for each anion is determined by the need for charge neutrality as expressed by the formula 2+a
= 2b+Σcn.
[0034] It will be appreciated that in one preferred aspect, the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less,

[0035] The compound of formula (I) is typically obtainable or is obtained by heating a starting material comprising a
layered double hydroxides, hydrotalcite or pyroraurite structure at a temperature of from 200°C to 600°C, preferably the
heating may be performed at a temperature of from 250°C to 500°C.
[0036] The compound of formula (I) is typically obtainable or is obtained by heating a starting material comprising a
layered double hydroxide structure at a temperature of from 200°C to 600°C, preferably the heating may be performed
at a temperature of from 250°C to 500°C.
[0037] The starting material preferably comprises a compound of formula (II):

 MII
1-xMIII

x(OH)2An-
y.mH2O (II)

wherein MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

0 < x ≤ 0.4,
0 < y ≤ 1 and
0 < m ≤ 10.

[0038] In formula (I) the value of z is suitably 2 or less, more preferably 1.8 or less, even more preferably 1.5 or less.
The value of z may be 1 or less
[0039] In formula (I) the value of a may be from 0.2 to 0.4. In formula (I) a may be <0.3. The value of a may be 0.1 to
0.4, preferably 0.2 to 0.45. Preferably the value of a is from 0.1 to 0.34, preferably 0.2 to 0.34.
[0040] In formula (I) the value of b is suitably 1.5 or less, preferably 1.2 or less. The value of b is preferably greater
than 0.2, more preferably greater than 0.4, even more preferably greater than 0.6, most preferably greater than 0.9.
[0041] When a is ≤ 0.3 it is preferred that Σcn < 0.7a . Thus in formula (I) in one aspect 0.03a < Σcn < 0.7a. In a further
aspect in formula (I) 0.03a< Σcn < 0.5a.
[0042] The value of c for each anion is determined by the need for charge neutrality as expressed by the formula 2+a
= 2b+Σcn.
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[0043] It will be appreciated that in one preferred aspect, the mixed metal compound is provided in the form of a
granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient. The value of c for each
anion is determined by the need for charge neutrality as expressed by the formula 2+a = 2b+Σcn.

[0044] The mixed metal compound provided in the form of a granular material is preferably of formula (III):

 MII
1-xMIII

x(OH)2An-
y.mH2O (III)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

0 < x ≤ 0.4,
0 < y ≤ 1, and
0 ≤ m ≤ 10.

[0045] In one preferred aspect 0 < x ≤ 0.4. In one preferred aspect 0.1 < x ≤ 0.4, such as 0.2 < x ≤ 0.4, or 0.3 < x ≤
0.4, 0.4. It will be understood that x = [MIII]/([MII] + [MIII]) where [MII] is the number of moles of MII per mole of compound
of formula I and [MIII] is the number of moles of MIII per mole of compound of formula I.
[0046] In one preferred aspect 0 < y ≤ 1. Preferably 0 < y ≤ 0.8. Preferably 0 < y ≤ 0.6. Preferably 0 < y ≤ 0.4. Preferably
0.05 < y ≤ 0.3. Preferably 0.05 < y ≤ 0.2. Preferably 0.1 < y ≤ 0.2. Preferably 0.15 < y ≤ 0.2.
[0047] In one preferred aspect 0 ≤ m ≤ 10. Preferably 0 ≤ m ≤ 8. Preferably 0 ≤ m ≤ 6. Preferably 0 ≤ m ≤ 4. Preferably
0 ≤ m ≤ 2. Preferably 0.1 ≤ m ≤ 2. Preferably 0.5 ≤ m ≤ 2. Preferably 1 ≤ m ≤ 2. Preferably 1 ≤ m ≤ 1.5. Preferably 1 ≤
m ≤ 1.4. Preferably 1.2 ≤ m ≤ 1.4. Preferably m is approximately 1.4.
[0048] Preferably, 0 < x ≤ 0.4, 0 < y ≤ 1, and 0 ≤ m ≤ 10.
[0049] It will be appreciated that each of the preferred values of x, y and m may be combined. Thus any combination
of each of the values listed in the table below are specifically disclosed herein and may be provided by the present
invention.

[0050] In the above formula (III), when A represents more than one anion, the valency (n) of each may vary. "Σny"

X y m

0.1 < x ≤ 0.4 0 < y ≤  0.8 0≤ m ≤  10

0.2 < x ≤ 0.4 0 < y ≤  0.6 0 ≤  m ≤ 8

0.3 < x ≤ 0.4 0 < y ≤  0.4 0 ≤  m ≤ 6

0.3 ≤ x ≤  0.4 0.05 < y ≤  0.3 0 ≤  m ≤ 4

0 < x ≤  0.4 0.05 < y ≤  0.2 0 ≤  m ≤ 2

0.1 < y ≤  0.2 0.1 ≤  m ≤  2

0.15 < y ≤  0.2 0.5 ≤  m ≤  2

1 ≤  m ≤ 2

1 ≤  m ≤ 1.5

1 ≤  m ≤ 1.4

1.1 ≤  m ≤ 1.4
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means the sum of the number of moles of each anion multiplied by its respective valency.

CRYSTALLITE SIZE

[0051] Crystallite size of the powders of formula (II) or (III) was determined from powder x-ray diffractometry spectra
(XRD) line broadening and calculated using the so-called Scherrer equation (instrumental broadening factors have not
been taken into account). The line broadening is a function of the average size of the crystallites.
[0052] Suitably, the crystallite size of the compounds of formula (II) or (III) is preferably less than 200 Å, more preferably
less than 175 Å, even more preferably less than 150 Å, most preferably less than100 Å.
[0053] Typically, smaller crystallites are obtained by not growing the crystals further. This is typically achieved by
avoiding a hydrothermal ageing process (i.e. one where the reaction slurry is either heated or left to stand for a prolonged
time period)
[0054] Preferably compound of formula (I) was prepared from the unaged form of compound (II).

GRANULES

[0055] The granules for use in the present invention comprise at least 50%, preferably at least 60%, more preferably
at least 70% most preferably at least 75%, by weight mixed metal compound.
[0056] The granules of the present invention comprise from 3 to 12% by weight of non-chemically bound water,
preferably from 5 to 10% by weight.
[0057] The remainder of the granules may comprise a pharmaceutically acceptable carrier for the mixed metal com-
pound, chiefly an excipient or blend of excipients, which provides the balance of the granules. Hence the granules may
comprise no greater than 47% by weight of excipient. Preferably the granules comprise from 5 to 47 % by weight of
excipient, more preferably from 10 to 47 % by weight of excipient, more preferably from 15 to 47 % by weight of excipient.
[0058] The mixed metal compound provided in the form of a granular material ideally has less than 15% by weight
crystallite water. Preferred amounts of crystallite water are less than 10% by weight.

GRANULE SIZE

[0059] Suitably, at least 90% by weight of the granules have a diameter less than 1180 micrometres as measured by
sieving.
[0060] Preferably, at least 50% by weight of the granules have a diameter less than 710 micrometres as measured
by sieving.
[0061] More preferably, at least 50% by weight of the granules have a diameter from 106 to 1180 micrometres,
preferably from 106 to 500 micrometres.
[0062] Even more preferably, at least 70% by weight of the granules have a diameter from 106 to 1180 micrometres,
preferably from 106 to 500 micrometres.
[0063] Preferably the weight median particle diameter of the granules is from 200 to 400 micrometres.
[0064] Larger granules can lead to slow pH buffering (Table 1). Too high a proportion of granules less than 106
micrometres in diameter can lead to the problem of poor flowability of the granules. Preferably, at least 50% by weight
of the granules have a diameter greater than 106 micrometres as measured by sieving, more preferably at least 80%
by weight.

GRANULE INGREDIENTS

[0065] Suitable excipients which may be included in the granules include conventional solid diluents such as, for
example, lactose, starch or talcum, as well as materials derived from animal or vegetable proteins, such as the gelatins,
dextrins and soy, wheat and psyllium seed proteins; gums such as acacia, guar, agar, and xanthan; polysaccharides;
alginates; carboxymethylcelluloses; carrageenans; dextrans; pectins; synthetic polymers such as polyvinylpyrrolidone;
polypeptide/protein or polysaccharide complexes such as gelatin-acacia complexes; sugars such as mannitol, dextrose,
lactose, galactose and trehalose; cyclic sugars such as cyclodextrin; inorganic salts such as sodium phosphate, sodium
chloride and aluminium silicates; and amino acids having from 2 to 12 carbon atoms such as a glycine, L-alanine, L-
aspartic acid, L-glutamic acid, L-hydroxyproline, L-isoleucine, L-leucine and L-phenylalanine.
[0066] The term excipient herein also includes auxiliary components such as tablet structurants or adhesives, disin-
tegrants or swelling agents.
[0067] Suitable structurants for tablets include acacia, alginic acid, carboxymethylcellulose, hydroxyethylcellulose,
hydroxypropylcellulose, dextrin, ethylcellulose, gelatin, glucose, guar gum, hydroxypropylmethylcellulose, kaltodectrin,
methylcellulose, polyethylene oxide, povidone, sodium alginate and hydrogenated vegetable oils.
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[0068] Suitable disintegrants include cross-linked disintegrants. For example, suitable disintegrants include cross-
linked sodium carboxymethylcellulose, cross-linked hydroxypropylcellulose, high molecular weight hydroxypropylcellu-
lose, carboxymethylamide, potassium methacrylatedivinylbenzene copolymer, polymethylmethacrylate, cross-linked
polyvinylpyrrolidone (PVP) and high molecular weight polyvinylalcohols.
[0069] Cross-linked polyvinylpyrrolidone (also known as crospovidone, for example available as Kollidon CL-M™ ex
BASF) is an especially preferred excipient for use in the tablets of the invention. Suitably, the granules of the tablets of
the invention comprise from 1 to 15% by weight of cross-linked polyvinylpyrrolidone, preferably from 1 to 10%, more
preferably from 2 to 8%. Preferably, the cross-linked polyvinylpyrrolidone has a d50 weight median particle size, prior to
granulation of less than 50 micrometres (i.e. so-called B-type cross-linked PVP). Such material is also known as micro-
nised crospovidone. It has been found that the cross-linked polyvinylpyrrolidone at these levels leads to good disinte-
gration of the tablet but with less pH buffering as compared to some other excipients. The preferred sizes for the cross-
linked polyvinylpyrollidone give reduced grittiness and hardness of the particles formed as the tablets disintegrate.
[0070] Another preferred excipient for use in the granules of the tablets is pregelatinised starch (also known as pregelled
starch). Preferably, the granules comprise from 5 to 20% by weight of pregelled starch, more preferably 10 to 20%, even
more preferably from 12 to 18% by weight. The pregelatinised starch at these levels improves the durability and cohesion
of the tablets without impeding the disintegration of the tablets in use. The pregelatinised starch is suitably fully prege-
latinised, with a moisture content from 1 to 15% by weight and a weight median particle diameter from 100 to 250
micrometres. A suitable material is Lycotab™ - a fully pregelatinised maize starch available from Roquette.
[0071] A combined excipient including both pregelatinised starch and crospovidone is particularly preferred, as this
combination of excipients gives the ability to reliably form compacted tablets of various shapes, good granule homogeneity
and good disintegration characteristics from the granules of the invention.
[0072] The granules may also comprise preservatives, wetting agents, antioxidants, surfactants, effervescent agents,
colouring agents, flavouring agents, pH modifiers, sweeteners or taste-masking agents. Suitable colouring agents include
red, black and yellow iron oxides and FD & C dyes such as FD & C blue No. 2 and FD & C red No. 40 available from
Ellis & Everard. Suitable flavouring agents include mint, raspberry, liquorice, orange, lemon, grapefruit, caramel, vanilla,
cherry and grape flavours and combinations of these. Suitable pH modifiers include sodium hydrogencarbonate (i.e.
bicarbonate), citric acid, tartaric acid, hydrochloric acid and maleic acid. Suitable sweeteners include aspartame, ace-
sulfame K and thaumatin. Suitable taste-masking agents include sodium hydrogencarbonate, ion-exchange resins,
cyclodextrin inclusion compounds and adsorbates. Suitable wetting agents include sodium lauryl sulphate and sodium
docusate. A suitable effervescent agent or gas producer is a mixture of sodium bicarbonate and citric acid.

GRANULATION

[0073] Granulation may be performed by a process comprising the steps of:

i) mixing the mixed metal compound with one or more excipients to produce a homogeneous mix,
ii) contacting a suitable liquid with the homogeneous mix and mixing in a granulator to form wet granules,
iii) optionally passing the wet granules though a screen to remove granules larger than the screen size,
iv) drying the wet granules to provide dry granules.
v) milling and/or sieving the dry granules.

[0074] Suitably the granulation is by wet granulation, comprising the steps of;

i) mixing the mixed metal compound with suitable excipients to produce a homogeneous mix,
ii) adding a suitable liquid to the homogeneous mix and mixing in a granulator to form granules,
iii) optionally passing the wet granules though a screen to remove granules larger than the screen size,
iv) drying the granules.
v) milling and sieving the granules

[0075] Suitable liquids for granulation include water, ethanol and mixtures thereof. Water is a preferred granulation
liquid.
[0076] The granules are dried to the desired moisture levels as described hereinbefore prior to their use in tablet
formation or incorporation into a capsule for use as a unit dose.

LUBRICANT

[0077] Prior to tabletting the granules into composition, it is preferred that the granules are blended with a lubricant
or glidant such that there is lubricant or glidant distributed over and between the granules during the compaction of the
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granules to form tablets.
[0078] Typically the optimum amount of lubricant required depends on the lubricant particle size and on the available
surface area of the granules. Suitable lubricants include silica, talc, stearic acid, calcium or magnesium stearate and
sodium stearyl fumarate and mixtures thereof. Lubricants are added to the granules in a finely divided form, typically
100% less than 150 micrometers and preferably 98% less than 38 micrometers, most preferably no particles greater
than 40 micrometers in diameter (ensured typically by sieving). Lubricant surface area was typically 1-10 m2/g, preferably
from 6-10 m2/g. The lubricant is suitably added to the granules at a level of from 0.1 to 1.0%, preferably from 0.1 to
0.4%, more preferably from 0.2 to 0.3% by weight of the granules. Lower levels can lead to sticking or jamming of the
tablet die whereas higher levels may hinder tablet disintegration. Salts of fatty acids may be used as lubricants, such
as calcium and/or magnesium stearate. A preferred lubricant is selected from the group consisting of magnesium stearate,
sodium stearyl fumarate and mixtures thereof. It has been found that some lubricants, such as fatty acids, lead to pitting
and loss of integrity in the coating layer of the tablets. It is thought that this may arise from partial melting of the lubricant
as the coating layer is dried. Hence it is preferred that the lubricant has a melting point in excess of 55°C.

TABLETS

[0079] Tablets for use in the present invention may be prepared by compressing granules, under high pressure, in
order to form a tablet having the necessary crushing strength for the handling required during packaging and distribution.
The use of granules formed from a granulated powder mixture improves flowability from storage hoppers to the tabletting
press which in turn benefits the efficiency of tablet processing. The mixed metal compounds used in the tablets of the
present invention typically have poor flowability properties at their desired particle size as detailed hereinbefore. Because
it is desired that the tablets of the invention comprise high levels of mixed metal compound, of the order of 50% or more
by weight of the tablet, the mixed metal compound must be formed into granules prior to tablet formation. A fine powder
is apt to pack or "bridge" in the hopper, feed shoe or die, and thus tablets of even weight or even compression are not
easily obtainable. Even if it were possible to compress fine powders to a satisfactory degree, air may be trapped and
compressed, which may lead to splitting of the tablet on ejection. The use of granules helps to overcome these problems.
Another benefit of granulation is the increase in bulk density of the final tablet when prepared from granules rather than
from fine powder, reducing the size of the final tablet and improving the likelihood of patient compliance.
[0080] The tablets for use in the invention may be circular but are preferably generally bolus- or torpedo-shaped (also
known as double convex oblong shaped tablet,) i.e. having an elongate dimension, in order to assist swallowing of larger
doses. Smaller tablet dose containing 250 mg of active were typically of circular shape, larger tablet dose containing
500 mg of active were typically of a bolus or torpedo-shaped. It may for example be in the form of a cylinder with rounded
ends or elliptical in one dimension and circular in an orthogonal dimension, or elliptical in both. Some flattening of one
or more parts of the overall shape is also possible.
[0081] Where the tablet is in the form of a tablet provided with a "belly-band", it is preferred if the width of the belly-
band is 2mm or more. It has been found that smaller belly-bands can lead to insufficient coverage or chipping or loss
of integrity of the water-resistant coating of the tablet.
[0082] The tablets of the second aspect of the invention preferably have a hardness from 5 to 30 kgf as measured
using a Holland C50 tablet hardness tester.

WATER RESISTANT COATING

[0083] The tablets, once formed from granules, are preferably provided with a water-resistant coating.
[0084] The water-resistant coating may be applied to the tablet by any of the usual pharmaceutical coating processes
and equipment. For example, tablets may be coated by fluid bed equipment (for example a "Wurster" type fluid bed
dryer) coating pans (rotating, side vented, convention etc), with spray nozzles or guns or other sprayer types or by
dipping and more recent techniques including Supercell tablet coater from Niro PharmaSystems. Variations in available
equipment include size, shape, location of nozzles and air inlets and outlets, air flow patterns and degree of instrumen-
tation. Heated air may be used to dry the sprayed tablets in a way that allows continuous spraying while the tablets are
being simultaneously dried. Discontinuous or intermittent spraying may also be used, but generally requires longer
coating cycles. The number and position of nozzles may be varied, as needed depending on the coating operation and
the nozzle(s) is preferably aimed perpendicularly or nearly perpendicular to the bed although other direction(s) of aim
may be employed if desired. A pan may be rotated at a speed selected from a plurality of operating speeds. Any suitable
system capable of applying a coating composition to a tablet may be used. Virtually any tablet is acceptable herein as
a tablet to be coated. The term "tablet" could include tablet, pellet or pill. Typically the preferred tablet will be in a form
sufficiently stable physically and chemically to be effectively coated in a system which involves some movement of a
tablet, as for example in a fluidized bed, such as in a fluidized bed dryer or a side vented coating pan, combinations
thereof and the like. Tablets may be coated directly, i.e. without a subcoat to prepare the surface. Subcoats or topcoats



EP 3 210 600 A1

12

5

10

15

20

25

30

35

40

45

50

55

may of course be used. If desired, the same or a similar coating application system can be employed for both a first or
second or more coating applications. The coating composition is prepared according to the physical properties of its
constituents, i.e. soluble materials are dissolved, insoluble materials are dispersed. The type of mixing used is also
based on the properties of the ingredients. Low shear liquid mixing is used for soluble materials and high shear liquid
mixing is used for insoluble materials. Usually the coating formulation consists of two parts, the colloidal polymer sus-
pension and the pigment suspension or solution (e.g. red oxide or Quinoline yellow dye). These are prepared separately
and mixed before use.
[0085] A wide range of coating materials may be used, for example, cellulose derivatives, polyvinylpyrrolidone, polyvinyl
alcohol, polyvinyl acetate, polyethylene glycols, copolymers of styrene and acrylate, copolymers of acrylic acid and
methacrylic acid, copolymers of methacrylic acid and ethylacrylate, copolymers of methyl methacrylate and methacrylate,
copolymers of methacrylate and tertiary amino alkyl methacrylate, copolymers of ethylacrylate methyl methacrylate and
quaternary amino alkyl methacrylate and combinations of two or more hereof. Preferably, salts of methacrylate copol-
ymers are used, e.g. butylated methacrylate copolymer (commercially available as Eudragit EPO).
[0086] The coating is suitably present as 0.05 to 10% by weight of the coated tablet, preferably from 0.5% to 7%.
Preferably the coating material is used in combination with red iron oxide pigment (Fe2O3) (1 % or more, preferably 2%
or more by weight of the dried coating layer) which is dispersed throughout the coating material and provides an even
colouring of the coating layer on the tablet giving a pleasant uniform appearance.
[0087] In addition to protecting the tablet core from moisture loss or ingress on storage, the water resistant coating
layer also helps to prevent the rapid break-up of the tablet in the mouth, delaying this until the tablet reaches the stomach.
With this purpose in mind, it is preferred if the coating material has low solubility in alkaline solution such as found in the
mouth, but more soluble in neutral or acid solution. Preferred coating polymers are salts of methacrylate copolymers,
particularly butylated methacrylate copolymer (commercially available as Eudragit EPO). Preferably the coating layer
comprises at least 30% by weight of a coating polymer, more preferably at least 40% by weight.
[0088] The water loss or uptake of coated tablets is suitably measured as detailed hereinbefore for the measurement
of the non-chemically bound water content for granules. From a set of freshly prepared coated tablets, some are measured
for non-chemically bound water immediately following preparation, and others are measured after storage as detailed
above.

CAPSULES

[0089] Suitable capsules for use in the second aspect of the invention are hard gelatine capsules, although other
suitable capsule films may be used.

USE OF UNIT DOSES

[0090] Amounts of from 0.1 to 500, preferably from 1 to 200, mg/kg patient body weight of mixed metal compound are
preferably administered daily to obtain the desired results. Nevertheless, it may be necessary from time to time to depart
from the amounts mentioned above, depending on the body weight of the patient, the animal species of the patient and
its individual reaction to the drug or the kind of formulation or the time or interval in which the drug is applied. In special
cases, it may be sufficient to use less than the minimum amount given above, whilst in other cases the maximum dose
may have to be exceeded. For a larger dose, it may be advisable to divide the dose into several smaller single doses.
Ultimately, the dose will depend upon the discretion of the attendant physician but may also be suitable for self-medication.
Administration before meals, e.g. within one hour before a meal is suitable. Alternatively, the dose may be taken with a
meal or after a meal.
[0091] A typical tablet of the invention for human adult administration may comprise from 1 mg to 5 g, preferably from
10 mg to 2 g, more preferably from 100 mg to 1 g, such as from 150 mg to 750 mg, from 200 mg to 750 mg or from 250
mg to 750 mg of mixed metal compound.
[0092] Preferably the unit doses of the invention comprise at least 100 mg of mixed metal compound. Preferably the
unit doses of the invention comprise at least 120 mg of mixed metal compound. Preferably the unit doses of the invention
comprise at least 150 mg of mixed metal compound. Preferably the unit doses of the invention comprise at least 200
mg of mixed metal compound. Preferably the unit doses comprise at least 250 mg of a mixed metal compound. Preferably
the unit doses comprise at least 300 mg of a mixed metal compound. A more preferred unit dose comprises 500 mg of
mixed metal compound. The preferred unit dose weight is less than 750 mg, more preferably less than 700 mg, to aid
with patient compliance for oral dosage. A particularly preferred unit dose contains 200 mg (620mg) of a mixed metal
compound. A particularly preferred unit dose contains 250 mg (620mg) of a mixed metal compound. A particularly
preferred unit dose contains 300 mg (620mg) of a mixed metal compound. When the unit dose is a tablet, the preferred
unit dose weight includes any optional coating.
[0093] The tablet forms may be packaged together in a container or presented in foil strips, blister packs or the like,
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e.g. marked with days of the week against respective doses, for patient guidance.

METALS AND ANIONS

[0094] As discussed, the at least one trivalent metal selected from iron (III) and aluminium and the at least one divalent
metal selected from of magnesium, iron, zinc, calcium, lanthanum and cerium.
[0095] In one preferred aspect the divalent metal is at least one of magnesium, iron, zinc, and calcium.
[0096] In one preferred aspect the divalent metal is at least one of iron, zinc, and calcium.
[0097] In one preferred aspect the divalent metal is at least one of magnesium, zinc, and calcium.
[0098] In one preferred aspect the divalent metal is at least one of magnesium, iron and calcium.
[0099] In one preferred aspect the divalent metal is at least one of magnesium, iron and zinc.
[0100] In one preferred aspect the divalent metal is at least one of magnesium and calcium.
[0101] In one preferred aspect the divalent metal is at least one of magnesium and iron.
[0102] In one preferred aspect the divalent metal is at least one of magnesium and zinc.
[0103] In one preferred aspect the divalent metal is at least one of iron and zinc.
[0104] In one preferred aspect the divalent metal is at least one of iron and calcium.
[0105] In one preferred aspect the divalent metal is at least one of zinc and calcium.
[0106] In one preferred aspect the trivalent metal is at least iron (III). In one preferred aspect the trivalent metal is
solely iron (III).
[0107] In one preferred aspect the divalent metal is at least magnesium. In one preferred aspect the divalent metal is
solely magnesium.
[0108] In formula (I) the value of a is preferably from 0.2 to 0.4. If a is above 0.4 than the antacid activity will decrease
because of a lower amount of the MgOH2 sheets. If a is above 0.4 or less than 0.2 the mixed metal may also collapse
into a mixture of single metal compounds. If a is below 0.2 the amount of MgOH2 may be too high and increase the
occurrence of a laxative effect. If a is above 0.4 or less than 0.2 the compounds may not buffer to the optimum pH range
of between pH 3 - 4.5.
[0109] Commercially available cream of magnesia tablets contain approximately 280 g magnesium /kg tablet weight
whereas mixed metal compound 2 contains approximately 136 g magnesium/kg tablet weight.
[0110] In formula (III) the value of x is preferably from 0.2 to 0.4 for the same reasons as provided above for a in formula (I)
[0111] In one preferred aspect the mixed metal compound contains at least one of hydroxyl and carbonate anions.
[0112] The divalent metal and/or MII of formulae (I), (II) and (III) is preferably selected from Mg (II), Zn (II), Fe (II), Cu
(II), Ca (II), La (II) and Ni(II). Of these, Mg is especially preferred.
[0113] The trivalent metal and/or MIII of formulae (I), (II) and (III) is preferably selected from Mn(III), Fe(III), La(III),
Al(III) Ni(III) and Ce(III). Of these, Fe(III) and Al(III) are preferred and Fe(III) is especially preferred. Herein, (II) means
a metal in a divalent state and (III) means a metal in a trivalent state.
[0114] An- is preferably selected from one or more of carbonate, hydroxycarbonate, oxo-anions (e.g. nitrates, sulphate),
metal-complex anion (e.g. ferrocyanide), polyoxo-metalates, organic anions, halide, hydroxide and mixtures thereof. Of
these, carbonate is especially preferred.
[0115] Preferably, the compound comprises less than 200g/kg of aluminium, more preferably less than 100g/kg, even
more preferably less than 50g/kg expressed as weight of aluminium metal per weight of compound.
[0116] More preferably, only low levels of aluminium are present such as less than 10g/kg, preferably less than 5 g/kg.
[0117] Even more preferably, the compound is free from aluminium (Al). By the term "free from aluminium" it is meant
that the material termed "free from aluminium" comprises less than 1g/kg, more preferably less than 500mg/kg, even
more preferably less than 200mg/kg, most preferably less than 120mg/kg expressed as weight of elemental aluminium
per weight of compound.
[0118] Suitably the compound contains iron(III) and at least one of magnesium, iron, zinc, calcium, lanthanum or
cerium, more preferably at least one of magnesium, lanthanum or cerium, most preferably magnesium.
[0119] Preferably, the compound comprises less than 100g/kg of calcium, more preferably less than 50g/kg, even
more preferably less than 25g/kg expressed as weight of elemental calcium per weight of compound.
[0120] More preferably, only low levels of calcium are present such as less than 10g/kg, preferably less than 5 g/kg.
[0121] Even more preferably, the compound is free from calcium. By the term "free from calcium" it is meant that the
material termed "free from calcium" comprises less than 1g/kg, more preferably less than 500mg/kg, even more preferably
less than 200mg/kg, most preferably less than 120mg/kg expressed as weight of elemental calcium per weight of material.
[0122] Typically, regular doses of antacids with high levels of carbonate such as CaCO3 or MgCO3 provide high levels
of carbonate (respectively 600 g/kg and 710 g/kg) which may cause alkalosis. Whereas the present mixed metal com-
pounds provide less than 100 g/kg. Preferably carbonate is present in the present compound in amounts of less than
600 g/kg, more preferred less than 200 g/kg, even more preferred less than 100 g/kg. Material of compound (II) obtained
by heat-treatment of compound (I) typically contains a lower amount of carbonate.
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[0123] Preferably, the compound is free from calcium and free from aluminium.
[0124] The final unit dose, comprising granules and any other material making up the final unit dose, as a whole, is
also preferably free from aluminium and/or preferably free from calcium, using the definitions as detailed above.
[0125] Preferably the mixed metal compound comprises at least some material which is a Layered Double Hydroxide
(LDH). More preferably, the mixed metal compound of formula (I) is a layered double hydroxide. As used herein, the
term "Layered Double Hydroxide" is used to designate synthetic or natural lamellar hydroxides with two different kinds
of metallic cations in the main layers and interlayer domains containing anionic species. This wide family of compounds
is sometimes also referred to as anionic clays, by comparison with the more usual cationic clays whose interlamellar
domains contain cationic species. LDHs have also been reported as hydrotalcite-like compounds by reference to one
of the polytypes of the corresponding [Mg-Al] based mineral.
[0126] A particularly preferred mixed metal compound contains at least one of carbonate ions, and hydroxyl ions.
[0127] A particularly preferred compound contains as MII and MIII, magnesium and iron (III) respectively.
[0128] The mixed metal compound or compounds may be suitably made by co-precipitation from a solution, e.g. as
described in WO 99/15189, followed by centrifugation or filtration, then drying, milling and/or sieving. The mixed metal
compound is then rewetted again as part of the wet-granulation process and the resulting granules dried in a fluid-bed.
The degree of drying in the fluid-bed is used to establish the desired water content of the final tablet.
[0129] Two methods of coprecipitation may be used namely one at low supersaturation whereby the pH of the reaction
solution is maintained constant by controlling the addition of a second solution of an alkali or alternatively precipitation
at high supersaturation whereby the pH of the reaction solution is continuously changed by addition of the mixed metal
solution to the a solution alkali already present in the reactor vessel. The precipitation whereby the pH is kept constant
is preferred as this avoids the formation of single metal compounds such as M(OH)2 and/or M(OH)3 phases instead of
mixed metal compound.
[0130] Other preparation methods of the mixed metal compound are also possible: e.g. a method involving separate
nucleation and aging steps as reported by Zhao et al (Zhao Y, et al.(2002) Chem Mater 14: 4286 or a urea hydrolysis,
induced hydrolysis method, salt-oxide, sol-gel, electrosynthesis, in situ oxidation of MII, "Chimie Douce" method or
alternatively, mixed metal compound may be formed by heating an intimate mixture of finely divided single metal salts
at a temperature whereby solid-solid reaction can occur, leading to mixed metal compound formation.
[0131] Furthermore different post synthesis heat-treatment steps e.g. hydrothermal, microwave, ultrasound may be
used after precipitation of the mixed metal compound to facilitate the ageing process of the mixed metal compound in
order to prepare a well-crystallised phase although no ageing is preferred to maintain a small crystallite size. In addition,
variations of methods for the separation to mixed metal compound from the reactive medium is possible or washing
Additionally, different drying or milling processes may be used to treat the final product.
[0132] The mixed metal compound of formula (II) may be calcined by heating at temperatures in excess of 200 °C in
order to decrease the value of z in the formula and to decrease the amount of carbonate. In this case, it may be necessary
to add water after calcination and prior to incorporation of the mixed metal compound in the granules in order to achieve
the desired non-chemically bound water content of the granules.
[0133] It will be appreciated by those skilled in the art that the water provided by zH2O in formula (I) may provide part
of the 3 to 12% by weight of non-chemically bound water (based on the weight of the granular material). One skilled in
the art may readily determine the value of z based on standard chemical techniques. Once the material of the present
invention has been provided the amount of the non-chemically bound water may then also be readily determined in
accordance with the procedure described herein.
[0134] By mixed metal compound, it is meant that the atomic structure of the compound includes the cations of at
least two different metals distributed uniformly throughout its structure. The term mixed metal compound does not include
mixtures of crystals of two salts, where each crystal type only includes one metal cation. Mixed metal compounds are
typically the result of coprecipitation from solution of different single metal compounds in contrast to a simple solid
physical mixture of 2 different single metal salts. Mixed metal compounds as used herein include compounds of the
same metal type but with the metal in two different valence states e.g. Fe(II) and Fe(III) as well as compounds containing
more than 2 different metal types in one compound.
[0135] The mixed metal compound may also comprise amorphous (non-crystalline) material. By the term amorphous
it is meant that the material has either crystalline phases which have crystallite sizes below the detection limits of x-ray
diffraction techniques, or crystalline phases which have some degree of ordering , but which do not exhibit a crystalline
diffraction pattern and/or true amorphous materials which exhibit short range order, but no long-range order.
[0136] The compound of formula (II) is preferably formed with (i) no aging of the slurry (e.g. no heat applied nor is the
reaction precipitate slurry held prior to washing and isolation) (ii) or hydrothermal treatment to avoid the crystals of the
compound growing in size and to maintain a high surface area facilitating the release of hydroxide ions (OH-). The
unaged compound of formula (II) is also preferably maintained in a fine particle size form during the post-synthesis route
to maintain good activity (but not too fine to avoid flowability problems).
[0137] To increase flowability of the compound of formula (I) or (II) typically larger particles are preferred however this
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in turn reduces the available surface area and decreases the buffering ability. We have however found that by avoiding
ageing of the reaction slurry of compound of formula II (thereby maintaining a small crystallite size) and instead increasing
the particle size of the compound of formula (I) or (II) only during the wet-granulation process (by mixing the compound
of formula (I) or (II) with preferred excipients and granulating within a preferred particle size range) the antacid properties
are maintained as well as avoiding flowability problems typically associated with these powders during the tabletting
process.

FURTHER ASPECTS

[0138] In one highly aspect of the present invention:

the mixed metal compound contains iron (III) and magnesium, and is provided in the form of a granular material
comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

[0139] In a further highly aspect of the present invention:

the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is magnesium;
MIII is iron (III);
An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less.

DISEASES

[0140] As discussed herein the mixed metal compound is used for neutralising or buffering stomach acid. It will be
understood by one skilled in the art that such action may be utilised in the prevention or treatment of peptic ulcers,
heartburn, acid indigestion, acid reflux, dyspepsia, gastritis, Zollinger-Ellison syndrome or combinations thereof. The
present invention is particularly useful in the prevention or treatment of peptic ulcers.
[0141] The present invention will now be described in further detail by way of example only with reference to the
accompanying figures in which:-
[0142] Figure 1 shows the gastric pH profile in the presence of food and antacids.

EXAMPLES

Compound 1

[0143] Formed by the reaction of aqueous solutions of magnesium sulphate and ferric sulphate in the presence of
sodium hydroxide and sodium carbonate. The synthesis reaction can be described by:

4MgSO4 + Fe2(SO4)3 + 12 NaOH + XS Na2CO3 -> Mg4Fe2(OH)12.CO3.nH2O + 7Na2SO4 + (XS-1)Na2CO3. An
excess (XS) sodium carbonate was used. The co-precipitation was carried out at approximately pH 10 at ambient
temperature (15-25°C) as described in WO 99/15189 Example 3, Method 1 with no ageing (no ageing is defined
here as no additional heat-treatment step of the reaction slurry to prevent further growth of crystal size and thereby
maintain high surface area of crystals). The resulting precipitate was filtered, washed, dried, milled and then sieved
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such that all material is less than 106 micron. The co-precipitation was carried out to target a Mg:Fe ratio of 2:1 and
a nominal formula of Mg4Fe2(OH)12.CO3.4.6H2O. This formula can also be expressed in the oxide form as
4MgO.Fe2O3.CO2.10.6H2O which would be expected to give elemental values by XRF (X-ray Fluorescence Spec-
trophotometry) of MgO = 28.3 % wt/wt, Fe2O3 = 28.7% which gives a Mg:Fe mole ratio = 1.9:1. The actual molecular
formula found by analysis was: [Mg3.8Fe2(OH)11.8][0.72(CO3)0.16(SO4).4.3H2O] because of the presence of a small
amount of sulphate in the material. Carbon content of the compound was determined by standard LECO (carbon
analyser) and expressed as CO2 or CO3. The sulphate content was determined by XRF. The water content in the
oxide formula was determined by: H2O = 100% - (MgO + Fe2O3 + SO3 + CO2). XRD showed that the mixed metal
compound was characterized by the presence of the poorly crystalline hydrotalcite type structure and had a diffraction
line half width of 0.67 deg 2theta which equates to a crystallite size of 150 Å. The amount of non-chemically bound
water is determined by drying to constant weight at 105°C in an oven and was 7.3% wt/wt. The sodium content
(expressed as Na2O) was less than 0.05% wt/wt.

Compound 2

[0144] A dry blend was prepared of 79.75% of the sieved powder from compound 1 mixed with 15 % pregelatinised
starch, 5% micronised crospovidone and 0.25% magnesium stearate (this magnesium stearate was kept separately for
addition to the dried granules). The dry blends were mixed in a mixer granulator. The powder mix is then granulated
with sufficient water to produce the granulate which is then transferred to a fluid-bed dryer for drying to a target moisture
content of 5-7% w/w. The granules are then milled with a high speed blade mill until it passed through a 425 micron
aperture sieve. The sieved granule was then blended with 0.25%w/w of pre-sieved magnesium stearate (also sieved
through a 0.425 mm aperture mesh) to produce the tablet blend (the magnesium stearate was blended with the granules
immediately after sieving of magnesium stearate). This tablet blend was then compressed on a Manesty F3 single station
press using a double convex oblong punch and die set into tablets of typical hardness from 10 to 20 kgF as measured
by a Holland C50 tablet hardness tester. This tablet contained 500 mg of the active ingredient with a nominal composition
of Mg4Fe2(OH)12.CO3.4.6H2O as determined from the MgO content (by XRF) of the tablet. XRD showed that the granules
contained the mixed metal compound characterized by the presence of the poorly crystalline hydrotalcite type structure.
The amount of non-chemically bound water of the tablet is determined by using a Satorius MA30 infra-red balance set
at 75°C with automatic endpoint determination and was 5 % wt/wt.

Compound 3

[0145] The powder (of compound 1 sieved to less then 106 micron) was heat-treated at 500 °C for a duration of 30
minutes in accordance with WO-A-2006/085079. The amount of non-chemically bound water is determined by drying
to constant weight at 105°C in an oven and was 1.1 % wt/wt. XRF analysis of the heat-treated samples measured values
of MgO = 45 % wt/wt, Fe2O3 = 47% which gives a Mg:Fe mole ratio = 1.9:1.

Compound 4

[0146] Prepared as described for compound 1 but for a molar ratio of Mg:Fe of 3:1.

Compound 5

[0147] The powder of compound 4 (sieved to less than 106 micron) was heat-treated at 500 °C for a duration of 30
minutes in accordance with PCT/GB2006/000452.

Compound 6

[0148] Formed by the reaction of aqueous solutions of magnesium sulphate and aluminium sulphate in the presence
of sodium hydroxide and sodium carbonate. The synthesis reaction can be described by:

6 MgSO4 + Al2(SO4)3.14H2O + 16NaOH + XS Na2CO3 -> [Mg6Al2(OH)16CO3.4H2O] + 9Na2SO4 + (XS-1)Na2CO3
+ 1OH2O. An excess (XS) sodium carbonate was used. The co-precipitation was carried out between pH 9.5-10 at
ambient temperature (15-25°C). Solution A consisted of the metal salts and solution B consisted of sodium hydroxide
and carbonate. The molar ratio between the NaOH and Na2CO3 in solution B was 4.3:1. Both solutions were added
together over 45 minutes by use of peristaltic pumps which were kept at 6.9rpm for solution A and 5.6rpm for solution
B. The addition speed of solution B was varied to maintain the pH in the range of 9.5-10. The resulting slurry was
not aged (no ageing is defined by filtering the slurry immediately with no additional steps such as heat treatment;
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this ensured that crystal sizes were kept small). The resulting precipitate was filtered, washed, dried and then sieved
to a particle size of less than 106 micron. The resulting product formula was [Mg6Al2(OH)16CO3.4H2O]. The product
had a XRF composition of MgO = 15% wt/wt and Al2O3 = 26% wt/wt, Mg:Al molar ratio of 2.9 :1. XRD showed that
the compound was of hydrotalcite type structure.

Compound 7

[0149] The powder of compound 6 was granulated and compressed into a tablet according to method described for
compound 2. The tablet contained 500 mg of the active ingredient [Mg6Al2(OH)16CO3.4H2O] as determined from the
MgO content (by XRF) of the tablet.

Compound 8

[0150] Compound 2 but with coating prepared by the following: Coating of the tablets was achieved using a hand held
spray gun with 300-400 tablet cores placed in a rotating basket with the hot air for drying the tablets supplied by a hot
air gun. The coating suspension was applied at a sufficient rate to ensure adherence to the tablet core but low enough
to prevent tablet core disintegration during the coating process.
The coating suspension comprised: 84% purified water, 0.8 % sodium dodecyl sulphate, 8.08% butylated methacrylate
copolymer (Eudragit EPO), 1.21% stearic acid, 2.09% talc,2.83% Mgstearate, 0.64% titanium dioxide, 0.32% red iron
oxide. The coating was dried after application using hot air at 40°C. The Eudragit EPO film coating is applied to approx-
imately 4.5% (W/W) to provide even coverage. The disintegration time of the coated tablets was measured using a
disintegration bath Copley DTG 2000 IS and found to be less than 30 minutes in both water or acid. This tablet contained
500 mg of the active ingredient with a nominal composition of Mg4Fe2(OH)12.CO3.4.6H2O as determined from the MgO
content (by XRF) of the tablet. The amount of non-chemically bound water of the tablet is determined by using a Satorius
MA30 infra-red balance set at 75°C with automatic endpoint determination and was 6 % wt/wt.

Compound 9

[0151] Compound 7 but with coating prepared by the following: Coating of the tablets was achieved using a hand held
spray gun with 300-400 tablet cores placed in a rotating basket with the hot air for drying the tablets supplied by a hot
air gun. The coating suspension was applied at a sufficient rate to ensure adherence to the tablet core but low enough
to prevent tablet core disintegration during the coating process.
The coating suspension comprised: 84% purified water, 0.8 % sodium dodecyl sulphate, 8.08% butylated methacrylate
copolymer (Eudragit EPO), 1.21% stearic acid, 2.09% talc,2.83% Mgstearate, 0.64% titanium dioxide, 0.32% yellow
oxide. The coating was dried after application using hot air at 40°C. The Eudragit EPO film coating is applied to approx-
imately 4.5% (W/W) to provide even coverage. The disintegration time of the coated tablets was measured using a
disintegration bath Copley DTG 2000 IS and found to be less than 30 minutes in both water or acid.
This tablet contained 500 mg of the active ingredient with a nominal composition of Mg6Al2(OH)12.CO3.4.6H2O as
determined from the MgO content (by XRF) of the tablet.

Compound 10

[0152] Tablet core prepared as described for compound 2 but with milling of granules with a high speed rotating
element to provide granules that passed through a 1000 micron aperture sieve. The tablet core was then coated as the
coating method described for compound 8. This tablet contained 500 mg of the active ingredient with a nominal com-
position of Mg4Fe2(OH)12.CO3.4.6H2O as determined from the MgO content (by XRF) of the tablet.

Compound 11

[0153] Compound 6 was sieved to less than 106 micron and heat treated at 500°C for 30 minutes.

Compound 12

[0154] Compound 6 was sieved to less than 106 micron and heat treated at 750°C for 30 minutes.

Macrosorb™

[0155] A hydrotalcite of the formula Al2Mg6(OH)16CO3.4H2O commercially available from Ineos Silicas.
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Altacite plus

[0156] Altacite, a hydrotalcite of the same formula as Macrosorb™ commercially available in the form of an aqueous
slurry.

Rennie™, Alucap™ ,Talcid™, Ultacit™, Talidat™ and Cream of Magnesia (Boots)

[0157] All commercially available compounds

Method 1

[0158] Acid Neutralization Capacity (ANC) was measured by the following:

The test compound was added to a beaker containing 70ml of analar water kept at 37°C using a Grant OLS200
orbital shaker. The temperature of the solution was maintained at 37 6 3°C for the duration of the experiment. 30
ml of 1.0N hydrochloric acid was then added into the test preparation while continuing to stir with the magnetic
stirrer. The solution was stirred for 15 minutes, accurately timed,. The solution was then titrated immediately, and
in a period not to exceed an additional 5 minutes, with 0.5N sodium hydroxide to attain a stable (for 10 to 15 seconds)
of pH of 3.5. A 718 Stat Titrino was used for the titration. Each compound was analysed in triplicate. Tablets intended
to be taken by first chewing were first crushed by mortar and pestle to simulate the chewing process. This method
follows the USP (US Pharmacopeia) general chapter 301. The formula for mEq/g = (30 x NHCl) -(VNaOH x NNaOH)/g
substance tested.

Method 2

[0159] To measure the highest pH attained during acid addition, 100ml of water was heated in a beaker to 37°C using
a Grant OLS200 orbital shaker rotating at 170rpm. The water was pre-titrated to pH 4 by addition of 0.1 N HCl acid. The
test compound was added to the solution, then using a Metrom Stat Titrino 718 0.1 N HCl acid was added at a rate of
3mls per second. The pH and temperature was measured every 30 seconds for a total of 1800 seconds. The highest
pH value achieved during this time was recorded. pH values were measured using a typical pH meter; model Jenway
3520 pH meter with VWR 6621759 electrode. The pH meter was calibrated with buffers before any measurement at
room temperature (25°C).
[0160] This method is an indicator for the occurrence of the acid-rebound effect. This is associated with antacids wit
a too rapid onset of action whereby the pH is suddenly increased to a pH above 5 during the antacid activity i.e. a pH
below 5 is preferred (but pH should also not drop too a very low pH value i.e. less than 2 as this would indicate that the
antacid is not working).

Method 3

[0161] pH buffering in the presence of food was determined in an in vitro gastrointestinal tract model.
[0162] In repeat experiments (N = 3 or 4), a control (no antacid), one Alucap capsule (475 mg active ingredient content),
one tablet of compound 8, 500 mg of compound 1 (dosed as 2 gelatine capsules), 500 mg powder of compound 3 (dosed
as 2 gelatine capsules) were mixed in separate experiments with a standard FDA meal (meal designed according to the
guidelines of the US Food and Drugs Administration FDA typically used for bioavailability studies to provide the greatest
effects on gastrointestinal physiology). Compound 1 and 3 were dosed in the form of gelatine capsules each filled with
250 mg of powder of the antacid. Experiments were performed in Tiny- TIM (Nederlandse Organisatie voor Toegepast-
Natuurwetenschappelijk Onderzoek TNO, Zeist, The Netherlands). Details of this model have been widely published;
for example as in US 5525305. These experiments were performed under the average physiological conditions of the
gastrointestinal tract representative for humans. These conditions include the dynamics of gastric emptying and intestinal
transit times, the gastric and the intestinal pH values, and the composition and activity of the secretion products. The
pH in the gastric compartment was measured during 300 minutes (Figure 1).
[0163] The conclusion from this graph is the following:

• the preferred compounds buffer the pH for up to a period of approximately 2 hours.(in comparison to the control
-food only). In this model the gastric emptying is approx 80% at 2 hours, approximately 95% at 3 hours and 100%
at 6 hours. Therefore, this demonstrates that the preferred antacid has a long duration of action ie antacid activity
is provided until approximate 80% of the stomach is emptied.

• the preferred compounds buffer in the presence of food. In contrast a commercially available antacid based on
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AlOH3 does not appear to provide buffering in the presence of food.
• the stomach pH does not suddenly change to (or exceed a pH of 7) in the presence of food and thereby avoids acid

rebound effect or irreversible inactivation of pepsin..

Method 4

[0164] Tablet volume was determined by placing 5 tablets in a measuring cylinder containing 50 ml of water. The
volume displacement was determined by measuring the change in water volume before and after placing the 5 tablets
in the measuring cylinder. The volume for each tablet was then calculated by: volume displacement /5. The change in
volume was measured immediately after placing the tablets in the measuring cylinder i.e. before the tablets disintegrated
in water.

Table 1 Acid neutralization capacity (ANC)

Active Ingredient
(HT = hydrotalcite or mixed metal 
compound)

Name Dose-form Dose-form administered in 
test

Method 1 - 
ANC

(mEq/g 
active 

ingredient)

Control 0.1

MgFe 2:1 HT Compound 1 dosed as 500 mg powder 14.4

MgFe 2:1 HT Compound 2 dosed by crushing one 
uncoated tablet

15.1

MgFe 2:1 HT Compound 2 dosed as one uncoated 
tablet

16.0

MgFe 2:1 HT Compound 8 dosed as one coated tablet 16.8

MgFe 2:1 HT Compound 10 (consisting 
of larger granules)

dosed as one coated tablet, 15.3

MgFe 2:1 HT -heat-treated Compound 3 dosed as 500 mg powder 22.0

MgFe 3:1 HT Compound 4 dosed as 500 mg powder 16.9

MgFe 3:1 HT -heat-treated Compound 5 dosed as 500 mg powder 23.8

MgAl 3:1 HT Compound 6 dosed as 500 mg powder 23.2

MgAl 3:1 HT Compound 7 dosed as one crushed 
uncoated tablet

23.8

MgAl 3:1 HT Compound 7 dosed as one uncoated 
tablet

24.1

MgAl 3:1 HT Compound 9 dosed as one coated tablet 23.6

MgAl 3:1 HT -heat-treated Compound 11 dosed as 500 mg powder 23.5

MgAl 3:1 HT -heat-treated Compound 12 dosed as 500 mg powder 18.8

MgAl 3:1 HT Macrosorb dosed as 500 mg powder 25.2

MgAl 3:1 HT Altacite Plus™ dosed as 5 ml suspension 22.4

MgAl 3:1 HT Talcid™ dosed as one crushed tablet 29.1

MgAl 3:1 HT Talcid™ dosed as 5 ml suspension 28.0

MgAl 3:1 HT Ultacit™ dosed as one crushed tablet 22.4

MgAl 3:1 HT Talidat™ one pastille 22.5

CaCarbonate Rennie™ two crushed tablets 12.4

Al(OH)3 Alucap™ one capsule (475 mg active) 14.1
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(continued)

Active Ingredient
(HT = hydrotalcite or mixed metal 
compound)

Name Dose-form Dose-form administered in 
test

Method 1 - 
ANC

(mEq/g 
active 

ingredient)

Mg(OH)2 Cream of Magnesia two tablets (of 300 mg 
Mg(OH)2)

31.2

Mg(OH)2 Cream of Magnesia one tablet (300mg) 33.3

Conclusions from this table:
• MgFe HT has antacid properties comparable to those of currently commercially available compounds (i.e. Rennie)
• The preferred MgFe or MgAl tablets do not need to be dosed in crushed form to achieve good ANC 1 values.
• There is no significant difference between administration of a crushed tablet or a whole tablet of our preferred MgFe
or MgAl compounds. This may be an advantage for patients in providing more consistent antacid properties (i.e.
performance will be less dependent on how or whether a tablet is chewed.
• heat-treating MgFe or Mg Al hydrotalcites increases antacid properties
• preferred temperature for heat-treatment is between 200 and 500 Celsius, temperatures at 750 or higher result in
lower ANC 1 values
• antacid properties increase with HT ratio
• MgAl HT has better antacid properties to the MgFe HT but the MgFe HT has the advantage of being Al -free
• Antacids based on HT are currently only available as chewable tablets or in a liquid dose form

Table 2 Results obtained by method 2

active ingredient name dose-form administered in 
test

Method 2
highest pH achieved during acid 
addition

control - -

MgFe 2:1 HT Compound 1 dosed as 500 mg powder

MgFe 2:1 HT Compound 2 dosed as one crushed tablet 3.3

MgFe 2:1 HT Compound 2 500 mg powder 4.5

MgFe 2:1 HT -heat-
treated

Compound 3 500 mg powder 3.1

MgAl 3:1 HT Compound 6 dosed as one crushed tablet 3.7

MgAl 3:1 HT Macrosorb 500 mg powder 5.9

MgAl 3:1 HT Altacite Plus™ 10 ml suspension 6.6

CaCarbonate Rennie™ two crushed tablets 9.0

Al(OH)3 Alucap™ one capsule 5.2

Mg(OH)2 Cream of Magnesia two tablets (of 300 mg 
Mg(OH)2)

4.3

Conclusions from this table
Data shows the advantage of using our preferred compounds to avoid the stomach pH rising above pH 5 and avoid
acid-rebound effect ie compounds that buffer to the optimum pH range of between pH 3 - 4.5.
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[0166] All publications and patents and patent applications mentioned in the above specification are herein incorporated
by reference. Various modifications and variations of the present invention will be apparent to 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 understood that the invention as claimed should not be unduly limited
to such specific embodiments. Indeed, various modifications of the described modes for carrying out the invention which
are obvious to those skilled in chemistry, biology or related fields are intended to be within the scope of the following claims.
[0167] In further aspects the present invention provides the uses described in the following numbered paragraphs:

1. Use of a mixed metal compound in the manufacture of medicament for neutralising or buffering stomach acid,
wherein the mixed metal compound contains at least one trivalent metal selected from iron (III) and aluminium and
at least one divalent metal selected from of magnesium, iron, zinc, calcium, lanthanum and cerium,
wherein

(A) the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;
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Σcn < 0.9a, and
z is 2 or less,

and/or
(B) the mixed metal compound is provided in the form of a granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

2. Use according to paragraph 1 wherein (A) the mixed metal compound of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less.

3. Use according to paragraph 1 or 2 wherein in formula (I) z is 1.8 or less.

4. Use according to any one of the preceding paragraphs wherein in formula (I) z is 1.5 or less.

5. Use according to any one of the preceding paragraphs wherein in formula (I) a is from 0.1 to 0.4.

6. Use according to any one of the preceding paragraphs wherein in formula (I) a is from 0.2 to 0.4.

7. Use according to any one of the preceding paragraphs wherein in formula (I) a is from 0.2 to 0.34.

8. Use according to any one of paragraphs 1 to 6 wherein in formula (I) a is < 0.3..

9. Use according to any one of the preceding paragraphs wherein in formula (I) b is 1.5 or less.

10. Use according to any one of the preceding paragraphs wherein in formula (I) b is 1.2 or less..

11. Use according to any one of the preceding paragraphs wherein in formula (I) 0.03a < Σcn < 0.7a.

12. Use according to any one of the preceding paragraphs wherein in formula (I) 0.03a< Σcn < 0.5a.

13. Use according to any one of the preceding paragraphs wherein the compound of formula (I) is obtainable or is
obtained by heating a starting material comprising a layered double hydroxide structure at a temperature of from
200°C to 600°C.

14. Use according to paragraph 13 wherein the compound of formula (I) is obtainable or is obtained by heating a
starting material comprising a layered double hydroxide structure at a temperature of from 250°C to 500°C..

15. Use according to paragraph 13 or 14 wherein the starting material comprises a compound of formula (II):

 MII
1-xMIII

x(OH)2An-
y.mH2O (II)

wherein M" is the at least one bivalent metal;
MIII is the at least one trivalent metal;
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An- is at least one n-valent anion;

0 < x ≤ 0.4,
0 < y ≤ 1 and
0 < m ≤ 10.

16. Use according to any one of the preceding paragraphs wherein (B) the mixed metal compound is provided in
the form of a granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

17. Use according to paragraph 1 or 16 wherein the mixed metal compound is of formula (III):

 MII
1-xMIII

x(OH)2An-
y.mH2O (III)

where M" is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

0 < x ≤ 0.4,
0 < y ≤ 1, and
0 ≤ m ≤ 10.

18. Use according to paragraph 17 wherein in formula (III) 0 < x ≤ 0.4.

19. Use according to paragraph 17 wherein in formula (III) 0.2 < x ≤ 0.4.

20. Use according to paragraph 17 wherein in formula (III) x is < 0.3.

21. Use according to any one of paragraphs 17 to 20 wherein in formula (III) 0 < y ≤ 1.

22. Use according to any one of paragraphs 17 to 21 wherein in formula (III) 0 ≤ m ≤ 10.

23. Use according to any one of paragraphs 17 to 22 wherein the mixed metal compound provided in the form of a
granular material has less than 15% by weight crystallite-surface absorbed water.

24. Use according to paragraph 23 wherein the mixed metal compound has less than 10% by weight crystallite-
surface absorbed water.

25. Use according to paragraph 23 wherein the mixed metal compound has less than 1% by weight crystallite-
surface absorbed water.

26. Use according to any one of the preceding paragraphs wherein the granular material comprises from 5 to 20%
by weight of pregelatinised starch as excipient based on the weight of the granular material.

27. Use according to any one of the preceding paragraphs wherein the granular material comprises from 1 to 15%
by weight of cross linked polyvinyl pyrrolidone as excipient based on the weight of the granular material.

28. Use according to paragraph 27 wherein the excipient comprises at least pregelatinised starch and crospovidone.
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29. Use according to any one of the preceding paragraphs wherein at least 90% by weight of the granules of the
granular material have a diameter less than 1180 micrometers.

30. Use according to any one of the preceding paragraphs wherein the granular material is contained within a water
resistant capsule.

31. Use according to any one of the preceding paragraphs wherein a lubricant is provided between the granules.

32. Use according to paragraph 31 wherein the lubricant is or comprises magnesium stearate.

33. Use according to any one of paragraphs 1 to 29 and 31, 32wherein the granular material is coated with a water-
resistant coating.

34. Use according to paragraph 33 wherein the water-resistant coating comprises at least 30% by weight of a
butylated methacrylate copolymer.

35. Use according to any one of the preceding paragraphs wherein the mixed metal compound is provided in a
dosage unit containing the mixed metal compound in an amount of at least 200 mg.

36. Use according to any one of the preceding paragraphs wherein the trivalent metal is at least iron (III).

37. Use according to any one of the preceding paragraphs wherein the trivalent metal is iron (III).

38. Use according to any one of the preceding paragraphs wherein the divalent metal is at least magnesium.

39. Use according to any one of the preceding paragraphs wherein the divalent metal is magnesium.

40. Use according to any one of the preceding paragraphs wherein
the mixed metal compound contains iron (III) and magnesium, and is provided in the form of a granular material
comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

41. Use according to any one of the preceding paragraphs wherein the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where M" is magnesium;
MIII is iron (III);
An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less.

42. Use according to any one of the preceding paragraphs wherein the mixed metal compound contains at least
one of hydroxyl and carbonate anions.

43. Use according to paragraph 1 wherein

(A) the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)
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where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less,

and
(B) the mixed metal compound is provided in the form of a granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

44. Use of a mixed metal compound in the manufacture of medicament for use in the therapy of a condition or
disease associated with adverse stomach acid levels, wherein the mixed metal compound contains at least one
trivalent metal selected from iron (III) and aluminium and at least one divalent metal selected from of magnesium,
iron, zinc, calcium, lanthanum and cerium,
wherein

(A) the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

Σcn < 0.9a, and
z is 2 or less,

and/or
(B) the mixed metal compound is provided in the form of a granular material comprising

(i) at least 50% by weight, based on the weight of the granular material, of the mixed metal compound
(ii) from 3 to 12% by weight, based on the weight of the granular material, of non-chemically bound water, and
(iii) no greater than 47% by weight based on the weight of the granular material of excipient.

45. Use according to paragraph 44 wherein the condition or disease is peptic ulcers, heartburn, acid indigestion or
acid reflux.

46. Use according to paragraph 44 wherein the condition or disease is peptic ulcers.

47. Use according to paragraph 44, 45 or 46 characterised by the features of any one of paragraphs 2 to 43.

48. A use as substantially hereinbefore described with reference to the Examples.
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Claims

1. Use of a mixed metal compound in the manufacture of medicament for neutralising or buffering stomach acid,
wherein the mixed metal compound contains at least one trivalent metal selected from iron (III) and aluminium and
at least one divalent metal selected from of magnesium, iron, zinc, calcium, lanthanum and cerium,
wherein
the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one divalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

∑cn < 0.9a, and
z is 2 or less

2. Use according to claim 1 wherein in formula (I) z is 1.5 or less.

3. Use according to claim 1 wherein in formula (I) a is from 0.2 to 0.34.

4. Use according to claim 1 wherein in formula (I) b is 1.2 or less.

5. Use according to any one of the preceding claims wherein in formula (I) 0.03a< ∑cn < 0.5a.

6. Use according to any one of the preceding claims wherein the compound of formula (I) is obtainable or is obtained
by heating a starting material comprising a layered double hydroxide structure at a temperature of from 250°C to
500°C.

7. Use according to any one of the preceding claims wherein the trivalent metal is iron (III).

8. Use according to any one of the preceding claims wherein the divalent metal is magnesium.

9. Use according to any one of the preceding claims wherein the mixed metal compound contains iron (III) and mag-
nesium.

10. Use of a mixed metal compound in the manufacture of medicament for use in the therapy of a condition or disease
associated with adverse stomach acid levels, wherein the mixed metal compound contains at least one trivalent
metal selected from iron (III) and aluminum and at least one divalent metal selected from of magnesium, iron, zinc,
calcium, lanthanum and cerium,
wherein
the mixed metal compound is of formula (I):

 MII
1-aMIII

aObAn-
c.zH2O (I)

where MII is the at least one bivalent metal;
MIII is the at least one trivalent metal;
An- is at least one n-valent anion;

∑cn < 0.9a, and
z is 2 or less.
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11. Use according to claim 10 wherein the mixed metal compound contains iron (III) and magnesium.

12. Use according to claim 10 or 11 wherein the compound of formula (I) is obtainable or is obtained by heating a starting
material comprising a layered double hydroxide structure at a temperature of from 250°C to 500°C.
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